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Reaction 3.1.8L p+ H(1s) = H(ls)+p . . . .. v
Reaction 3.3.1 p + He(1s*1S) — H+ He"(1s) . . .. ... ... ... ...
Reaction 3.3.6ap + He*(1s'2s'1S5) — H*(2s) + He™(1s) . . .. ... ...
Reaction 3.3.6b p + He*(15'2s'35) — H*(2s) + He™(1s) . . .. .. .. ..

H.10 :Fits for (o - v - E,)(n,, T,) [cm?/s - eV]

10.1
10.2
10.3
10.4
10.5
10.6
10.7
10.8
10.9

Reaction2.1.5JHe+ H — HT +2e . . . . . .. .o i i ..
Reaction2.1.5¢+H — H " +2e¢ . ... ... ... ... . ... ......
Reaction 2.1.50e + H — H*™ +2e Ly-opaque . . . . . . ... ........
Reaction 2.1.8 H" +e— H(1s) . . . . .. o ittt
Reaction 2.1.80 H* + e — H(1ls) Ly-opaque . . .. ... ..........
Reaction 2.2.h2c Ho +¢€ —> ... . . o o o i o e
Reaction 2.2.h2r Hy +€ — ... . . . . o
Reaction 2.3.9a e + He(1s?1S) — Het(ls)+2e . . . . ..o oo
Reaction 2.3.13a e + He'(1s) — He(1s*1S) . . ... ... ... ... ...
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10.10 Reaction2.6A0 e +C — CT4+2e . . . . . . .
10.11 Reaction2.7A0 e + N — NT +2e . . . . ..o i i ittt
10.12 Reaction 2.8A0 e + 0O — Ot +2e . . . . . . .
10.13 Reaction 2.3.6 A0 CtT +e —C . . . . . . . e
10.14 Reaction 2.3.7TA0 Nt +e —= N . . . . . o e
10.15 Reaction 2.3.8A0 0T +e — O . . . . . . e

11 H.11: Other single polynomial fits
11.1 Reaction2.2B0 He+e — He*, <de> (T,) [eV], . ... .. ... ... ..
11.2 Reaction 24B0 Be + ¢ — Be*, <de > (T) [eV], . ... ... ... . ...
11.3 Reaction2.5BO B +e — B*, <de> (T.)[eV] ... ... ... ... ...
11.4 Reaction2.6BOC +e¢ — C*, <de > (T.) [eV] . .. ... .. . ... ...
11.5 Reaction2.7BON +e — N*, <de > (T.)[eV] . . ... ... ... .. ...
11.6 Reaction 2.10BO Ne + ¢ — Ne ,<de>(Ty)[eV] . ... ... ... ...,
11.7 Reaction 2.18B0 Ar +e — Ar*, <de > (T.)[eV] . ... ... ... .. ...
11.8 Reaction 2.0b p + Hy(v =0) — HS +..,Ratio HY /Hy . . ... ... ...
11.9 Reaction 2.0c p + Hy(v) — Hy + ..,Ratio H /Hy . .. ... ... ....
11.10 Reaction 4.0a Hy + Hy — Hi + H,Ratio Hf /Hy . . . . .. ... .....
11.11 Reaction 7.0a e + Hy(v) — H~ + H,Ratio H~/Hy fromDA . .. ... ..
11.12 Reaction 7.0b e + Hy(0) - H~ + H,Ratio H~/Hy fromDA .. ... ...

12 H.12: Other double polynomial fits
12.1 Reaction2.1.5 H +e <> Ht +2¢e,Ratio H"/H(1) . ... .. ... ... ...
12.2 Reaction 2.1.5a H + e — H" + 2¢, Ratio H(3)/H
12.3 Reaction 2.1.5b H + e — H* + 2e, Ratio H(2
12.4 Reaction 2.1.5¢ H + e — H*' + 2¢, Ratio H (4
12.5 Reaction 2.1.5d H + e — H* + 2e, Ratio H(5
12.6 Reaction 2.1.5¢ H + e — H™' + 2e, Ratio H(6
12.7 Reaction 2.1.5tot H + e — H" + 2¢, Ratio H(tot)/H(1) . .. ... .. ...
12.8 Reaction2.1.5de H +e — H" +2¢, <de > [eV] . ... ... .. ... ...

12.9 Reaction 2.1.50 H + e — H" + 2¢e, < de > [eV] Ly-opaque . . . ... ...
12.10 Reaction 2.1.8 H™ + e +» H(1s),Ratio H(1)/H™ . . . . ... ... .. ...
12.11 Reaction 2.1.8a H™ + e — H(1s),Ratio H(3)/H™ . .. .. ... ... ...
12.12 Reaction 2.1.8b H" + e — H(1s),Ratio H(2)/H" . ... .. ... .. ...
12.13 Reaction 2.1.8c H* + e — H(ls),Ratio H(4)/H* . .. ... .. ... ...
12.14 Reaction 2.1.8d H* + e — H(1s),Ratio H(5)/H" . . . . ... ... ....
12.15 Reaction 2.1.8¢ H* + e — H(1ls),Ratio H(6)/H* . .. ... ... .. ...

12.16 Reaction 2.1.8tot H 4+ e — H(1s), Ratio H(tot)/H™ . . ... . ... ...
12.17 Reaction 2.1.8de H* + e — H(ls), <de> +13.6[eV] ... ... .. ...
12.18 Reaction 2.1.80 H™ + ¢ — H(1s), < de > +13.6 [eV] Ly-opaque . . . . . .
12.19 Reaction 2.2a ¢ + He — He* Ratio He(6)/He(1) . . . . ... ... .. ...
12.20 Reaction 2.2b e + He — He* Ratio He(7)/He(1) . . . . . .. .. ... ...
12.21 Reaction 2.2c e + He — He* Ratio He(8)/He(1) . . . . ... .. ... ...
12.22 Reaction 2.2d e + He — He* Ratio He(10)/He(1) . . .. .. ... .. ...
12.23 Reaction 2.2¢ ¢ + He — He* Ratio He(16)/He(1) . . . . .. ... .. ...
12.24 Reaction 2.3.2a e + He™ — He* Ratio He(6)/He™ . . . . ... . ... ...
12.25 Reaction 2.3.2b e + Het — He* Ratio He(7)/Het . . . . .. .. ... ...

VIII



12.26 Reaction 2.3.2c ¢ + He™ — He* Ratio He(8)/He™

12.27 Reaction 2.3.2d e + He* — He* Ratio He(10)/He™
12.28 Reaction 2.3.2e e + He™ — He* Ratio He(16)/He™
12.29 Reaction 2.3.9a He(1s*15) + e — He™ (1s) + 2e < de > [eV]
12.30 Reaction 2.3.13a e + He ' (1s) — He(1s*1S) + hv < de > +24.58 [eV]
12.31 Reaction 2.6A0 C' + ¢ — CT 4+ 2e < de > [eV]
12.32 Reaction 2.3.6A0 C* + e — C < de > +11.3 [eV]
12.33 Reaction 2.2.5a Hy +e¢ — ... + H
12.34 Reaction 2.2.5b Hy +e — ... + H
12.35 Reaction 2.2.5¢c Hy + e — ... +
12.36 Reaction 2.2.5d Hy +e — ... +
.+ H(6),
.+ Hy(N = 3, Triplet)

12.37 Reaction 2.2.5¢ Hy + ¢ — ..

12.38 Reaction 2.2.5fl Hy +e — ..
12.39 Reaction 2.2.5fu Hy + e — ... + Hy(N = 3, T'riplet,d — state)
12.40 Reaction 2.2.5we Hy + ¢ — ...
12.41 Reaction 2.2.5ly Hy + e — ..
12.42 Reaction 2.2.14a H) +¢e — ...
12.43 Reaction 2.2.14b Hy + e — ...
12.44 Reaction 2.2.14c H +e — ...
12.45 Reaction 2.2.14d Hy +e — ...
12.46 Reaction 2.2.14e Hy + ¢ — ...
12.47 Reaction 2.2.15a Hy +e — ...
12.48 Reaction 2.2.15b Hf +e — ...
12.49 Reaction 2.2.15¢ Hy" + e — ...
12.50 Reaction 2.2.15d H3" +¢e — ...
12.51 Reaction 2.2.15¢ Hy + e — .

12.52 Reaction 7.2a H™ +p — ...
12.53 Reaction 7.2b H™ +p — ...
12.54 Reaction 7.2c H™ +p — ...
12.55 Reaction 7.2d H= +p — ...
12.56 Reaction 7.2e H~ +p — .

12.57 Reaction 2.0a e + Hy — ILFr + ..
12.58 Reaction 2.0b e + Hy(v = 0) — [fr +
12.59 Reaction 2.0c e + Hy(v) — Hy +

13 Appendix

(3), Ratio H(3)/Hx
(2) , Ratio H(2)/H,
H(4) , Ratio H(4)/H,
H(5), Ratio H(5)/H,
Ratio H(6)/H»

+ Hy(N = 2, Singlet C)
-+ Hg( = 2, Singlet B)
), Ratio H(3)/Hy
2), Ratio H(2)/Hy
4), Ratio H(4)/Hy
), Ratio H(5)/H;
), Ratio H(6)/H,
), Ratio H(3)/Hy
), Ratio H(2)/H;
4), Ratio H(4)/Hy
), Ratio H(5)/Hy
), Ratio H(6)/H;
, Ratio H(3)/H~
, Ratio H(2)/H™,
Ratio H(4)/H ™,
Ratio H(5)/H ™,
), Ratio H(6)/H ",
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H(3
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H(
H(5
H(6
H(3
H(2
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H(5
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H(4),
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., Ratio Hy /H,
., Ratio Hjf /Ha

IX
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I Introduction

Additional atomic data fits, read by EIRENE

I.1 Record:

e update 6.12/94
Bor ionization raten H.2, 2.5B0, 2.5B1
Bor rec. rates H.4, 2.3.5B0, 2.3.5B1

e update 6.4/95
elast. data revised, from: elrep.dat

e update 25.4/95
H.9, 3.1.8 improved

e update 12. 1/96
Arg ionization rates H.2, 2.18B0, 2.18B1
Arg rec. rates H.4, 2.3.18B0, 2.3.18B1
Arg el.cool H.8, 2.18B0, 2.18B1, H.11,2.18B0
Be el.cool H.8, 2.4B0, 2.4B1, H.11,2.4B0
B el.cool H.8, 2.5B0, 2.5B1, H.11,2.5B0

e update 12. 2/96
N ionization rate H.2, 2.7B0

e update 7. 3/96
He+ ionization rate H.4, 2.2C
He++ recomb. rate H.4, 2.3.2C

e update 17. 8/96
elast.rate H.3, 0.3T revised

e update 3. 9/96
new: negative ions: H™ contributions to Lyman and Balmer series
added: ratios H.12 7.2a, 7.2b 2.0b, 2.0c
added: ratios H.11 7.0 2.0a

Note regarding the role of vibrationally excited molecules:
if H2(v) is present, then in addition to the existing processes one may have:

H2(v) + e - H + H™, and the H™ may provide a photon (e.g., H-alpha) after mutual
neutralisation with protons,



or

H2(v) + p — Hj + H, and the H may provide a photon (e.g., H-alpha) after dissociative
recombination

Hence a suggested extended procedure in the EIRENE hydrogen line emission routines
(e.g. Ba_alpha):

There have been already 4 channels contributing to H-light emissions:

— 1.) proportional to H - density PDENAC(..)

— 2.) proportional to HT - density DIIN(..)

— 3.) propportional to Hy - density PDENM(..)
— 4.) proportional to HJ - density PDENI(..)

— 5.) proportional to H™ - density PDENI(..)

For example the CR population coefficient H(n=3)/H™ is stored in AMJUEL, H.12, 7.2a
This ratio must be multiplied by the H™ density and by the Einstein coefficient 4.41e7
(as in the other channels) to obtain an emissivity. Since we may not always have com-
puted the H™ density, we multiply instead by the Hy density (PDENM) and by the CR-
equilibrium ratio H™/H, . This latter ratio is stored in AMJUEL H.11, 7.0

To account for the additional new channel producing Hj (ion conversion) it is sug-
gested to only replace the H density (PDENI) in the line emission routines now by H,
(PDENM) and by the CR equilibrium ratio: Hy /H,. That CR equilibrium ratio is stored
in H.12, 2.0c. This equilibrium ratio includes the above mentioned additional process
leading to HJ production. If instead the Hj density PDENI IN EIRENE is computed
only from electron impact collisions, not yet including additionally ion impact (ion con-
version) collisions, then the CR equilibrium density ratio H.12, 2.0b must be retained in
the line emission routines as multiplicative factor for the Hy density, for consistency.

update 6. 9/96
H- cx multistep recombination, low proton energy, H.4 7.2.3a
H- cx multistep ionization, low proton energy, H.4 7.2.3b

update 26.2/97
Corona H-ionization rate from SOLXY: out, because: wrong, and never used anyway (i.e.
H.8 2.1.5G out).

update 18.3/97

H.4 2.1.5FU, H.4 2.1.8FU (fujimoto rates) (0.1-1e3 eV)
H.2 3.2.3 (only slow molecules)

H.22.2.17

XI



update 28.7/97
H.33.2.3 =HYDHEL H.3 3.2.3 (vs. Ebeam and Ti) + plus slow vibr. ex. molecules
must be modified to account for Ebeam of vibr. excited molecules (scale cross-section).

DONE: see below: 11.05.04
H.4 2.2.5g, as 2.2.5 but vibr. distribution of H2 molecules

update 8.8/97
H.2 2.10B0, 2.10B1
H.8 2.10B0, 2.10B1
H.11 2.10B0O

update 18.8/97
H.3 0.1D 0.2D, 0.3D 0.4D

update 8.9/97

H.1 3.1.8R (Riviere) revised (better extrapolation to low energy)

H.1 3.1.8ST new (Schultz total cx cross-section)

H.1 3.1.8SD new (Schultz momentum transfer cross-section)

H.1 3.1.8 (Janev total cx cross-section, also: 3.1.8])

H.1 3.1.8J2 new (Janev total cx cross-section *2 = mom trans. X-section)
H.1 3.1.8ST2 new (Schultz total cx cross-section *2 = mom trans. X-section)
note: 3.1.8SD ~ 2 * 3.1.8ST within line thickness

update 23.9/97

H.2 2.6B0 strahl carbon data ionization

H.4 2.3.6B0 strahl carbon data recombination

H.4 2.6A0 ADAS carbon ionization

H.4 2.3.6A0 ADAS carbon recombination

H.10 2.6 A0 ADAS carbon line radiation plus 11.3 per ionization
(=electron cooling rate)

H.10 2.3.6 A0 ADAS carbon line radiation due to recombination
(=electron cooling rate)

H.12 2.6A0 ADAS carbon line radiation per ionization

H.12 2.3.6A0 ADAS carbon line radiation per recombination

update 22.4/98
H.2 3.1.6FJ Freeman and Jones ion impact ionization, Ebeam=0.

update 10.10/98

red. pop. coeff revised (n=2, n=3) and new ones (n=4, n=5) now all based on Sawada/Fujimoto’s

modifications to Johnson/Hinnov

H.12 2.1.5 a,b,c,d reduced pop. coeff, coupling to H ground state
H.12 2.1.8 a,b,c,d reduced pop. coeff, coupling to H+

H.12 2.2.5 a,b,c,d reduced pop. coeff, coupling to H2

H.12 2.2.14 a,b,c,d reduced pop. coeff, coupling to H2+

H.12 7.2 a,b,c,d reduced pop. coeff, coupling to H-

XII



e update 20.1/99
H.12 2.2.5€ Fulcher emissivity (cm?/s), coupling to H2, relative d state population amongst
N=3 triplet: 2/9

e update 17.2/99
H.12 2.2.5g revised (because of low Te extrapolation)
new format for plots for H.4, h2, h2fuji, h2fuji-vibr
done for 2.2.5, 2.2.5g,2.2.9,2.2.11

e update 10.4/99
Fujimoto He-col.rad model revised.
Form.II ionization rate H.4 2.3.9a, done
elec. cooling rate H.10 2.3.9a, done
dp/ionis H.12 2.3.9a, done
Form.I ionization rates revised.
K1— K10=K1-K12-K13
K2— K20=K2-K21-K23
K3— K30=K3-K31-K32
H.4 2.3.9b, 2.3.9¢ 2.3.9d redone
(only 2.3.9b,K10, differs from earlier version)
H.42.3.9¢e, 2.3.9f 2.3.9g redone
(only 2.3.9f,K?20, differs from earlier version)
H.4 2.3.9h, 2.3.91 2.3.9j redone
(only 2.3.9;,K30, differs from earlier version)

e update 2.7/99
Johnson Hinnov ionization and recombination revised.
all rates are now available for Ly-transparent (as in older versions) and (new) for Ly-
opaque conditions. The labels for the opaque data have an additional “0”. E.g.: H.4 2.1.5
(for transparent data for effective ionization) and (new): H.4 2.1.50 (same process, but
Lyman-opaque conditions). Same for: H.4 2.1.8 and (new) H.4 2.1.80

e update 2.7/99
During this update, an error in the Johnson Hinnov code was detected. It affects the rate
H.10 2.1.8, at T, > 10eV. The slope of the effective electron cooling rate above this 7,
was too steep. H.10 2.1.8 (and, correspondingly: H.12 2.1.8) have been corrected.

e update 23.11/99
H.1, 3.1.6, Freeman and Jones ion impact ionization cross-section, for beam penetration
runs.
Figure H.12 2.2.5b corrected (was wrong figure).

e update 3.2/00
new: ratio of population coeff. p(6)/p(1)
H.12 7.2¢ added
H.12 2.2.14e added
H.12 2.2.5e added. Former 2.2.5e (Fulcher emissivity) is now: 2.2.5f1
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H.12 2.1.5¢ added. Former 2.1.5¢ (del-e) is now: 2.1.5de
H.12 2.1.8e added. Former 2.1.8¢ (del-e) is now: 2.1.8de

update 23.5/00
H.12 2.2.51] revised: labeling of n=2 triplet levels in Sawada’s code corrected.

update 06.8/00
H.2 2.26B0 and H.2 2.26B1 added (ionization rates for Iron).

update 26.12/00
H.1 (elastics: p + noble gases).

update 21.01/01

error detected in H.1, 0.3D, 0.3V and 0.4D, 0.4V, fit coefficients
for extrapolation wrong (different expression). Corrected.

H.3 (elastics: p + noble gases).

Figures included/redone for all elastics H.1 0.1 — 0.8,

and same for H.3, Iy and /; o

update 16.03/01
H.10 and H.12 added for 2.3.13a (He.rec.elec.cooling rates)
Figures added, helraecr and helraecc

update 1.10/01
H.12 2.2.5fu added (to replace 2.2.51)

update 1.11/01
H.12 2.2a, 2.2b, 2.2¢ 2.3.2a, 2.3.2b, 2.3.2c added
Helium population coefficients, for states no. 6,7 and 10

update 8.11/01
H.122.2¢ —+2.2d ,2.3.2¢c — 2.3.2d

newly included: 2.2¢c, 2.2e, 2.3.2c, 2.3.2e Helium population coefficients, for states no. 8
and 16

update 23.01/02
H.0 Potentials for elastic collision processes included
fit-flag 01 (repulsive) and fit-flag 02 (Morse) introduced.

update 13.03/04

3.1.8L: Langevin approximation for cx , for testing of internal consistency
H.1: 3.1.8L done

H.2: 3.1.8L done (in July 2015)

H.3: 3.1.8L done

H.8: 3.1.8L done (in Sept.2016

H.9: 3.1.8L done

H.3: 3.1.80org: original fit from Janev’s springer 1987 book

(only for reference purpose. don’t use!)

XIV



update 11.05/04

H.11 2.0a, 2.0b redone, correct Eo = 0.1 eV

H.11 7.0c renamed to H.11 7.0a

H.12 2.0a, 2.0b and 2.0c fits and plots new, Eys = 0.1 eV

H.4 2.2.51, 2.2.5d, 2.2.5i fits and plots, MAR, MAD and MAI rate coeff.
H.3 3.2.3 new, E'y5 consistent for all H2(v)

H.2 3.2.3 and 2.2.17 redone, Fgy = 0.1

update 18.04/05
H.12 2.1.5 added: H* in Col-Rad. equil. with Hg,4y,,q atoms
H.12 2.1.8 added: Hgy,yunq in Col-Rad. equil. with HT ions

update 14.02/06
Strahl (ADAS89) data completed for Iron
H.8 2.26B0, 2.26B1, H.11 2.26B0

update 14.07/06

H.4 7.2.3a 7.2.3b redone

Colradp+ H— — H+ Hand — H + p, for E;- =0.1eV

MAR,MAD,MAI rates via H2+, for condensed H2+, renamed from 2.2.5r,d,i to 3.2.3r,d,1

update 14.01/07 H.10, 2.1.8-t: for comparison with ADAS PRB

remove d(In{sigv))/d(InT) corrections in free-bound transition

then: good agreement with ADAS PRB found (tested for JET divertor case)

hence: this correction seemed to be missing in ADAS

Also added: H.12 2.1.8de-t, (DE per event) and figures

Old H.12 2.1.5t and 2.1.8t renamed into 2.1.5tot and 2.1.8tot, resp. Sept. 18: The inter-
mediate test fits” H.10 2.1.8-t, H.12 2-1-8de-t from 2007 removed now.

update 07.08/07 2.1.5 H.4 and H.10 Johnson-Hinnov renamed to 2.1.5JH
new “default” is Sawada-Fujimoto: old H.4 2.1.5FU now: H.4 2.1.5

and H.10 2.1.5 (FU) is newly added.

to be done: H.12 2.1.5de (JH to be replaced by FU: H.12 2.1.5de)

H.4 2.1.8 already renamed to H.4 2.1.8JH, and new default is FU: H.4 2.1.8
to be done: H.10 2.1.8 H.12 2.1.8de (JH to be replaced by FU)

update 17.08/07 H.0 0.100 to H.0 0.103: defaults for
Fokker-Planck collisions between charged particles,
ee, et, e, and 77 collisions. Fit-Flag: 03

update Nov. 07: introduce subsections for H.1, to order reactions according to electron
impact, proton impact, He+ impact, etc..

update oct. 09: fit H.3: 2.1.5, for electron impact of H beam (Eb > 700 eV, across cold
edge (Te < 1000 eV)

update oct. 09: fit H.3: 2.3.9, for electron impact of He beam across cold edge

update jan. 2010:
some text added regarding ADAS CR rates ...A0, in H.4, H.10 and H.12

XV



update Mar. 2011:
fit H.3: 3.2.3 corrected. Was completely off. Figure was ok, i.e. bug in fit program.
Newly fitted using odrpack9s.

remove blanks from parenthesis (e.g. H2(a bc) — H2(abc), for online plots under www.eirene.de)

update Dec. 08 2011:
O ionisation, O+ recombination: ADAS 96, H.4 and H.10 fits added 2.8A0 and 2.3.8A0,
resp.

update Dec. 09 2011:
N ionisation, N+ recombination: ADAS 96, H.4 and H.10 fits added 2.7A0 and 2.3.7A0,
resp.

update July 12:
H.2: 3.2.30 re-introduced, for backward compatibility, i.e. Ey, = 0.37 eV, (as around
year 2000) whereas now (since 2004) in H.2: 3.2.3 this energy is 0.1 eV.

update August 12: new figures for H4: 2.2.12 and 2.2.14 (the red HYDHEL curves had
been missing. Both these fits have problems below 0.1 eV. to be done.

reaction H.2 2.2.5 renamed to 2.2.50 (this is the old, incorrect fit from the 87 Springer
book), not to be used anyway.

update Aug. 12:
added H.12: 2.2.15a,..2.2.15e red. pop. coeff H(2)...,H(6) with respect to H3+, based on
production of H*(n=2) via Janev, HYDHEL H.2: 2.2.15

update Sept.13: N,N2,N2+ corona model.

1.) added H.8 and H.11 for N+e ionisation, constant electron energy loss = ionisation
potential

2.) revised H.8 and H.11 for Ar and C ionisation, (constant electron energy loss=ionisation
potential, to derive electron cooling fits H.8 and H.11 from those for rate coefficients H.2
3.) new H.2 rate coeff. added for N2 and N2+:

H.22.7.5,2.7.9,2.7.10,2.7.11, 2.7.12, 2.7.15 (and 2.7.14 added Jan 2016)

checked: e+N ionisation. cross-section Bell and Brooks are identical. Checked: rate co-
efficients H.2 2.7, 2.7B0 are identical too. (hence: rate coeffs. should also be identical
to open ADAS). further checks: H4 e + N vs. H.2 e + N?? Is the ADAS corona limit
correct?, see plot for H.4 rate coeff., label of red curve incorrect on this plot

Jan 14:
some reaction headers edited, in H.12 (for automatic online processing)

Jan 15:
electron energy loss rates for Hy added: H.10 2.2.H2c (total electron cooling) and H.10
2.2.H2r (radiation energy loss rate only). Both in eV cm?/s. Currently these two rates are

related to processes 2.2.5 (DE) plus 2.2.9 (I), but not yet including dissociative ionization
channels 2.2.10

April 15:
HYDHEL cross-section for 3.1.8 (cx) added here too (same as in hydhel.tex file)
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This can be used for low and high EO limit extrapolation. to be done: make H.2 rate to be
used for low EO limit extrapolation...Nov. 17 done now !

April 15:
Some header texts changed, e.g ratio — Ratio in H.12 headers

June 15:

state notations changed for H, H2, He, to remove further blanks from parenthesis, and
now also to distinguish meta-stable-resolved effective rates from single meta-stable-QSS
rates. The former have an additional “;r” in their state notation. Also paragraph headers
for Trubnikov potentials (H.0) changed.

July 15:

started to add H.2 rates from fits of H.3 rates for Ebeam — 0 Done for 0.1, 0.2 and 0.3
elastic reactions. The low Ebeam value was found by comparing H.3 rate fits with inde-
pendent integration of H.1 cross-sections at low E. Strictly: the H.3 fits should automat-
ically become identical to the H.2 fits for low Ebeam, or EIRENE should automatically
use these H.2 fits below a critical Ebeam.

Similarly: H.4, such that H.2 is the correct corona limit at low densities. And also
similarly: low T limit (for H.2, H.3 and H.4) should automatically turn into H.1 cross-
section(E) times sqrt(E)...., or at least: threshold behaviour 1/72 x exp(—AFE/T) 7?

Oct 15:

Further H.2 rates added for heavy particle collisions. These H.2 rates should be scalable to
the corresponding Omega integrals for continuum descriptions consistent with the kinetic
formulations based on H.3 rates. done: 0.4, 0.5, 0.6, 0.7, 0.8, both: T (total) and D
(diffusion) rates.

Oct 15:

started to add TIMIN, TIMAX, N2MIN, N2MAX, E2MIN, E2ZMAX parameters for ex-
trapolation beyond fit range. Currently all H.4 rates should have N2MIN=1.e8, and be
extrapolated with these values taken also for all lower electron densities (Corona limit).
In this case In'(rie) = 0.0, i = 1,2, ..., 8, fit must reduce to H.2 format. Le., these 9 H.2
coefficients can directly be obtained as subset of the 81 H.4 coefficients.

Jan.16:
N2+ diss.rec added: rate: 2.7.14, linear on log-log scale, and hence corresponding H.1
and H.8 data follow analytically.

May 16:
H222.17s,H.42.2.17r and H.4 2.2.17d: effective, H- condensed, DIS, MAR, MAD rate
coefficients for H2, via H2-.

June 16:
H.4 2.1.5 and H.10 2.1.5 CR electron impact ionisation: fit range extended from 1e3 to
2e4 eV, new fits and figures

Jan. 17:
H.11 4.0a added. Ratio of production rate constant for H3+ to destruction rate coefficient
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L.2

(vs.(Te)). From this ratio, by multiplying it with nH2+/ne, one finds the nH3+/nH?2 ratio,
when H2+ and H3+ are in equilibrium with H2.

Jun. 17:
H.4 2.1.8, H.10 2.1.8 and H.12 2.1.8de redone, fit range extended from 0.1 —1e3, to
0.1..2e4, to avoid spurious recombination rates in hot core plasmas.

Aug. 17:
H.1 3.1.8 and 3.1.8J2 left asympt. (al0) corrected. Slope was correct, but a small jump at
E=0.1 eV. H.1 3.1.8ST and 3.1.8ST2 left asympt. added. Was missing.

Nov. 17:
H.1 3.1.8 right asympt. added (taken from hydhel). Also H.2 3.1.8 added, (taken from
hydhel)

Mar. 18:
H.12 2.2.5fu, redone. Also: 2.2.5we and 2.2.5ly added (upper werner and lyman band
states pop. coef.)

May 18:
0.13 p,d,t and 0.14 p,d.t added. H.1 and H.3 Elastic cross-sections and rate coeff. (Krstic,
Schultz), taken here for vel. dep. relaxation approximation (scattering angle=pi)

May 18:
H.2 3.1 added: ionisation of W, used a few years ago in a PET paper (Mekkaoui et al.) on
study of plasma fluctuations on impurity penetration and cx sputtering.

to be done:

Check text in H.12, 2.2.511: is Aik already multiplied into this ratio fit, i.e. is this fit a
“Fulcher emission rate” (1/s), or is this factor still to be multiplied?

Further H.2 rate fits available for heavy particle reactions, e.g. 0.5,..., 3.1.6,....still to be
implemented

Check Behringer (Strahl) database for Li ionisation and recomb...

2.2.14: H.2 fit made strictly linear on log-log scale, for H.1, H.2 and H.8. Then use
H.2 coefficients to derive, exactly, the corresponding H.1 and H.8 coefficients. Done for
H.8, 2.2.14, To be done for H.1 for this process, and also for other (probably mostly
recombination) processes, e.g. 2.1.8, 2.2.15, 2.3.13, 2.7.14....

Aug. 17: 3.1.8 H.2, H.3 and H.9 rate coefs. must be redone, due to Aug. 17 correction of
left asmpt. in cross-section. Will perhaps further improve the tracklength estim. energy
balance. So far we have no 3.1.8S (Schultz) rate coeff. of any kind.

XVIII



Additional atomic data fits, read by EIRENE
Format as HYDHEL DATEN [2] or METHANE DATEN [1]. See description in HYDHEL.pdf
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II Numerical Fits to o and (ov)

(See again: [2], only slightly generalized version here:)

We derived numerical fits for o and (ov) so that these processes can be evaluated easily in
numerical codes and in other instances that demand simple and/or repeated evaluations. Since
o and (ov) vary over many orders of magnitude, we made polynomial fits for In o in terms of
In E and for In{ov) in terms of In T":

N
Ino = Z a,(In E)",
n=0

In{ov) = bu(InT)",

For the electron reactions, or any process in which the projectile particle is assumed to be almost
at rest relative to the Maxwellian background, (ov) is essentially independent of £ within the
range of energies considered here.

A more useful fit for the heavy-particle reactions is a double polynomial fit in both E and T:

N M
In{ov) = Z Z A (In E)™(InT)".
n=0 m=0
Such a fit requires a large number of coefficients in order to be accurate, but can be used for
arbitrary E' and T'.
Analogously, a fit for the density and temperature dependent reaction rate coefficients is a dou-
ble polynomial fit in both n and 7":

N M
In(ov) = Z Z Ay (In )™ (InT7)".
n=0 m=0
Most fits in the present database with density and temperature dependence have been set up
for density range 1e8 — 1el6 cm~3, but with the density parameter 7 being a scaled density:
1 =n/10%, nincm™3. As aresult, at n = 10%, In(72) = 0 the 2-parametric fit collapses to a one
parametric fit vs. temperature only:

N
In{ov)(T,n < 10%) = Y " apo(InT)"
n=0

which can be taken as Corona (density independent) limit, for proper low density parameter
asymptotic behaviour.

Further asymptotically correct forms of these fits (at other boundaries of the parameters I, n, T,
are described below in subsections I1.3.1, 11.3.2, etc.. for the various types of data.
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II.1 Example of Use of Fits

As an example (taken from [2]) of the use of the tables of fits for cross-sections and reaction
rate coefficients consider the calculation of (ov) for reaction 2.1.5, ¢ + H(ls) — e+ HT + e.
We compute

8
=> b,(InT)"
n=0

below for T = 10 eV using the coefficients for reaction 2.1.5 in Sect. 8.2 in [2]. In the calcula-
tion below, only six digits need to be kept for these to be nearly perfect fits (see Sect. 8.2) and
the coefficients have been truncated at six digits.

In{ov) = —3.27139 + 01 + 1.35365¢ + 01(2.30259)
—5.73932¢ + 00(2.30259)2 + 1.56315¢ + 00(2.30259)?
—2.87705¢ — 01(2.30259)" + 3.48255¢ — 02(2.30259)°
—2.63197¢ — 03(2.30259)° + 1.11954e — 04(2.30259)"
—2.03914e — 06(2.30259)®

In{ov) = —19.07995.
Thus,
(ov) = 5.17228¢ — 09 cm? /.

I1.2 SLREAC.f: Fortran module for reading Data from AMJUEL

Single parameter fits are identified by the character string

-)

"pO’ in case of H.O (interaction potential, or differential cross—-section)
a0’ in case of H.1 (cross—-section)

"b0’ in case of H.2 (rate coefficient vs. T-target, E0=0.)

"e0’ in case of H.5 (momentum-weighted rate coeff. vs. T-target, E0=0.)
"hO’ in case of H.8 (energy-weighted rate coefficient vs. T-target, E0=0
k0’ in case of H.11

Format: E20.12

Double parameter fits are identified by the character string ’Index’

Data are transferred from a data file into the EIRENE code by calls to subroutine SLREAC,
listed below.

C

SUBROUTINE SLREAC (IR,FILNAM,H123,REAC,CRC)
c
C input
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FILNAM: read a&m data from file filnam, e.g. AMJUEL, HYDHEL, METHAN, CONST
IR : store data on EIRENE array CREAC(...,...,IR)
H123 identifyer for data type in filnam, e.g. H.1, H.2, H.3,
REAC number of reaction in filnam, e.g. 2.2.5
CRC type of process, e.g. EI, CX, OT, etc
internal
ISW <—-— H123
10 derived from ISW, initial value of 2nd index in CREAC
output
ISWR EIRENE flag for type of process (1,2,...7)
CREAC EIRENE storage array for a&m data CREAC(9,0:9,IR)
MODCLF: see below
DELPOT: ionization potential (for H.10 data),
currently handled in input.f. not nice!
IFTFLG: EIRENE flag for type of fitting expression ("fit-flag=...")
DEFAULTS: =2 FOR POTENTIAL (GEN. MORSE)
=0 FOR ALL OTHERS (POLYNOMIAL, DOUBLE POLYNOMIAL)

READ A&M DATA FROM THE FILES INTO EIRENE ARRAY CREAC

OUTPUT (IN COMMON COMXS) :
READ DATA FROM "FILNAM" INTO ARRAY "CREAC"
DEFINE PARAMETER MODCLF (IR) (5 DIGITS NMLKJ)
FIRST DECIMAL J =1

QOO0 0000000000000000000000000000000000 0000000000000

POTENTIAL AVAILABLE
(ON CREAC(..,-1,1IR))
J =0 ELSE
SECOND DECIMAL K =1 CROSS-SECTION AVAILABLE
(ON CREAC(..,0,IR))
K =0 ELSE
THIRD DECIMAL L =1 <SIGMA V> FOR ONE
PARAMETER E (E.G.
PROJECTILE ENERGY OR ELECTRON
DENSITY) AVAILABLE
(ON CREAC(..,1,IR))
=2 <SIGMA V> FOR
9 PROJECTILE ENERGIES AVAILABLE
(ON CREAC(..,J,IR),Jd=1,9)
=3 <SIGMA V> FOR
9 ELECTRON DENSITIES AVAILABLE
(ON CREAC(..,J,IR),Jd=1,9)
L =0 ELSE

FOURTH DECIMAL M

FIFTH DECIMAL N =1

DATA FOR MOMENTUM EXCHANGE

TO BE WRITTEN

DELTA E FOR ONE PARAMETER E (E.G.
PROJECTILE ENERGY OR ELECTRON
DENSITY) AVAILABLE

(ON CREAC(..,1,IR))

DELTA E FOR

9 PROJECTILE ENERGIES AVAILABLE
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Q0000

USE PRECISION
USE PARMMOD
USE COMPRT
USE COMXS

USE PHOTON

current version:

see EIRENE

(ON CREAC(..,J,IR),Jd=1,9)

=3 DELTA E FOR
9 ELECTRON DENSITIES AVAILABLE
(ON CREAC(..,J,IR),Jd=1,9)

=0 ELSE

on FzJ GIT repository, under:

Eirene/file—-handling/slreac.f

END
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IL1.3 Types of data, general prescriptions

The present compilation contains data fits for atomic/molecular processes which can utilized in
EIRENE runs. Fits are stored here for interaction potentials (H.0), total cross-sections (H.1),
rate coefficients (H.2, H.3 and H.4) and momentum- (H.5, H.6 and H.7) and energy-weighted
(H.8, H.9, H.10) rate coefficients, respectively, as well as some supplementary data fits (H.11
and H.12), often reduced population coefficients, and meant mainly for post-processing and
other purposes.

I1.3.0 H.0: interaction potentials

The classical elastic collision kinetics is determined by the interaction potential V(r). In
EIRENE for given (random sampling) impact parameter b and relative collision energy E,. (in
eV) the deflection angle  in the center of mass system is computed and the test particle velocity
is then changed accordingly in the laboratory system. There are various options for potential
functions V(7). The potential is always in eV, and the distance r (and also b in EIRENE) are in
(atomic) units of the Bohr radius ay = 0.529 x 10~® cm. The parameter FIT-FLAG determines
which particular fit expression is used for the potential. The potential V' (r) can be specified
then by up to 9 fit coefficients py, . . ., ps, see Section 0.

FIT-FLAG=
=1 purely repulsive potential: to be written

=2 Morse like potential:

with

forp <1
pi=T/Tm grz{gl ’ (D

G192 for p > 1

with the parameters:

po = € (eV)

P1r=G

P2 = g2

p3 = Ty, (in units of ag), the minimum of V(r) : V (r,,) = —¢

Derived Parameters are:

Py =Tg :Tm< N 1;71_12>’ther00t0fv(r) : V(TO) =0

P5s = Tw = Tm (1 + ;?—gi) , the point of inflection of V' (r)
Pg NOt in use

pr = V(rw) = _%
Ps not in use

I1.3.1 H.1: cross-section vs. energy

Fits for o(Ejap1) [em?]
Collision cross are functions of relative velocity, but, due to historic reasons in the EIRENE
databases, which initially had been built on data of ref. [2], the laboratory energy of one of
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the colliding particles (usually the charged particle) is used, with the second collision partner
(usually the neutral particle) being at rest. Le., 0 = o(Ej41). To convert to center of mass
energies, or to other isotopes of the same atom, one uses Ejqp1 = my/2 v% and Ecy = p/2 vfel
with g = mymsy/(my + my) being the reduced mass and v,; = |v; — vs| the relative collision
velocity.

Cross-sections for elastic collision processes (classical orbits) are given in this paragraph.

We distinguish between total, diffusion and viscosity cross-sections, by capital letters T, D and
V attached to a cross-section label.

These are defined as (written here as function of relative collision velocity v,..;):

A): the “total scattering cross-section”

o (Vpe) = / d@M sin(6) 2)
0 00

where 0 is the scattering angle in the center of mass frame and do /df is the differential scat-

tering cross-section, which, in an EIRENE application is internally derived classically from the

interaction potentials specified under H.O, with proper cut-offs at small scattering angles.

B): the “diffusion cross-section”

o (vye) = /0 ' dGW(l — cos(6)) sin(0) 3)

in which scattering events are weighted with their momentum transfer efficiency (1 — cos(6))
C) the “‘viscosity cross-section”

0" (Vrer) = / ’ d@%ﬂ — cos(6)) sin(0) )
0

arising in continuum descriptions of gas and plasma transport, e.g. the Chapman-Enskog ex-
pansion.

Special cases, Langevin cross-section In some special cases the cross-section fits in poly-
nomial form become exact, both for cross-sections and for their associated (weighted) rate
coefficients. This is the case for cross-sections of the form

o(v) = ¢,v" [em?] )

with ¢, a positive constant and parameter » > —4. An important special case is » = —1, the
Langevin cross-section. The corresponding Maxwellian rate coefficient is

TR
(o(v)-v)(T) = — crﬁf(§ +2) [em?/s] (6)
For the Langevin cross-section, 7 = —1, this reduces simply to a constant rate coefficient:
(o(v) - 0)(T)) = ¢ [em®/s] )

Cross-sections in this present database are fitted vs. “laboratory” collision energy F, rather
than vs. collision velocity v, with v = cvelay/E(eV)/m(amu), the reference velocity in the
EIRENE code is cvela = 1.38912¢6 [cm/s] and m is the mass of the charged particle, assuming
the neutral particle to be at rest (not to be confused with the reduced mass m,.). A resulting linear
fit (on log-log scale) for In(o(E)) = ag + a1 In(E) then is:
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I1.3.2 H.2: rate coefficients vs. temperature (zero beam energy)

Fits for (o(v) - v)(T},) [em?/s]

Maxwellian rate coefficients are taken for neutral particle energy E£y = 0.0 eV and for back-
ground (plasma) drift velocity V,, = 0 vs. temperature 7}, (electron or ion temp., resp.) of the
Maxwellian f,qz0(vp, Tp). Le.

(o) (Tp) = [ d*vy 0 (vp) - Vp * frnawn (Vp, T))

The rate coefficients can be scaled to different isotopes and to finite neutral particle temperatures
Tp by evaluating the fits at an effective temperature 7¢; given by

m m
Teff = EpTl + #TQ (8)
1 2

Here m,, is the mass of the background particle (typically ions or electrons)) as used in calculat-
ing the rate coefficients, m; and ms are the masses of the two isotopes in the particular collision
process considered, and 77 and 75 are their two temperatures.

For electron impact collisions on heavy (neutral) particles (mass m; = my), i.e. with my =
m, = m. we have: m. < my, and hence typically 7.;s ~ T, = T, so the re-scaling to an
effective temperature is only required for heavy particle (here: ion impact) collisions.

I1.3.3 H.3: rate coefficient vs. temperature and energy

Beam-Maxwellian rate coefficients. These coefficients are generalisations of the H.2 (isotropic)
Maxwellian rate coefficients and account for either a finite velocity (energy Fj) of the test
particle (or beam) or a fluid drift V, in the Maxwellian background, or both.
Beam-Maxwellian rate coefficients with drifting Maxwellians f,,.., (7}, V},) of the background
particles “p”, with temperature 7}, of the Maxwellian and with |V,,| = V,, can be evaluated in
the rest frame of the background “p”, i.e. with the beam energy parameter re-defined as

Eo = mg/2|Vo — Vp|? ©)

These rate coefficients are therefore fits with two independent parameters, and averaging is over
an isotropic (stationary) Maxwellian:
Fits are for (o - v,.¢) (Fo, Tp) [em?/s]
The fit expression is a double polynomial of order 8 in each of the independent variables Ej
and 7),. The fitted expression is In(o - v,¢;) (In Ey, In 7},). Note that the role of the beam particle
is now reversed as compared to that of cross-section data, the energy parameter is now the
energy of the mono-energetic (neutral) particle beam (with mass mg), which is traveling in a
[13ee))

host medium of (charged) particles “p”, mass m,,, with stationary Maxwellian distribution and
temperature 7.

I1.3.4 H.4: rate coefficient vs. temperature and density

Fits for (o - v.¢)(ny, Tp) [em?/s]

Same expression of fit as for Beam-Maxwellian rate coefficients, but with beam energy £ (eV)
replaced by density n,. Le. these rates are given for a fixed energy of the “beam-particle”,
typically £y = 0.0 eV, but a density dependence arises due to multiple (ladder-like) processes
involved in one “‘effective step”.

For historic reasons and to preserve backward compatibility, the density 7, in this fit must be
given in units of 10% cm 3, i.e., with density given in cm 3 and the numerical value then divided
by 108, or density given in m 2 and then divided by 100% x 10% = 104
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Asymptotical behaviour, density parameter Unless otherwise stated the valid range of the
scaled density In(n) = In(n/10®) ranges from In(n) = In(1.0) = 0.0 (at n = 10®em™) to
In(n) = In(10%) = 81n(10) ~ 18.421 (at n = 10'® cm~3). Rescaling the fit expression to a
density parameter n = 1/bIn(n/10%) with b = 81n(10) brings the validity range [10%, 10'°] of
the density parameter n [cm 3] to the interval [0, 1] for the scaled density parameter 7. At these
boundaries for the scaled density parameter the collisional radiative rate coefficients become
density independent (Corona and LTE conditions, respectively). The fit expression (see II)

then becomes

with &, = b" v, . At the validity boundaries 7 = 0 and 7 = 1 this expression collapses to
the correct limiting single parameter fits for the temperature dependence:

atn < 10® em™2) and

atn > 106 cm—3) with 3, = anvfzo Qnm

The range between the density independent Corona and LTE limits, taken here to be [10%, 101°],
is representative for most relvant applications of EIRENE, but stricktly is also temperature de-
pendent. The range should be made wider (on both boundaries) at lower temperatures (below
a few eV) and shrinks (at both boundaries) at higher temperatures. Therefore the density pa-
rameter 7 in the fit might better be made temperature dependent, e.g. as 7 = bln(an)/In(T),

analogous as for the energy parameter in H.3 fits, see I1.3.3.
Asymptotical behaviour, temperature parameter to be written

I1.3.5 H.5: momentum-weighted rates vs. temperature

currently not in use. Probably for electron-neutral friction vs. 7., Omega integrals, etc..

I1.3.6 H.6: momentum-weighted rates vs. temperature and energy

This section contains reaction rates for track-length estimators for momentum sources (EIRENE,
options TESTM=2). The momentum exchange in a collision of a test particle, subscript 0 and
another (e.g. plasma) particle, subscript p, is:

AP =myq - (vo — vy) = pu(1 = cos(8)) (vo — vy) (10)

with v{, i, 0 being the post collision test particle velocity, the reduced mass and the scattering
angle in the center of mass frame, respectively. The second equality follows from momentum
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conservation and the additional assumption that no internal energy is transferred during the
collision (i.e., elastic, or resonant (vy = v, v, = vg) charge exchange). Also here: mg = my
and m,, = m;,. Generalizations to un-symmetric resonant charge exchange are discussed below.

Stationary Maxwellian background The rate coefficient of momentum transfer from a sin-
gle test particle, with velocity vy and energy Fj to the thermal (stationary) plasma background
(temperature 7)) is

smg = (0 - Uy - APo) (Eo, T,) = (0 Uper - (Vo — V) - mo)(Eo, Tp) (11)
_ 2T, (1) L fmo-T, )
= ©CoHy| Wp ' ]1) (Eo, T},) — ) m, - EOIO) (Eo, Tp)

where (---) denotes averaging over the stationary Maxwellian distribution for ion velocities
(plasma background) foazw(Vp, 1p);

ey = Vo/ug the speed unit vector in the direction of the test particle flight. Due to symmetry
(isotropy) of the background velocity distribution and averaging over this distribution, momen-
tum can be transferred to/from test particles (and hence also to/from bulk (plasma) particles)
only in the direction of test particle flight.

0(vre) and v, are the collision cross-section and the relative velocity of colliding particles
Vel = |Vo — V|, respectively;

T, and Ej is the plasma temperature and the test particle (beam) energy, respectively;

m,, and my is the mass of the plasma particle and the test particle, respectively;

= (my - mg)/(m, + myg) is the reduced mass;

vy and vy, is the velocity of the test particle before and after collision, respectively;

It (Ey, T,,) is the generalized Beam-Maxwellian collision integral introduced in [6]. [ = 0
stands for using the total collision cross-section o'(v,¢) = [ dfsin(f) do(v,q,0)/db, here
do /df denotes the differential scattering cross-section and € is the scattering angle. The super-
script [ = 1, 2... stands for momentum transfer, viscosity, ... cross-sections, respectively,

o (tnet) = /d9 sin(0) do (v, 0)/d0 - [1 — cos ()], 1 = 1,2, ... (12)

After averaging the momentum exchange rate coefficient once again, this time over the test
particle velocity distribution fy(vg), the resulting momentum transfer rate becomes a vector
in the direction of V§ = f d3vgvo fo(vo), i.e. in the direction of the mean test particle (flow)
speed:

Smy(fo, Tp) = {(0 - vret - AP0)) (fo, 1) (13)

and we see that this rate vanishes for isotropic distributions f,, simply already because of
V() = O

drifting Maxwellian background We now turn to momentum exchange rates between the
test particle community, subscript 0 and a background (plasma), subscript p.

As discussed already for general Beam-Maxwellian rate coefficients, paragraph H.3, in a first
step we transform to the rest frame of the plasma:

~ ~ m >
V, = /d%pvpf(vp); Vo=vo—V,, E,= 7%’5; Vo=Vo-V, (14
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where vy is the test particle velocity in the rest frame of the plasma and Ey is the corresponding
energy, Eq. (9). Momentum transfer from a single test particle to a drifting Maxwellian plasma
background is then in the direction €y = v /v

The vector \Nfo is the average (macroscopic) test particle flow velocity in the rest frame of the
plasma; The total rate of momentum transfer from the entire test particle community “0” to the
(drifting Maxwellian) background community “p” is a vector in this direction Eq = V,/V4.
From here on: to be re-written, below: old text from Vlad....

Parallel momentum transfer rate (momentum Joss for the background (plasma)):
Smfmu = Db (€nom'b) (0 - v, - p) (E@, Tp>

Where
V5 and Vy, is the test particle velocity in laboratory frame and the plasma drift velocity;

b is the magnetic field unit vector.

The final rate is in laboratory frame.

The programming realization can be found in EIRENE in volume-processes/fpatha. f,
fpathm. f and couple_Tria_new/uptcop.f

The rates in the present database have been calculated for hydrogen atoms (my = 1 amu) in a
hydrogen ion background (m, = 1 amu). The mass rescaling is the following. If 0 = o(V})

then /4™ = F <£> , =) and

m mo _ m?
-, ET)="\{(o-v,- tp 2T
(o-v.-p) (E,T) m2<0 v p)(m? S )

This kind of rescaling is applied for charge exchange, see volume-processes/xstcx. f.

If 0 = o(E,) then ['" = _L_F (%T jg—E) and
mr-mé _ m»

(o0 = (o) (e, M )

o. n-’ o . n
mg-mi- " mg - mj

This rescaling is used for elastic collisions according to [21], see volume-processes/xstel. f.
Here superscript ”0” means the masses for those the fitting was calculated, and ’n” means real
masses.

The rate 0.3 (elastic p + H; collisions) from this set was successfully compared with the same
sources, calculated by collisional estimator. The same test for the resonant CX rates 3.1.8 was

not yet successful

I1.3.7 H.7: momentum-weighted rates vs. temperature and density
I1.3.8 H.8: energy-weighted rates vs. temperature

Under label H.8 energy-weighted rate coefficients are stored, vs. temperature (eV) of the
Maxwellian electron or heavy particle distributions. (E.g., unless otherwise stated, these rates
are taken for test particles at rest: £, ~ 0.0eV’). The general relation between the energy-
weighted rate coefficients H.8 and the “ordinary” rate coefficients H.2 is (integration by parts):
dIn(H 2)}

(15)

374 —
H8[eVem?®/s] = kT x H.2 x [3/2—1— T T
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with rate coefficient H.2 in cm?/s. If the H.2 rate coefficients are fitted as:

8
i=0
then
dIn(H.2)
;th Z biv1(i+1)In’ (T) = by + 2, In(T") + 3b3 1n2(T) 4o 17

and hence, for the H.8 coefﬁment, in the same fit format as for the H.2 coefficient:
In(H.8) = In(kT) + In(H.2) + In(3/2 + by + 2b2 In(T) — ....) (18)

If a H.2 rate coefficient is linear on a log-log scale, as e.g. often the case for recombination
processes, then b, = b3 = .... = bg = 0, and hence, for the fit coefficients of the corresponding
H.8 rate coefficient:

ho :b0+ln[3/2+bl],h1 :b1+1,h2 = hg = ... = hg =0

An explicit numerical example is detailed under H.8 2.2.14 (dissociative combination of H, (v)
molecular ions).

I1.3.9 H.9: energy-weighted rates vs. temperature and energy
I1.3.10 H.10: energy-weighted rates vs. temperature and density

Fits for (o - v - E)(n.,T) [em?/s - eV]

The units of 7" and n in the fits are the same as for H.4 and H.7 rates. E is the total energy loss
for the electron or ion gas per collision event, in eV. These rates, therefore, if multiplied by the
electron charge 1.6022 1071, are electron- or ion energy loss rates in Watt/cm?. Unless other-
wise noted these are total energy loss rate coefficients associated with the particular process or
set of processes. If such a process is an “effective process”, implicitly including fast transitions
between excited states of particles which are considered to be in a certain (collisional radiative)
equilibrium, then these total effective rates include also line- (bound-bound) and continuum
(free-bound) radiation losses, kinetic energy of products (e.g. in case of dissociation processes)
and internal (potential) energy differences between pre- and post-collision particles, but not
bremsstrahlung (free-free) losses.

If the potential energy difference in a particular collision process is negative, as, e.g., in re-
combination processes or in electron impact de-excitation of meta-stables to a lower level, then
this total energy loss rate may become negative, for some values of the parameters, and remain
positive for others. I.e., the coefficients may change sign within the parameter range covered
by the fit. The fits in this database are, however, often given for the logarithm of the rate coeffi-
cient. In such cases we have subtracted the (negative) potential energy contribution from these
coefficients before fitting.

More generally, the fitted coefficients, therefore, read:

(0-v-E)py=(0-v-E) = AEgp, (0 -v)

with AFE,,.. specified for each particular rate coefficient below, together with the fitting coef-
ficients.

By default we have chosen AF,;, = 0. in this expression for all processes in which the
potential energy is enhanced (“sub-elastic” processes, such as ionization, excitation).
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For the opposite case (recombination, collisional de-excitation, i.e., “super-elastic” processes,
we have chosen AE . = AE,q

One can show with some boring algebra on the matrices which arise in collisional radiative
models that with this particular choice of the subtracted energy loss rate for collisional radiative
electron cooling rates the remaining fitted expression (o - v - E) s;; turns out to be exactly the
radiation energy loss rate associated with a particular process or set of processes.

In other words: the total effective electron cooling rate is the sum of the effective radiation
energy loss rate plus the effective potential energy loss rate, however, with the latter rate being
simply given as

<J “v- AEpot)effective = AE'pot‘ : <U : U>effective

In this expression (o - v). s fective 1S just the effective rate coefficient for the process under con-
sideration, i.e. the coefficient for the same process as given in section H.4.

Note: Electron cooling rate coefficients (as well as radiation rate coefficients) are physically
related to a particular species, not necessarily to a particular process.

E.g. electron cooling and radiation rates for H, molecules correspond to electron collisions
on H, and are therefore not related to either dissociative excitation, dissociative ionization or
ionization of that molecule individually, but only to the (weighted) sum of these three channels.
Similarly, electron cooling rates associated with a Helium atom, if meta-stables He atoms are
retained explicitly in the transport equations, are related to a weighted sum of excitation, de-
excitation and ionization processes from a particular meta-stable state, but not to these individ-
ual processes.
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I1.3.11 H.11: other data, e.g. reduced population coefficients

single parameter fit for any other data, e.g. to be used in special user supplied programs, i.e.
not generally understood by EIRENE, but can be used in problem specific “..USR” routines
of EIRENE, e.g. for post processing. The data fitted in H.11 are, therefore, typically not
rate-coefficients, but often (not always) ratios between two single parameter rate coefficients.
This comprises data derived from CR models, such as reduced population coefficients, or QSS
equilibrium density ratios. Typically the density ratios A/B are distinguished by the formation
process of species B, from species A:

(ov; A — B)(T)

TLA<U’U§ A — B>(T) = TLB<0'U§ Bloss)(T) - nB/nA - <U'U' Bloss)(T)

(19)

Also reduced population coefficients are such density ratios, however the production of upper
level B may result from various multi-step processes, all starting from (“coupled to”) A.

I1.3.12 H.12: other data, e.g. reduced population coefficients

double parameter fit for any other data, e.g. to be used in special user supplied programs, i.e.
not generally understood by EIRENE, but can be used in problem specific “..USR” routines
of EIRENE, e.g. for post processing. The data fitted in H.12 are, therefore, typically not
rate-coefficients, but often (not always) ratios between two rate coefficients, see (19). The
double parameter fit data in the present paragraph result if at least one of the two involved rate
coefficients have a density dependence in addition to the temperature dependence.

Exceptions exist, where a hard-wired reading of data from this section is coded into EIRENE:
these are the reduced population coefficients for hydrogenic plasmas, i.e. 2.1.5a,....2.1.5¢,
2.2.5a, 2.2.5e, etc... are currently automatically read in EIRENE post processing routines in
code section “output”, routines: Ba_alpha, Ly_alpha, Ba_beta, Ba_gamma, Ba_gamma,..

II.4 End of preface

This next string is searched by EIRENE in subroutine SLREAC to initialize search for a par-
ticular set of fit coefficients. From here on, a character string ‘H.n’ , n an integer, must only
appear in the section title, but not in the text. Likewise: identifiers p0, a0, b0, ....,h0, kO are used
in SLREAC and must not appear in the text elsewhere, from here on.
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0 H.O: Fits for Potentials

0.1 Reaction 0.1T p + H(1s) — p + H(1s) potential, binary elastic

This potential is not yet implemented here. It is still explicitly programmed in EIRENE, elas-
tics.f. It is the first repulsive H, potential.

fit-flag 01

p0O 0.000000000000D+00 pl 0.000000000000D+00 p2 0.000000000000D+00
p3 0.000000000000D+00 p4 0.000000000000D+00 pP5 0.000000000000D+00
p6 0.000000000000D+00 p7 0.000000000000D+00 p8 0.000000000000D+00



0.2 Reaction 0.2T p + He(1s?1S) — p + He(1s°1S) potential, binary
elastic

Morse potential, see [9]

fit-flag 02

p0O 2.000000000000D+00 pl1 2.200000000000D+00 p2 0.850000000000D+00
p3 1.455600000000D+00 p4 0.996990000000D+00 p5 1.995150000000D+00
p6 0.000000000000D+00 p7 —-1.500000000000D+00 P8 0.000000000000D+00



0.3 Reaction 0.3T p + Hy — p + H, potential, binary elastic
Morse potential, see [9]

fit-flag 02
p0 2.700000000000D+00 pl1 3.000000000000D+00 p2 1.000000000000D+00

p3 2.835500000000D+00 p4 2.180380000000D+00 p5 3.490687000000D+00

p6 0.000000000000D+00 p7 —-2.025000000000D+00 pP8 0.000000000000D+00



0.4 Reaction 04T He" + He — He' + He potential, binary elastic
Morse potential, see [9]

fit-flag 02

p0 2.550000000000D+00 pl1 2.350000000000D+00 p2 0.900000000000D+00
p3 1.984200000000D+00 p4 1.399080000000D+00 p5 2.634500000000D+00
p6 0.000000000000D+00 p7 -1.912500000000D+00 P8 0.000000000000D+00



0.5 Reaction 0.5T p + Ne — p + Ne potential, binary elastic

fit-flag 02

p0 2.280000000000D+00 pl 2.680000000000D+00 p2 0.850000000000D+00
p3 1.870900000000D+00 p4 1.387000000000D+00 p5 2.440200000000D+00
p6 0.000000000000D+00 p7 —-1.710000000000D+00 P8 0.000000000000D+00



0.6 Reaction 0.6T p + Ar — p + Ar potential, binary elastic

fit-flag 02

r0 4.040000000000D+00 pl 2.500000000000D+00 p2 0.860000000000D+00
p3 2.475600000000D+00 p4 1.789200000000D+00 p5 3.273700000000D+00
p6 0.000000000000D+00 p7 —-3.030000000000D+00 P8 0.000000000000D+00



0.7 Reaction 0.7T p + Kr — p + Kr potential, binary elastic

fit-flag 02

p0 4.450000000000D+00 pl1 2.500000000000D+00 p2 0.800000000000D+00
p3 2.777900000000D+00 p4 2.007700000000D+00 p5 3.740600000000D+00
p6 0.000000000000D+00 p7 —-3.337500000000D+00 pP8 0.000000000000D+00



0.8 Reaction 0.8T p + Xe — p + Xe potential, binary elastic

fit-flag 02

p0 6.750000000000D+00 pl1 3.800000000000D+00 p2 1.080000000000D+00
p3 3.288200000000D+00 p4 2.688400000000D+00 p5 3.843600000000D+00
p6 0.000000000000D+00 p7 —-5.062500000000D+00 pP8 0.000000000000D+00



0.9 Reaction 0.13p p + Be — p + Be potential

Default: scattering by angle PI in CM system (strong collision)

fit-flag 1

0O -1.000000000000D+00 pl -1.000000000000D+00
p3 -1.000000000000D+00 p4 -1.000000000000D+00
p6 —-1.000000000000D+00 p7 —-1.000000000000D+00

0.10 Reaction 0.14p p + C — p + C potential

Default: scattering by angle PI in CM system (strong collision)

fit-flag 1

p0 -1.000000000000D+00 pl -1.000000000000D+00
p3 -1.000000000000D+00 pP4 -1.000000000000D+00
p6 -1.000000000000D+00 p7 —-1.000000000000D+00

P2
pb5
P8

P2
PS5
P8

.000000000000D+00
.000000000000D+00
.000000000000D+00

.000000000000D+00
.000000000000D+00
.000000000000D+00



0.11 Coulomb collisions (not ready)
0.11.1 Reaction 0.100 ¢ + ¢, — e + ¢, Trubnikov potential

bulk-electrons on test-electron, Fokker-Planck elastic

Data for Trubnikov Potentials for Fokker-Planck collision operator, bulk-electrons on test-
electrons.

currently: none

fit-flag 03

p0O 0.000000000000D+00 pl 0.000000000000D+00 p2 0.000000000000D+00
p3 0.000000000000D+00 p4 0.000000000000D+00 pP5 0.000000000000D+00
p6 0.000000000000D+00 p7 0.000000000000D+00 pP8 0.000000000000D+00

0.12 Reaction 0.101 ; + e¢;, — 7 + ¢; Trubnikov potential

bulk-electrons + test-ions, Fokker-Planck elastic
Data for Trubnikov Potentials for Fokker-Planck collision operator, bulk-electrons on test-ions.
currently: none

fit-flag 03

p0O 0.000000000000D+00 pl 0.000000000000D+00 P2 0.000000000000D+00
p3 0.000000000000D+00 p4 0.000000000000D+00 pP5 0.000000000000D+00
p6 0.000000000000D+00 p7 0.000000000000D+00 pP8 0.000000000000D+00

0.13 Reaction 0.102 e + i, — e + 7; Trubnikov potential

bulk-ions on test-electron, Fokker-Planck elastic
Data for Trubnikov Potentials for Fokker-Planck collision operator, bulk-ions on test-electrons.
currently: none

fit-flag 03

p0O 0.000000000000D+00 pl1 0.000000000000D+00 p2 0.000000000000D+00
p3 0.000000000000D+00 pP4 0.000000000000D+00 pP5 0.000000000000D+00
p6 0.000000000000D+00 p7 0.000000000000D+00 P8 0.000000000000D+00

0.14 Reaction 0.103 i + 7, — ¢ + 7; Trubnikov potential

bulk-ions + test-ions, Fokker-Planck elastic
Data for Trubnikov Potentials for Fokker-Planck collision operator, bulk-ions on test-ions.
currently: none

fit-flag 03

p0O 0.000000000000D+00 pl 0.000000000000D+00 p2 0.000000000000D+00
p3 0.000000000000D+00 p4 0.000000000000D+00 pP5 0.000000000000D+00
p6 0.000000000000D+00 p7 0.000000000000D+00 P8 0.000000000000D+00
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1 H.1: Fits for o(F};)

1.1 electron impact processes
1.1.1  Reaction 2.2.50rg e + Hy(XS) — ... = e+ H(1s) + H(1s)

Fit as given in monograph [2], repeated here only for reference purposes. EIRENE uses in its
default database the corresponding fit as given in the unpublished preprint for [2]. This latter fit
seems to be more plausible and has been put into the file HYDHEL. It is therefore recommended
to read these fit coefficients from the database HYDHEL, and not from here (AMJUEL).

e+ Hy(X)7S) = e+ HB’SE, a’S), *IL,) — e+ H(1s) + H(1s)

a0 -2.297914361380e+05 al 5.303988579693e+05 az —-5.316636672593e+05

a3 3.022690779470e+05 a4 -1.066224144320e+05 ab 2.389841369114e+04

a6 —3.324526406357e+03 a7l 2.624761592546e+02 a8 -9.006246604428e+00
Eth 8.5

Emin 1.08e+01 s (Emin) 1.00e-19 smax 2.92e-17 Error 5.62e-01
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1.1.2  Reaction2.2.14 ¢ + H, (v) — H(1s) + H(n), (v =10...9,n > 2)

EIRENE uses in its default database the corresponding fit from [2], but with all fit coefficients
except the first two being set to zero, i.e. a linear fit on a log-log scale.

This latter fit seems to be more plausible. It is therefore recommended to read these fit coeffi-
cients from the present database AMJUEL, and not from HYDHEL.

a0 —-3.479249259777e+01 al -1.103564847459e+00 a2z 0.000000000000e+00
a3 0.000000000000e+00 ad .000000000000e+00 a5 0.000000000000e+00
a6 0.000000000000e+00 a7 .000000000000e+00 a8 0.000000000000e+00

Emin 1.00e-01 s (Emin) .85e-15 smax 9.85e-15 Error 1.74e-25

Eth 0.0
Mcross 9.1093826E-31

o O O

13



1.2 proton impact collisions

Elastic collisions between neutral and charged particles, Bachmann/Reiter ([9]) cross-sections
as function of E,

Eap = (myap/2) - v

Myqp 18 the ion mass throughout. “T” stands for “total” cross-section (obtained with cut off at
impact parameter such that diffusion and viscosity cross-sections remain accurate. “D” stands
for “diffusion” cross-section, and “V” for “viscosity” cross-section.

1.2.1 Reaction 0.1T p + H(1s) — p + H(1s) total cross section
a0 0.000000000000D+00 a1l 0.000000000000D+00 a2 0.000000000000D+00
a3 0.000000000000D+00 a4 0.000000000000D+00 a5 0.000000000000D+00
a6 0.000000000000D+00 a7 0.000000000000D+00 a8 0.000000000000D+00
al0 -3.253031352541D+01 all -2.559032645641D-01 al2 -1.449996483552D-02
ar0 —-3.262937357400D+01 arl -8.719626183599D-02 ar2 -7.346647926269D-02
ELABMIN=  1.82060E 00 eV
ELABMAX=  1.82060E 00 eV
Eth 0.0
1.2.2 Reaction 0.1D p + H(1s) — p + H(1s) diff. cross section
a0 -3.349115100108D+01 al -4.047040620920D-01 a2 -4.340959073105D-02
a3 -5.224890973622D-03 a4 -1.019115858754D-04 a5 -3.314157761518D-06
a6 —4.336259011986D-05 a7 -1.781020734395D-06 a8 1.220393550627D-06
al0 -3.320677627738D+01 all -2.205942040112D-01 al2 0.000000000000D+00
ar0 -2.753878563969D+01 arl -2.000000000000D+00 ar2 0.000000000000D+00
ELABMIN= 0.02000E 00 eV
ELABMAX= 2.00000E 02 eV
Eth 0.0
1.2.3 Reaction 0.1V p + H(1s) — p + H(1s) visc. cross-section
a0 -3.353420922048D+01 al -3.522409780724D-01 a2 -3.587214262651D-02
a3 —-4.282561006823D-03 a4 -3.230618998917D-04 a5 -4.343173698940D-05
a6 —-1.753965583282D-05 a7 -4.580920664987D-07 a8 3.738689325195D-07
al0 -3.330015157525D+01 all -1.992625366488D-01 al2 0.000000000000D+00
ar0 -2.709329427260D+01 arl -2.000000000000D+00 ar2 0.000000000000D+00
ELABMIN= 0.02000E 00 eV
ELABMAX= 2.00000E 02 eV
Eth 0.0

Note: This elastic reaction should only be used, if the resonant charge exchange differential
cross-section (and hence: diffusion cross-section) is reduced accordingly. The sum: elastic plus
charge exchange transport (“diffusion”-) cross-section should be twice the charge exchange total
cross-section. The assumption of an exchange of identity (scattering angle 7 in the center of
mass system) at charge exchange produces that factor 2. Hence the need for a revised (smaller)
charge exchange scattering angle, if the elastic collision contribution is explicitly added in.
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1.24

al
a3
a6
alo
ar0

Reaction 0.2T p + He(1s?1S) — p + He(1s?1S5) total cross-section

-1.

ELABMIN=
ELABMAX=

1.2.5

al
a3
a6
alo
ar0

Eth

.357907136508D+01
259671949006D+00
.203733922915D+00
.355838377904D+01
.706830076698D+01
0.50810E 00 eV
2.94431E 01 eV
0.0

al
a4
a’l
all
arl

-9.

811659406594D-02

.473947519984D-02
.525830383820D-01
.845473342853D-01
.204258692619D-01

a2
ab
a8
al2
ar2

.798308269292D-01
.565182597363D+00
.668922671043D-02
.351427675077D-02
.648359210100D-02

Reaction 0.2D p + He(1s?15) — p + He(1s%1S) diff. cross section

ELABMIN=
ELABMAX=

1.2.6

a0
a3
a6
all
ar0

Eth

.425585328953D+01
.549750110754D-02
.207534449376D-03
.390101844960D+01
.034765152080D+01
0.01250E 00 eV
1.25000E 02 eV
0.0

al
a4
a7
all
arl

-8.

999762959781D-01
.963555202866D-02
.378852519380D-05
.111706771112D-01
.000000000000D+00

az —-3.

ab
a8
al2
ar2

434858124811D-01
.343570605088D-04
.224511209820D-05
.000000000000D+00
.000000000000D+00

Reaction 0.2V p + He(1s*15) — p + He(1s*1S) visc. cross section

-3.
-6.
-1.
-3.
-2.

ELABMIN=
ELABMAX=

Eth

443725345071D+01
451669335555D-02
589840628629D-03
432276031579D+01
978907423990D+01
0.01250e 00 eV
1.25000e 02 eV
0.0

al
a4
a7
all
arl

.337427858507D-01
.950009865269D-02
.502468439244D-04
.111706771112D-01
.000000000000D+00

16

az
ab
a8
al2
ar2

-2.
.752283385868D-03
.151161681447D-05
.000000000000D+00
.000000000000D+00

O O W L

896488696126D-01
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1.2.7

Reaction 0.3T p + H, — p + H- total cross-section

.092015526305D+01
.524607958646D+01
.796353200921D-01
.351764912137D-01
.144573517210D-01

.580417289312D-01
.369248748869D-02
.393776090855D-04
.726918000000D-01
.000000000000D+00

.337285826242D-01
.691524784882D-03
.739555319843D-05
.726917299089D-01 alz
.000000000000D+00 arz

—H.10.3D

—H.10.3V

= Krstic, 1999,
momentum transfer

m Krstic, 1999, viscosity

a0 —-3.452141819446D+01 al
a3 3.466297654768D+01 a4
a6 —-2.770065796605D+00 a7
al0 —-3.275286840950D+01 all
ar0 -3.537275807146D+01 arl
ELABMIN= 1.55980E 00 eV
ELABMAX= 6.18164E 01 eV
Eth 0.0
1.2.8 Reaction 0.3D p + Hy, — p + H, diff. cross-section
a0 -3.318680874597D+01 al
a3 -5.005702120342D-02 a4
a6 —-1.357018742589D-03 a7
al0 —-3.319348529474D+01 all
ar0 —-2.668769803274D+01 arl
ELABMIN= 0.01500E 00 eV
ELABMAX= 1.50000E 02 eV
Eth 0.0
1.2.9 Reaction 0.3V p + Hy, — p + H, visc. cross-section
a0 -3.362402037774D+01 al
a3 —4.473235272373D-02 a4
a6 4.229065229431D-04 a7
al0 —-3.342235494450D+01 all
ar0 -2.658939177532D+01 arl
ELABMIN= 0.01500E 00 eV
ELABMAX= 1.50000E 02 eV
Eth 0.0
p + H; elastic cross sections
1.E-14 -
1.E-15
5
;“/‘ 1.E-16 |
s
1.E-17 . \
1.E-18

1.E-02

1.E+00 1.E+01 1.E+02

Eias (6V)

1.E-01

1.E+03

a2
ab
as
al2
ar2

a2
ab
as
al2
ar2

a2
ab
a8

O O W U

.732690257819D+01
.092376446349D+01
.168988142310D-02
.045602118569D-02
.643079956637D-02

.274382376951D-01
.013459267775D-03
.029808591929D-05
.000000000000D+00
.000000000000D+00

.404526201247D-02
.121568334037D-03
.756198335533D-06
.000000000000D+00
.000000000000D+00

Comparison of the classical cross-sections given here with quantal calculations by Krstic et
al., J. Phys. B, 32, 2415 (1999), the latter converted from center of mass energy to (proton)
laboratory energy.
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1.2.10

a0 -3.333282545037D+01
a3 —-2.001826855775D-01
a6 —-2.299821550060D-01
al0 -3.334100609281D+01
ar0 -3.771378768853D+01
ELABMIN= 0.62790E 00 eV
ELABMAX= 3.19973E 01 eV
Eth 0.0
1.2.11
a0 -3.397612223333D+01
a3 2.143674395544D-02
a6 -2.276386458638D-03
al0 -3.344006570082D+01
ar0 -2.871071324009D+01
ELABMIN= 0.01050E 00 eV
ELABMAX= 1.05000E 02 eV
Eth 0.0

al
a4
a’l
all
arl

al
a4
a7
all
arl

Reaction 0.5T p + Ne — p 4+ Ne total cross section

.591757686627D-01
.669049674832D-02
.688038706682D-02
.660471531811D-01
.099449063061D-01

Reaction 0.5D p + Ne — p + Ne diff. cross section

.944741087630D-01
.021546316704D-02
.001154820480D-06
.264736732177D-01
.000000000000D+00

1.2.12 Reaction 0.5V p + Ne — p + Ne visc. cross section

a0 -3.425296680643D+01

a3 -4.669640022898D-02

a6 —7.397954249705D-04
al0 -3.373988599214D+01
ar0 —-2.849668424775D+01
ELABMIN= 0.01050e 00 eV
ELABMAX= 1.05000e 02 eV

Eth 0.0

al
a4
a’l
all
arl

.079254123231D-01
.746802660208D-02
.059957777533D-04
.264736732177D-01
.000000000000D+00
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a2
ab
as
al2
ar2

az
ab
as
al2
ar2

az
ab
as
al2
ar2

O O b

.905962318567D-02
.137174515541D-01
.994996779393D-03
.171591760471D-02
.337354731926D-01

.200443973964D-01
.263678799110D-04
.436110664443D-05
.000000000000D+00
.000000000000D+00

.051623201200D-01
.241270429401D-03
.168831982170D-05
.000000000000D+00
.000000000000D+00



sigma—total (cm~2)H2 + p —> p + H2

-13

Elastic Coll. Total—, Diffusion— and Visc. cross section
P.Bachmann, D.Reiter, classical orbits
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sigma—total (cm~2) Ne + p —> p + Ne

Elastic Coll. Total—, Diffusion— and Visc. cross section
P.Bachmann, H.J.Belitz, classical orbits
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1.2.13

a0 -3.252771558768D+01
a3 1.292660022245D+00
a6 —4.834707764434D-01
al0 -3.255656992304D+01
ar0 -3.733310020910D+01
ELABMIN= 1.00563E 00 eV
ELABMAX= 5.43280E 01 eV
Eth 0.0

al
a4
a’l
all
arl

Reaction 0.6T p + Ar — p + Ar total cross section

.994313973955D-01
.875728041457D+00
.976263360824D-02
.557987010452D-01
.621654379319D-01

1.2.14 Reaction 0.6D p + Ar — p + Ar diff. cross section

a0 -3.300046179597D+01
a3 —-3.808042387800D-02
a6 -1.323867831716D-03
al0 -3.200195937779D+01
ar0 -2.798873683611D+01
ELABMIN= 0.01025E 00 eV
ELABMAX= 1.02500E 02 eV
Eth 0.0

al
a4
a7
all
arl

.241652502840D-01
.731692136471D-02
.428149507977D-05
.219272946637D-02
.000000000000D+00

1.2.15 Reaction 0.6V p + Ar — p + Ar visc. cross section

a0 -3.344659528005D+01

a3 —-7.081702521173D-02

a6 8.930487483240D-04
al0 -3.222949872234D+01
ar0 —-2.777200494194D+01
ELABMIN= 0.01025e 00 eV
ELABMAX= 1.02500e 02 eV

Eth 0.0

al
a4
a’l
all
arl

.316327281065D-01
.163451484200D-03
.149225205768D-04
.219272946637D-02
.000000000000D+00

22

a2
ab
as
al2
ar2

az
ab
as
al2
ar2

az
ab
as
al2
ar2

O O N W

.235294539387D-01
.314385161305D+00
.639912411263D-03
.142012674223D-02
.332505124850D-01

.862188345952D-01
.732186449899D-03
.340068227020D-05
.000000000000D+00
.000000000000D+00

.902810934692D-02
.173767719011D-03
.179416064042D-05
.000000000000D+00
.000000000000D+00



sigma—total (cm~2) Ar + p => p + Ar

Elastic Coll. Total—, Diffusion— and Visc. cross section

P.Bachmann, D.Reiter, classical orbits
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1.2.16

a0 -3.217099198301D+01

a3 1.046180820426D+00

a6 —-3.994323904320D-01
al0 -3.219832641289D+01
ar0 -3.656299611480D+01
ELABMIN= 0.99496E 00 eV
ELABMAX= 5.69606E 01 eV

Eth 0.0

al
a4
a’l
all
arl

Reaction 0.7T p + Kr — p + Kr total cross section

.966377676688D-01
.532374878331D+00
.448807486523D-02
.577194242716D-01
.386503642992D-01

1.2.17 Reaction 0.7D p + Kr — p + Kr diff. cross section

a0 -3.262831875045D+01

a3 —-4.303577717283D-02

a6 -1.176633809631D-03
al0 -3.206995069647D+01
ar0 -2.770706826427D+01
ELABMIN= 0.01011E 00 eV
ELABMAX= 1.01114E 02 eV

Eth 0.0

al
a4
a7
all
arl

.132763454362D-01
.549874332091D-02
.008012190920D-04
.998480905376D-02
.000000000000D+00

1.2.18 Reaction 0.7V p + Kr — p + Kr visc. cross section

a0 -3.308937458718D+01

a3 —-7.534625980338D-02

a6 1.055574923129D-03
al0 -3.227537561040D+01
ar0 —-2.750803302740D+01
ELABMIN= 0.01011le 00 eV
ELABMAX= 1.0111l4e 02 eV

Eth 0.0

al
a4
a’l
all
arl

.158553767021D-01
.066481934150D-02
.193974259452D-04
.998480905376D-02
.000000000000D+00

24

a2
ab
as
al2
ar2

az
ab
as
al2
ar2

ab
as
al2
ar2

O O b

.616163755904D-01
.080443653930D+00
.532560545765D-03
.156457632593D-02
.095842303625D-01

.834710685102D-01
.067614437201D-03
.995735768760D-05
.000000000000D+00
.000000000000D+00

.932630020130D-02
.423170191562D-03
.508108481903D-05
.000000000000D+00
.000000000000D+00



sigma—total (cm~2) Kr + p —> p + Kr
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1.2.19

a0 -8.022745305889D+01

a3 1.720041600893D+02

a6 —-4.445085155020D+00
al0 -3.273372765185D+01
ar0 -3.529762555521D+01
ELABMIN= 4.11282E 00 eV
ELABMAX= 1.22993E 02 eV

Eth 0.0

al
a4
a’l
all
arl

Reaction 0.8T p + Xe — p 4+ Xe total cross section

.563497534909D+02
.202458014402D+01
.519723658716D-01
.978370734932D-01
.820997908369D-01

1.2.20 Reaction 0.8D p + Xe — p + Xe diff. cross section

a0 -3.318665017785D+01
a3 —-4.031476436668D-02
a6 —-2.624353623005D-04
al0 -3.367397269144D+01
ar0 —-2.275819247054D+01
ELABMIN= 0.01008E 00 eV
ELABMAX= 1.00760E 03 eV
Eth 0.0
1.2.21
a0 -3.353160943338D+01
a3 -2.954761000116D-02
a6 —-4.672186377936D-05
al0 -3.326401521314D+01
ar0 -2.266117187300D+01
ELABMIN= 0.01008e 00 eV
ELABMAX= 1.00760e 03 eV
Eth 0.0

al
a4
a7
all
arl

al
a4
a’l
all
arl

.652711162673D-01
.816376369566D-03
.271242694944D-05
.502739321615D-01
.000000000000D+00

Reaction 0.8V p + Xe — p + Xe visc. cross section

.556474053592D-01
.020213798216D-04
.577368889534D-05
.220855990887D-01
.000000000000D+00

26

a2
ab
as
al2
ar2

az
ab
as
al2
ar2

az
ab
as
al2
ar2

O O o N

o O N

.198787103607D+02
.443504314279D+01
.969077046350D-02
.780729379878D-03
.141441372472D-02

.820446797035D-02
.865304171410D-03
.709771809639D-06
.000000000000D+00
.000000000000D+00

.165283483361D-02
.787583845145D-03
.586881672353D-06
.000000000000D+00
.000000000000D+00



sigma—total (cm~2) Xe + p => p + Xe

Elastic Coll. Total—, Diffusion— and Visc. cross section

P.Bachmann, D.Reiter, classical orbits
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1.3 Reaction 0.13p p + Be — p + Be

Relaxation model, take: half of the momentum transfer cross-section section
[P. Krstic, D. Schultz, PP, vol. 16 (2009), p. 053503]

a0 -3.432911046254e+01 al -2.981766563063e-01 a2
a3 -9.888209801767e-02 a4 1.277819275721e-02 a5
a6 -1.798975676281e-03 a7 1.873165090959%9e-04 a8

ELABMIN=1.000000e-01 eV
ELABMAX=1.000000e+04 eV
MAXERR=9.420281e+00 \%
MIDERR=3.699055e+00 \%

1.4 Reaction 0.13d d + Be — d + Be

Relaxation model, take: half of the momentum transfer cross-section section
[P. Krstic, D. Schultz, PP, vol. 16 (2009), p. 053503]

a0 -3.429847239061e+01 al -2.970572100641e-01 a2
a3 -1.038644613722e-01 a4 1.090206315848e-02 ab
a6 -1.922155122744e-03 a7 1.949450215711e-04 a8

ELABMIN=1.000000e-01 eV
ELABMAX=1.000000e+04 eV
MAXERR=9.480029e+00 \%
MIDERR=3.721394e+00 \%

1.5 Reaction 0.13t ¢ + Be — t + Be

Relaxation model, take: half of the momentum transfer cross-section section
[P. Krstic, D. Schultz, PP, vol. 16 (2009), p. 053503]

a0 -3.496365351820e+01 al -3.001445356961e-01 a2
a3 -1.076154031752e-01 a4 8.896989671817e-03 ab
a6 -2.026608049532e-03 a7 2.007699253304e-04 a8

ELABMIN=1.000000e-01 eV
ELABMAX=1.000000e+04 eV
MAXERR=9.649480e+00 \%
MIDERR=3.664496e+00 \$%

28

-2.747140212160e-03
5.604365199896e-03
-6.739311119307e-06

2.225098488848e-02
6.452930419639e-03
-6.904617523867e-06

4.591434817499%9e-02
7.236320863176e-03
-7.009352516893e-06



1.6 Reaction0.14pp+C —p+C

Relaxation model, take: half of the momentum transfer cross-section section
[P. Krstic, D. Schultz, PP, vol. 13 (2006), p. 053501]

a0 -3.469669448083e+01 al -6.465336127803e-01 a2
a3 5.150725759535e-02 a4 2.606050422216e-02 ab
a6 1.870487465021e-03 a7 -1.320377335268e-04 a8

ELABMIN=1.000000e-01 eV
ELABMAX=1.000000e+04 eV
MAXERR=1.359190e+01 \%
MIDERR=3.567110e+00 \%

1.7 Reaction0.14d d +C — d+C

Relaxation model, take: half of the momentum transfer cross-section section
[P. Krstic, D. Schultz, PP, vol. 13 (2006), p. 053501]

a0 -3.467431708479%9e+01 al -6.039120001583e-01 a2
a3 3.028388597223e-02 a4 2.684378189799%e-02 ab
a6 1.329864451784e-03 a7 -7.980666826518e-05 a8

ELABMIN=1.000000e-01 eV
ELABMAX=1.000000e+04 eV
MAXERR=1.766724e+01 \%
MIDERR=4.238927e+00 \%

1.8 Reaction0.14t¢t +C —t+C

Relaxation model, take: half of the momentum transfer cross-section section
[P. Krstic, D. Schultz, PP, vol. 13 (2006), p. 053501]

a0 -3.534658901399%9e+01 al -5.578781967387e-01 a2
a3 1.089144735337e-02 a4 2.797214775907e-02 ab
a6 8.523433043919%-04 a7 -3.327701820563e-05 a8

ELABMIN=1.000000e-01 eV
ELABMAX=1.000000e+04 eV
MAXERR=2.049295e+01 \%
MIDERR=4.869674e+00 \$%

29

-2.507493283133e-01
-1.200069052688e-02
3.583861884216e-06

-2.291079734779%9e-01
-9.913519764240e-03
1.784639219274e-06

-2.132235368452e-01
-8.126362752782e-03
1.77819385359%e-07



1.8.1 Reaction3.1.6F)Jp+ H — ... >p+e+p

Freeman and Jones coefficients, transformed from the keV to eV energy scale, E is the proton
energy, [19].

a0 -5.607099441961D+02 al 2.905103863403D+02 a2 -6.871403140568D+01

a3 8.714435377189D+00 a4 -6.169007495812D-01 a5 2.294651604603D-02

a6 -3.495444000000D-04 a7 0.000000000000D+00 a8 0.000000000000D+00
Eth 0.0
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1.8.2 Reaction 3.1.8org p + H(1s) — H(1s) +p

original Janev-Langer fit as in 1987 Springer book, i.e. without asympt. energy correction.

a0 -3.274123792568e+01 al -8.916456579806e-02 a2 —-3.016990732025e-02

a3 9.205482406462e-03 a4 2.400266568315e-03 a5 —-1.927122311323e-03

a6 3.654750340106e-04 a7 —-2.788866460622e-05 a8 7.422296363524e-07
Emin 1.00e-01 s (Emin) 7.00e-15 smax 7.00e-15 Error 2.25e-03
Eth 0.0

Mcross 1.0E+00

1.8.3 Reaction 3.1.8 p+ H(1ls) — H(ls) +p

same as HYDHEL cx total cross-section. Improved from original Janev-Langer fit at low ener-
gies by asymptotic fit.: al0 + al1* In(E) alO changed in Aug.17., ar0,.... added in Nov. 17

a0 -3.274123792568e+01 al -8.916456579806e-02 a2 -3.016990732025e-02
a3 9.205482406462e-03 a4 2.400266568315e-03 ab -1.927122311323e-03
a6 3.654750340106e-04 a7l —-2.788866460622e-05 a8 7.422296363524e-07

al0 -3.294589355000e+01 all -1.713112000000e-01 al2 0.000000000000e+00
ar0 -5.787734011000E+01 arl 7.671416829000E+00 ar2 -5.208376804000E-01
ELABMIN= 0.10000E 00 eV
ELABMAX= 5.00000E 05 eV
Emin 1.00e-01 s (Emin) 7.00e-15 smax 7.00e-15 Error 2.25e-03
Eth 0.0
Mcross 1.0E+00

1.8.4 Reaction 3.1.8)2 p + H(1s) — H(1s) +p

Janev cross-section for momentum exchange ( = cx total cross-sections times 2), obtained by
increasing absolute coefficients ag and aly by adding In(2)

a0 -3.204809074000e+01 al -8.916456579806e-02 az —-3.016990732025e-02
a3 9.205482406462e-03 ad 2.400266568315e-03 ab -1.927122311323e-03
a6 3.654750340106e-04 a7 -2.788866460622e-05 a8 7.422296363524e-07

al0d -3.225274637000e+01 all -1.713112000000e-01 alz 0.000000000000e+00
ELABMIN= 0.10000E 00 eV
Eth 0.0

1.8.5 Reaction 3.1.8R p + H(1s) — H(1s) +p

Riviere cross-section formula for charge exchange ([3]), fitted into “Janev-Langer (polynomial)
format” [2]

a0 —-3.260293402651D+01 al -1.302091929244D-01 a2 -3.264584699247D-03
a3 -2.837612246121D-03 a4 2.259716141071D-04 a5 3.105542152111D-04
a6 —-9.613308889191D-05 a7 1.043010252591D-05 a8 -3.944350620003D-07
Max. rel. Error: .7501

4

o o

Mean rel. Error: .230
Eth 0.0
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1.8.6 Reaction 3.1.8ST p + H(1s) — H(1s) +p

D.Schultz total cross-section for charge exchange fitted into “Janev format”, left asympt. added.

a0 -3.296040048723D+01
a3 —-3.210858385884D-03
a6 1.665865000000D-05
al0 -3.307949733000D+01
ar0 —-3.291743242047D+01
ELABMIN= 0.10000E 00 eV
ELABMAX= 2.00000E 01 eV
Eth 0.0

al
a4
a’
all
arl

-9.
.175078820057D-04
.000000000000D+00
.713112000000D-01
.358551000000D-01

877533792693D-02

1.8.7 Reaction 3.1.8ST2 p + H(1s) - H(1ls) +p

a2
ab
as
al2
ar2

O O O NN

.622855374688D-03
.394562232339D-05
.000000000000D+00
.000000000000e+00
.000000000000D+00

D.Schultz total cross-section for charge exchange *2 increase absolute coefficients ay and ar

by adding In(2)
a0 -3.226725330000D+01
a3 —-3.210858385884D-03
a6 1.665865000000D-05
al0 -3.238635015000D+01
ar0 —-3.222428522000D+01
ELABMAX= 2.00000E 01 eV
Eth 0.0

al
a4
a’
all
arl

.877533792693D-02
.175078820057D-04
.000000000000D+00
.713112000000D-01
.358551000000D-01

1.8.8 Reaction 3.1.8SD p + H(1s) — H(1ls) +p

a2
ab
as
al2
ar2

O O O NN

.622855374688D-03
.394562232339D-05
.000000000000D+00
.000000000000e+00
.000000000000D+00

D.Schultz “diffusion” cross-section for momentum exchange (elastic plus cx) fitted into “Janev
format”. Should be close to ST2, total cx cross-section times 2.

a0 -3.225844350904D+01

a3 5.997760021277D-04

a6 3.824773000000D-05

ar0 -3.221533966214D+01

ELABMAX= 2.00000E 01 eV
Eth 0.0

al
a4
a’
arl

.220948860470D-01
.060316696581D-03
.000000000000D+00
.386002000000D-01
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a2
ab
as
ar2

.214005848073D-03
.487092727391D-05
.000000000000D+00
.000000000000D+00



cx cross section,

comparison: janev, schultz, riviere

-13

(edonl) H + d <—d + Howbis
(zyinyos) H + d <— d + H owbis

L
[TTr

™~
1T
~

.
T~

10

-14

10

0
|

—-16
—-17

o

10

A>®coc H+d<—d+ Howbis

10

10° 10! 1072 10° 10*

107!

Elab (eV)

34



1.89 Reaction 3.1.8L p + H(1s) — H(1s) +p

For testing purposes: Langevin cross-section: o(v) = A0 x v, or, for hydrogen mass: o(E) =
A x E~'/2 such that the rate coefficient, (o X v,¢;) = const = A0 = 2.0 1078 cm®/s

(Note: ma2vy = 1.9231078, the reference rate coefficient with ay: Bohr radius and vy = €*/h:
unit velocity in atomic units) Here: A = A0/1.3891e06, when v is in cm/s and E in eV, a
hydrogen energy.

a0 -3.187171457000e+01 al -0.500000000000e-00 a2 0.000000000000e-00

a3 0.000000000000e+00 a4 0.000000000000e+00 ab 0.000000000000e+00

a6 0.000000000000e+00 a7 0.000000000000e+00 a8 0.000000000000e+00
Eth 0.0
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1.9 He" impact processes

1.9.1
a0 -3.336949020454D+01
a3 2.345459194687D+01
a6 —2.604153028956D+00
al0 -3.291071330248D+01
ar0 -3.664691925424D+01
ELABMIN= 1.21220E 00 eV
ELABMAX= 6.46090E 01 eV
Eth 0.0
1.9.2
a0 -3.332091557452D+01
a3 —-8.177418933677D-02
a6 -1.649825718076D-03
al0 -3.302935901459D+01
ar0 -2.789589583796D+01
ELABMIN= 0.02000E 00 eV
ELABMAX= 2.00000E 02 eV
Eth 0.0
1.9.3
a0 -3.379346231200D+01
a3 —-8.223847315134D-02
a6 —-5.593294441844D-05
al0 -3.335648222384D+01
ar0 -2.751718958486D+01
ELABMIN= 0.02000E 00 eV
ELABMAX= 2.00000E 02 eV
Eth 0.0

al
a4
a7
all
arl

al
a4d
a’
all
arl

al
a4
a7
all
arl

.374909804779D+00
.969436659467D+01
.801132783280D-01
.416669402887D-01
.752719886448D-01

.823354679977D-01
.593188019755D-02
.491587647454D-04
.115060000000D-01
.000000000000D+00

.740525006979D-01
.443276051210D-03
.742244159818D-04
.115060177785D-01
.000000000000D+00
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a2
ab
as
al2
ar2

a2
ab
as
al2
ar2

az
ab
as
al2
ar2

-2.
8.
4.351897658362D-05
0.
0.000000000000D+00

-8.
.530393601967D-03
.068285383642D-05
.000000000000D+00
.000000000000D+00

O O~ o

Reaction 0.4T He'(1s) + He(1s?1S) — Het(1s) + He(1s*1S) total cross-section

.517973301721D+01
.472303986781D+00
.282922057203D-02
.821377921757D-03
.280792916138D-02

Reaction 0.4D He ' (1s) + He(1s*1S) — He™(1s) + He(1s*1S) diff. cross-section

666453887008D-01
320863897668D-03

000000000000D+00

Reaction 0.4V He™(1s) + He(1s*1S) — He™(1s) + He(1s%1S) vise. cross-section

091712353563D-02
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2 H.2: Fits for (cv)(T)

Some (single parameter) Maxwellian rate coefficients, obtained algebraically from correspond-
ing Beam-Maxwellian fits, at the limit of low (= zero) beam energies. The suitable low beam
energy limit of these 2-parameter fits was identified by independent integration of cross-sections
which have proper low energy extrapolation.

2.1 Reaction 0.1T p + H(1s) — p + H(1s) total rate coef.

Maxwellian rate coefficient vs. 7T}, with H(1s) at rest, obtained by taking the corresponding
Beam-Maxw. rate coefficient at Eb=0.08 eV and verification by independent integration of
cross-section

b0 -1.833882000000E+01 bl 2.368705000000E-01 b2 -1.469575000000E-02
b3 -1.139850000000E-02 b4 6.379644000000E-04 b5 3.162724000000E-04
b6 -6.681994000000E-05 b7 3.812123000000E-06 b8 8.652321000000E-09

2.2 Reaction 0.1D p + H(1s) — p + H(1s) diff. rate coef.

Maxwellian rate coefficient vs. 7}, with H(1s) at rest, obtained by taking the corresponding
Beam-Maxw. rate coefficient at Eb=0.08 eV and verification by independent integration of
cross-section

b0 -1.937499000000E+01 bl 1.064443000000E-01 b2 -5.831768000000E-02
b3 -2.768932000000E-02 b4 1.018222000000E-02 b5 1.253253000000E-03
b6 -1.245254000000E-03 b7 2.110022000000E-04 b8 -1.121733000000E-05

2.3 Reaction 0.2T p + He(15%1S) — p + He(1s?15) total rate coef.

Maxwellian rate coefficient vs. T}, with H 6(15215 ) at rest, obtained by taking the correspond-
ing Beam-Maxw. rate coefficient at Eb=0.2 eV and verification by independent integration of
cross-section

b0 -1.940685000000E+01 bl 1.706015000000E-01 b2 5.518956000000E-03
b3 -1.073297000000E-02 b4 -1.744782000000E-02 b5 1.271241000000E-03
b6 1.541255000000E-03 b7 -3.211063000000E-04 b8 1.805115000000E-05

2.4 Reaction 0.2D p + He(1s°1S) — p + He(15%1S) diff. rate coef.

Maxwellian rate coefficient vs. T}, with He(1s%15) at rest, obtained by taking the correspond-
ing Beam-Maxw. rate coefficient at Eb=0.2 eV and verification by independent integration of
cross-section

b0 -2.030007000000E+01 bl -3.092379000000E-01 b2 -1.701258000000E-01
b3 1.495117000000E-02 b4 1.340661000000E-02 b5 -1.869797000000E-03
b6 -6.819520000000E-04 b7 1.622554000000E-04 b8 -9.363090000000E-06
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2.5 Reaction 0.3T p + Hy — p + H, total rate coef.

Maxwellian rate coefficient vs. 7}, with [ at rest, obtained by taking the corresponding Beam-
Maxw. rate coefficient at Eb=0.06 eV and verification by independent integration of cross-
section

b0 -1.857812000000E+01 bl 2.411708000000E-01 b2 1.046088000000E-02
pP3 -1.203649000000E-02 b4 -3.679626000000E-03 b5 2.895358000000E-04
b6 1.354441000000E-04 b7 -2.712317000000E-06 b8 -1.356528000000E-06

2.6 Reaction 0.3D p + H, — p + H» diff. rate coef.

Maxwellian rate coefficient vs. 7}, with [ at rest, obtained by taking the corresponding Beam-
Maxw. rate coefficient at Eb=0.1 eV and verification by independent integration of cross-section

b0 -1.914667000000E+01 bl 7.511853000000E-03 b2 -1.408236000000E-01
b3 -7.208816000000E-03 b4 1.464363000000E-02 b5 5.237593000000E-05
b6 -9.787576000000E-04 b7 1.491343000000E-04 b8 -6.478446000000E-06

2.7 Reaction 04T He™(1s) + He(1s?1S) — He'(1s) + He(1s%1S) total
rate coef.
Maxwellian rate coefficient vs. T+, with He at rest, obtained by taking the corresponding

Beam-Maxw. rate coefficient at Eb=0.2 eV and verification by independent integration of cross-
section

b0 -1.938952000000E+01 bl 1.284344000000E-01 b2 2.749434000000E-02
b3 1.321028000000E-02 b4 -1.215805000000E-02 b5 -1.771858000000E-03
b6 1.250552000000E-03 b7 -1.586374000000E-04 b8 6.000872000000E-06

2.8 Reaction 0.4D He'(1s) + He(1s*1S) — He™(1s) + He(1s%1S) diff.
rate coef.
Maxwellian rate coefficient vs. T+, with He at rest, obtained by taking the corresponding

Beam-Maxw. rate coefficient at Eb=0.2 eV and verification by independent integration of cross-
section

b0 -2.002066000000E+01 bl -8.176109000000E-02 b2 -1.436536000000E-01
b3 -1.526248000000E-02 b4 1.239665000000E-02 b5 3.669366000000E-04
b6 -7.044353000000E-04 b7 9.121888000000E-05 b8 -3.350873000000E-06

2.9 Reaction 0.5T p + Ne — p + Ne total rate coef.

Maxwellian rate coefficient vs. T, with Ve at rest, obtained by taking the corresponding Beam-
Maxw. rate coefficient at Eb=0.2 eV and verification by independent integration of cross-section

b0 -1.919918000000E+01 bl 2.302126000000E-01 b2 -6.513570000000E-03
b3 -2.016719000000E-02 b4 -1.221527000000E-02 b5 2.242603000000E-03
b6 9.298891000000E-04 b7 -2.398546000000E-04 b8 1.462516000000E-05
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2.10 Reaction 0.5D p + Ne — p + Ne diff. rate coef.

Maxwellian rate coefficient vs. T, with Ve at rest, obtained by taking the corresponding Beam-
Maxw. rate coefficient at Eb=0.1 eV and verification by independent integration of cross-section

b0 -2.002715000000E+401 bl -2.621343000000E-01 b2 -1.469315000000E-01
b3 2.687596000000E-02 b4 1.266229000000E-02 b5 -2.448273000000E-03
b6 -6.258496000000E-04 b7 1.654175000000E-04 b8 -9.716880000000E-06

2.11 Reaction 0.6T p + Ar — p + Ar total rate coef.

Maxwellian rate coefficient vs. 7},, with Ar at rest, obtained by taking the corresponding Beam-
Maxw. rate coefficient at Eb=0.05 eV and verification by independent integration of cross-
section

b0 -1.840169000000E+01 bl 2.394376000000E-01 b2 -2.360132000000E-02
b3 6.595325000000E-03 b4 -8.347203000000E-03 b5 -1.735906000000E-03
b6 1.204285000000E-03 b7 -1.658480000000E-04 b8 6.963785000000E-06

2.12 Reaction 0.6D p + Ar — p + Ar diff. rate coef.

Maxwellian rate coefficient vs. T}, with Ar at rest, obtained by taking the corresponding Beam-
Maxw. rate coefficient at Eb=0.07 eV and verification by independent integration of cross-
section

b0 -1.906021000000E+01 bl -4.674038000000E-02 b2 -1.962414000000E-01
b3 -7.174255000000E-03 b4 2.020135000000E-02 b5 -8.507943000000E-04
b6 -1.210751000000E-03 b7 2.196434000000E-04 b8 -1.117489000000E-05

2.13 Reaction 0.7T p + Kr — p + K total rate coef.

Maxwellian rate coefficient vs. T}, with Ar at rest, obtained by taking the corresponding Beam-
Maxw. rate coefficient at Eb=0.05 eV and verification by independent integration of cross-
section

b0 -1.803236000000E+01 bl 1.992221000000E-01 b2 -3.227483000000E-03
b3 1.395545000000E-02 b4 -1.344849000000E-02 b5 -1.615546000000E-03
b6 1.484410000000E-03 b7 -2.152296000000E-04 b8 9.514869000000E-06

2.14 Reaction 0.7D p + Kr — p 4+ Kr diff. rate coef.

Maxwellian rate coefficient vs. T),, with Kr at rest, obtained by taking the corresponding Beam-
Maxw. rate coefficient at Eb=0.1 eV and verification by independent integration of cross-section

b0 -1.865129000000E+01 bl -1.062916000000E-01 b2 -1.827846000000E-01
b3 -2.368024000000E-03 b4 1.711988000000E-02 b5 -6.251324000000E-04
b6 -1.097944000000E-03 b7 1.970191000000E-04 b8 -9.968727000000E-06
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2.15 Reaction 0.8T p + Xe — p + Xe total rate coef.

Maxwellian rate coefficient vs. T, with Xe at rest, obtained by taking the corresponding Beam-
Maxw. rate coefficient at Eb=0.2 eV and verification by independent integration of cross-section

b0 -1.850781000000E+01 Dbl
b3 -5.736578000000E-03 b4
b6 -2.027911000000E-04 b7

2.709525000000E-01 b2
1.424879000000E-03
8.186987000000E-05

4.983184000000E-03
b5 -6.005354000000E-04
P8 -6.300191000000E-06

2.16 Reaction 0.8D p + Xe — p + Xe diff. rate coef.

Maxwellian rate coefficient vs. T, with X e at rest, obtained by taking the corresponding Beam-
Maxw. rate coefficient at Eb=0.1 eV and verification by independent integration of cross-section

b0 -1.903991000000E+01 Dbl
b3 -1.756400000000E-02 b4
b6 -2.428668000000E-04

2.089862000000E-01 b2 -7.784350000000E-02
5.522983000000E-03 b5 9.448506000000E-04
b7 -5.632953000000E-08 b8 1.296757000000E-06

41



This page is intentionally left blank

42



Data from Freeman and Jones [19], for comparison with old cases.

Note: Maxwellian rate coefficients are taken at neutral particle energy = 0.0 eV vs. temperature
(electron or ion temp., resp.) of the Maxwellian f,,q..,. L.€. :

(ov) = [ d°v, 0(vp)  Vp * frnazw(vy)

The ion impact rates can be scaled to different isotopes and to finite neutral particle temperatures
T,, by evaluating the fits at an effective temperature 7. ¢, given by

Tepp = 2T+ 25 T

Here M is the mass of the ion as used in the Freeman/Jones rate coefficients, M; and M, are
the masses of the two isotopes in the particular collision process considered, and 77 and 75 are
the two temperatures.

2.17 Reaction2.1.5FJ e+ H(ls) e+ H" +e¢

b0 -0.317385000000e+02 bl 0.114381800000e+02 b2 -0.383399800000e+01
b3 0.704669200000e+00 b4 -0.743148620000e-01 b5 0.415374900000e-02
b6 -0.948696700000e-04 b7 0.000000000000e-00 b8 0.000000000000e+00

2.18 Reaction3.1.6F)J p+ H(ls) > p+p+e

This fit seems to be completely corrupted. Probably misprints in original F.J. CLM-R-137
report. Checked also with old AURORA code (PPPL, ca. 1979) implementation. Identical
fit used there. Recommendation: Use cross-section and HYDKIN online integration to rate
coefficients.

b0 -0.149086100000e+03 bl 0.759257500000e+02 b2 -0.220928100000e+02
b3 0.390970900000e+01 b4 -0.440216800000e+00 b5 0.320904700000e-01
b6 -0.149340900000e-02 b7 0.409415100000e-04 b8 -0.506977700000e-06

2.19 Reaction3.1.8p+ H(1ls) — H(1s) +p

added by DR: single parameter Maxwellian rate coeff., vs. T}, for neutral target at rest, obtained
from corresponding fit for Beam-Maxwellian rate coeff. evaluated at £, = 0.1 eV and then
verified by independent integration of cross-section with proper low energy asymptotics.

b0 -1.850280000000E+01 bl 3.708409000000E-01 b2 7.949876000000E-03
b3 -6.143769000000E-04 b4 -4.698969000000E-04 b5 -4.096807000000E-04
b6 1.440382000000E-04 b7 -1.514243000000E-05 p8 5.122435000000E-07

2.20 Reaction 3.1.8FJ p + H(1s) — H(1s) +p

b0 -0.184175600000e+02 Dbl 0.528295000000e+00 b2 -0.220047700000e+00
b3 0.975019200000e-01 b4 -0.174918300000e-01 b5 0.495429800000e-03
b6 0.217491000000e-03 b7 -0.253020600000e-04 b8 0.823075100000e-06
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2.21 Reaction 2.2.50rg e + Hy(X,"S) — ... = e + H(1ls) + H(1ls)

Old fit as given in [2], probably based on incorrect cross-section data.

EIRENE uses, as default, the fit as given in preprint for [2], unless otherwise specified, for this
dissociation process. This latter fit seems to be more plausible. Therefore, the (presumably
more correct) preprint data are stored in file HYDHEL, whereas the original data from ref.[2]
are given here in AMJUEL, for reference purposes only.

e+ Hy(X7S) = e+ HOB’SE, a’S), *IL,) — e+ H(1s) + H(1s)
b0 -2.858072836568e+01 bl 1.038543976082e+01 b2 -5.383825026583e+00
b3 1.950636494405e+00 b4 -5.393666392407e-01 b5 1.006916814453e-01

b6 -1.160758573972e-02 b7 7.411623859122e-04 b8 -2.001369618807e-05
Tmin 1.26e+00 <sv>(Tmin) 3.25e-12 <sv>max 3.82e-09 Error 1.07e-06
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2.22 Reaction 2.2.14 ¢ + H; (v) — H(1s) + H(n)(v =0...9,n > 2)

Fit as given in [2] but with all higher coefficients b2,b3,...b8 set to zero, for this dissociative
recombination process. This latter fit seems to be more plausible. Therefore, the (presumably
more correct) data are stored here, whereas the original data from ref.[2] are still given in
HYDHEL, for reference purposes only.

b0 -1.670435653561e+01 bl -6.035644995682e-01 b2 0.000000000000e+00
b3 0.000000000000e+00 b4 0.000000000000e+00 b5 0.000000000000e+00
b6 0.000000000000e+00 b7 0.000000000000e+00 b8 0.000000000000e+00
Tmin 1.00e-01 <sv>(Tmin) 2.23e-07 <sv>max 2.23e-07 Error 3.30e-13
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2.23 Reaction2.2.17 e+ Hy —» e+ Ho(v) > H+ H™

Effective dissociative attachment rate.

(00)ess = (00) Hytwm0) + Doty (00) 1y(0) - PHa (V)

Vibrational distribution pHy(v, T¢) (vs. T.) taken into account. Only coupling to Hs(v) elec-
tronic ground state. No population of Hy(v) from electronically excited H;, no radiative transi-
tions between vibrational levels. Assume: incident /5 particle with 0.1 eV (for the rate taken to
be for H, at rest) and T; = ., hence: density independent vibrational distribution and effective
rate, as well as neutral molecule energy independent rate.

Competing processes: see ion conversion, below, and contribution to dissociation via vibrational
states, i.e., enhanced transition into repulsive triplett 3b.... state.

b0 -2.278396332892D+01 bl 8.634828071751D-01 b2 -1.686619409809D+00
b3 4.392288378207D-01 b4 -4.393128035945D-01 b5 2.640299048385D-01
b6 -6.748601049114D-02 b7 7.753368735736D-03 b8 -3.328288267126D-04

Max. rel. Error: 11.6159 %
Mean rel. Error: 5.8452 %

2.24 Reaction 2.2.17s ¢ + Hy — H + H + e (Diss via H —, cold H>)

Effective (intermediate /7~ condensed) dissociation rate coefficient, via H, — — > H + H~
channel.

Vibrational distribution pHy(v, T¢) (vs. T.) taken into account. Only coupling to Hs(v) elec-
tronic ground state. No population of H5(v) from electronically excited H;, no radiative transi-
tions between vibrational levels. Assume: incident H particle with 0.1 eV (for the rate taken to
be for H, atrest) and T; = T, hence: density independent vibrational distribution and effective
rate, as well as neutral molecule energy independent rate.

Competing processes: see [/~ MAR, H~ MAD, below.

b0 -2.412637388641D+01 bl 2.933435541120D+00 b2 -3.070089133892D+00
b3 5.421534021185D-01 b4 -1.096901334427D-01 b5 5.895406094562D-02
b6 -1.454957631310D-02 b7 1.472799599671D-03 b8 -5.199158850052D-05

Max. rel. Error: 0.220E+02
Mean rel. Error: 0.113E+02

%
o)
)

2.25 Reaction3.1.8L p+ H(1s) —» H(1s) +p

Langevin rate coefficient, constant at 2e-8

b0 -1.772753356000D+01 bl 0.000000000000D+00 b2 0.000000000000D+00
p3 0.000000000000D+00 b4 0.000000000000D+00 b5 0.000000000000D+00
b6 0.000000000000D+00 b7 0.000000000000D+00 b8 0.000000000000D+00
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2.26 Reaction3.23p+ Hy, — H + Hy

Effective ion conversion rate (charge exchange on H5)
14
(00)ers = (OV) Hy(v=0) + D201 (T0) i1>() - PH2(V)
Same vibrational distribution (as function of 7,) as above. Therefore: single parameter fit
vs. T, since vibrational distribution does not depend upon density, Ej is fixed (0.1 eV) and

T,=T,=T.

b0 -2.163099643422D+01 bl 3.206843053514D+00 b2 -3.369939911269D+00
b3 1.290238400703D+00 b4 —-3.988189754178D-01 b5 1.462287796966D-01
b6 —-3.524154596754D-02 b7 4.146324082808D-03 b8 -1.846022446828D-04

Max. rel. Error: 10.2031
Mean rel. Error: 6.3799

%
o)
°

Competing process at low T: see above: dissociative electron attachment, process 2-2-17
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2.27 Reaction3.2.30p + Hy — H + Hy

Effective ion conversion rate (charge exchange on H5 (old version before 2004)

<OV >epp=< OV >py(0—=0) + 211111 < OV >, ) PHa(v)

Same vibrational distribution (as function of 7,) as above. Therefore: single parameter fit
vs. T, since vibrational distribution does not depend upon density, Ej is fixed (0.37 eV) and
T,=T.=T.

b0 -2.141025782776D+01 bl 2.159799627973D+00 b2 -2.275674008102D+00
b3 5.413573872835D-01 b4 -6.391621888218D-03 b5 1.566655266221D-02
b6 -1.068539042185D-02 b7 1.770824218105D-03 b8 -9.267718112477D-05

Max. rel. Error: 10.9657 %

Mean rel. Error: 6.2957 %

same as 3-2-3, above, previous reaction, but here evaluated with old default H, energy: E =
0.37 eV, rather than the current choice of E =0.1 eV. Old data are kept here only for backward
compatibility. (The old rate coefficient is mostly used in ITER applications and SOLPS4.x in
general). Strictly this rate coefficient should be evaluated for stationary H, (energy=0.0) to
permit correct mass scaling in the Maxwellian averages.

Competing process at low T: see above: dissociative electron attachment, process 2-2-17
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fit H.2 3.2.30 (0.37 eV)

o+ H2 ——>H2+ + H,

lon conversion (CX) rate coefficients for H2
vibr. distributionvs. T e, T_e=T p
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Next few reactions: rate coefficients, vs. Te, for a number of N, N; corona dissociation and
1onisation channels

2.28 Reaction2.75e+ Ny e+ N+ N

Dissociation from ground state N,, cross-section from [10], AE,; = 9.7527 eV, KER: 0.95 eV
(spectra with two peaks, at 0.8 and 1.1 eV resp.)

b0 -3.093625000000E+01 bl 1.094180000000E+01 b2 -2.878686000000E+00
b3 -2.524814000000E-01 b4 3.966283000000E-01 b5 -1.209670000000E-01
b6 1.849840000000E-02 b7 -1.461561000000E-03 b8 4.746380000000E-05

2.29 Reaction2.79¢+ Ny, — e+ Ny +e

ionisation cross-section: total: [12], I, DI separate [13] (branching ratio R(E)) Here: ionisation
to N,
AFE, = 15.581 eV KER=0.

b0 -3.455402000000E+01 bl 1.633449000000E+01 b2 -7.480952000000E+00
b3 2.334744000000E+00 b4 -5.161607000000E-01 b5 7.902320000000E-02
b6 -7.919992000000E-03 b7 4.635395000000E-04 b8 -1.191714000000E-05

2.30 Reaction2.7.10e+ Ny e+ N+ Nt +e

ionisation cross-section: total: [12], I, DI separate [13] (branching ratio R(E)) Here: dissociative
ionisationto N + N+
AFE, = 24.34 eV, KER: 8 eV (estimated, not clearly specified in paper)

b0 -4.583945000000E+01 bl 2.487449000000E+01 b2 -1.169168000000E+01

b3 4.066783000000E+00 b4 -1.070205000000E+00 b5 1.985772000000E-01
b6 -2.383370000000E-02 b7 1.636738000000E-03 b8 -4.849195000000E-05
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Dissociation: e + N2 ——> N + N

10

10

10

10

N2 Rate Coefficients, Corona approximation
Dissociation, lonisation, Diss. lonisation

-6
_7 e
2
78 /
. 7
—-10
/ “‘s
7]
/‘;“
[ ]
[
—11 /
//‘ //
[ 1] |
[
i
1
—-12 |
100 10" 102

Electron Temperature (eV)

54

10°

)N

onisati

Diss. lonis: e + N2 ——> e + N + N+ +e



231 Reaction2.7.11e+ N —e+2N" +e¢

Dissociative ionisation, cross-section: [11] AE,; = 31.2 eV, KER: max: 11.8 eV

b0 -5.137074000000E+01 bl 3.135383000000E+01 b2 -1.560923000000E+01
b3 5.444979000000E+00 b4 -1.354319000000E+00 b5 2.264527000000E-01
b6 -2.359782000000E-02 b7 1.362664000000E-03 b8 -3.285464000000E-05

2.32 Reaction2.7.12¢+ N, e+ N + N*

Dissociative excitation, cross-section: [11] AE,; = 8.4 eV, KER: max. of 6.4 eV at 120 eV,
KER nearly = 0 near threshold (i.e. pre-dissociation via various channels).

b0 -2.695366000000E+01 bl 8.978136000000E+00 b2 -4.296075000000E+00
b3 1.392124000000E+00 b4 -3.247302000000E-01 b5 5.222337000000E-02
b6 -5.327033000000E-03 b7 3.023081000000E-04 b8 -7.105405000000E-06

2.33 Reaction2.7.14e+ N — N+ N

Dissociative recombination, cross-section: [15] A E,; can be taken from electron energy weighted
rate coefficient. KER: 1.06 - 5.824 eV at zero electron impact energy, depending on vibrational
state of IV~ and electronic state of products. Suggestion: KER = 3.5 eV

b0 -1.668240000000E+01 bl -0.300000000000E+00 b2 0.000000000000E+00
b3 0.000000000000E+00 b4 0.000000000000E+00 b5 0.000000000000E+00
b6 0.000000000000E+00 b7 0.000000000000E+00 b8 0.000000000000E+00

2.34 Reaction2.7.15¢+ N, e+ NSt + e

Single ionisation of V. F, cross-section: [11]
AFE, = 27.12 eV, KER=0.

b0 -4.675067000000E+01 bl 2.768681000000E+01 b2 -1.260874000000E+01

b3 3.402022000000E+00 b4 -5.302686000000E-01 b5 3.823736000000E-02
b6 6.310561000000E-04 b7 -2.798009000000E-04 b8 1.272992000000E-05
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Diss Rec: e +N2+ ——> Nx* + Nx
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2.35 Reaction 2.2F]J ¢ + He(1s*1S) — e+ He™(1s) + e

Freeman and Jones rate coefficient for electron impact ionization of helium atoms [19] .
b0 -0.445091700000e+02 bl 0.244298800000e+02 b2 -0.102571400000e+02

b3 0.247093100000e+01 b4 -0.342636620000e+00 b5 0.250510000000e-01
b6 -0.743867500000e-03 b7 0.000000000000e-00 p8 0.000000000000e+00
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Data from impurity transport code “STRAHL” (K. Behringer) [17]

All reaction data with label ..aB0 or ..aB1 are taken from that reference. “a” is the nuclear
charge number. aB0: ionisation of neutral atom. aB1: ionisation of singly charged ion.
Ionization Rate for neutral Helium Atoms

2.36 Reaction 2.2B0 ¢ + He(15%1S) — e+ He(1s) + ¢

b0 -4.445750823378D+01 bl 2.505856927901D+01 b2 -1.196552488672D+01
b3 3.715887422949D+00 bd -7.729722462758D-01 b5 1.055704673374D-01

b6 -9.047513943647D-03 b7 4.403714187787D-04 b8 —-9.276447001487D-06
Max. rel. Error: 0.4138 %
Mean rel. Error: 0.1636 %

Ionization Rate for single charged Helium Ions

2.37 Reaction2.2B1 e+ He(1s) - e+ Het " +e

b0 -7.559669902889D+01 bl 5.464529470916D+01 b2 -2.644507121426D+01
p3 8.159073714053D+00 b4 -1.694080618046D+00 b5 2.348225872648D-01
b6 -2.073277438991D-02 b7 1.049056816265D-03 b8 -2.305310731172D-05

Max. rel. Error: 0.9472 %
Mean rel. Error: 0.5457 %
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Ionization Rates for neutral Beryllium Atoms

2.38 Reaction2.4B0 e + Be — e+ Bet +e

b0 -2.701191641765D+01 bl 9.882275334399D+00 b2 —-4.581384174259D+00
b3 1.463446005529D+00 b4 —-3.282155444497D-01 b5 4.895458945839D-02
b6 -4.558103660501D-03 b7 2.382205094374D-04 b8 -5.319547065990D-06
Max. rel. Error: L1411 %
Mean rel. Error: .0582 %

Ionization Rates for single charged Beryllium Ions

2.39 Reaction2.4Bl1 e+ Bet — e+ Bet™ +e¢

b0 -3.677989427190D+01 bl 1.855869089956D+01 b2 -8.843053626300D+00
b3 2.708167857179D+00 b4 -5.651333671979D-01 b5 7.947570447499D-02
b6 -7.160867067297D-03 b7 3.705422825861D-04 b8 —-8.322700230771D-06

Max. rel. Error: .3962 %
Mean rel. Error: .2225 %
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<sigmaxvrel>(Te,ne) (cm*x3/s), Be ——> Be+
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240 Reaction2.5B0e+ B —e+ B +e

Tonization Rates for neutral Boron Atoms

b0 —2.652112807432D+01 bl 8.818502481012D+00

b3 1.206778920817D+00 b4 —2.766330884306D-01

b6 —4.078840883672D—03 b7 2.185455019432D-04
241 Reaction2.5Ble+ BT e+ BTt +e¢

Ionization Rates for single charged Boron Ions
b0 -4.420568125967D+01 bl 2.558429301929D+01

b3 3.790617724445D+00 b4 -7.898969090461D-01
b6 -9.602179535698D-03 b7 4.812751663763D-04

63

b2
b5
b8

b2
b5
b8

.832208851779D+00
.255759023412D-02
.985646766233D-06

.226766585830D+01
.094004163863D-01
.045722639512D-05
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242 Reaction2.6B0e+C —e+Ct+e

Ionization rate for neutral Carbon Atoms
(sigma = vrel)(Te)(cm x *x3/s),C — — > C*

b0 -2.955122753053D+01 bl 1.180604026361D+01 b2 -5.438799573749D+00
b3 1.750648117869D+00 b4 -3.946542606866D-01 b5 5.887749368990D-02
b6 -5.469027807326D-03 b7 2.850693136991D-04 b8 -6.354758903485D-06

Max. rel. Error: .3712
Mean rel. Error: .1458

o° oo

243 Reaction2.6Ble+C" e+ CT +e

Tonization rate for Carbon lons

b0 -4.406752926798D+01 bl 2.464907506907D+01 b2 -1.157330396759D+01
b3 3.619195611010D+00 b4 -7.853469883899D-01 b5 1.149856668829D-01
b6 -1.070995852675D-02 b7 5.681198605329D-04 b8 -1.299242985961D-05

Max. rel. Error: .9478
Mean rel. Error: .4820

o o
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2.44 Reaction2.7B0e+ N e+ N"+e

Ionization rate coefficient for neutral Nitrogen Atoms (Bell et al., CLM-R216) [8]
(sigma * vrel)(Te)(ecm x x3/s),N — — > N+t

b0 -3.267927139870D+01 bl 1.487745850177D+01 b2 -7.393982038208D+00
b3 2.552657836634D+00 b4 -6.031414732283D-01 b5 9.299608313666D-02
b6 -8.862541230616D-03 b7 4.718778196780D-04 b8 -1.071093371002D-05

245 Reaction2.7¢+ N e+ Nt +e¢

cross-section data from Brook, [14] for e + N— > N 4 2¢, same cross-section data source
was used for the Bell rate coefficient. (Checked, Oct.2013: original Bell report and Brook
cross-sections are identical)

AE., = 14.5

b0 -3.218851E+01 bl 1.430745E+01 b2 -6.932106E+00
b3 2.271990E+00 b4 -4.951687E-01 Db5 6.792600E-02
b6 -5.419575E-03 b7 2.123706E-04 b8 -2.405294E-06
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246 Reaction2.8B0e+ 0O —-e+0O"+e¢

Ionization rate for neutral Oxygen Atoms
(sigma = vrel)(Te)(cm * x3/s),0 — — > OF

b0 -3.193820900000D+01 bl 3.246161040000D+01 b2 -3.545538700000D+01
b3 2.559678950000D+01 b4 -1.215735520000D+01 b5 3.673666600000D+00
b6 -6.763574930000D-01 b7 6.905007430000D-02 b8 -2.994628570000D-03

247 Reaction2.8Ble+ Ot e+ 0" +e¢

Ionization rate for singly charged Oxygen Ions

b0 -5.489947730000D+01 bl 8.1057031200000D+01 b2 -8.7719154800000D+01
b3 6.043339780000D+01 b4 -2.7530283600000D+01 b5 8.1635002700000D+00
b6 -1.505562720000D+00 b7 1.5615477900000D-01 b8 -6.9385679400000D-03

Tonization Rate for neutral Neon Atoms

2.48 Reaction 2.10B0 e + Ne — e+ Net + ¢

b0 -4.164979646286D+01 bl 2.217184105146D+01 b2 -1.042613793789D+01
b3 3.175650981066D+00 b4 -6.293446783142D-01 b5 7.941711930007D-02
b6 -6.140370720421D-03 b7 2.651559926489D-04 b8 -4.900429196295D-06

Max. rel. Error: .0200
Mean rel. Error: .0103

o o

Ionization Rate for single charged Neon lons

2.49 Reaction 2.10B1 ¢+ Net — e+ Net™ +e¢

b0 -6.100121276752D+01 bl 4.015006828838D+01 b2 -1.879440280294D+01
b3 5.630907545903D+00 b4 -1.119573454119D+00 b5 1.458082247661D-01
b6 -1.192136518944D-02 b7 5.544020624369D-04 b8 -1.117943418062D-05

Max. rel. Error: .1916
Mean rel. Error: .0814

o° oo
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2.50 Reaction2.18B0e+ Ar e+ Art +e¢

Ionization Rate for neutral Argon Atoms

b0 -3.330347417325D+01 bl 1.627861918393D+01 b2 -7.765170847889D+00

b3 2.446384994382D+00 b4 -5.186581624286D-01 b5

7.184868450814D-02

b6 -6.200405891186D-03 b7 3.018464732517D-04 b8 -6.325074170944D-06

Max. rel. Error: .1093
Mean rel. Error: .0503

o° oo

2.51 Reaction2.18Ble+ Ar™ e+ Artt +e

Ionization Rate for single charged Argon Ions

b0 -4.577132769437D+01 bl 2.796761945871D+01 b2 -1.347073209993D+01

b3 4.188634468306D+00 b4 -8.778893409977D-01 Dbb

1.220883796618D-01

b6 -1.073976899816D-02 b7 5.386460788345D-04 b8 -1.169793339733D-05

Max. rel. Error: .3659
4

o o

Mean rel. Error: 221
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2.52 Reaction 2.26B0 e + Fe — e+ Fet +e¢

Tonization Rate for neutral Iron Atoms

b0 -2.457959373433D+01 Dbl 8.433391049230D+00
b3 1.185976759143D+00 b4 -2.459329335625D-01
b6 -2.642594731066D-03 b7 1.182305727446D-04

Max. rel. Error: .0907
Mean rel. Error: .0450

o° oo

2.53 Reaction 2.26Bl1 e+ Fet - e+ Fett 4 ¢

Ionization Rate for single charged Iron Ions

b0 -3.437574762141D+01 bl 1.685181764677D+01
b3 2.442620345655D+00 b4 -5.072788444089D-01
b6 -5.866292819569D-03 b7 2.825378750379D-04

Max. rel. Error: .2106
Mean rel. Error: .1105

o o

2.54 Reaction3.1W +e¢ — W' 4+ 2¢

%$tungsten coef. rate
b0 -23.79630000000D+00 bl 8.522300000000D+00
b3 1.339000000000D+00 b4 -0.339800000000D+00
b6 -0.008200000000D+00 b7 0.000600000000D+00
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b5

b5

b2 -3.846892092374D+00
3.266162856106D-02
b8 -2.237621366618D-06

b2 -7.911217139035D+00
6.899131935535D-02
b8 -5.881378739141D-06

b2 -4.027100000000D+00

b5
b8

0.063800000000D+00
0.000000000000D+00



<sigmaxvrel>(Te,ne) (cm#*x3/s), Fe ——> Fe+
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3 H.3: Fits for (ov)(E,T)

3.1

E-Index: 0

T-Index:

O J oy U b W DN EHE O

-1.
.218869427323D-01
.183144859635D-02
.144414285471D-03
.414158185489D-03
.042335482230D-04
.684610364551D-05
.814826813629D-05
.049993252610D-06

| [
R = oo N

823472394862D+01

E-Index: 3

T-Index:

O J oy O b W DN B O

| | [ |
W o U1 o U~ 00N

.048059867515D-03
.404776509987D-03
.660137737426D-03
.907814505083D-03
.801892116713D-04
.053144974289D-05
.043290334814D-05
.798870422148D-06
.006730549005D-07

E-Index: 6

T-Index:

O J o U b W DN BEHE O

Max. rel.
Mean rel.

(I I
Wk o0NDNDRE WwWN

.673201510283D-04
.536937592691D-05
.224423097417D-04
.858120151811D-05
.747846551451D-05
.360748557750D-07
.738436960565D-06
.156490387804D-07
-1.

655735806555D-08

Error:
Error:

0.528
0.085

4
3

[
°
[}

°

Reaction 0.1T p + H(1s) — p+ H(1s) , elastic, Ij

1

.043929094352D-01
.071776515805D-02
.947238019788D-03
.950619428888D-03
.610515523206D-03
.333068266837D-04
.395481729149D-04
.589238118662D-05
.124957529757D-07

.577324303045D-03
.448141329729D-04
.687354957150D-03
.558232467687D-05
.945348864215D-04
.875034864587D-05
.493675458929D-05
.269371275613D-06
.854263211106D-07

.451268371503D-05
.054714466075D-06

2.126181472934D-05

75

.112919746718D-06
.380086290415D-06
.783870577323D-07
.363371059212D-07
.006550452098D-08
.801053970232D-09

.385021298310D-02
.163024588310D-03
.029753867911D-02
.480212482573D-03
.147576632073D-03
.109287055048D-04
.872093410396D-05
.137141330233D-05
.966443729323D-07

.174052650323D-05
.017991251450D-04
.123876140912D-05
.587671168547D-04
.556467005779D-05
.746625582656D-06
.216371174204D-06
.202325463122D-07
.033863743276D-08

.199498285047D-06
.596768109209D-07
.100195177512D-06
.374805864224D-08
.202510674285D-07
.732689440408D-08
.072861195261D-08
.526895478569D-09
.467609659450D-10



10
O
Jr
L 10
AN
\
O
Jr
T
0
~
M
<
c
<
O.\
°
— 10
2
o
10

Rates for elastic processes: | 0,0 and | 1,0
P.Bachmann, D.Reiter

lon Temperature (eV)

76

I Lo
e
] o N _
EK
— 9 L]
-10
107" 100 10 102

10°

*» O 0O X

Fbeam /eV

1.00D+02
1.00D+01
1.00D+00
1.00D—-01

O —>H +p

5/s)H +

(cm~3

a)
11
, U

rate



3.2 Reaction 0.1D p + H(1s) — p + H(1s) , elastic, [

E-Index: 0

T-Index:

O J oy U W NP O

-1

|
g = o @

.934778779385D+01

8.
-1.
=7.
-1.
.780715214347D-05
.351915617491D-05
.071915622348D-05
.468789447600D-07

400121290584D-04
072570686950D-02
329656452946D-03
548110966373D-03

E-Index: 3

T-Index:

O J oy U b WP O

| | [ |
N W NN WR O

.555854995025D-03
.213464571187D-02
.222678509228D-03
.530314087059D-03
.894095127078D-03
.806873100807D-04
.386998803904D-04
.936468195914D-05
.077060263537D-06

E-Index: 6

T-Index:

O J oy U W N B O

Max. rel.

Mean rel.

| | |
N E R NN

Error:
Error:

.023499873278D-04
.794896057762D-04
.352460376261D-04
.365796504952D-04
.083092577128D-04
.584828965214D-05
.358046593907D-05
.216781743757D-06
-1.

154459633382D-07

2.5240
0.4077

77

1

.193162842747D-02
.025758478606D-02
.258217951174D-02
.017355462044D-02
.141816249813D-03
.483013774324D-04
.711920962053D-04
.653900655552D-05
.989227802803D-06

.071069026823D-03
.615417883123D-03
.181349883244D-03
.707627243838D-03
.173359548467D-04
.147859100868D-04
.947217842552D-05
.609704117822D-05
.298532548793D-07

.375997865613D-05
.011568552117D-05
.210499686989D-05
.759133611684D-05
.817871861306D-05
.554030249359D-06
.254690862488D-06
.678764178035D-07
.906633038081D-08

.787610534513D-04
.405606314808D-03
.629292880371D-03
.212101744320D-03
.623377903131D-03
.371503461028D-04
.702351291260D-04
.828377077442D-05
.457895095025D-06

.668304238739D-04
.289738887452D-04
.491076548317D-04
.285319171515D-04
.268607651578D-04
.036026302326D-05
.676927171418D-05
.801579443731D-06
.504259503231D-07

.554762032992D-06
.413857855011D-06
.314387560956D-06
.934588738006D-06
.758474990215D-07
.314431146313D-07
.202340694084D-07
.970465840287D-08
.021379321893D-09
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3.3 Reaction 0.2T p + He(1s*1S) — p + He(1s%19), elastic,

E-Index: 0

T-Index:

O J oy U W NP O

-1

| | |
e e el e

.934393021918D+01
.301350106064D-01
.828664127573D-02
.572566883649D-02
.651243630315D-02
.536731193440D-03
.407936221176D-03
.024575206489D-04
.717075379788D-05

E-Index: 3

T-Index:

O J oy U b WP O

| | | |
OND W DN DN DN

.108203840264D-02
.145056754712D-03
.343836845279D-03
.316616725294D-03
.115185323595D-04
.096646478748D-04
.694523090258D-05
.076330117601D-06
.837947019108D-09

E-Index: 6

T-Index:

O J oy U W N B O

Max. rel.

Mean rel.

| [N |
O W W I DD W U

Error:
Error:

.396242466413D-03
.273531852240D-03
.238463116916D-04
.644852940119D-05
.296832307757D-05
.404629231556D-06
.004305767140D-06
.116821151336D-07
.670471248063D-09

43.0372 %
3.6615 %

79

1

.563446707236D-02
.071555273225D-02
.460635793653D-02
.953675178715D-03
.847284094044D-04
.204625005620D-04
.273303544933D-04
.258652128299D-05
.489657191575D-07

.126981927132D-02
.207683748654D-02
.643817205066D-03
.328603688720D-04
.305924890461D-04
.907753719257D-05
.137559296212D-05
.934064976552D-06
.543181228289D-07

.236276138019D-03
.057392495993D-04
.822708605029D-05
.948705115200D-06
.703124977270D-06
.730873892378D-07
.823864866020D-07
.985170981511D-08
.366953072466D-09

Ipo

.132533853318D-01
.016906859537D-02
.745665311224D-03
.747850519967D-03
.016420463987D-03
.110404741405D-04
.874267771795D-05
.943699290077D-06
.942435517534D-07

.332060792240D-03
.777916409735D-04
.122233549648D-04
.025202074732D-04
.422649148500D-05
.750257851569D-05
.054573401396D-06

7.117080375326D-08

.142825149606D-09

.628885182442D-05
.949879233267D-05
.713522343609D-06
.772902778994D-08
.560603032570D-07
.238131969596D-08
.370653749977D-08
.366645009836D-09
.308492125136D-11
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Rates for elastic processes: | 0,0 and | 1,0
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3.4 Reaction 0.2D p + He(1s%1S) — p+ He(15°1S), elastic,

E-Index: 0

T-Index:

O J oy U W NP O

| [ [ |
O OV P O WD

.038078616420D+01
.301657139332D-01
.250516030333D-01
.328424290736D-03
.127524699096D-02
.287708708939D-03
.368309748535D-04
.421859797928D-04
.055939868827D-06

E-Index: 3

T-Index:

O J oy U b WP O

| | (. |
SO oYW RN O W

.517017165274D-02
.040700264374D-02
.657174093701D-03
.321909525809D-03
.188908537635D-03
.089582619996D-05
.629197652130D-05
.800954064911D-06
.465334549154D-07

E-Index: 6

T-Index:

O J oy U W N B O

Max. rel.

Mean rel.

Error:
Error:

.120043324652D-03
.652125688558D-04
.556829101842D-04
.226460004470D-04
.341954089088D-04
.619326544178D-07
.360612397745D-06

1.
-8.

676084936402D-06
843599781403D-08

4.5211
1.0118

81

1

.993496998398D-02
.084287321372D-02
.495799299565D-02
.821208294684D-03
.410962290755D-03
.847023005705D-04
.413818051866D-05
.659744792044D-05
.038460845033D-06

.397648448576D-02
.593835985009D-03
.433666067399D-03
.614727149051D-04
.115315269461D-03
.699187722499D-06
.154996921696D-05
.473582389149D-05
.821310450330D-07

.206063712236D-04
.834612166641D-05
.582340533265D-04
.517380199975D-05
.572769659598D-05
.166331772717D-07
.830066731050D-06
.453407619810D-07
.879251002731D-08

I g

.460551521383D-02
.554461839749D-02
.424614705786D-02
.623627120526D-03
.757598241612D-03
.455808977270D-05
.552922023412D-04
.551798508100D-05
.289836231544D-06

.029365163804D-03
.146176415388D-03
.191585645845D-04
.681001889717D-04
.859218322237D-05
.863762072239D-06
.796356820001D-06
.040382986474D-08
.548297648690D-08

.229462400161D-05
.127219264426D-06
.789744795492D-06
.070841562603D-07
.459166812937D-06
.093661426041D-08
.043424396036D-07
.029350887316D-08
.123059892608D-09
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3.5 Reaction 0.3T p+ Hy — p+ Ho,

E-Index: 0

T-Index:

O J oy U b W DN BEP O

-1.
.020169165482D-01
.598024510290D-02
.678447543630D-02
.805013471382D-03
.832875302941D-04
.183272287480D-04
.013768167130D-06
.237839929582D-07

[ [
~N 0o~ 0w NN

850658754996D+01

E-Index: 3

T-Index:

O J oy U b W N B O

| [ |
O R WNDREDNDWN

.824670772476D-03
.609681973946D-03
.973717962634D-03
.164630658778D-04
.448727242148D-04
.662763983152D-05
.332949346678D-06
.185717497396D-06
.264732541905D-08

E-Index: 6

T-Index:

O J oy U b WDN P O

Max. rel.
Mean rel.

Error:
Error:
Ti: 0.01---1000, EB:

.364568368798D-04
.393818486289D-04
.885614172244D-06
.899933955654D-05
.515103150938D-06
.527239138118D-06
.182007050723D-08
.952472363950D-08
.379572792986D-09

0.1---100

83

elastic,

.211082264457D-02
.382135800278D-02
.330939790463D-02
.969680248144D-03
.538366688716D-04
.404105142335D-05
.754003746153D-05
.593144865711D-06
.856207389335D-08

.925459417470D-03
.430555593258D-03
.983530508154D-05
.334041165620D-04
.615934391216D-06
.253519645066D-05
.278290014948D-06
.094274460491D-07
.920894679796D-08

.549425706176D-05
.326271239195D-05
.254217622645D-05
.395858712371D-06
.989212957512D-06
.816863864732D-08
.398423525407D-08
.350979668461D-10
.141592395102D-10

.881570478725D-02
.628749501583D-02
.589374170071D-03
.420309504140D-03
.219958125509D-04
.373999872185D-04
.575214200943D-06
.703806954321D-06
.288152742189D-07

.785321033027D-04
.689585982541D-04
.140245564780D-04
.688850581453D-05
.949112340307D-05
.135548971992D-06
.039287664347D-07
.239318519727D-07
.881467421248D-09

.618501118923D-06
.695217940204D-06
.703412615895D-06
.819987383210D-08
.032181942708D-07
.345210099656D-08
.503053760354D-09
.926411713518D-10
.459493010474D-11
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Rates for elastic processes: | 0,0 and | 1,0
P.Bachmann, D.Reiter
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3.6 Reaction 0.3D p + Hy — p + H,

E-Index: 0

T-Index:

O J oy U W NP O

-1

| | [
O N EFE O RE P OO

.919275366997D+01
.947780482087D-02
.004077564531D-02
.870459871354D-02
.491376597764D-02
.563126960467D-04
.330077285945D-03
.020583687196D-04
.277851726161D-06

E-Index: 3

T-Index:

O J oy U b WP O

| | |
O L, oD O NP P

.932266130300D-03
.637194804434D-02
.308998760658D-03
.828299306442D-04
.326505552258D-04
.493241008729D-05
.595946297185D-05
.420945572125D-05
.431661832790D-07

E-Index: 6

T-Index:

O J oy U W N B O

Max. rel.

Mean rel.

| [
g0 W s NP PPN

Error:
Error:

.790218940150D-03
.443370523034D-04
.712112384677D-04
.902274102571D-05
.847616427622D-05
.669438326556D-06
.257943960303D-06
.361574596535D-07
.318078186713D-08

5.2866
1.2591

-6.
.409850106077D-05
.233619961041D-05
.446426035585D-06
.578927723952D-06
.601170248698D-07
.775908920414D-07
.290522448864D-07
.385721089159D-09

85

elastic, /;

1

.865238346305D-02
.971382726967D-02
.225709371997D-02
.438038218134D-03
.614133948666D-03
.707880488168D-04
.353962725785D-05
.849923024482D-06
.082429350941D-07

.903882752834D-02
.291459604645D-04
.367849536658D-03
.686890203582D-07
.673303613736D-04
.434562819338D-05
.509630806820D-05
.290869308799D-06
.002257378192D-07

908438427090D-04

.682617815803D-02
.854568958623D-03
.402554946956D-03
.190778358004D-03
.009422051586D-03
.731975035804D-05
.351235395106D-04
.550615695507D-05
.441579661485D-06

.477806471368D-03
.492225099738D-03
.633913429665D-04
.818941917867D-05
.564947466483D-05
.585591947606D-06
.474903148493D-06
.207885423899D-06
.135379893415D-08

.338681573230D-05
.849926680503D-06
.665571098691D-06
.693955463859D-08
.517016799547D-07
.823110747713D-08
.342435491722D-08
.505820743915D-09
.277930018700D-10
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3.7 Reaction 04T He™(1s)+He(1s*1S) — He™(1s)+He(1s*1S5), elastic,

Ino

E-Index: 0

T-Index:

O J oy O b W N B O

|
O b I =

.932287393135D+01
.420452433663D-02
.578246117879D-02
.376519610500D-03
.232363387636D-02
.307054294818D-03
.118562583548D-03
.434031268233D-04
.358989072610D-06

E-Index: 3

T-Index:

O J o U b W DN B O

| | [
N oYy O 2 9N DN B

.838505558116D-02
.884565424365D-02
.495042935023D-03
.047050990056D-03
.434976678383D-04
.117168152610D-04
.881739628460D-05
.666955388827D-06
.367498282831D-07

E-Index: 6

T-Index:

O J oy U b W DN B O

Max. rel.

Mean rel.

| | (I
O R P NP PSP W

Error:
Error:

.764403463819D-03
.389644457539D-03
.171591875990D-06
.598805546650D-05
.280702702425D-05
.131389375108D-07
.603031094261D-07
.056486811884D-07
.141132772747D-09

45.6817
5.1917

87

.254173654177D-02
.124812231885D-02
.807748349427D-03
.743869063612D-03
.100675144650D-03
.910211076373D-05
.617956521495D-05
.365356860650D-06
.334269507353D-07

.793201134092D-02
.123857510199D-02
.439511185350D-04
.947991019023D-04
.730384293613D-05
.115251093953D-05
.308533305864D-05
.380955160803D-06
.427503775556D-07

.408466490224D-04
.161107270253D-04
.196874977368D-05
.311078550298D-06
.877322455546D-07
.650222503579D-07
.683294115673D-07
.540020523528D-08
.324505150923D-09

.946623543420D-02
.699799758379D-02
.767337797049D-03
.935668442071D-03
.439916049619D-04
.851109052007D-04
.722943119535D-05
.103013883339D-06
.090109024266D-07

.954061526499D-03
.596841699378D-03
.861967025267D-04
.018359028340D-04
.250784297096D-05
.325389437604D-05
.051250040246D-06
.094040977952D-07
.786934787376D-08

.412518246520D-06
.049187773127D-05
.094079145119D-06
.483893468689D-07
.482501133602D-09
.688165319879D-08
.140269704662D-08
.124298972987D-09
.328831955405D-10



10

0,0 (cm~3/s) He + He+ —> He + He+
o

rate |

Rates for elastic processes: | 0,0 and | 1,0

P.Bachmann, D.Reiter

lon Temperature (eV)
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3.8 Reaction 0.4D He"(1s) + He(1s?1S) — He™(1s) + He(1s%1S), elas-

tiC, ]1,0

E-Index: 0

T-Index:

O J oy O b W N B O

-2

| |
= o 0=

.005856706409D+01
.723033466633D-01
.480540790141D-02
.583772608067D-02
.141918601934D-03
.050415524504D-03
.609743409859D-04
.528775780351D-05
.298487796038D-06

E-Index: 3

T-Index:

O J o U b W DN B O

| I |
N J oy 0 o d

.609374902789D-02
.484173774740D-02
.437796246116D-03
.722003993817D-04
.836120750894D-04
.871424676206D-05
.401396318081D-05
.539210289621D-06
.529392826633D-07

E-Index: 6

T-Index:

O J oy U b W DN B O

Max. rel.

Mean rel.

|
= w o N

Error:
Error:

.466827019035D-03
.943338501590D-04
.610884437671D-04
.134360853468D-05
.844730630933D-05
.298801064099D-06
.074150104979D-06
.048375199655D-06
.357991449124D-08

4.6006
1.4030

89

.416298567134D-02
.876974997211D-02
.121102722373D-02
.831738365425D-04
.712847139884D-03
.514199969505D-04
.114910501595D-04
.849479698839D-05
.744141312203D-06

.051842775759D-02
.259800535085D-02
.933320600619D-03
.577284882295D-04
.279763008829D-04
.610771935311D-06
.184619145829D-05
.524059409052D-06
.084304524420D-07

.195450363238D-04
.676144873446D-04
.659019201525D-05
.293505569914D-07
.119496625366D-05
.988842872544D-08
.029965177536D-06
.905679254148D-07
.021819231976D-08

.290643907647D-01
.358697996829D-02
.060648053441D-03
.604228124024D-04
.390046088713D-03
.430457735837D-04
.776137463792D-04
.957402039735D-05
.511018855995D-06

.700343984959D-03
.314345389346D-04
.197110013265D-04
.165904265498D-04
.329216329788D-05
.934442032629D-06
.985193070868D-06
.297672500003D-07
.932611004947D-09

.275624910534D-06
.508217370560D-06
.019277552554D-06
.249357290876D-07
.759041144367D-07
.924160039487D-09
.399132209393D-08
.033208843896D-08
.659599344410D-10



This page is intentionally left blank

90



3.9 Reaction 0.5T p + Ne — p + Ne, elastic, Iy

E-Index: 0

T-Index:
0 -1.920759314942D+01
1 2.301174650324D-01
2 -2.844809537536D-03
3 -2.057818892403D-02
4 -1.247725873726D-02
5 2.157436023407D-03
6 9.992078785249D-04
7 -2.519290342081D-04
8 1.528819949488D-05
E-Index: 3

T-Index:
0 3.570384214557D-02
1 -3.361904573721D-02
2 4.605054021354D-03
3 3.298168445875D-03
4 -7.251750861538D-04
5 -1.832873740518D-04
6 7.431587797692D-05
7 -8.355288839969D-06
8 3.123866169547D-07
E-Index: 6

T-Index:
0 3.079721700396D-03
1 -2.294912090837D-03
2 1.769972448752D-04
3 1.507107647921D-04
4 =7.898054427499D-07
5 -1.088302678431D-05
6 7.411456169336D-07
7 2.067606837134D-07
8 -2.086750507882D-08

91

1

.203892840321D-02
.598103585536D-02
.458775402853D-03
.174444135106D-03
.478687710859D-03
.355091844482D-04
.437802559650D-04
.679868230149D-05
.582462835809D-07

.599370622275D-02
.857018937894D-02
.471661007966D-03
.406952560414D-04
.779131291367D-05
.101665930610D-05
.751928717840D-06
.287000259239D-06
.487732705021D-07

.958055457558D-04
.037290717482D-04
.083969105626D-05
.125246166296D-05
.134863355412D-06
.723721432651D-06
.836531987751D-07
.097454398809D-08
.592902645608D-09

.256738740832D-02
.529061500977D-02
.193663554519D-03
.007438682679D-03
.953183188726D-04
.112880498847D-05
.015798225079D-05
.313639535025D-05
.420538426381D-07

.307788828471D-03
.960502872244D-03
.978819729213D-04
.831787775281D-04
.979474917231D-05
.518922775711D-05
.288005671637D-06
.308988935499D-06
.106353269941D-08

.413526344209D-05
.198722138819D-05
.333041368586D-07
.847199659415D-07
.737318021218D-07
.713592846203D-08
.021065290807D-08
.730401523292D-09
.544772018004D-10
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Rates for elastic processes: | 0,0 and | 1,0

P.Bachmann, D.Reiter

lon Temperature (eV)
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3.10 Reaction 0.5D p + Ne — p + Ne, elastic, I;

E-Index: 0

T-Index:
0 -2.002574827025D+01
1 -2.537906409600D-01
2 -1.492855002501D-01
3 2.277262949762D-02
4 1.454565132881D-02
5 -2.459106378105D-03
6 -7.404449444601D-04
7 1.859174611798D-04
8 -1.080632769187D-05
E-Index: 3

T-Index:
0 3.064150950343D-04
1 -9.350961151995D-03
2 5.587555734861D-03
3 3.929098223217D-04
4 -7.648388450741D-04
5 9.309623048752D-05
6 2.291515177534D-05
7 -5.643860949550D-06
8 3.263260078468D-07
E-Index: 6

T-Index:
0 -6.056764332700D-04
1 -3.065943896812D-04
2 4.415539725039D-04
3 -2.150818421027D-05
4 -5.066174985198D-05
5 7.660825723624D-06
6 1.670809775312D-06
7 -4.493868279400D-07
8 2.688180498679D-08

93

1

.486205506769D-03
.220589506641D-02
.319954090051D-04
.830188456031D-03
.634829233387D-03
.600089747182D-05
.641735194704D-05
.571912622960D-05
.917702265677D-07

.770565072378D-03
.046783521289D-03
.892475694794D-03
.312366386482D-04
.694752429370D-04
.252696686113D-05
.054806193408D-06
.070565006104D-06
.924412405804D-07

.841533150445D-04
.450450819580D-06
.037605353389D-05
.166836349571D-06
.122002151237D-06
.561716894668D-06
.122277677479D-07
.9079234249561D-08
.445051092452D-09

.916286734818D-02
.405411696435D-03
.263929021478D-02
.750452234840D-03
.315594083272D-04
.671541616531D-04
.552824895881D-06
.091377459615D-06
.295235267228D-07

.288012249760D-03
.263699863822D-03
.567575758703D-04
.038820514086D-04
.454311674256D-05
.552983373470D-06
.496738021147D-06
.494317965158D-07
.206274348614D-08

.268081106690D-05
.427066945930D-06
.426529308029D-06
.038520579569D-07
.057086230537D-07
.411992094619D-08
.755858285560D-08
.237533360927D-09
.250534258748D-10
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3.11 Reaction 0.6T p + Ar — p+ Ar,
E-Index: 0
T-Index:
0 -1.839897580907D+01 4
1 2.037060320748D-01 -5
2 1.248391636263D-02 2
3 7.219811509122D-03 -4
4 -1.470827813902D-02 2
5 -8.480842849852D-04 -4
6 1.475843994216D-03 2
7 -2.369733723824D-04 -3
8 1.134634185229D-05 1
E-Index: 3
T-Index:
0 3.294800134968D-04 1
1 -6.037520883955D-05 =7
2 2.800210419328D-04 7
3 —-3.944497369254D-04 1
4 1.035484083951D-04 -1
5 2.614410225361D-05 2
6 -1.539637991363D-05 2
7 2.333187328954D-06 -9
8 -1.174046627783D-07 6
E-Index: 6
T-Index:
0 6.685225434320D-07 -4
1 7.183376311050D-05 -7
2 -7.138077909744D-05 1
3 -1.770621609979D-06 -2
4 1.305037799181D-05 -2
5 -2.138483570591D-06 6
6 -4.041031701627D-07 -3
7 1.213582669967D-07 -1
8 -7.672622548871D-09 1

95

elastic, I

1

.030184662143D-03
.396105402336D-03
.603532176725D-03
.061565358391D-04
.065674500382D-05
.796563627170D-05
.151994248608D-05
.291364962627D-06
.702489707640D-07

.465250143471D-04
.833105742017D-04
.133616427016D-04
.428880614656D-07
.259450451777D-04
.546750118822D-05
.130859838243D-06
.290655798117D-07
.235484198986D-08

.106232974060D-06
.472067446331D-06
.620936024346D-05
.727090501391D-06
.175685933563D-06
.604985427235D-07
.355268537350D-09
.417846453379D-08
.110090107209D-09

.802460470789D-03
.769954287934D-04
.227588765414D-04
.750257185540D-04
.333229773836D-04
.309221423582D-05
.098388544357D-06
.359507987294D-06
.506817496256D-07

.663294112725D-05
.893554189454D-05
.316301877565D-05
.395999790794D-05
.254483715556D-06
.673820883686D-06
.919659151259D-06
.320465866922D-07
.001839767228D-08

2.723608800669D-07

.322655803936D-07
.673898950970D-07
.643852072903D-07
.088658237035D-07
.569211762479D-08
.937036162249D-09
.992956309007D-10
.119220753399D-11



10

(cm~3/s)Ar+p —> Ar + p

O

rate I 0,0

10

Rates for elastic processes: | 0,0 and | 1,0

P.Bachmann, D.Reiter

A — el T
T /
= e
f&;h
\\\ =
=
&

0
10 ! 10° 101 10° 109

lon Temperature (eV)

96

*» O 0O X

Ebeam /eV

1.00D+02
1.00D+01
1.00D+00
1.00D—-01



3.12 Reaction 0.6D p + Ar — p + Ar,

E-Index: 0

T-Index:
0 -1.902636300376D+01
1 -1.190527528568D-01
2 -1.730087103659D-01
3 -1.555030094420D-04
4 1.652235885356D-02
5 -8.324171609940D-04
6 -1.029303844386D-03
7 1.906300286920D-04
8 -9.787840807784D-06
E-Index: 3

T-Index:
0 -3.745428185818D-03
1 3.207879804088D-03
2 7.517190218616D-04
3 -1.236341581941D-03
4 2.230976227599D-04
5 7.233602681294D-05
6 -3.100626413849D-05
7 3.988838107824D-06
8 -1.769431052019D-07
E-Index: 6

T-Index:
0 -2.403744917992D-04
1 4.912047383164D-04
2 -1.484255933008D-04
3 -6.764773601651D-05
4 3.231656107374D-05
5 9.314900214037D-07
6 -2.175492032074D-06
7 3.569143181296D-07
8 -1.803893978156D-08

97

elastic, /;

1

.001140234133D-03
.553336489669D-03
.587817497859D-03
.909759775226D-05
.381913347984D-04
.293808078785D-05
.488294466911D-05
.895517435876D-06
.909716194883D-07

.799497927500D-03
.594149568994D-03
.585823173330D-03
.255302087543D-04
.347480301314D-04
.639425388458D-06
.210113950523D-05
.769212293593D-06
.950084020747D-07

.279983724758D-05
.410833593792D-05
.868365832252D-05
.041550065999D-05
.733195279376D-06
.580215548355D-08
.036437533899D-07
.087085127829D-08
.691585310844D-09

.268608243610D-03
.838025019236D-03
.385574331019D-03
.299454149526D-03
.373956786709D-04
.460206572452D-05
.512005353386D-05
.038339787073D-05
.237600871611D-07

.198330217071D-04
.457996925194D-06
.165980750364D-04
.892735992329D-05
.331115058296D-06
.590740254953D-06
.029508831544D-06
.076159591930D-08
.116568059624D-09

.931788624409D-08
.088836276642D-06
.534300688720D-06
.033712296102D-07
.029898146395D-07
.063413052225D-08
.288971303250D-08
.174797773877D-09
.208748178924D-10
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3.13 Reaction 0.7T p + Kr — p + Kr, elastic, Iy

E-Index: 0

T-Index:
0 -1.804373557904D+01
1 2.031777449493D-01
2 9.686882765703D-03
3 8.643169704852D-03
4 -1.424299843875D-02
5 -1.048137401376D-03
6 1.430609919337D-03
7 -2.194259131788D-04
8 1.009389168927D-05
E-Index: 3

T-Index:
0 3.120877691343D-04
1 1.242877797139D-04
2 -1.573876413696D-04
3 -1.420956386480D-04
4 9.590594342402D-05
5 -6.142656580682D-06
6 -5.141525041188D-06
7 1.084914594786D-06
8 -6.255863642133D-08
E-Index: 6

T-Index:
0 2.839905184310D-05
1 -1.279935281113D-05
2 -2.600699325895D-05
3 1.312098730964D-05
4 9.219516369433D-07
5 -1.422113360703D-06
6 2.602916257409D-07
7 -1.502708544211D-08
8 4.565464331790D-11

99

1

.559321831821D-03
.592160804293D-03
.516696535508D-03
.293872602067D-04
.467610803097D-05
.163533423390D-05
.091497123198D-05
.955482471322D-06
.086879702977D-07

.817512879035D-04
.112376503933D-05
.563895433480D-04
.528253798614D-04
.645092477734D-07
.596912487433D-05
.044272726929D-06
.915011722907D-07
.333876245529D-08

.378458873924D-06
.614723298861D-06
.200678327510D-06
.454115928930D-06
.847045590986D-07
.351780708953D-07
.197279350456D-08
.287156417397D-09
.636906385821D-10

.404133353439D-03
.467585847319D-03
.516527725030D-05
.022613761542D-04
.405799623813D-05
.664386608096D-05
.254896476704D-05
.369663518077D-06
.472917240108D-08

.117059852657D-05
.233416285351D-04
.138546015912D-05
.912014736234D-05
.535634290988D-05
.203913423509D-07
.881486025146D-07
.811507168253D-07
.821435035614D-09

.184713992614D-07
.786954072347D-07
.925585047627D-09
.098391843619D-07
.845129241580D-08
.060289207166D-08
.265588912826D-09
.890608304608D-10
.037183480051D-11



10

(cm~3/s)Kr + p —> Kr + p

O

rate I 0,0

10

Rates for elastic processes: | 0,0 and | 1,0
P.Bachmann, D.Reiter
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1.00D+02
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1.00D+00
1.00D—-01



3.14 Reaction 0.7D p + Kr — p + Kr, elastic, )

E-Index: 0

T-Index:
0 -1.865545505448D+01
1 -1.067068862517D-01
2 -1.793062289927D-01
3 -3.949316377716D-03
4 1.720673370392D-02
5 -5.292205338392D-04
6 -1.123585474018D-03
7 1.995670109878D-04
8 -1.005942932112D-05
E-Index: 3

T-Index:
0 5.208166935036D-04
1 4.342669746539D-04
2 -6.548561119095D-04
3 -1.170727706000D-06
4 1.148785626919D-04
5 -1.734332538201D-05
6 -4.518652819335D-06
7 1.243519343884D-06
8 =7.777508674647D-08
E-Index: 6

T-Index:
0 1.760192998914D-04
1 -5.953843658876D-05
2 -8.109653911492D-05
3 4.537025011410D-05
4 -1.525645889670D-06
5 -3.440639370908D-06
6 8.551857146979D-07
7 -7.894576610417D-08
8 2.520441766028D-09

101

1

.224653891670D-03
.372607771064D-03
.4112444429508D-03
.122323825167D-04
.376797069854D-05
.171588105599D-05
.123489868132D-06
.062124014473D-06
.744976036870D-08

.718161556721D-03
.205372491923D-04
.557892819154D-04
.588074844111D-04
.681963226773D-05
.427749154446D-05
.660892785904D-06
.011493440280D-06
.800858381217D-08

.823181012443D-05
.746473855990D-05
.104868697474D-05
.035893652496D-05
.261725358435D-06
.338548661992D-07
.188109556451D-07
.545593595077D-08
.046876612281D-09

.512510248126D-03
.528011293662D-03
.757528343672D-04
.332721562736D-04
.923952768477D-05
.998516881937D-05
.209356688942D-05
.542259189383D-06
.047152545942D-07

.592709184582D-04
.512144246616D-04
.655880993873D-05
.617188469585D-05
.204300778275D-05
.700519676902D-07
.410244055501D-06
.646219750940D-07
.452395343502D-08

.283695269304D-06
.212169538346D-06
.181441820322D-07
.333257556842D-07
.056714078118D-07
.391092703214D-08
.399325047660D-08
.763312508912D-09
.719196237445D-11
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3.15 Reaction 0.8T p + Xe — p + Xe, elastic, I

E-Index: 0

T-Index:
0 -1.837022175444D+01
1 1.805905055691D-01
2 3.047012359914D-02
3 -6.923416688779D-03
4 -3.195025138086D-04
5 -1.935784557781D-04
6 -1.933096968862D-04
7 7.175836632929D-05
8 -5.568595272341D-06
E-Index: 3

T-Index:
0 -4.848631362553D-02
1 1.612499614172D-02
2 6.794095254509D-04
3 -1.150110473980D-03
4 3.981780177076D-04
5 6.891189917320D-06
6 -3.951029440916D-05
7 8.033492283600D-06
8 -4.761690151100D-07
E-Index: 6

T-Index:
0 -5.413232395756D-03
1 7.755701996850D-04
2 1.645431285623D-04
3 3.410974410072D-05
4 1.782649548441D-05
5 -7.065840257206D-06
6 -1.830471247020D-06
7 6.407304183785D-07
8 -4.447805281256D-08

103

1

.966234873272D-01
.802945396045D-02
.128643067258D-03
.221800119943D-03
.316526854062D-03
.420136378842D-05
.094117569189D-05
.543061104752D-05
.358080592792D-07

.750879899677D-02
.523987597225D-03
.895305035946D-04
.631572145165D-04
.483284811460D-04
.027084520227D-04
.160419132800D-06
.946108320253D-06
.755070632999D-07

.094586062581D-03
.315661918085D-04
.499826315853D-05
.133727004658D-05
.411600549323D-06
.628340574934D-06
.273687191682D-07
.061766307764D-07
.735214914952D-09

.045525227882D-02
.544388629813D-03
.012918398972D-03
.204812055154D-03
.034285640091D-04
.344482793235D-04
.180202859895D-06
.174663734921D-05
.761323315864D-07

.610953213302D-04
.460219395869D-04
.861258121115D-05
.776787179903D-04
.107860031349D-05
.030852624977D-05
.694154796307D-06
.642328462598D-07
.283487948208D-08

.392041039556D-05
.128051226064D-06
.119997135712D-06
.517805454064D-07
.058674617194D-07
.783727086764D-08
.553571528267D-09
.519134501912D-09
.130970468715D-10
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Rates for elastic processes: | 0,0 and | 1,0

P.Bachmann, D.Reiter

lon Temperature (eV)
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3.16 Reaction 0.8D p + Xe — p + Xe, elastic, )

E-Index: 0

T-Index:
0 -1.897424529930D+01
1 7.880568783648D-02
2 -2.211004195406D-02
3 -1.881720757004D-02
4 1.881626843867D-03
5 1.555723381321D-03
6 -2.155563511636D-04
7 -1.309212493163D-05
8 2.085088015611D-06
E-Index: 3

T-Index:
0 -1.132739367386D-02
1 1.616595589060D-02
2 -3.466486887128D-03
3 -1.469864494259D-03
4 5.655409965690D-04
5 7.812054156187D-06
6 -2.696200061727D-05
7 4.097153412890D-06
8 -1.941951920917D-07
E-Index: 6

T-Index:
0 9.347764278165D-04
1 2.184449544252D-04
2 -1.768547787859D-04
3 -5.383734875328D-06
4 8.898390092703D-06
5 -2.668417682123D-06
6 9.467025678674D-07
7 -1.603923367792D-07
8 9.066091691589D-09

105

1

.759221376448D-02
.013433977091D-01
.780616010153D-02
.288240524563D-03
.506478495212D-03
.488785021639D-05
.904734853680D-04
.940905387089D-05
.405276321600D-06

.136836207882D-02
.630385050040D-04
.154814681750D-03
.263588910597D-04
.761053529597D-05
.307617978533D-05
.593650897407D-05
.165559988365D-06
.068579438469D-07

.260015561966D-04
.870473229076D-06
.062903702294D-05
.242779246901D-06
.828977975784D-07
.656669113253D-07
.778964165257D-07
.412968572947D-08
.353837415803D-09

.831656966128D-02
.803501715713D-04
.803026089070D-03
.622352023952D-03
.038874766045D-04
.629668747278D-04
.263791323244D-05
.735247959278D-06
.784816393936D-07

.644151842499D-03
.261647418326D-03
.929992653084D-05
.619007714736D-04
.542760579601D-05
.584683292245D-06
.272732707082D-06
.226732919171D-07
.856975994299D-08

.349778327834D-05
.585679719393D-07
.606726635371D-06
.887563512048D-07
.514867221936D-09
.118906229906D-08
.810797219300D-08
.823552915243D-09
.478176477260D-10
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3.17 Reaction2.1.5¢+ H — 2e+ HT,

Valid for 700 < Ey < 1.0 E5 and 7, < 1000 eV. Needed for beam penetration across cold
electron (edge) plasma.

E-Index: 0

T-Index:

O J oy U b W DN P O

| | [
R P oo N oYW

.250886702080D+02
.667333547390D+01
.983434468076D+01
.670550884979D+00
.674948903612D-01
.808976023219D-02
.438915473788D-02
.098989211142D-03
.711866174955D-05

E-Index: 3

T-Index:

O J oy O W N BEP O

.424150846209D+01

4.380976345270D+00

.398932408165D-02
.351001372815D-02
.697717251645D-03
.699139379366D-03
.324432128978D-05
.355353697737D-06
.838237578617D-07

E-Index: 6

T-Index:

O J oy U b W DN O

Max. rel.
Mean rel.

Error:
Error:

.361460417677D-02
.358018185463D-03
.608636378890D-04
.650970561566D-06
.717702510307D-06
.019488700190D-07
.201753350995D-08
.145196074924D-08
.977195669572D-10

22.9827
1.3423

%
o)
°

107

.690772962219D+02
.233538183560D+01
.412479733168D+01
.723167957478D+00
.124756061678D-01
.688754230792D-03
.901194630463D-04
.219783796362D-05
.280924070357D-05

.467268971241D-01
.009427651758D-01
.907514406262D-02
.702807790436D-03
.395062750188D-04
.177635368277D-05
.858353012396D-06
.855890659797D-07
.827043958796D-08

.345770476010D-03
.102091465927D-04
.536474507865D-05
.995157343181D-08
.369570100312D-07
.942023555843D-08
.693263792508D-09
.355510173137D-10
.688281017183D-12

.333762356936D+01
.570910666822D+01
.884870450118D+00
.587782905216D-01
.712842277416D-02

6.611670857544D-03
7.298416521085D-05

.960365474618D-05
.884031598541D-06

.584732741666D-01
.501949526254D-03
.703730871097D-05
.244114949870D-04
.620114677424D-06
.870966611037D-06
.366593951118D-06
.381430540897D-08
.095791108734D-09

2.864129137742D-05

.382211119292D-06
.535259754631D-07
.266956839472D-08
.319224060533D-10
.311808222738D-09
.430296741463D-11
.109161125504D-11
.995091233984D-13



<sigxv> (cmxx3/s)(Eb,Te)
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Beam Maxwellian rate coefficient

fore + H ——> 2e + H+, single step ionisation
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3.18 Reaction 2.3.9 ¢ + He(1s?1S) — 2e + He ™ (1s),

Valid for 700 < Ey. < 1.0 E5 and 7T, < 1000 eV. Needed for beam penetration across cold
electron (edge) plasma.

E-Index: 0

T-Index:

O J oy U b W DN P O

| [ | |
= oo s W o N

.310034245752D+03
.508353150675D+02
.417451507809D+01
.009050226462D+01
.385660180646D+00
.443019677779D-02
.383557897871D-02
.931731041041D-03
.677718659922D-04

E-Index: 3

T-Index:

O J oy O W N BEP O

-2

.021517461823D+01
2.
6.
.288011998601D-02
.167648389744D-02
.515681704203D-04
.534799377103D-05
.528843582156D-05
.009911437330D-06

160874670018D+00
741447605303D-01

E-Index: 6

T-Index:

O J oy U b W DN O

Max. rel.
Mean rel.

Error:
Error:

.436317750271D-02
.281896275305D-03
.624346097258D-05
.890695384015D-05
.459401479449D-05
.123976730622D-08
.419036579858D-09
.457770000492D-08
.004030822610D-10

7.5847
0.8667

%
o)
°

109

.508771372056D+02
.015419189021D+02
.778751771269D+01
.654788597405D+00
.117837142443D+00
.662788141049D-02
.946435769665D-03
.716369089119D-04
.297692472884D-05

.037177234072D-01
.181962238105D-01
.148060740119D-02
.758799128561D-03
.409170634544D-04
.715250869462D-05
.066216257020D-05
.822659922448D-06
.105689698877D-07

.530379719746D-03
.104943101710D-04
.339087397064D-05
.457482299662D-06
.971022779692D-08
.013694223158D-08
.458105491288D-08
.361060954216D-11
.580695841260D-11

.066760366749D+02
.581037633890D+01
.824530306780D+00
.915588715563D-01
.511745757585D-02
.658517658565D-04
.039284516303D-03
.018331102194D-05
.627194163577D-06

.448434382624D-01
.285332322121D-02
.078822091135D-04
.384555059849D-04
.546658161713D-05
.071842143868D-06
.208681902142D-07

1.096321036847D-07

.570730739908D-09

.666449302822D-05
.667926304328D-06
.519546024053D-07
.463663989543D-07
.962468074256D-08
.468250327850D-10
.464201861260D-10
.503065552145D-11
.314359641034D-12



<sigxv> (cm**x3/s)(Eb,Te)

Beam Maxwellian rate coefficient

- fore + He ——> 2e + He+, single step ionisation

10
/ - %\%ij
5 ;,ﬂ/o/

— 8 /4

10 < 7
F1)
///,
/( ’ //

LY
10

-10
10

10° 10" 107 10°

Electron Temperature (eV)

110

* & O X O

ditto, Eb

Ebeam /eV

1.00D+05
5.00D+04
5.00D+04
1.00D+04
5.00D+02

)

2.5.9

H.2

rate coeff.

Maxw.

.e.

e
—= ()
.



3.19 Reaction3.1.8 p + H(1s) — H(1s) +p

Charge exchange between protons and hydrogen atoms. Cross-section: 3.1.8, improved fit.
(Identically in: HYDHEL.tex)
(sigma  vrel)(Ti,Ebeam) (cm**3/s)

E-Index: 0

T-Index:

O J oy U b WDNBEP O

-1.
.143624996483D-01
.139117192662D-02
.896180369559D-04
.495327546080D-03
.417046684097D-05
.177406072793D-04
.483036457978D-05
.351909441226D-07

| [ |
g = PN DN oo

831670498376D+01

E-Index: 3

T-Index:

O J oy U W DN B O

|
N

.288358515136D-03
.289383645942D-03
.033166370333D-03
.365781346175D-03
.756946036257D-04
.318277483195D-05
.815693511794D-06
.362050692462D-07
.237567830699D-08

E-Index: 6

T-Index:

O J oy U b WDNBEPE O

Max. rel.
Mean rel.

[ (I
o D O W I

Error:
Error:

.731631548110D-04
.944326905066D-05
.040874906105D-05
.588253432932D-05
.769971321188D-06
.951573401626D-07
.968953461875D-10
.924370389093D-10
.434231893204D-11

1.1026
0.3105

%
o
°

111

.650239332070D-01
.067658289373D-01
.536923957409D-03
.315097684976D-03
.265503371044D-03
.945512319613D-05
.698501620365D-05
.348172574417D-06
.728230870242D-08

.437122342843D-03
.698773663345D-05
.280464204775D-03
.859939123743D-04
.107375149384D-04
.704494397140D-05
.285719813022D-06
.058392726953D-07
.081685803820D-09

.588434781959D-05
.303688417551D-06
.747888095498D-06
.603560345800D-07
.717311113584D-07
.437520597154D-07
.618948982477D-08
.078208689229D-09
.324377862622D-11

.025740610454D-02
.304993033743D-03
.306075129405D-02
.655464630308D-03
.569269700468D-04
.956984088728D-04
.424317896619D-05
.527018819072D-06
.676354786072D-08

.461891214720D-04
.470180279338D-04
.453294908907D-05
.237942304972D-04
.217379426085D-06
.066558692480D-06
.169257650609D-06
.463594884928D-08
.450862501121D-09

.482291414386D-07
.235167254501D-07
.923953750574D-07
.970606344918D-09
.440961351104D-08
.998724470004D-09
.440094842562D-10
.619767848464D-11
.935019679501D-12
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3.20 Reaction 0.13p p + Be — p + Be, elastic

Integral 0.5*1(1,0) for cross-sections from [P. Krstic, D. Schultz, PP, vol. 16 (2009), p. 053503]

E-Index: 0

T-Index:
0 -2.014045187283e+01 -2.
1 1.633235466137e-02 9.
2 -3.302490936436e-02 -6.
3 -2.690595407156e-02 5.
4 2.553977796175e-03 -1.
5 1.172235136758e-03 -1.
6 -3.266982332705e-04 8.
7 3.149289760802e-05 -9.
8 -1.076486147594e-06 3.
E-Index: 3

T-Index:
0 1.622640980311e-02 -2.
1 -8.621417251817e-03 1.
2 3.438592757542e-04 1.
3 -6.421972752548e-04 -1.
4 3.247948234786e-04 -4.
5 1.259107326962e-05 1.
6 -2.000702118557e-05 -1.
7 2.750657732561e-06 -4.
8 -1.137313391413e-07 6.
E-Index: 6

T-Index:
0 5.421800944799%e-04 -5.
1 -2.997846142138e-04 3.
2 -2.736718480233e-05 3.
3 -2.323654071260e-06 -1.
4 1.110870800408e-05 -1.
5 -8.530135081745e-07 2.
6 -4.412259984447e-07 2.
7 7.676685086250e-08 -5.
8 -3.463828351937e-09 3.

E2MIN=1.000000e-01 eV
E2MAX=1.000000e+04 eV
T1IMIN=1.000000e-01 eV
TIMAX=1.000000e+04 eV
MAXERR=5.469149e+00 \%
MIDERR=7.77339%4e-01 \%

113

1

345625000690e-02
980449030332e-03
598307698802e-03
590562085972e-03
198166632910e-03
627408163499%9e-04
416159467290e-05
814022851618e-06
734238744568e-07

885998551391e-03
995454066090e-03
915119499255e-04
406068934136e-04
440977842360e-05
754218150033e-05
316461187594e-06
943105315783e-08
118327388870e-09

322004264036e-05
377208808135e-05
730502557681e-06
001562341663e-06
161197671721e-06
096419478952e-07
047224411741e-08
969845881133e-09
040257273837e-10

2

.305320330967e-03
.067639616596e-03
.473079734140e-04
.477424631936e-03
.524065320318e-04
.04226767114%9e-04
.904236972264e-05
.783408339643e-06
.357156799975e-08

.852231865164e-03
.882913154204e-04
.167930363372e-05
.824350317931e-05
.426686939963e-05
.903525712509e-06
.530910339762e-06
.306763428407e-07
.336258126385e-08

.832505454673e-06
.279370584937e-06
.525714105067e-07
.501383504538e-08
.065284401394e-08
.142479721401e-08
.657880705324e-10
.375019627044e-10
.604737523486e-12



3.21

053503]

E-Index: 0

T-Index:
0 -2.044307298348e+01 -1.
1 2.282279489380e-02 -1.
2 -3.170234700651e-02 -8.
3 -2.416047263489%9e-02 9.
4 1.612944406737e-03 -1.
5 1.205969880650e-03 -5.
6 -3.042059744854e-04 1.
7 2.824343373145e-05 -1.
8 -9.440508892226e-07 6.
E-Index: 3

T-Index:
0 5.278833185608e-03 -4.
1 8.841283319500e-04 1.
2 7.657158765681e-04 -1.
3 -2.207552889630e-03 3.
4 2.762713059735e-04 -9.
5 2.007011160713e-04 -2.
6 -6.121399958981e-05 1.
7 6.243585391457e-06 -1.
8 -2.197691313245e-07 4.
E-Index: 6

T-Index:
0 3.450099986899%9e-04 -3.
1 -2.313493476983e-05 7.
2 -2.058020487807e-05 3.
3 -6.822453223473e-05 7.
4 1.283283500423e-05 -1.
5 6.650188435941e-06 -6.
6 -2.280587373535e-06 2.
7 2.442175006227e-07 -2.
8 -8.866460450561e-09 1.

E2MIN=1.000000e-01 eVv
E2MAX=1.000000e+04 eV
TIMIN=1.000000e-01 eVv
TIMAX=1.000000e+04 eV
MAXERR=6.574404e+00 \%
MIDERR=8.464843e-01 \%

114

Reaction 0.13d d + Be — d + Be, elastic
Integral 0.5*I(1,0) for the cross-section from [P. Krstic, D. Schultz, PP, vol.

435241859928e-03
083413843840e-02
490883393848e-03
432119244308e-03
129269279296e-03
902894606367e-04
796859651710e-04
807466354009e-05
302872079617e-07

469538509276e-03
826216287017e-03
946476894373e-05
239632365588e-04
265776869906e-05
487759075076e-05
092764172317e-05
262789392490e-06
791605625816e-08

955146569842e-05
116368703341e-06
396561608698e-06
105361952178e-06
653037734175e-06
799250049849e-07
549634635361e-07
824182688477e-08
047525061112e-09

16 (2009), p.

.536041365683e-02
.474843156363e-02
.079688557536e-03

2.845241397793e-04

.052724354051e-04
6.217142758003e-05
.003975381593e-06
.081218221035e-07
.339799374312e-09

.491235580500e-04
.939210322706e-04
.867693028736e-05
.103141514803e-04
.429517900194e-05
.147229167781e-05
.327259228592e-06
.350894325811e-07
.208688569691e-08

.483280922015e-06
.656772740674e-07
.601568020599e-07
.495941974516e-07
.795382247769e-08
.350487416086e-08
.522348114958e-09
.083669713484e-09
.087338886486e-11



3.22 Reaction 0.13t ¢t + Be — t + Be, elastic

Integral 0.5*I(1,0) for the cross-section from [P. Krstic, D. Schultz, PP, vol.

053503]

E-Index: 0

T-Index:
0 -2.129504307011e+01 1.
1 2.546933381457e-02 -2.
2 -2.981010432291e-02 -9.
3 —-2.203655582429%9e-02 9.
4 9.964028273375e-04 -6.
5 1.172605871159e-03 =7.
6 -2.758762887050e-04 1.
7 2.485043659547e-05 -1.
8 —-8.151836846467e-07 5.
E-Index: 3

T-Index:
0 -5.132900735360e-03 -4.
1 6.590793034811e-03 1.
2 1.288530049780e-03 -2.
3 —-2.235933725670e-03 5.
4 3.631519990032e-05 =7.
5 2.349882452429%e-04 -4,
6 -5.519654333492e-05 1.
7 4.849741630919e-06 -1.
8 -1.511215532691e-07 5.
E-Index: 6

T-Index:
0 9.754804763614e-05 -1.
1 1.579820086189e-04 -1.
2 5.755383129853e-06 2.
3 -8.253882854736e-05 9.
4 5.655895591655e-06 -9.
5 9.018349071660e-06 -1.
6 -2.385966333490e-06 2.
7 2.250364369523e-07 -2.
8 -7.428846811499e-09 9.

E2MIN=1.000000e-01 eVv
E2MAX=1.000000e+04 eV
TIMIN=1.000000e-01 eVv
TIMAX=1.000000e+04 eV
MAXERR=6.852958e+00 \%
MIDERR=9.227778e-01 \%

115

773225057252e-02
324877220081e-02
794461284777e-03
891081092090e-03
435065292429e-04
189019182284e-04
835500405043e-04
689818645796e-05
511097601102e-07

421925566607e-03
268075388723e-03
754660024957e-04
344193391390e-04
422560675901e-05
838038543847e-05
507441074875e-05
539910716377e-06
397860122684e-08

653532824608e-05
220944882003e-05
384782937003e-07
685611260827e-06
924327352819%e-07
037798443713e-06
959527372233e-07
909177070852e-08
919713207429%9e-10

16 (2009), p.

.880909643601e-02
.682441670552e-02
.725523265517e-03
.870974350538e-04
.019639487327e-04
.838780642892e-05
.518921596258e-05
.005438908327e-06
.189837190188e-08

.914099368416e-04
.863334795471e-04
.072806984273e-05
.000597752829%e-04
.446011993064e-06
.356761071496e-05
.230990882083e-06
.401471679875e-07
.312783790155e-08

.049898523652e-07
.527637498767e-07
.938740456374e-08
.750354024418e-07
.744625742485e-08
.976147439343e-08
.195770882126e-08
.208277625427e-09
.206437314661le-11



3.23 Reaction 0.14p p + C — p + C, elastic
Integral 0.5*1(1,0) the cross-section from [P. Krstic, D. Schultz, PP, vol. 13 (2006), p. 053501]

E-Index: 0

T-Index:
0 -2.070325937875e+01 -1.
1 -1.649258379129%9e-01 -1
2 -8.228323037947e-02 1
3 1.291744053436e-02 -4,
4 4.972022465187e-03 -1.
5 -1.658137593639e-03 3.
6 1.313758641539e-04 -3.
7 5.599391312349%9e-07 1
8 -2.939698517936e-07 -2.
E-Index: 3

T-Index:
0 4.463808489764e-03 -5.
1 5.941389343177e-03 1
2 -2.167804845149e-03 2.
3 =7.729931321856e-04 9.
4 3.057086385239%9e-04 -5.
5 8.168255647779e-06 7.
6 -1.289999822011e-05 5
7 1.614389314707e-06 -1
8 -6.208603824932e-08 7.
E-Index: 6

T-Index:
0 4.753915903398e-04 -6
1 4.244975247061e-05 3.
2 -8.069104998325e-05 8.
3 -1.424206928869e-05 7.
4 1.013975911159e-05 -1.
5 -2.792752786643e-07 9
6 —-3.490894641470e-07 2.
7 5.016256863184e-08 -4.
8 -2.052868727602e-09 1.

ELABMIN=1.000000e-01 eV
ELABMAX=1.000000e+04 eV
TMIN=1.000000e-01 eV
TMAX=1.000000e+04 eV
MAXERR=4.502810e+00 \%
MIDERR=6.356092e-01 \%

116

1

606842198142e-02

.370586397944e-02
.042893658701e-02

056102000351e-05
142479600302e-03
005724020801e-04
251665906188e-05

.536984797877e-06

321423842233e-08

048490029821e-03

.591030489357e-03

090440852555e-04
617898796550e-06
118348604852e-05
542836997958e-06

.408322650236e-07
.609136480749e-07

883780259005e-09

.407354904082e-05

663120971952e-06
696126832052e-06
815274543195e-07
079636710772e-06

.100460959963e-08

449855146898e-08
331776839658e-09
896731767020e-10

2

.714205649382e-03
.610928985264e-03
.920352519091e-03
.279330275042e-04
.823021533207e-05
.552407020562e-05
.645220513458e-06
.394244202523e-07
.912639278713e-08

.485971584014e-04
.724348380444e-04
.551690026771e-04
.887372433086e-05
.010408438357e-05
.112912729057e-06
.620261227354e-06
.933340387247e-07
.301712180137e-09

.631638764433e-06
.285624239340e-07
.209550762837e-07
.191976670581e-09
.886976338792e-08
.111179984264e-09
.889613885858e-10
.234776996758e-10
.862153355385e-12



3.24 Reaction 0.14d d + C' — d + C, elastic
Integral 0.5*1(1,0) the cross-section from [P. Krstic, D. Schultz, PP, vol. 13 (2006), p. 053501]

E-Index: 0

T-Index:

O J oy U b W DN BEP O O J o U b WD O

O J o U b WD O

E2MIN=1.000000e-01
E2MAX=1.000000e+04
T1IMIN=1.000000e-01
TIMAX=1.000000e+04

.101813469909e+01
.516889520308e-01
.453976358810e-02
.618704589773e-03
.787096833727e-03
.061371660357e-03
.611197691070e-06
.244816787057e-05
-6.

769910487661e-07

E-Index: 3
T-Index:

.455339394665e-02
.350947310121e-02
.950748629568e-04
.214397303373e-03
.599744499071e-05
.546689677128e-05
.358526693542e-05
.131249678191e-06
-6.

877886538867e-08

E-Index: 6
T-Index:

-6.
.203078193087e-04
.437225083080e-05
.113910109706e-05
.739036860771e-06
.315817743830e-06
.498884071161e-07
.310944420933e-08
.193093520991e-09

630931867974e-05

eV
eV
eV
eV

MAXERR=4.812259e+00 %
MIDERR=6.856970e-01 %

117

1

.489171371708e-03
.470762179054e-02
.017233018332e-02
.301827218280e-05
.691694929083e-04
.971538044810e-04
.228824297723e-05
.224609831860e-06
.666403772875e-08

.081622015142e-03
.798802447621e-04
.872915794277e-04
.233321486915e-04
.336940059363e-05
.724010172447e-06
.777607503632e-06
.428934065172e-07
.018352694021e-08

.282323960899e-05
.808404180189e-05
.758395513068e-06
.190543564938e-06
.721181446886e-07
.169812151056e-07
.013104127800e-07
.038636437355e-08
.667768696803e-10

.901025644886e-03
.463167664648e-03
.214375528209e-03
.984709341439%9e-04
.180371997435e-04
.333591660518e-05
.942256019663e-06
.170723630532e-06
.404252434081e-08

.402095087223e-03
.349325857828e-03
.662582695229%9e-05
.275394051016e-04
.985716810841e-06
.185798104005e-05
.759385297831e-06
.441680332756e-07
.786080358510e-09

.612329327013e-07
.728428841695e-07
.029214764132e-07
.444698458017e-07
.826795931179e-08
.038065294736e-08
.620554915035e-09
.832761193363e-10
.381157363749e-11



3.25 Reaction 0.14tt + C — t + C, elastic
Integral 0.5*1(1,0) the cross-section from [P. Krstic, D. Schultz, PP, vol. 13 (2006), p. 053501]

E-Index: 0

T-Index:
0 -2.188182287316e+01 1.
1 -1.354699933152e-01 -2.
2 =7.060750858774e-02 9.
3 2.864022450514e-03 -5.
4 4.981251211249e-03 -5.
5 -6.269621444826e-04 1.
6 -1.106351233133e-04 -2.
7 2.242128826376e-05 2.
8 -1.005706263641e-06 -6.
E-Index: 3

T-Index:
0 -2.397323674331e-02 -1.
1 1.387587499142e-02 -1.
2 4.651760567797e-04 1.
3 -9.635680205527e-04 3.
4 -8.260913884022e-05 -4,
5 9.503215133225e-05 -2.
6 -1.687203771025e-05 6.
7 1.223944073583e-06 -6.
8 -3.237088551006e-08 2.
E-Index: 6

T-Index:
0 -3.707252919630e-04 1.
1 3.668635462607e-04 -3.
2 7.098045828556e-06 5.
3 -4.091586513333e-05 4.
4 6.912225143953e-08 -2.
5 3.905694982934e-06 -4.
6 —-8.828000916527e-07 1.
7 7.736267322509e-08 -9.
8 —-2.453765580729e-09 3.

E2MIN=1.000000e-01 eV
E2MAX=1.000000e+04 eV
T1IMIN=1.000000e-01 eV
TIMAX=1.000000e+04 eV
MAXERR=4.267937e+00 \%
MIDERR=6.880224e-01 \%
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1

454179492997e-02
467760316153e-02
399641668674e-03
997943672361e-04
556527566954e-04
920636450763e-04
866120650169e-05
112462685008e-06
234864792351e-08

240783245409e-03
507728991767e-03
680622109107e-04
061725227014e-04
654027458768e-05
034050613835e-05
428514127795e-06
489118024901e-07
257395302166e-08

872349911606e-05
575440980571e-05
013656731141e-07
654803151256e-06
203785010051e-07
228074741734e-07
061224417073e-07
874970633391e-09
278998627368e—-10

2

.384032349700e-03
.334653134039e-03
.481034134188e-04
.380612802836e-03
.241298739717e-04
.700039868950e-05
.720762234455e-05
.768524963647e-06
.175770363502e-08

.302905154607e-03
.294765807979e-03
.233250740936e-05
.789384481491e-05
.346465972623e-05
.108666689667e-05
.879502286805e-06
.325772816947e-07
.416404221018e-09

.381007109570e-07
.214465065926e-06
.200474146650e-08
.739935848177e-07
.320720305232e-08
.534216866201e-08
.120856941484e-09
.973883678734e-10
.354402027084e-11



3.26 Reaction 3.1.80org p + H(1s) — H(1s) +p

original fit from Janev’s springer book 1987 in HYDHEL..tex. Now there is the improved fit (see
above), leading to better energy balance with tracklength estimators and the energy weighted

rate (below)

E Index
T Index
0 -1.
1 2
2 4
3 -5
4 -1
5 -1
6 1
7 -1
8 4
E Index
T Index
0 9.
1 7
2 -3
3 -8
4 1
5
6 -4
7 3
8 -9.
E Index
T Index
0 3.
1 4
2 2
3 -4
4 5
5 3
6 -6
7 -1
8 2

Error 8.

829079581680e+01

.169137615703e-01
.307131243894e-02
.754895093075e-04
.552077120204e-03
.876800283030e-04
.125490270962e-04
.238982763007e-05
.163596197181e-07

530225559189e-03

.348786286628e-03
.675019470470e-04
.119301728339%9e-04
.361661816974e-04
1.141663041636e-05
.340802793033e-06
.517971869029e-07

170850253981e-09

014307545716e-04

.075019351738e-05
.670827249272e-06
.515123641755e-06
.106059413591e-07
.105491554749e-08
.030983538280e-09
.446756795654e-10
.739558475782e-11

88e-04 (B)

2

-8.
-6.
1.
8.
-1.

1

-2.
-2.
7.
2.
.299275586093e-07
.274394089017e-08
-1.
7.
-1.

-1
2

.640252721210e-01
.106722014459%9e-01
.948693624917e-03
.062141761233e-03
-1.
-4,

210431587568e-03
052878751584e-05

.875900435895e-05
-2.
7.

616998139678e-06
558092849125e-08

519413589968e-04
343059502294e-04
039643390686e-03
911036876068e-06
008928628425e-04

.775681984457e-05
=7.
-4,

3.

003521917385e-07
928692832866e-08
208853883734e-09

499323170044e-05
850044983009e-06
695300597935e-07
187439283954e-07

755944926274e-09
143183138281e-11
693040208927e-12

119

.364564509137e-02
.382158680424e-03
.209480567154e-02
.075907881928e-03
.297212635856e-04
.907025662962e-04
.338839628570e-05
.171762874107e-07
.328404104165e-08

.247583860943e-03
.919569450380e-04
.553840717902e-04
.175388949811e-05
.080693990468e-05
.149286923815e-06
.318308730487e-07
.756388998863e-10
.952740758950e-10

.932627237765e-07
.966822400446e-08
.783302281524e-08
.911233951880e-09
.117133050290e-09
.130988250912e-09
.005189187279e-10
.989884105603e-12
.388219930167e-14
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3.27 Reaction3.1.8L p+ H(1s) —» H(1s) +p

Langevin approximation: sigma v = const = 2e-8

E-Index: 0

T-Index:

.772753356000D+01
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00

O J o U b W DN O
O O O O O O o o

E-Index: 3

T-Index:

.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00

O J oy U b WDNBEP O
O O O O O O o o O

E-Index: 6

T-Index:

.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00

O J o U b W DN O
O O O O O O o o o

0.000

Error: 0 %
0.0000 %

Error:

Max. rel.
Mean rel.

O O O O O O o o o O O O O O O o o o

O O O O O O o o o
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.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00

.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00

.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00

O O O O O O o o O O O O O O O o o o

O O O O O O o o o

.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00

.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00

.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
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3.28 Reaction 3.2.3 p + Hy(v) — H + Hj

Effective ion conversion (Charge exchange on Hy) as function of 7, (from Janev,[2]).

vibrational distribution Hy(v) is density independent, assume: T, =T, =T

hence: function of Ej.,,, = Fxo and T’

E-Index: 0

T-Index:

O J oy U b W DN P O
| | | | |
RS DNDE RPN

.133104980000E+01
.308461720000E+00
.026151710000E+00
.648000330000E-01
.651993580000E-01
.598458070000E-02
.330453510000E-03
.187405610000E-03
.897815380000E-05

E-Index: 3

T-Index:

-3.
6.
-6.
.774294860000E-02
.083346120000E-03
.231162040000E-03
.242023150000E-03
.337853740000E-04
.516687380000E-06

O J oy O WNBEP O
~J

T-Index:

O J oy U b WD O

| |
SR o NN

Max. rel.
Mean rel.

Error: 16.
Error:

323271590000E-02
809382980000E-02
877694430000E-02

.005031610000E-05
.275988100000E-04
.233852920000E-04
.125957730000E-05
.225165850000E-05
.813630850000E-05
.679231940000E-06
.075372230000E-06
.793672020000E-08

O O O O O O o o o
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.961905900000E-01
.064800460000E+00
.142806740000E+00
.675786500000E-01
.766584690000E-02
.349144350000E-02
.246404340000E-03
.281964210000E-04
.667160440000E-05

.234558340000E-03
.241210420000E-02
.012716970000E-02
.157658350000E-02
.403537010000E-04
.324241650000E-04
.524774630000E-05
.784609160000E-07
.140207820000E-07

.000000000000E+00
.000000000000E+00
.000000000000E+00
.000000000000E+00
.000000000000E+00
.000000000000E+00
.000000000000E+00
.000000000000E+00
.000000000000E+00

O O O O O O o o o

.876892150000E-02
.310120950000E-01
.621943460000E-01
.242261910000E-01
.659922760000E-02
.871659800000E-03
.636107180000E-03
.740000360000E-04
.528040300000E-06

.940230100000E-04
.271152020000E-03
.143307540000E-03
.311061300000E-03
.752152790000E-04
.985585660000E-04
.369415730000E-05
.284840740000E-06
.837975410000E-07

.000000000000E+00
.000000000000E+00
.000000000000E+00
.000000000000E+00
.000000000000E+00
.000000000000E+00
.000000000000E+00
.000000000000E+00
.000000000000E+00



D+ H2 ——>H2+ +H

lon conversion (CX) rate coefficients for H2
vibr. distributionvs. T e, T_e=T p

Ald

109 10" 107

Electron Temperature (= Proton Temp.) eV

124

10°

* & O X O

Ebeam /eV

1.00D+02
1.00D+01
5.00D+00
1.00D+00
1.00D—-01

fit H.2 3.2.3

H2+ + H,

>

+ H2 ——>

f



3.29 Reaction 3.3.1 p + He(1s%1S) — H + He™ (1s)

E-Index: 0

T-Index:
0 -3.777393171216D+01
1 9.354555314272D+00
2 -4.235897398162D+00
3 1.350058534401D+00
4 -2.418149537330D-01
5 1.747617790690D-02
6 7.868843917720D-04
7 -1.857520833749D-04
8 7.419442223475D-06
E-Index: 3

T-Index:
0 4.271707093128D-02
1 1.174092828553D-02
2 -6.307600501935D-02
3 3.966559773589D-02
4 -1.172231175354D-02
5 1.999302843269D-03
6 -2.070618270598D-04
7 1.226009237337D-05
8 -3.182522175779D-07
E-Index: 6

T-Index:
0 -1.826013734833D-03
1 3.221947627445D-03
2 -2.959465078436D-03
3 1.199132836096D-03
4 —-2.155848545229D-04
5 1.197406032871D-05
6 1.233468768851D-06
7 -1.868672214120D-07
8 6.598419439525D-09

Max. rel.
Mean rel.

Error:
Error:

28.3918
1.3778

%
o)
°

125

1

.034570822224D+00
.691165109278D+00
.383244831625D+00
.640009322644D-01
.946040141373D-01
.507141422752D-02
.782419535260D-03
.234371833506D-04
.549545840266D-06

.858821491798D-02
.114511012703D-01
.111443567710D-02
.770353095467D-03
.197390583445D-03
.106397155875D-03
.765303992000D-04
.292057629192D-05
.665898328329D-07

.338360116582D-04
.596959700477D-04
.811254083073D-04
.257540264113D-05
.170199383545D-05
.356790229752D-06
.575083472581D-08
.144081097677D-09
.255951200310D-10

.500659259212D-01
.450052207738D-01
.396734449323D-01
.562301717488D-02
.1712202677247D-02
.840686949146D-03
.470034129542D-03
.049668682077D-04
.941631374324D-06

.392666257426D-02
.954831571871D-02
.198175535806D-02
.712723502770D-03
.399497506338D-04
.894710667600D-05
.889915777541D-05
.493401272590D-06
.535980089596D-08

.094793119826D-06
.851937035822D-06
.188871522474D-06
.685063664954D-06
.480430374938D-07
.014622773664D-07
.548641344013D-09
.518680425956D-10
.165455179223D-13
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3.30 Reaction 3.3.6a p + He*(1s'2s'1S5) — H*(2s) + He™(1s)

E-Index: 0

T-Index:
0 -2.547454346557D+01
1 2.925159193919D+00
2 —-2.632374609849D-01
3 -3.665347937696D-02
4 1.186624566602D-02
5 -7.743098120973D-04
6 -6.048032854477D-05
7 9.567845819569D-06
8 -3.240997611305D-07
E-Index: 3

T-Index:
0 4.770799895182D-02
1 5.782833798276D-04
2 -1.379424993966D-02
3 3.861551147569D-03
4 -5.418286557573D-04
5 1.074828795860D-04
6 -1.905146446763D-05
7 1.601618148499D-06
8 -4.832611082122D-08
E-Index: 6

T-Index:
0 7.216467750187D-04
1 -1.026211922836D-04
2 -2.604060260416D-04
3 1.074723588583D-04
4 -1.611312475612D-05
5 1.009293380060D-06
6 -1.512787587046D-08
7 -7.878569805292D-10
8 2.044140116707D-11

Max. rel.
Mean rel.

Error:
Error:

7.6526 %
1.0667 %

127

1

.128640321938D-01
.482539906582D-01
.498243646661D-01
.030592366279D-03
.264454630020D-03
.549566023754D-03
.303138256507D-04
.491545385436D-06
.791720988961D-08

.589820198321D-03
.062966905109D-02
.799947755285D-03
.428413708310D-04
.942217454245D-05
.693095034492D-05
.627851762042D-06
.021602782205D-07
.163386368269D-09

.367354341527D-05
.753943422756D-05
.473506727808D-05
.721788090796D-06
.369478220738D-06
.149043918048D-07
.066369422287D-09
.445940103849D-10
.044550460011D-12

.681364689904D-01
.510618145526D-01
.224863000625D-02
.024374907107D-03
.759741131185D-03
.251712659531D-04
.489465754264D-05
.865196018372D-06
.182380927243D-07

.381658191835D-03
.000814684417D-03
.003286792299D-03
.216316421045D-04
.238789629847D-05
.682620078098D-06
.555921820186D-07
.224220197809D-08
.754524349299D-10

.404882131093D-06
.292768990258D-07
.094165446584D-07
.030369344275D-07
.100428990113D-08
.074816429488D-09
.328387385602D-10
.580766309466D-12
.768485828956D-13
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3.31

E-Index: 0

T-Index:
0 -3.143965131590D+01 6.
1 5.052041699363D+00 =7.
2 -1.123510624616D+00 5.
3 5.348600593230D-01 -2.
4 -2.135986381612D-01 1.
5 4.690491969254D-02 -1.
6 -5.582187291915D-03 2.
7 3.414974814001D-04 -1.
8 -8.438843692321D-06 3.
E-Index: 3

T-Index:
0 6.905094039815D-02 2.
1 -3.733697369694D-02 -4,
2 -6.508591153825D-02 1.
3 6.989130699630D-02 -1.
4 -2.714253969913D-02 4.
5 5.298275385423D-03 -9.
6 -5.526051789225D-04 1.
7 2.923449260993D-05 =7.
8 -6.120199563565D-07 1.
E-Index: 6

T-Index:
0 6.870508923626D-04 -2.
1 -1.989364522591D-03 1.
2 3.431473662601D-04 -3.
3 4.316290417315D-04 -4,
4 -1.790232068370D-04 1.
5 2.117076885890D-05 -2.
6 2.956849458181D-07 6.
7 -2.054349022277D-07 1.
8 9.859620416969D-09 -8.

Max. rel. Error: 34.6091 %

Mean rel. Error: 1.4428 %

129

213651065042D-01
148284765635D-01
432613921547D-01
975038694390D-01
005463096676D-01
984365278750D-02
224271972399D-03
311003795110D-04
153343412371D-06

031144550828D-03
284814988611D-04
088127433701D-02
052805212797D-02
258559341854D-03
198385408429D-04
111995316138D-04
085139465779D-06
849580238681D-07

653292731940D-05
753792411592D-04
592640513827D-05
061169944387D-05
771568491253D-05
256441586648D-06
754190895102D-09
712307554998D-08
710088226618D-10

Reaction 3.3.6b p + He*(15125'35) — H*(2s) + He™(1s)

.902530458816D-01
.237588528705D-01
.782764771787D-02
.480657433556D-02
.217845093386D-02
.930272101671D-03
.806801953220D-04
.398645721299D-05
.747101004706D-07

.216959360609D-03
.393728104870D-03
.741996511515D-03
.083666162584D-03
.082988867720D-04
.481408240559D-05
.733079909866D-06
.368541840554D-06
.378697856092D-08

.208474130385D-08
.477952397515D-06
.335701974095D-06
.281804690424D-06
.843104467181D-07
.622251547211D-08
.412084334419D-10
.567694760593D-10
.871802269066D-11
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4 H.4: Fits for (ov)(n.,T)

4.1

Reaction2.1.5JH H +e¢ — H™ + 2e

Effective hydrogenic ionization rate. Data: L.C.Johnson

E-Index: 0

T-Index:
0 -3.292647100524D+01
1 1.423977672396D+01
2 -6.519438729039D+00
3 2.009996151806D+00
4 -4.289594424073D-01
5 6.047834607038D-02
6 -5.304737965836D-03
7 2.606946949696D-04
8 -5.467903073834D-06
E-Index: 3

T-Index:
0 -7.853816321645D-04
1 -1.600053527730D-03
2 2.037026745547D-03
3 -2.389224140310D-05
4 -3.217228075879D-04
5 7.957230182146D-05
6 -5.915348564130D-06
7 -7.144182523188D-09
8 1.086858755070D-08
E-Index: 6

T-Index:
0 -1.489774355194D-06
1 -7.947999902838D-06
2 3.713958914062D-06
3 4.212031496989D-08
4 -1.785208321244D-07
5 1.618233640838D-08
6 1.075473174260D-09
7 -2.048657335774D-10
8 8.023660696154D-12

N2MIN = 1.00000D 08 1/CM3
N2MAX = 1.00000D 16 1/CM3
Max. rel. Error: .8487 %
Mean rel. Error: .2419 %

131

.293481375348D-02
.173143955186D-02
.189825749516D-03
.275979740638D-02
.340866322754D-03
.624900593359D-04
.854872454067D-05
.317442253442D-06
.077380038450D-09

.436128501544D-04
.136554639958D-05
.668717204076D-04
.358069915666D-04
.660581406632D-06
.447042563915D-06
.666302868477D-07
.540194754187D-08
.448417246175D-10

.416361431167D-07
.508505683240D-07
.125764373429D-07
.506044670830D-08
.095649574151D-10
.182928298434D-10
.118000674849D-11
.027916374251D-12
.396518500447D-13

.517562508468D-03
.063440108279D-03
.247377414923D-04
.693479616874D-03
.324582357388D-03
.182981184259D-04
.735823803201D-05
.148890779990D-08
.712893073569D-08

.883750282085D-07
.177662275946D-05
.368630315837D-06
.454897555460D-05
.396531874534D-06
.849155263575D-07
.115514821045D-08
.097857835689D-09
.714183216468D-11

.890932078762D-09
.952614093357D-09
.451213220623D-09
.852677638893D-09
.470204228549D-10
.835789623340D-12
.089323091222D-12
.155854020410D-14
.173645280354D-15



Effective hydrogenic ionization rate
Data: L.C.Johnson

<sigmaxvrel>(Te,Ne) (cm#**3/s)
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4.2 Reaction 2.1.50 H + ¢ — H™" + 2¢, Ly-opaque

Effective hydrogenic ionization rate. Data: L.C.Johnson, Ly-opaque

E-Index: 0

T-Index:
0 -2.842625123610D+01
1 1.212167851020D+01
2 -6.815821411657D+00
3 2.625844925126D+00
4 -6.666700835468D-01
5 1.063576010855D-01
6 -1.019791186281D-02
7 5.357498344762D-04
8 -1.183601163067D-05
E-Index: 3

T-Index:
0 1.173278205549D-02
1 -1.125027025423D-02
2 7.428129132200D-03
3 -3.813499462891D-03
4 1.139599698461D-03
5 -1.830544200085D-04
6 1.595087521180D-05
7 -7.334538727835D-07
8 1.468328421917D-08
E-Index: 6

T-Index:
0 -3.972967626237D-05
1 4.881508340119D-05
2 -2.356276122712D-05
3 5.236557713321D-06
4 -4.712865883416D-07
5 -1.533579453796D-09
6 6.001489992879D-10
7 3.249620872276D-10
8 -2.321096956876D-11

N2MIN = 1.00000D 08 1/CM3
N2MAX = 1.00000D 16 1/CM3
Max. rel. Error: 1.6436 %
Mean rel. Error: 4360 %
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1

.816926440645D-02
.864661558973D-02
.136458676986D-01
.176672848153D-02
.362874407172D-02
.303004854934D-03
.388098086177D-04
.353712235761D-05
.183054638931D-07

.195307082806D-03
.132061119992D-03
.359196323415D-03
.488231091499D-04
.231484976569D-05
.418266263749D-06
.244682697928D-08
.314879444968D-09
.136369296580D-10

.591035727928D-06
.055128753437D-06
.024674585628D-06
.300633304095D-07
.015344675266D-08
.312045651251D-10
.139558636314D-11
.169248684183D-11
.053581287584D-13

.093090374769D-02
.578404580790D-02
.209328253150D-02
.221528694064D-02
.539637780701D-03
.340877575599D-03
.289968813905D-04
.392439908462D-06
.286865471654D-07

.891090254225D-04
.478419611750D-04
.455552537690D-04
.136595197719D-05
.851106631395D-06
.695420674804D-07
.069155577999D-08
.321258886395D-09
.036456697308D-10

.476205052687D-08
.275823973472D-08
.635599873170D-08
.500516071428D-09
.228472576727D-10
.651886075183D-11
.525452470540D-12
.979747513777D-14
.015243451999D-14



<sigmaxvrel>(Te,Ne) (cm#**3/s)

Effective hydrogenic ionization rate

Ly—opaque Data: L.C.Johnson
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4.3 Reaction2.15H +e¢ — H™ + 2¢

Effective hydrogenic ionization rate Data: K. Sawada/T. Fujimoto (redone: 2016, extend Te
range of fit validity from 0.1 — 1e3 to 0.1 — 2e4 eV) [7]

E-Index: 0

T-Index:

O J oy O W N B O

| | | | |
AN oYW

.248025330340D+01
.425332391510D+01
.632235026785D+00
.059544135448D+00
.425370331410D-01
.309381861496D-02
.620091829261D-03
.812016578355D-04
.011143453374D-06

E-Index: 3

T-Index:

O J oy U b W DN B O

-4.

1.
-5.

5.
.643389885987D-04
.201550548662D-04
.270124691336D-06
.433018694347D-07
.381080756307D-08

4

|
i

|
N

054078993576D-02
039773615730D-02
902218748238D-03
803498098354D-04

E-Index: 6

T-Index:

O J oy U b W NP O

TIMIN =
TIMAX =
N2MIN =
N2MAX =

= PN O

Max. rel.

Mean rel.

Error:
Error:

.846238436472D-05
.130184159149D-06
.646310029498D-06
.835196889733D-06
.001032516512D-08
.176265845225D-08
.622921686955D-09
.197728680251D-10
.064611702159D-11
.10000D 0O
.00000D 04
.00000D 08
.00000D 16

EV
EV

1/CcM3
1/CcM3

1.98 %
0.479 %
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.440669186583D-02
.594347160760D-02
.255558353174D-02
.562462086943D-02
.882634019199D-02
.788686535780D-03
.329105568040D-04
.564132950345D-05
.089651265488D-07

.976513750477D-03
.771792153042D-03
.295609806553D-03
.527285012725D-04
.145700685235D-06
.574487543511D-06
.224101773605D-08
.097431215601D-07
.271173694534D-09

.242955329604D-06
.051994601527D-08
.479612391848D-07
.474014343303D-08
.476839184318D-08
.291551676860D-09
.259663431436D-10
.032260338723D-11
.355903284487D-12

.048888225109D-02
.014729121556D-02
.580210154625D-03
.519595967433D-02
.285771485050D-03
.507382955250D-03
.527777697951D-04
.222726811078D-06
.186212683668D-07

.060334011186D-03
.237467264294D-04
.056721622588D-04
.201533740322D-05
.493662724988D-07
.678782818849D-07
.377402649057D-08
.789031791949D-09
.483010244930D-10

2.890437688072D-08

.888148175469D-09

2.852251258320D-09

.342505583774D-09
.047700368169D-10
.685157340473D-11
.161438990709D-11
.911076930014D-13
.935080031599D-14



Effective (CR) hydrogenic ionisation rate coefficient
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4.4 Reaction 2.1.8JH H* + e — H(1s)

Effective hydrogenic recombination rate Data: L.C.Johnson, radiative + three-body contribution

E-Index: 0

T-Index:

O J oy U b WDNBEP O
| | | | | |
NN oYy O dN

.855728479302D+01
.664042607917D-01
.930424003280D-03
.386830982777D-03
.626039237665D-04
.080907650243D-06
.101102051942D-05
.770717597683D-06
.038235939800D-07

E-Index: 3

T-Index:

O J o U b W DN O
| | | | |
~ o N o oD DN

.209545317879D-02
.709299760454D-03
.139257298118D-03
.371179699661D-04
.634580516353D-05
.942193980802D-05
.944873763540D-06
.387290785993D-07
.381435237585D-08

E-Index: 6

T-Index:

O J oy U b W DN BEP O
|
N

N2MIN
N2MAX =

([
o

Max. rel.
Mean rel.

Error:
Error:

.886511169084D-05
.382783518064D-06
.729262545726D-06
.730782954588D-06
.077019941998D-07
.275321573501D-08
.786155463269D-09
.178505597480D-10
-6.
.00000D 08 1/CM3
.00000D 16 1/CM3

854203970018D-11

3.
-3.
-3.
-9.
.888048628708D-04
.014890683861D-05

2.
-4.

2.

1
-1

-2.
=7.
4.
1.
-9.
-1.
1.
1.
-1.

6.
3.
-1.
-6.
2.
3.
-2.
-9.
.836615031798D-12

1

137

488563234375D-02
583233366133D-03
620245352252D-03
532840484460D-04

245676563601D-05
695982369246D-06
523166611507D-07

436630799820D-03
745129766167D-04
603883706734D-04
543350502150D-04
601036952725D-06
211851723717D-05
002105099354D-06
392391630459D-07
299713684966D-08

752155602894D-07
902800099653D-07
993485395689D-07
618240780594D-08
042041097083D-08
708616111085D-10
441127783437D-10
452402157390D-12

.799644392058D-02
.452514292790D-03
.958711963182D-03
.631753807534D-04
.288577690147D-04
.145028889459D-04
.245624273814D-06
.250878872873D-06
.145390398476D-07

.837893719800D-04
.142444698207D-04
-5.
.257565836876D-05
3.
1.
-1.
-1.
1.

991636837395D-05

425262385387D-06
118965496365D-06
291320799814D-07
139093288575D-08
265189576423D-09

.005893858779D-08
.387411585521D-09
.352589865190D-09
.013364275013D-09
.707977721109D-10
.068450112690D-12
.773208484020D-12
.672724022059D-14
.640492364811D-14



<sigmaxvrel>(Te,Ne) (cm=**3/s)

Effective hydrogenic recombination rate

Data: L.C.Johnson
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4.5 Reaction 2.1.80 H" + ¢ — H(1s) Ly-opaque

Effective hydrogenic recombination rate Data: L.C.Johnson, radiative + three-body contribution
all Lyman lines opaque, i.e. no radiative transition to ground state.

E-Index: 0

T-Index:

O J oy U b W DN P O

-2.
.261509350573D+00
-4.

2.
.069706780864D-02
.504106136665D-02
.740060719354D-03
.716199599046D-04
.078074419507D-05

-2

959696621207D+01

674937331875D-01
507869795516D-01

E-Index: 3

T-Index:

O J oy O W N BEP O

| | | [ |
N O bWk 30

.938245216461D-02
.818480115491D-01
.573368055249D-03
.848151065349D-02
.519012590703D-03
.530766046402D-03
.566472727887D-04
.315093984335D-05
.087698447004D-06

E-Index: 6

T-Index:

O J oy U b W DN O

N2MIN =
N2MAX

Max. rel.
Mean rel.

I
e

Error:
Error:

.218203616198D-04
.183363649173D-04
.495619343912D-05
.207997134901D-05
.971364301743D-06
.127742944183D-07
.966012349475D-08
.197741084618D-09
.554850332229D-10
.00000D 08 1/CM3

.00000D 16 1/CM3

21.7976
8.2471

%
o)
°

1

.370057688281D-01
.916834765592D-01
.569001933269D-03
.497608379269D-02
.227904899439D-03
.231970346733D-03
.583429487117D-03
.790096302797D-04
.889626133438D-06

.980881578608D-02

3.961587768727D-02
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.345252431484D-03
.874151697039D-03
.900468003264D-04
.980846746944D-04
.072295908223D-05
.528931894689D-06
.070917297414D-07

.464708585003D-06
.099361683574D-05
.549589929805D-06
.003342466410D-06
.910514915873D-07
.042762997588D-08
.046266371637D-08
.390754230254D-10
.165730429588D-11

.485234780243D-01
.175284638738D-01
.424684098594D-02
.407068292654D-02
.567752788769D-03
.961906824405D-03
.485117205295D-03
.687816759412D-04
.523611088216D-06

.122222479009D-03
.770502751429D-03
.903412960562D-04
.859699832287D-04
.404610318098D-05
.679462128899D-06
.912042904116D-06
.568686753692D-07
.078805542480D-08

.763195232065D-08
.532076900830D-07
.649470795327D-08
.056485646618D-08
.423960414424D-09

1.117985320964D-09

.448127591728D-10
.836925499320D-11
.891755053806D-13



<sigmaxvrel>(Te,Ne) (cm=**3/s)

Effective hydrogenic recombination rate

Ly—opaque, Data: L.C.Johnson
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4.6 Reaction2.1.8 H" + ¢ — H(1s)

Effective hydrogenic recombination rate Data: K. Sawada, T.Fujimoto, radiative + three-body
contribution, [7] Junel7: Fit range extended from 0.1 — 1e3 to 0.1 — 2e4

T-Ind

T-Ind

T1IMIN
TIMAX =
N2MIN =
N2MAX =

Max.
Mean

E-Index: 0
T-Index:

W dJo s WN RO
| | | | |
PR o R RN aN

.858858570847D+01
.676413320499D-01
.823851790251D-03
.062884273731D-02
.582701550903D-03
.938012790522D-04
.041794354114D-06
.742316850715D-06
.384927774988D-07

E-Index: 3

ex:

O J oy U b W DN BEP O
| | | | |
NP P WoRFEP WwWwWwWw

.843362133859D-03
.828555048890D-03
.711328186517D-03
.005744410540D-03
.250304936976D-04
.746423753955D-05
.232549226121D-05
.774935420144D-06
.591743182569D-08

E-Index: 6

ex:

O J oy U W N B O
|
w

R PN O

rel.
rel.

Error:
Error:

.063529824805D-06
.932701779173D-06
.508046989099D-06
.431181498017D-07
.682709551169D-07
.144767938783D-08
.746804724917D-09
-1.
6.
.10000D
.00000D
.00000D
.00000D

386720240985D-10
459706573699D-12
00 EV

04 EV

08 1/CM3

16 1/CM3

0.931E+01
0.745E+00

o)
)
%

.068671746773D-02
.278006032590D-02
.907812518731D-03
.010719783828D-02
.794099401979D-03
.148453735781D-04
.421502819671D-04
.595051038326D-05
.664673433879D-07

.411492158905D-04
.627770385335D-04

6.617485083301D-04
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.013652422369D-04
.224891301052D-05
.509176112468D-06
.394562183496D-06
.187584251561D-07
.008790343319D-09

.026539277057D-07
.176872895577D-07
.723423509284D-07
.457903389784D-08
.035928615391D-08
.367897014044D-09
.564291012995D-10
.946206688519D-11
.510729582791D-13

.868331504755D-03
.870326896978D-02
.121251125171D-02
.208412930611D-03
.024796037098D-03
.393285358049D-05
.143879076080D-05
.858419208668D-06
.886857762387D-07

.273687892997D-05
.401007253801D-07
.860774445002D-05
.044691594727D-06
.546853961575D-06
.688365258514D-07
.434833988001D-08
.327090702659D-08
.805837071646D-10

.373940838104D-09
.215851843121D-09
.805361431741D-09
.374639775683D-10
.325312585168D-10
.250111099227D-11
.551708197610D-12
.745422385081D-13
.680871303639D-14



Effective (CR) hydrogenic recombination rate coefficient
Reiter/Savada/Fujimoto

<sigmav_e>(Tenne) (e+)e+p——> (e +)H(T) + hv

ne/cm 2
o 1.00D+16
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4.7 Reaction2.1.8a H* +e¢ — H(1s) + hv

Effective hydrogenic recombination rate coefficient, cm? /s
Data: L.C.Johnson, radiative contribution only

E-Index: 0

T-Index:

O J oy U b W DN P O
| | | | | |
N NP DNDDD W 9N

.861779556590D+01
.251997071478D-01
.735023322687D-02
.557752804131D-03
.777882255016D-04
.060295404466D-05
.593238392469D-05
.116580756634D-06
.665990100168D-08

E-Index: 3

T-Index:

0 ~J o0 WN PO
| [ [
N O PN DN P D

.509415260040D-04
.882306456891D-03
.616958968739D-04
.817237174744D-04
.567488387292D-05
.064805149480D-05
.915213917257D-06
.120846201882D-07
.495214914834D-08

E-Index: 6

T-Index:

O J oy U b W DN O
N

N2MIN =
N2MAX

I
e

rel.
rel.

Max.
Mean

Error:
Error:

.160186631232D-07
.404834497087D-06
.383106368091D-07
.365654551356D-07
.326992940046D-08
.668079133507D-09
.302393677822D-09
.373095178045D-11
-1.
.00000D 08 1/CM3
.00000D 16 1/CM3

588254701759D-13

2.5215 %
0.1955 %
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.786166918005D-02
.210966054964D-03
.112517426840D-03
.558966107388D-03
.329932857673D-05
.283711654633D-04
.705503401064D-05
.854172456142D-06
.400789118322D-07

.095459017274D-05
.983133042462D-04
.459332810644D-05
.407815167942D-05
.495787235165D-06
.498776433806D-07
.346609397503D-07
.663728215333D-08
.678484130657D-09

.564986067995D-09
.280839994482D-07
.133352004945D-08
.428350791171D-08
.208089550616D-10
.018554043516D-10
.169013613822D-11
.314457229158D-12
.226345218681D-13

.391553337864D-04
.550251497787D-03
.077863345492D-03
.037331531958D-03
.096331766957D-04
.312311894769D-05
.407235857913D-05
.662392026941D-06
.008951470934D-07

.660309928918D-06
.851835293564D-05
.635308675130D-06
.646017350681D-06
.261076273040D-07
.199087596048D-07
.912753691671D-09
.474221162308D-09
.170138331019D-10

.969815025786D-10
.982839967575D-09
.872491728981D-10
.522153346435D-10
.989979386039D-11
.766578964142D-12
.783762758524D-13
.791677504810D-14
.329402447113D-15



(cm**3/s)

<sigma*vrel>(Te,Ne)

-1

Effective hydrogenic rad. recombination rate
Data: L.C.Johnson
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4.8 Reaction2.1.8b H" +ec+e— H(ls)+e

Effective hydrogenic recombination rate coefficient, cm? /s, i.e. one of the two electron density

factors is already included.

Data: L.C.Johnson, three-body contribution only

E-Index: 0

T-Index:

.138669506796D+01
.417925704352D+00
.966595205668D-02
.739310162323D-03
.342474842019D-03
.784959334108D-05
.481473746256D-05
.022022778586D-06
.059584647842D-07

O J oy U b WDNBEP O
| | | | | | |
R w N weEDNDwRER W

E-Index: 3
T-Index:

|
w

.195165302392D-02
.076861794558D-02
.233942643372D-02
.028223463613D-03
.343906483582D-03
.739582951694D-04
.646781534504D-06
.231117608526D-06
.668808712577D-07

|
DWW

O J oy U W DN B O
| |
DO 01D

[

E-Index: 6

T-Index:

3.390872601321D-05
2.260490762610D-05
-3.105931750375D-05
—-2.695731962799D-06
.406464134420D-06
—-4.195355464733D-07
3.574490849965D-09
7.775072659869D-10
2.251635634963D-11
.00000D 08 1/CMS3
.00000D 16 1/CM3

O J oy U b WDNBEPE O
w

N2MIN =
N2MAX =

| |
o

rel. Error:

rel.

Max. 6.0738 %
Mean Error: 0.8731 %

145

.558074094965D-01
.066708008069D-01
.064506076088D-01
.071195586887D-02
.404239147230D-02
.130406018949D-03
.906534460063D-05
.227016198396D-05
.895982135096D-07

.993840007093D-03
.170778601878D-03
.730070151158D-03
.775275129877D-04
.330672175437D-04
.301568592793D-05
.443082582766D-07
.309570737001D-07
.180052385585D-08

.817548467947D-07
.312960958760D-07
.954284624235D-07
.604944938198D-08
.840559993869D-08
.130977058144D-08
.342693823216D-10
.164660123508D-11
.743444984134D-12

.547564538159D-02
.912699543671D-02
.185507688379D-02
.158499493255D-02
.282799910712D-02
.795433974878D-03
.381082887635D-07
.250237920569D-05
.420516699864D-07

.049665420516D-04
.681886539105D-04
.639470554955D-04
.927342203251D-05
.737562862785D-05
.339289670874D-06
.567269449835D-08
.235798707450D-08
.047870711900D-09

.135964925849D-08
.417913806532D-09
.053605286933D-08
.081951853519D-10
.088416616843D-10
.314879735454D-10
.186584611296D-11
.575223043337D-12
.336979510479D-14



(cm**3/s)

<sigma*vrel>(Te,Ne)

Effective hydrogenic threeb. recombination rate

Data: L.C.Johnson

L1

=

RS

L1

=

191

g /(/3

b

s

10!

10°

10" 1072

10°

Electron Temperature (eV)
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10*

x 0 O X O

ne/cm ~3

1.00D+16
1.00D+14
1.000+12
1.00D+10
1.00D+08



4.9 Reaction2.25e+ Hy e+ H+ H

H2 multi-step model

Data: K. Sawada/Fujimoto ,[7]
coupling to reservoir of H (1), Hy, Hy , H (“transported” species)
H, is in vibrational ground state v = 0, and the electronic levels in the molecules as discussed
in [7] are taken into account.

E-Index
T-Index:

O J oy U b W N B O
| | | | |
Wk P O > O DN

E-Index
T-Index:

O J oy U b WDNBEP O
| | | | |
N P NNEDND O DN

E-Index
T-Index:

O J oy U W N B O

-1
.000
.000

N2MIN =
N2MAX =

| |
=

Erro
Erro

rel.
rel.

Max.
Mean

: 0

.748251723699D+01
.032713102402D+01
.042872981718D+00
.608638174175D+00
.314430346833D-01
.436567726730D-02
.384992697339D-02
.132016190295D-03
.842014088368D-05

: 3

.360275829176D-07
.986004995584D-04
.292894496252D-03
.327238099803D-04
.484715070595D-04
.711527657525D-04
.084393307530D-05
.221455182210D-06
.476534052706D-07

: 6

.276219304407D-07
.483657661440D-06
.892758625724D-06
.553010173585D-06
5.102144895277D-07
.597547413556D-07
.214084295485D-08
.346287938920D-10
.931319268617D-10

00D 08 1/CM3
00D 16 1/CM3

r: 1.7118 %
r: 0.4517 %
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.245554722385D-04
.288853521030D-04
.836621770958D-03
.261120000328D-03
.545622758573D-04
.330555462733D-04
.154637596963D-06
.288164830284D-05
.171737695451D-06

.352410977770D-05
.488915435909D-04
.905449411133D-04
.128634474527D-04
.842155320136D-05
.637820737985D-05
.401855723043D-06
.231445161484D-09
.367686347533D-08

.656742885479D-08
.231689914639D-08
.174418148176D-07
.703323705313D-08
.321199392340D-08
.256194712004D-09
.485492350310D-10
.497501425175D-11
.102276313210D-12

.978103958861D-04
.899568733097D-04
.043912367565D-03
.887422712154D-03
.288308305238D-04
.941114594575D-04
.704571960637D-05
.769128981290D-06
.017007769431D-07

.997866180134D-06
.064670043755D-05
.788502709678D-05
.509788157193D-05
.186008058267D-06
.163286478680D-06
.247464789742D-07
.993216378891D-09
.869160964443D-09

.414039859152D-10
.056262049968D-10
.927933996765D-09
.371568383284D-10
.255457918971D-10
.040875802194D-10
.766340477990D-12
.502198014796D-12
.872646131609D-13



Rate, H2 + e —=> H2+ + e —> H + H + e, (Sawada/Fujimoto)

Eff. Diss.

10

10

10

10

10

10

Effective Dissociation Rate H2 ——>H + H
with or without (red) electronic excitation
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107! 100 10" 107

Electron Temperature (eV)
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10°

ne/cm ~

*» & 0O XO

Rate, H2 + e —> H + H + e, (Janev)

Diss.

3

1.00D+16
1.00D+14
1.00D+12
1.00D+10
1.00D+08



4.10 Reaction 2.2.5g¢e+ Hy, e+ H+ H

H2 multi-step model, data: Sawada/Fujimoto/Greenland. H (1), Ho, H,, HT transported (slow
species). The Hy(v) are in vibrational equilibrium (depends only upon 7}), and the electronic
levels in the molecules as discussed in [7] are taken into account. CX losses from vibr. distri-
bution are computed assuming 7. = T;, n. = n,, and an energy of H-Beam =0.1 eV.

E-Index: 0

T-Index:

O J oy U b W DN P O

| [ | |
ANN R RP P O N

.702372540584D+01
.081756417479D+01
.368872027676D+00
.340684229143D+00
.561644923145D-01
.444731533894D-04
.117693926546D-03
.143738340207D-04
.979740947331D-06

E-Index: 3

T-Index:

O J oy U b W N B O

| [ [
N W I DD J0 b Ww

.151252835426D-03
.689911797083D-03
.532963297450D-03
.032769815599D-04
.103305795473D-03
.092094838648D-04
.297053580368D-06
.819368125069D-06
.099830142707D-07

E-Index: 6

T-Index:

O J oy U b W DN HEHE O

TIMIN
T1MAX
N2MIN
N2MAX =

Il
R P o

Max. rel.

Mean rel.

-1.

.10000D 0O
.00000D 03
.00000D 08
.00000D

Error:
Error:

.222557542845D-06
.983066081752D-06
.695536960581D-05
.746786010618D-06
.757111870171D-08
.762651912129D-07
.191700327811D-09
.437490161488D-09

113483084607D-10
EV

EV

1/CM3

16 1/CM3
11.6439 %
2.6169 %

149

1

.152103191633D-03
.487216964825D-02
.419787589654D-03
.058157580038D-02
.847438570333D-03
.194532513126D-04
.679309814780D-04
.539232757385D-05
.462031952352D-06

.457309144890D-04
.180338663163D-04
.196705622859D-03
.427959286553D-04
.476712517858D-04
.339352509941D-05
.454171585421D-06
.754063159414D-07
.606862169776D-08

.160024578659D-07
.207639762507D-08
.737375510694D-07
.182085196303D-07
.130014050833D-09
.357860444624D-09
.052366968228D-11
.172308568891D-11
.859777100010D-12

.990692171729D-03
.417396532101D-02
.747268613395D-02
.446019122786D-03
.571477356851D-03
.987368098475D-04
.037559373832D-04
.909399233821D-05
.858634506391D-07

.238664007853D-05
.502798587526D-05
.611447288152D-04
.370484189164D-05
.461162952132D-06
.009328699469D-06
.251616910293D-07
.441872829462D-08
.039813579349D-09

.028755759836D-09
.116339335271D-10
.940900078995D-09
.264045809897D-09
.234996157750D-10
.857322587267D-11
.567738654108D-12
.104905484620D-12
.909099891913D-14



Eff. Diss. Rate, H2 + e => H2(v,x) + e =—>H + H + e

10

10

10

10

10

Effective Dissociation Rate H2 ——>H + H
with or without (red) vibr. and elect. excitation

1]

&

et

100 10" 107

Electron Temperature (eV)

150

10°

*» & 0O XO

ne/cm ~3
1.00D+16
1.00D+14
1.00D+12
1.00D+10
1.00D+08

Diss. Rate, H2+ + e => H + H + e, (Janev)



411 Reaction2.29 ¢+ Hy — 2e + Hy
E-Index: 0 1
T-Index:
0 -3.574773783577D+01 3.470247049909D-01
1 1.769208985507D+01 -1.311169841222D+00
2 -8.291764008409D+00 1.591701525694D+00
3 2.555712347240D+00 -8.625268584825D-01
4 -5.370404654062D-01 2.375816996323D-01
5 7.443307905391D-02 -3.322214182214D-02
6 -6.391785721973D-03 1.862554278190D-03
7 3.001729098239D-04 3.497202259366D-05
8 -5.607182991432D-06 -5.779550092391D-06
E-Index: 3 4
T-Index:
0 1.959576276250D-03 2.479361119190D-03
1 -5.521175478827D-02 -2.689651616933D-03
2 9.160898084105D-02 -4.770789631868D-03
3 -3.686525285376D-02 1.945480608139D-03
4 1.732469114063D-03 3.693513203529D-04
5 1.723053881691D-03 -2.096625925098D-04
6 -3.547150770477D-04 1.392157055273D-05
7 2.296551698214D-05 2.357520372192D-06
8 -3.040011333889D-07 -2.361542565281D-07
E-Index: 6 7
T-Index:
0 -1.862956119592D-05 1.669867158509D-06
1 -2.920560755694D-05 -3.148831240316D-07
2 -7.511552245648D-06 1.089689676313D-06
3 4.836340453567D-06 -4.165748666929D-07
4 2.727501534044D-06 -1.081027384449D-07
5 -1.041586202167D-06 6.928574330531D-08
6 1.513510667993D-08 -9.915499708242D-09
7 2.223137028418D-08 3.340169309800D-10
8 -1.771478792301D-09 1.334615260635D-11
N2MIN = 1.00000D 08 1/CM3
N2MAX = 1.00000D 16 1/CM3
Max. rel. Error: 3.1001 %
Mean rel. Error: 4740 %

151

.683166540937D-02
.700486215943D-01
.814996025336D-01
.612076696684D-01
.165908778170D-02
.351235556666D-03
.540632467396D-03
.742029226138D-04
.495742927455D-06

.196632952666D-04

7.308915874002D-04

.994775632224D-05
.690918356665D-05
.931268184607D-05
.358575558294D-05
.047463944093D-06
.306085513950D-07
.655056080262D-08

.673736278200D-08
.514856386324D-08
.920863498031D-08
.265898224345D-09
.420509440644D-09
.746656185835D-09
.298173891188D-10
.560542889504D-11
.831564719957D-13



Eff. lonis. Rate, H2 + ¢ —> H2*x + e —> H2+ + 2e

10

10

10

10

10

10

Effective lonisation Rate H2 ——> H2+

with or without (red) electronic excitation
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Electron Temperature (eV)
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ne/cm ~3
1.00D+16
1.00D+14
1.00D+12
1.00D+10
1.00D+08

*» & 0O XO

lonis. Rate, H2 + e —> H2+ + 2e, (Janev)



4.12 Reaction2.2.10e+ Hy —2¢+ H + H*

E-Index: 0

T-Index:

O J oy U b W DN BEP O

| | | |
N i I SR \C R OV I o O8]

.793749300315D+01
.280249398154D+01
.778148553140D+00
.499987501522D-01
.480574522949D-01
.960628182831D-02
.709129400742D-02
.435304503973D-03
.808639828229D-05

E-Index: 3

T-Index:

O J oy U b W N B O

| | | |
[ S S SRV S Y SR o'

.803945197107D-02
.305597441611D-01
.425165688158D-02
.934702707539D-03
.229222932630D-03
.192181214757D-04
.700396064727D-04
.507288189894D-05
.077314971617D-06

E-Index: 6

T-Index:

O J oy U b WDN P O

TIMIN =
TIMAX =
N2MIN
N2MAX

R = 2o

Max. rel.
Mean rel.

Error:
Error:

.942314738448D-04
.167471002157D-04
.279124955373D-04
.339115778704D-05
.758032156912D-08
.217600444191D-06
.572135289627D-10
.613600078122D-08
.804377780165D-09
.05000D
.00000D
.00000D
.00000D

00 EV
03 EV
08 1/CM3
16 1/CM3

1.2041
.4804

o° o

153

.333162972531D-01
.028969438485D+00
.415561059533D+00
.032922656537D+00
.372934216955D-01
.092652428162D-01
.574889001363D-02
.203823111704D-03
.761591649539D-05

.205180180735D-02
.408439821910D-02
.028424685287D-02
.450845732158D-03
.281410519553D-04
.310636556641D-04
.502644504654D-06
.077975735212D-06
.950247963978D-07

.597388255594D-06
.070920193931D-05
.197224564797D-06
.135848413694D-06
.270955072707D-08
.624263301602D-08
.269190108005D-10
.263175463927D-10
.031847199601D-11

.849601203843D-01
.271855492638D-01
.928509524911D-01
.580288004759D-01
.448433196301D-02
.782307798975D-02
.865310743302D-03
.350465388313D-04
.490531472388D-06

.852568161901D-03
.591924060066D-03
.042376564749D-03
.716646876513D-04
.946235618034D-05
.492990725967D-05
.297869416435D-07
.748299687254D-07
.569729600929D-08

.798544848606D-08
.408139742113D-07
.130682076163D-07
.072223247387D-08
.100087131523D-09
.139167092128D-10
.666090917669D-11
.509179497022D-12
.416020205748D-13



Eff. Diss. Rate, H2 + e —> H2*x + e —>H + H+ + 2¢
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10

10

Effective Dissociation Rate H2 ——> H + H+
with or without (red) electronic excitation
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10°

ne/cm ~3
1.00D+16
1.00D+14
1.00D+12
1.00D+10
1.00D+08

*» & 0O XO

Diss. Rate, H2 + e —> H + H+ + 2e, (Janev)



413 Reaction2.211e+ Hf —2e+ H"+ H*

E-Index: 0

T-Index:

.708803769397D+01
.561780529774D+01
.874406034117D+00
.010540060675D+00
.614768906120D-01
.956861321735D-02
.662490252868D-04
.543571865464D-04
.827109843671D-05

O J oy U W NP O
| | | |
P W wowbdDdDwbhhor w

E-Index: 3

T-Index:

.496843022778D-03
.026956102747D-02
.306107197863D-03
.388146990238D-03
.523935993991D-04
.433179945503D-05
.444863591678D-06
.235585096328D-06
.141065080107D-07

O J oy U b WP O
| | | |
U1 U1 oy W o NN RE O

E-Index: 6
T-Index:

-1.160738946400D-05
1.084177127603D-05
-2.094907364150D-06
-3.080798536641D-06
.138888354831D-06
1.375679100044D-08
-2.855068942744D-08
-3.656048425230D-10
3.128313515842D-10
.00000D 08 1/CM3
.00000D 16 1/CMS3

W J oy U WN O
=

N2MIN =
N2MAX =

| |
o

rel. Error:

rel.

Max.

1.0209 %
Mean 4 %

Error: 0.316

1

.784233987341D-02
.673256230592D-02
.782929961315D-03
.226785148562D-03
.710098881765D-03
.524443504504D-04
.548556801431D-04
.662969089421D-05
.179895716088D-06

.420590818760D-03
.999561527383D-03
.029222834436D-04
.018901320009D-04
.751295192861D-04
.450208898992D-06
.566028729499D-06
.779667826854D-07
.734387173369D-08

.148222302162D-07
.671800995803D-07
.682907060010D-08
.864770315002D-08
.256303793266D-08

4.863880510459D-10

155

.081804811000D-10
.759866326965D-11
.061842444216D-11

.200361272130D-03
.743322772895D-02
.888773684846D-03
.181192193854D-03
.045814599796D-03
.457951062112D-05
.417215042439D-05
.471117766355D-05
.432429412413D-06

.703620321164D-04
.043607814503D-04
.932152471491D-05
.520233512352D-05
.944203941844D-05
.447566480782D-07
.152486680818D-07
.139729421817D-08
.163336831045D-09

.007853385325D-09
.093182411476D-09
.320752545610D-10
.357395371638D-10
.501794038444D-10
.004374374556D-11
.512865901179D-13
.486151370215D-12
.771099769640D-13



Effective Dissociation Rate H24+ ——> H+ + H+

with or without (red) electronic excitation
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414 Reaction2.2.12¢+ H e+ H+ H*"

Effective dissociative excitation of Hy to H and H', including the component ¢ + H) —
H + H* — H + H* from dissociative recombination of H; with excited products.

E-Index: 0
T-Index:

-1.793443274600D+01
.236108757681D+00
.620018994703D-01
.353922258965D-01
.580381801957D-01
.697880687685D-02
.521914651109D-02
.406276368070D-03
.219469579955D-04

W Jo U WN RO
| | [
PN R RS WwN

E-Index: 3

T-Index:

.375935166008D-02
.407846563362D-02
.939045440424D-03
.179504564265D-02
.346709597939D-03
.017151690655D-04
.372576223034D-04
.877659148871D-05
.779210878533D-06

O J oy O b W N B O
| | | | | |
N DN W oD

E-Index: 6

T-Index:

6.600342421838D-05
-4.508284363534D-05
-3.975028601900D-06
1.018080238045D-05
.410778344979D-06
5.523273241689D-07
-4.604769733903D-08
1.309772899670D-09
3.753875073646D-11
.00000D 08 1/CM3
.00000D 16 1/CM3

O J oy U b W DN O
|
w

N2MIN =
N2MAX

I
e

Error:
Error:

rel.
rel.

Max.

15.8263 %
Mean %

3.9031

157

1

.932783688604D-02
.545406018621D-02
.721527680150D-02
.051033606589D-02
.493654957203D-03
.106675963900D-03
.527862162788D-04
.971361856278D-05
.785505675232D-06

.196691651936D-03
.192521304984D-03
.263195867947D-04
.091772760029D-03
.711870134835D-04
.209239389357D-05
.018561480848D-05
.477358351729D-06
.720379996058D-07

.198466460165D-06
.282824614809D-06
.322116289258D-07
.597941866088D-07
.120460603822D-08
.130508249251D-08
.867910270430D-09
.072907334230D-10
.024906665497D-11

.039088280849D-01
.160421006835D-01
.564387124002D-02
.512861172521D-02
.601970998119D-02
.521983358170D-04
.095551479381D-04
.760978402353D-04
.858840337511D-06

.043378648769D-03
.200277386433D-04
.034216805418D-05
.991100044575D-04
.542066727545D-05
.598119096817D-06
.365255868731D-06
.541106430252D-07
.110289928486D-08

.004145701249D-08
.474719350236D-08
.381217154470D-09
.524118386011D-09
.412295474522D-10
.319099650589D-10
.357779142836D-10
.074669430611D-11
.075990572574D-12



H2+ + e —> H+ H+

Eff. Diss. Exc. Rate Coef.,

Effective Dissociative Exit. Rate Coeff. e + H24+ ——> H + H+

e with or without (red) electronic excitation
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415 Reaction2.2.14ec¢+ Hf - H+ H

Effective dissociative recombination of Hy to H and H, subtracting the ionising component
e+ Hf — H+ H* — H + H™ from dissociative recombination of H; with excited products.

E-Index: 0

T-Index:

W Jo U WN RO
| | |
I N

-1.
-6.
.494812032769D-04
.632894866655D-04
.234142549752D-05
.504085050039D-05
.113923667684D-05
.843926162250D-06
.864173150662D-08

664335253647D+01
005444031657D-01

E-Index: 3

T-Index:

O J oy O b W N B O
| [
W J b 0oy NN D

.477000808690D-02
.188304031377D-02
.659255785539D-04
.233169775063D-04
.412764282779D-04
.310324781249D-05
.026487801017D-05
.324021449032D-06
.270530731011D-07

E-Index: 6

T-Index:

O J oy U b W DN O
IS

N2MIN =
N2MAX

I
e

rel.
rel.

Max.
Mean

Error:
Error:

.987743820637D-05
.059940013116D-05
.067651560323D-06
.465256901322D-06
.776213235854D-08
.303384352061D-07
.638198230235D-08
.143164983367D-09
-1.
.00000D 08 1/CM3
.00000D 16 1/CM3

925258267827D-10

3.3331
0.3010

[
°
o)

)

P NP P W J > o

|
N
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1

.953780953631D-02
.063933992726D-02
.884508616595D-05
.108116177617D-04
.316311320262D-03
.315865970237D-04
.711411525392D-05
.663674537499D-06
.212261708468D-07

.729945434357D-03
.201085606791D-03
.907115980400D-04
.869415236037D-04
.048891053765D-04
.831888048039D-05
.289324474240D-06
.431739868187D-06
.282085521177D-08

.842957892768D-06
.930213882205D-06
.325689465590D-07
.136296167564D-07
.380537343974D-08
.551627097700D-08
.235540606394D-09
.151595003971D-10
.217474167519D-12

2

.056411030518D-01
.753947846841D-02
.688007562485D-04
.521552580917D-04
.643509328764D-03
.025653773999D-04
.495922363727D-05
.308069926896D-05
.431749501051D-07

.174456882002D-03

6.866340394051D-04

.434324710145D-05
.329991211511D-05
.018555173322D-06
.423755373077D-06
.911447036702D-07
.085644779665D-07
.578253567957D-09

.104508608435D-08
.963966822809D-08
.212493073620D-09
.873085368404D-09
.199397846492D-10
.809391819541D-10
.605442050634D-11
.052562220005D-12
.364754029318D-13



—> H+H

Eff. Diss. Rec. Rate Coef., H2+ + ¢ —> H+Hx
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ne/cm ~
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3

1.00D+16
1.00D+14
1.00D+12
1.00D+10
1.00D+08



4.16 Reaction 2.3.9a e + He(1s?1S) — e+ He'(1s) + e

Helium multi-step model, here ionization, Eth=24.56 eV
Fujimoto Formulation II, meta-stable unresolved, (only ground level transported, no meta-
stables kept explicit), [20]

E-Index: 0

T-Index:

O J oy U b WDNBEP O
| | | | |
~ W 0P J Wk N D

.227118452798D+01
.411668100975D+01
.203181133667D+01
.829444688521D+00
.945839257175D-01
.054334178555D-01
.578643565653D-03
.886232727181D-04
.487575233223D-06

E-Index: 3

T-Index:

O J oy U W DN BEP O
| | | | |
~ P, oD RPN D

.910721979375D-02
.367924962508D-02
.904887727240D-03
.087493205419D-03
.821927325759D-04
.901574689672D-05
.184111347149D-06
.536214841434D-06
.832095176637D-08

E-Index: 6

T-Index:

O J oy U b WDNBEP O
D

N2MIN =
N2MAX =

| |
o

Max. rel.
Mean rel.

Error:
Error:

.657512355348D-04
.170902182939D-04
.972728027860D-05
.595144154431D-06
.714656637197D-07
.266603603049D-08
.123383037275D-09
-1.
2.
.00000D 08 1/CM3
.00000D 16 1/CM3

853674996294D-10
565598443992D-11

1.4966 %
L1241 %

.294554451998D-01
.121999208281D-02
.998282970932D-03
.546414073266D-02
.493597874850D-02
.338821244147D-03
.689202603525D-04
.180805123476D-05
.582977433740D-06

.454047282438D-02
.488392041366D-03
.390948585334D-04
.469192206896D-04
.269264854581D-05
.350490312899D-06
.153919327151D-07
.632601398517D-07
.586974774950D-09

.161429564793D-06
.410479245308D-06
.779440219801D-07

6.311039124056D-08

161

.433462923993D-08
.049435558339D-10
.095960078746D-10
.342166707999D-14
.994625098807D-13

.433979538052D-02
.052570160482D-02
.819919193060D-03
.654490306111D-03
.018320076497D-03
.483560478208D-04
.084162487421D-05
.125453787291D-05
.413792107083D-07

.178105605879D-03
.452752408581D-03
.844484422285D-04
.715538155590D-05
.937518354028D-06
.414167358057D-07
.797435455934D-08
.948177075796D-09
.739076170810D-10

.910615590909D-08
.297315949647D-08
.033814145233D-08
.485989166680D-09
.307423532159D-10
.807796193572D-11
.109801608123D-14
.184569645146D-14
.124048804450D-15



<sigmaxvrel>(Te,ne) (cm=**3/s), lonisation
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4.17 Reaction 2.3.9b ¢ + He(1s*1S;7) — e+ He(1s) + e

Eth=24.588 eV Fujimoto Formulation I (meta-stable resolved, i.e., ground level and 2 meta-
stable levels transported) [20]

E-Index: 0

T-Index:

O J oy U b W NP O

| | | | |
O b O P 00 Wk N D

.465926038712D+01
.525835077281D+01
.209203690110D+01
.800524426932D+00
.039502806290D-01
.113782505171D-01
.620115283603D-03
.684217843660D-04
.803749599678D-06

E-Index: 3

T-Index:

O J o U b W DN O

|
N

.206249637969D-02
.756327901158D-02
.019270415903D-03
.216174535037D-04
.469571845580D-04
.895504949459D-05
.228789754131D-05
.331783826572D-06
.228344440471D-08

E-Index: 6

T-Index:

O J oy U b W DN BEP O

N2MIN = 1.
N2MAX = 1.

Max. rel.

Mean rel.

.557492713615D-04
.285196169828D-05
.284093049142D-06
.430360191467D-07
.318791946233D-07
.266320143919D-08
.748617077019D-09
.781196082881D-10
.391497281895D-11

00000D 08 1/CM3
00000D 16 1/CM3

Error:
Error:

1.3886 %
.1520 %

163

.779089377769D-01
.615923725584D-01
.546508612886D-01
.050334429568D-01
.383460807262D-02
.736570987242D-03
.170152671250D-04
.993567258600D-06
.872558504737D-07

.857913019533D-02
.553859741475D-03
.079717185636D-05
.789202918039D-04
.672662632973D-05
.915856648703D-06
.775942493726D-07
.482200586084D-08
.047078160211D-09

.412603196390D-06
.363737361863D-06
.768704515392D-07
.771887920734D-08
.208524419469D-08
.383189536291D-09
.897621201127D-10
.279614523560D-11
.495486439356D-12

.924882766567D-01
.317375998510D-01
.865271188617D-02
.534747997056D-02
.453115299067D-03
.204111477713D-04
.499825475516D-05
.064004864288D-06
.052211397578D-07

.303280474362D-03
.078039556264D-04
.971883028916D-05
.652901470795D-05
.283809863879D-06
.080542155973D-06
.600949456643D-08
.023300632995D-09
.325236965794D-11

.592974771773D-08
.748123629849D-08
.149600770688D-09
.535086119528D-09
.011210049359D-09
.132832454025D-10
.405513953940D-13
.119815491934D-13
.587685854804D-14



-7

Effective lonisation and Excitation Rates for
Helium Atoms in Ground Level (1]1S), Formulation |
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4.18 Reaction 2.3.9c ¢ + He(1s%1S;r) — e + He(1s'25'18;7)

Eth=20.614
E-Index: 0
T-Index:
0 -4.046178452435D+01
1 2.021782349890D+01
2 -9.976409627529D+00
3 3.121941621264D+00
4 -6.605740116932D-01
5 9.314429433629D-02
6 -8.331619915042D-03
7 4.255343291630D-04
38 -9.415940442146D-06
E-Index: 3
T-Index:
0 9.966974050192D-03
1 -1.789108699037D-02
2 1.099110619333D-02
3 -4.067150951400D-03
4 5.821208934666D-04
5 -1.693003577039D-05
6 -3.496132235049D-06
7 4.015715517122D-07
8 -1.496923652893D-08
E-Index: 6
T-Index:
0 -1.262053793968D-05
1 4.628208806209D-06
2 3.397787872961D-06
3 -7.637600844108D-07
4 1.543470779365D-07
5 -1.466182203352D-08
6 -1.132975723190D-09
7 1.178546445834D-10
8 2.346036357946D-12
N2MIN = 1.00000D 08 1/CM3
N2MAX = 1.00000D 16 1/CM3
Max. rel. Error: 1.9207 %
Mean rel. Error: 5914 %

165

.793780023801D-02
.168151009006D-02
.203017486249D-02
.252368776384D-02
.971710032974D-03
.237053221067D-03
.280998359531D-04
.951439218420D-06
.158374132954D-07

.925058189572D-03
.499301042347D-03
.123236352791D-03
.169742301105D-04
.623802427724D-05
.195524273463D-06
.607387051093D-07
.690887808842D-08
.594682285097D-09

.055587151672D-07
.791547274449D-08
.546734368181D-07
.190678272390D-08
.154851629261D-08
.285294206745D-10
.492076232833D-11
.482775463755D-12
.268745663823D-14

.636827236275D-02
.137459348454D-02
.594744469839D-02
.838136188172D-02
.491501531484D-03
.539330238278D-04
.164671094364D-05
.965320643996D-07
.212346927674D-08

.074618402408D-04
.708164459820D-04
.768319881512D-05
.424941738587D-05
.865908638099D-07
.451445678475D-07
.643851478727D-08
.045934897132D-09
.399655571965D-10

.348263576276D-09
.554662311089D-09
.048596843802D-09
.515996656096D-09
.413115266566D-10
.706462195600D-11
.972506213491D-13
.122149685044D-14
.995604762061D-15



<sigmaxvrel>(Te,ne) (cmxx3/s), (1]1S) ——> (2|1S9)
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Effective lonisation and Excitation Rates for
Helium Atoms in Ground Level (1]1S), Formulation |
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4.19 Reaction 2.3.9d ¢ + He(1s*1S;7) — e + He(1s'25'3S5;7)

Eth=19.818 eV

E-Index: 0

T-Index:

O J o U b W DN O

| | | | |
< W od N O W

.886266644950D+01
.929521258283D+01
.046404053855D+00
.673018107253D+00
.548107653535D-01
.774830542594D-02
.848256427157D-03
.400854043835D-04
.262673007156D-06

E-Index: 3

T-Index:

O J oy U b W DN P O

|
[y

.394808572685D-03
.082410659623D-03
.932730590755D-02
.586337950327D-03
.158501813724D-04
.830357834958D-04
.610671874389D-05
.223198907867D-07
.418436717966D-07

E-Index: 6

T-Index:

O J o U b W DN O

N2MIN
N2MAX

([l
e

Max. rel.

Mean rel.

Error:
Error:

.338147384862D-05
.572144633422D-05
.751189894835D-05
.072392282940D-05
.703111011170D-07
.376224572390D-07
.123916588197D-08
.438015393047D-11
.609576897508D-11
.00000D 08 1/CM3

.00000D 16 1/CM3
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.019809942099D-04
.357936604103D-02
.666192442035D-02
.398928491802D-01
.465434423573D-02
.905817901709D-02
.528446995280D-03
.673888466652D-04
.357192276102D-06

.302054032826D-03
.797507874605D-04
.819861355501D-03
.674705131468D-03
.916139470987D-05
.090178740450D-05
.317822457225D-07
.349863908454D-07
.344143189525D-08

.944420378156D-07
.949713883471D-07
.205285676422D-06
.817775426074D-07
.610054978455D-08
.158742833521D-09
.342964777517D-10
.825944427401D-11
.649053786615D-12

.884086339705D-03
.328300789738D-02
.474654335859D-02
.218710988103D-03
.179392922571D-02
.638331146570D-03
.700217870527D-04
.614365787435D-05
.506225745622D-07

.826711561551D-04
.904140538432D-04
.211677015176D-04
.745859315455D-04
.470261758484D-06
.905940657585D-06
.937506973332D-07
.893279869199D-08
.438361820942D-09

.274738213340D-09
.661413444821D-09
.596181856159D-08
.941731934892D-09
.257685434225D-09
.256374221221D-10
.534904955517D-11
.724540860429D-12
.205443362599D-14



<sigmaxvrel>(Te,ne) (cmxx3/s), (1]1S) ——> (2|3S)
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Effective lonisation and Excitation Rates for
Helium Atoms in Ground Level (1]1S), Formulation |
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4.20 Reaction 2.3.9e ¢ + He(1s'25115;7) — e+ He(1s%1S;7)

Exotherm by -20.614 eV

E-Index: 0

T-Index:

O J o U b W DN B O

| | | |
N PR oY

.206284357030D+01
.001413279976D-01
.586400083695D-02
.305941229397D-02
.769150254942D-02
.649142451670D-03
.286216360493D-04
.081890897336D-05
.194368384994D-07

E-Index: 3

T-Index:

O J oy U b WDN PP O

| | | |
W J o O U 0N

.236104074143D-02
.565930009734D-02
.258334121198D-02
.956902121898D-04
.678513919575D-04
.155083108892D-05
.973643720110D-06
.315416774742D-07
.205208905129D-08

E-Index: 6

T-Index:

O J oy U W NP O

N2MIN = 1
N2MAX = 1.

Max. rel.
Mean rel.

.798849551595D-05
.343654833533D-05
.235336841503D-05
.609090338780D-07
.584672975523D-09
.899977333096D-08
.956007021108D-09
.464346448050D-10
.334367936705D-11
.00000D 08 1/CM3

00000D 16 1/CM3

Error:
Error:

1.4647
.6179

%
o)
°
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.395741200722D-01
.092169776728D-01
.795422777009D-03
.344397679189D-02
.790811280315D-03
.390182739385D-04
.421107391865D-05
.614465895521D-06
.169587182544D-07

.491279005972D-03
.010402473629D-02
.876085557457D-03
.605824960044D-04
.916918467853D-05
.582108792123D-06
.015822067600D-07
.070951170683D-08
.211868482308D-09

.060426073614D-06
.081812227589D-06
.391737031475D-07
.035332888490D-08
.522667390232D-09
.232347489472D-09
.036072591263D-10
.983186245349D-11
.585718526609D-12

.941559006967D-02
.368198258579D-01
.592861987024D-02
.918300497317D-03
.656861914400D-06
.378634631707D-04
.727632307001D-05
.798379357036D-06
.178226546132D-07

.949727832958D-04
.046827564504D-03
.902110155531D-04
.950702712776D-05
.461700671234D-06
.823548954286D-08
.733355630355D-08
.496749755159D-09
.146419126420D-10

.221792772705D-08
.840825118625D-08
.361146384328D-09
.697468968308D-10
.643595153340D-10
.900728952005D-11
.476491421305D-13
.977113923684D-13
.983699805655D-14



<sigmaxvrel>(Te,ne) (cmxx3/s), (2]1S) ——> (1|1S9)
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Effective lonisation, Excit. and Deexcit. Rates for
Helium Atoms in Metastable Level (2]1S), Form. |

P T 1
< ﬁ\
6 \ §E
S
T T
—
‘O\\““\o\
10° 101 107 10° 104

Electron Temperature (eV)

170

* & O X O

ne/cm 2

1.00D+16
1.00D+14
1.00D+12
1.00D+10
1.00D+08



4.21

Eth=24.588-20.614 eV=3.974 eV

E-Index: 0

T-Index:

O J o U b W DN B O
| | | | |
O R W NDE DN SN

.041118707850D+01
.734415747558D+00
.031119990372D+00
.371388191840D-01
.606102572000D-01
.869498856933D-02
.217835269221D-03
.992406567281D-04
.162497860818D-06

E-Index: 3

T-Index:

W Jo U WN RO
| | | |
O R P WO e

.064846554112D-01
.009365349705D-01
.965251665219D-02
.274439358726D-03
.730895337646D-03
.376848227155D-04
.429851963639D-05
.313034465605D-07
.429070218568D-09

E-Index: 6

T-Index:

-1

w J o Ul WN R O
=

N2MIN = 1
N2MAX = 1.

Max. rel.
Mean rel.

Error:
Error:

.875978041743D-04
.492018825102D-04
.190474508863D-05
.524848313611D-07
.327453253122D-07
.509448581903D-07
-1.
.266737591814D-09
1.
.00000D 08 1/CM3
00000D 16 1/CM3

493652619657D-08

383817472027D-10

3.1668 %
.5043 %
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.0642779504192D-01
.552828703588D-01
.324170464675D-01
.485323499659D-02
.031094673577D-02
.594657926314D-03
.298813772998D-03
.756034343132D-05
.873135417997D-06

.384946202844D-02
.154424500834D-02
.861043898033D-03
.336599826346D-04
.879856399739D-04
.761034449494D-05
.564331543394D-07
.155540500016D-07
.043211307579D-08

.245347035980D-06
.569691982094D-06
.544465168586D-07
.101272889478D-07
.364732558216D-08
.051090322975D-09
.728825755255D-10
.032899830898D-10
.759540208869D-12

Reaction 2.3.9f ¢ + He(15'25'15;7) — e+ He™(1s) + e

.301314111088D-01
.342297501453D-01
.709002494788D-02
.318105876403D-02
.353315277834D-03
.245406154419D-04
.446399013109D-04
.558038205391D-05
.121082856413D-07

.875360842310D-03
.450397986314D-03
.741139338224D-04
.766527255195D-06
.539443051056D-06
.226863119476D-06
.266756951926D-07
.907397769803D-09
.547549446017D-09

.331988072406D-08
.506673096644D-08
.738153009264D-09
.647448463620D-09
.985219510628D-10
.035749496501D-10
.851526257919D-11
.632477381331D-12
.300020937903D-13



<sigmaxvrel>(Te,ne) (cmxx3/s), (2|1S) ——> He+
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Effective lonisation, Excit. and Deexcit. Rates for
Helium Atoms in Metastable Level (2]1S), Form. |
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4.22 Reaction 2.3.9g ¢ + He(1s5'25'15;7) — e + He(1s'25138;7)
Exotherm by -20.614 + 19.818 eV =-0.796 eV

E-Index: 0

T-Index:

O J o U b W DN B O
| | | | |
N O, P JWwERE NP

.511346543847D+01
.080755731664D-02
.559881223335D-01
.593311746308D-02
.539069188132D-03
.249554266705D-03
.346691563985D-04
.141009386823D-06
.101701177702D-07

E-Index: 3

T-Index:

O J oy U b WDN PP O
|
H

.642487583410D-03
.854158470475D-02
.070413057149D-04
.235312574359D-04
.330419686348D-04
.494981666075D-05
.368299001887D-06
.216347288940D-07
.585637013718D-09

E-Index: 6

T-Index:

O J oy U W NP O
(€]

N2MIN = 1
N2MAX = 1.

Max. rel.
Mean rel.

Error:
Error:

.635057730275D-05
.560438313422D-05
.442018698579D-06
.289242286208D-07
.944783491030D-08
.812985305069D-09
.288755762988D-10
.188207542114D-11
-1.
.00000D 08 1/CM3
00000D 16 1/CM3

490478001851D-12

3.2971 %
.9554 %

-6.
7.
-4.
1.

-1.
4.
-3.
-9.
1.
-3.
4.
-4,
9.

6.
-1.
4.
2.
-1.
-2.
5.
-4.
2.
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.315548974761D-03
.438655344675D-02
.819070749165D-03
.264350393911D-03
.816838207584D-03

865425821712D-04
711126608572D-05
262318558331D-06
010890135509D-07

141726366943D-03
594389089735D-03
457506453968D-04
572690868675D-05
899203210608D-05
053826052126D-06
919560666227D-07
134834676754D-08
462594289102D-10

698344020218D-07
132594240133D-06
281026474337D-08
809710863001D-08
403317455776D-09
643823395694D-10
309244160943D-11
594641184965D-12
101409635615D-13

.043755302803D-03
.050387143129D-02
.469768725333D-03
.797070666582D-03
.209358979731D-04
.394712468238D-05
.761880439834D-06
.160666241730D-08
.792122360486D-09

.946543332558D-04
.599959861484D-04
.738780926722D-05
.428282893341D-06
.396220087820D-06
.132092797921D-07
.450359185228D-08
.800553268281D-09
.980912274284D-11

.065235099548D-08
.422148875942D-08
.902980719683D-11
.986421098936D-10
.466091168551D-11

7.873039688058D-12

.497810114810D-12
.274835520030D-13
.858731679885D-15



<sigmaxvrel>(Te,ne) (cmxx3/s), (2]1S) ——> (2|3S)

10
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Effective lonisation, Excit. and Deexcit. Rates for
Helium Atoms in Metastable Level (2]1S), Form. |
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4.23 Reaction 2.3.9h ¢ + He(15'25135;7) — e + He(1s*1S;7)

Exotherm by =-19.818 eV

E-Index: 0

T-Index:

w J o U™ WN RO
| | | | |
P RN WWE oy e

.830459498604D+01
.261631206881D+00
.559878055182D-01
.697614445868D-01
.176415719557D-02
.950262828345D-03
.881881569143D-04
.022634571062D-05
.046204166475D-07

E-Index: 3

T-Index:

O J oy U b WDN PP O
| [ | |
W J P P P 0 P

.870000493965D-02
.021849055299D-01
.310244321027D-02
.861603178392D-03
.152839986316D-03
.259483668399D-05
.194283431812D-05
.631517909210D-07
.354009675567D-09

E-Index: 6

T-Index:

O J oy U W NP O
w

N2MIN = 1
N2MAX = 1.

Max. rel.
Mean rel.

Error:
Error:

.871776235813D-05
.567692855718D-05
.237776471579D-05
.572811804993D-06
.785048727116D-07
.807398587262D-08
.405215414685D-09
-9.
-2.
.00000D 08 1/CM3
00000D 16 1/CM3

649173073383D-12
881700207187D-12

6.5233
1.8951

o)
°
%
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.680944192322D-01
.697196539108D-01
.061935618408D-01
.342126595676D-01
.126025766778D-02
.455627026606D-03
.125950976085D-04
.797965660632D-06
.060676841045D-07

.578049324901D-02
.773149558150D-02
.236106415441D-03
.398799078845D-04
.136542557803D-06
.845662317330D-06
.912124314893D-07
.811563274232D-08
.847471248575D-09

.943212020081D-06
.834877407571D-06
.515470587336D-07
.335801462225D-07
.570413745481D-08
.209735737750D-09
.468725637555D-10
.030982426102D-11
.158584840686D-12

.907710632311D-01
.033207775574D-01
.782153223733D-01
.676221077284D-02
.011584147746Db-02
.079929754617D-04
.069359855193D-05
.903959237155D-06
.672428957821D-07

.693793556658D-03
.726009071069D-03
.417399063180D-04
.431709264967D-05
.999842824089D-06
.897275861513D-07
.132333818961D-08
.834989323422D-09
.066678972621D-10

.527779579573D-08
.493434187484D-08
.566899239887D-09
.926601447859D-10
.805586685406D-10
.098640072212D-10
.423750029854D-11
.042452128502D-13
.909357590574D-14



<sigmaxvrel>(Te,ne) (cmxx3/s), (2|3S) ——> (1|1S9)
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Effective Deexcitation and lonisation Rates for
Helium Atoms in Metastable Level (2]3S), Form. |
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4.24 Reaction 2.3.9i ¢ + He(15'2s'3S;r) — e + He(1512s'15;r)
Eth =20.614 - 19.818 eV =0.796 eV

E-Index: 0

T-Index:

w J o U™ WN RO
[ | | |
e e i

.745844276703D+01
.481807449876D-01
.821059764779D-01
.178180871789D-01
.832266433398D-02
.619689578381D-03
.423530837755D-05
.967026987940D-06
.471829150856D-07

E-Index: 3

T-Index:

O J oy U b WDN PP O
| [ |
O R o U1 Wk 39N W

.729534986051D-02
.009477611517D-02
.266340675294D-03
.185084843308D-03
.463344438708D-06
.881112042281D-06
.093509408469D-06
.135225653662D-06
.404365621466D-08

E-Index: 6

T-Index:

-1

w J o Ul WN R O
=

N2MIN = 1
N2MAX = 1.

Max. rel.
Mean rel.

Error:
Error:

.326368279955D-05
.273035637060D-06
.581367863934D-06
.627838979440D-07
.521655610951D-08
-8.
2.
.272866644000D-10
1.
.00000D 08 1/CM3
00000D 16 1/CM3

083755569905D-09
280605076008D-09

412497774809D-13

1.891

6
.4888

o)
°
%
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.157573269596D-02
.855888981396D-02
.679324654447D-02
.059351136561D-03
.019133239406D-03
.226840796832D-03
.774072691416D-04
.153537885107D-05
.811554762172D-07

.748150218997D-03
.695260975948D-03
.231546959702D-04
.521294935444D-06
.717377734542D-05
.089656478315D-06
.020661101230D-07
.679703656220D-07
.134516470380D-09

.687247391834D-06
.077935253350D-08
.600203938605D-07
.599025715771D-09
.078364608775D-08
.161692326935D-09
.703614416875D-11
.985460981397D-11
.003922930542D-13

.846137669182D-02
.895575898405D-02
.297751569188D-02
.707641671282D-03
.072864365252D-06
.633059618549D-04
.112445681671D-05
.730921470847D-07
.690862477419D-08

.681073774233D-04
.670023006117D-04
.4051137479504D-05
.345383423264D-05
.273238480292D-06

4.514505533598D-07

.087961936931D-08
.767824389490D-09
.439057728063D-10

.160318603760D-08
.430880317364D-09
.265889575361D-09
.761644881308D-10
.386106465918D-10
.153576692338D-11
.269006530832D-13
.226560743702D-13
.975681079140D-14



<sigmaxvrel>(Te,ne) (cmxx3/s), (2 3S) ——> (2 19)
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Effective Deexcitation and lonisation Rates

for Helium Atoms in Metastable Level (2 3S)
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4.25 Reaction 2.3.9j ¢ + He(15'25'35;7) — e+ He™(1s) + e

Eth =24.588 - 19.818 eV =4.770 eV

E-Index: 0

T-Index:

O J o U b W DN B O
[ | | |
= PN oo v oo

.055363233340D+01
.210334391329D+00
.250469356935D+00
.852050404826D-01
.522800090383D-02
.361746435674D-03
.082000823695D-04
.971223241071D-05
.129438144977D-06

E-Index: 3

T-Index:

0 ~J oy U W N O
| | [ |
O D oY D o0y WO N

.389768266075D-01
.544309562602D-02
.981143589359D-02
.610103528390D-03
.969610821575D-04
.727105277550D-04
.875356963100D-05
.145701518111D-06
.570742834160D-08

E-Index: 6

T-Index:

-1

O J oy U W NP O
|
w

N2MIN = 1
N2MAX = 1.

Max. rel.
Mean rel.

Error:
Error:

.959446131986D-04
.228002425783D-05
.588204879114D-05
.402964809821D-06
.264060374187D-07
.265134644505D-08
.231197186211D-08
.110937956560D-09
3.
.00000D 08 1/CM3
00000D 16 1/CM3

268128548473D-11

7.0831 %
2.2103 %
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.495119087580D-01
.968974679742D-01
.010500442526D-02
.921407862649D-02
.623026789339D-02
.876265413172D-02
.653612987499D-03
.866108873151D-04
.204161575593D-06

.282830816524D-02
.574089888139D-02
.552464406897D-03
.857909449549D-04
.713086806983D-05
.892061941621D-05
.067400657772D-06
.688167910326D-09
.179756344998D-09

.281892887943D-05
.303442479359D-06
.456291200468D-07
.409141853759D-07
.446519428773D-08
.398689087309D-10
.532974556790D-10
.978997213312D-11
.678837719391D-12

.238622256836D-01
.779506719390D-01
.213577735853D-01
.101964952741D-03
.426598675675D-02
.938987966830D-03
.235705862418D-04
.008080286294D-05
.341100873190D-06

.225525677663D-03
.373029882004D-03
.010663176656D-04
.826906017552D-05
.192882264529D-06
.709120517813D-07
.852278760689D-08
.119123986569D-09
.745066997076D-10

.658021134736D-07
.322300537481D-09
.614686328664D-09
.865103804351D-09
.273758803879D-10
.744587191452D-12
.733410572003D-11
.217674451730D-12
.560132404451D-14



<sigmaxvrel>(Te,ne) (cmxx3/s), (2 3S) ——> He+

Effective Deexcitation and lonisation Rates

for Helium Atoms in Metastable Level (2 3S)
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4.26 Reaction 2.3.13a ¢ + He"(1s) — He(1s?1S5)

Helium multi-step model, here recombination: radiative + threebody + dielectronic
Fujimoto Formulation II (only ground level transported, no metastables kept explicit), [20]

E-Index: 0

T-Index:

O J oy O W N B O

| | | | |
NN ooy PN

.872754373123D+01
.564233603544D+00
.182140631482D+00
.459428677778D+00
.128115924661D+00
.373730373037D-01
.972257208732D-02
.967287371427D-03
.271204747116D-05

E-Index: 3

T-Index:

O J oy U b W DN B O

| | | | |
i B e N BV RN B N |

.188662067622D-03
.247359158796D-02
.413737965595D-03
.524545793262D-04
.655935845761D-05
.772491845078D-05
.004438052808D-05
.422385993164D-07
.689203971933D-08

E-Index: 6

T-Index:

O J oy U b W NP O

N2MIN
N2MAX =

Max. rel.
Mean rel.

Il
—

.507786383328D-06
.800156798817D-06
.459492214068D-06
.561981097438D-07
.997782411860D-07

2.716740135949D-08

.218720257518D-09
.113868237282D-10
.055023511556D-11

I
—

.00000D 08 1/CM3
.00000D 16 1/CM3

16.449

Error: 4 %
3.2360 %

Error:

4.
-3.
-1.
.940311502014D-09
.036731541123D-08
.143121626264D-09
.787024479540D-11
.513922678655D-11
.101902611511D-12

181

.171082987797D-03
.972220721457D-02
.626641668186D-01
.700323494998D-01
.233939709414D-02
.574917019835D-02
.866175274689D-03
.147811325052D-04
.874049670122D-06

.481268604767D-04
.660591942878D-03
.220189896183D-03
.734341535385D-05
.837949067050D-05
.827059132463D-06
.590734865850D-07
.281946488134D-08
.071172814458D-10

358288686930D-07
377807793756D-07
552772441333D-07

-1.
6.
-9.
-2.
.725789832980D-06
-6.
-6.
2.
1.

4

.414548639597D-02
.466712599181D-02
.366589582541D-02
.540106384088D-02
.819196258503D-03
.456253436544D-03
.047337498511D-04
.460813593905D-05
.124421172202D-07

958887458637D-05
019181402025D-05
505295724750D-05
796027477899D-06

941163292710D-08
771179147667D-08
164459880579D-09
844295219334D-10

.503272091010D-09
.828447501225D-09
.866586118879D-09
-6.
.373845712183D-11
.295139027087D-11
.432253541918D-12
.951084520871D-13
.206082129473D-14

525725010760D-10



<sigmax*vrel>(Te,ne) (cm*x3/s), Recombination
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4.27 Reaction 2.3.13be + He'(1s) — He(1s*1S;7)

Helium multi-step model, here recombination: radiative + threebody + dielectronic Fujimoto
Formulation I (ground level and 2 meta-stable levels transported), effective recombination into
ground state (1|15)

E-Index: 0

T-Index:
0 -2.932450239883D+01
1 1.368459463821D+00
2 -5.057940093488D+00
3 4.437755591817D+00
4 -1.704236205062D+00
5 3.430644471030D-01
6 -3.809452269361D-02
7 2.218026788496D-03
8 -5.301589276464D-05
E-Index: 3

T-Index:
0 -1.843883199649D-02
1 2.246769961570D-02
2 -1.562041938975D-03
3 -6.245247150004D-03
4 2.150122229030D-03
5 -2.352870835454D-04
6 -1.929788529702D-06
7 1.999043007214D-06
8 -9.897241177277D-08
E-Index: 6

T-Index:
0 4.006413547865D-05
1 -8.066726007499D-05
2 5.166332348737D-05
3 -1.099721749926D-05
4 4.904814231191D-07
5 1.745034668357D-07
6 -3.342032519922D-08
7 2.414625764231D-09
8 -6.465233005227D-11

N2MIN = 1.00000D 08 1/CM3
N2MAX = 1.00000D 16 1/CM3
Max. rel. Error: 15.0191 %
Mean rel. Error: 3.1731 %

.725214936087D-02
.548584212824D-02
.531332526084D-01
.369773678428D-01
.630485149239D-02
.061167258227D-02
.434745940239D-03
.502211895379D-04
.780661493099D-06

.330069861940D-03
.920109284335D-03

2.844891620769D-03
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.707788608782D-04
.997306644340D-04
.321396939441D-05
.001774243168D-06
.211502011021D-07
.504658532546D-08

.488766590351D-06
.137222500010D-06
.133727041895D-06
.014979395019D-07
.358575243153D-08
.128396994326D-08
.451263340785D-09
.022906627308D-10
.181507714121D-12

.209507397331D-02
.321889449021D-02
.925988688740D-02
.411850401784D-02
.971157814419D-03
.487855629993D-04
.722706965522D-06
.165559630643D-06
.647213620732D-07

.571398183907D-04
.034704067336D-03
.840417169956D-04
.828047075521D-05
.987453868437D-06
.669051074965D-06
.435769683477D-08
.114609805127D-09
.883462440247D-10

.211904689519D-08
.796687278784D-08
.362146796114D-08
.105197770220D-09
.498171028400D-10
.586295673609D-10
.477602284810D-11
.590099192405D-12
.430061439345D-13



<sigmaxvrel>(Te,ne) (cm=x3/s), e + He+ ——> (1 1S)
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Effective Recombination Rates for Helium into
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4.28 Reaction 2.3.13c e + He"(1s) — He(1s'2s'1S;7) + hv

[20]. Here: effective recombination into meta-stable level (2|15).

E-Index: 0

T-Index:
0 -3.290594969157D+01
1 1.289118555318D+00
2 -4.581116130605D+00
3 3.975023080430D+00
4 -1.511744296191D+00
5 3.006694544045D-01
6 -3.291282273842D-02
7 1.885862263038D-03
8 -4.430501809351D-05
E-Index: 3

T-Index:
0 2.219812747147D-01
1 -1.469524854136D-01
2 4.156489474989D-02
3 4.449510483711D-03
4 -6.447934562370D-03
5 1.190208632381D-03
6 7.662178711899D-06
7 -1.693836511335D-05
8 1.008933043477D-06
E-Index: 6

T-Index:
0 -2.827549938027D-04
1 -3.911503234413D-05
2 8.252435318894D-05
3 -1.015903498277D-05
4 -1.743597814483D-06
5 3.283228084253D-07
6 -3.246510016651D-08
7 5.448904749550D-09
8 -3.572199625876D-10

N2MIN = 1.00000D 08 1/CM3
N2MAX = 1.00000D 16 1/CM3
Max. rel. Error: 12.8697 %
Mean rel. Error: 4.3370 %
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1

.936377204270D-01
.322821510173D-01
.359234826400D-01
.135607337249D-01
.273954721890D-03
.098672020828D-04
.674323034046D-04
.894912660673D-05
.801909601518D-06

.301992587218D-02
.758178948996D-02
.653580474529D-03
.099391762833D-04
.521339815402D-04
.535844740287D-05
-1.

2.
-1.

003394753061D-05
998300023499D-06
637662372864D-07

.098967864743D-06
.838699392781D-06
.174329959264D-06
.067368927608D-07
.504881645494D-07
.777357769656D-08
.021166636920D-09
.026064555133D-11
.353028569150D-12

-1.
-8.
7.
-5.
-3.
6.
-2.
-1.
7.

.786568026984D-01
.216313908016D-01
.879684009591D-01
.093787195291D-02
.091151170807D-02
.524345786670D-03
.252758528411D-04
.023350709086D-05
.522313594898D-06

.645717376756D-03
.553480315101D-04
.740235177360D-04
.140482945563D-04
.215385049113D-05
.100343069640D-06
.133676744341D-07
.134268520285D-07
.194860574397D-08

204212130817D-07
432388008514D-08
461274593602D-08
956193776494D-09
516856295239D-09
855090395029D-10
826061022812D-11
372295711583D-12
810473188768D-14



<sigmaxvrel>(Te,ne) (cmxx3/s), e + He+ ——=> (2 1S)

Effective Recombination Rates for Helium into

(1.1S) (2 1S) and the (2 3S) Levels

10
X
y
|
\\
\
\
-13
10 :
.
T S
10" X *
. P e Y
D% ¥ | o Y
Q,\ o =LY
| | I~
Y ¥
S &
10°"° \X\
o
&
N
-16
10
100 10" 102 10° 104

Electron Temperature (eV)

186

ne/cm ~2

1.00D+16
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4.29 Reaction 2.3.13d e + He'(1s) — He(1s'2s'3S;7) + hv

[20]. Here: effective recombination into meta-stable level (2/35).

E-Index: 0

T-Index:
0 -2.956247006586D+01
1 2.226655583858D+00
2 -8.386271074322D+00
3 7.802551872732D+00
4 -3.176066118073D+00
5 6.790403187679D-01
6 -8.005018693268D-02
7 4.936833057738D-03
8 -1.245931475232D-04
E-Index: 3

T-Index:
0 1.816491812551D-01
1 -1.490076771833D-01
2 -4.192264845130D-02
3 7.034251548002D-02
4 -2.594911934917D-02
5 3.100772841149D-03
6 1.226453809803D-04
7 -4.737671071626D-05
8 2.364380548912D-06
E-Index: 6

T-Index:
0 -2.562289391561D-04
1 1.109906018249D-04
2 -1.076950834118D-05
3 2.408158683211D-05
4 —-8.229247133546D-06
5 1.022459855218D-06
6 -8.112983260770D-08
7 6.415033848685D-09
8 -2.624838999683D-10

N2MIN = 1.00000D 08 1/CM3
N2MAX = 1.00000D 16 1/CM3
Max. rel. Error: 21.5948 %
Mean rel. Error: 5.8841 %

1

.857379877013D-01
.008925977592D-01
.680555751755D-02
.513454163302D-01
.915513853670D-02
.583336134054D-03
.501616009283D-03
.038202701566D-04
.550754095349D-05

.584007722558D-02

2.428208422290D-02
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.681287810863D-03
.653541471324D-03
.785834072023D-03
.641898835295D-04
.772361084934D-06
.334084847132D-06
.583267263336D-07

.707904177549D-06
.900632901582D-06
.529234802310D-06
.450750101163D-06
.351454862581D-07
-1.

1.
-3.
-6.

480508733520D-07
090170350156D-08
093185955060D-10
850467836445D-13

-1.

3.
-3.

5.
.147970339341D-08
.599099499020D-09
.777349026055D-10
.625408371264D-12
.598594440202D-14

.698385090723D-01
.409072277517D-01
.358293373473D-01
.382523353494D-01
.389442053277D-02
.339355078342D-03
.108811483383D-04
.917972012272D-04
.944775549284D-06

.008582628581D-03
.197248681202D-03
-3.
3.
-1.
3.
-1.
-1.
1.

474715517406D-04
950052472624D-04
721024156646D-04
146400786804D-05
220791337288D-06
862385782715D-07
313403535033D-08

215806872260D-07
027934182965D-08
663757563702D-08
482201735529D-08



<sigmaxvrel>(Te,ne) (cmxx3/s), e + He+ ——> (2 3S)

Effective Recombination Rates for Helium into

\ (1.1S) (2 1S) and the (2 3S) Levels
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1.00D+16
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430 Reaction2.2Ce+ He™(1s) - He™ " +e+e

Ionization Rates for singly charged helium ions
COLRAD (McWhirter), hydrogen-like approximation [22]
(sigma x vrel)(Te, ne)(cm**3/s)

E-Index: 0

T-Index:
0 -7.504895618885D+01
1 5.475513292431D+01
2 -2.693028880068D+01
3 8.660359434783D+00
4 -1.955813859940D+00
5 3.098090672677D-01
6 -3.271260113212D-02
7 2.050483088051D-03
8 -5.719259025474D-05
E-Index: 3

T-Index:
0 3.915543748345D-03
1 -1.633041262280D-02
2 8.989971506710D-03
3 -1.273168299077D-03
4 9.752207930721D-05
5 -1.296242864408D-04
6 4.563001069981D-05
7 -5.886932297134D-06
8 2.657229485598D-07
E-Index: 6

T-Index:
0 -1.471360785546D-05
1 2.861803302953D-05
2 -1.391926980686D-05
3 1.882628114227D-06
4 1.952370344224D-07
5 -5.793682625805D-08
6 1.020925549512D-09
7 4.669160272059D-10
8 -2.598750073326D-11

N2MIN = 1.00000D 08 1/CM3
N2MAX = 1.00000D 16 1/CM3
Max. rel. Error: .3141 %
Mean rel. Error: .1103 %

-1

-1

6.
-1.
4.
-6.
.751264412799D-09
.220451186228D-09
4.
-4,
1.

1
-1
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.201465463709D-02
.417589714886D-02
.774947998557D-02
.764877195580D-02
.202168146805D-03
.771730559069D-03
.325112160328D-04
.190809564237D-05
.004313708534D-06

.031132793821D-03
3.
-1.
1.
6.
-8.
.836358658149D-06
4.
-2.

459931210677D-03
829622573856D-03
763624435402D-04
251121832296D-05
805176355814D-06

277584502763D-07
298984920724D-08

823504501535D-07
036298188456D-06
512942119697D-07
323064673756D-08

417455780936D-10
606556580267D-11
464529452448D-12

=2

1

1

-1.
.553321018673D-08
-5.

8.
.622640470420D-10
.819729115572D-11
-1.

1.
-4.

-1
7

.069769253639D-03
.775044165759D-02
.411882491817D-02
.243690204418D-03
.070056924124D-03
.297834186151D-03
.929485587655D-04

3.
-1.

145856505861D-05
292078319547D-06

.654691798718D-04
-4,

2.
-2.
-6.
.717983972172D-06
-6.
-1.

9.

194602018842D-04
164276869595D-04
479535228702D-05
640018325938D-06

237635823497D-08
234530993035D-08
125550698905D-10

247427417560D-08

904011561947D-09
275404429978D-10

689115024159D-11
506577519668D-12
669913022501D-14



10

10

lonisation Rates for singly charged helium ions
COLRAD (McWriter), hydrogen—like approximation

<sigmax*vrel>(Te,ne) (cm**x3/s), He+ ——> He++

——o—toLEEH ne/cm 3
ol =
k O 1.00D+16
o L X 1.00D+14
a O 1.00D+12
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4.31

Reaction 2.6A0 ¢ + C — CT + 2e

Ionization Rates for singly charged carbon, ADAS 93
(sigma x vrel)(Te, ne)(cm**3/s)

T-Ind

T-Ind

T-Ind

TIMIN
TIMAX =
N2MIN =
N2MAX

Max.
Mean

E-Index: 0

ex:

O J o U b W DN B O
| | | | |
O W oy 3 0N J DN

.971457639565D+01
.499806652944D+01
.145949073329D+00
.340511256186D+00
.249343322780D-01
.562193210612D-02
.679478578836D-03
.270945618657D-04
.675613055770D-06

E-Index: 3

ex:

O J oy U b W NP O
| | | |
I e N T I

.300116911300D-01
.879920996407D-01
.797274709016D-02
.971983093427D-04
.910190376581D-05
.001250033151D-07
.049976855256D-07
.675345958159D-07
.814990023664D-09

E-Index: 6

ex:

-1
-1

W J o0 WM O
—

e

rel.
rel.

Error:
Error:

.198777580517D-04
.013724485054D-04
.259361032307D-06
.039751082795D-06
.653887367244D-08
.099151298763D-09
.485858394226D-09
.867411789486D-11
.188451034508D-12
.00000D
.00000D 04
.00000D
.00000D

00 EV
EV
1/CM3

1/CM3

10
15

1.224

6
.2748

o)
°
%
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.107810794514D+00
.549991583370D+00
.664487958895D-01
.160562412201D-01
.135356892092D-02
.918522374196D-03
.000723261637D-04
.883054084198D-05
.142784144247D-07

.066054730760D-02
.431269610957D-02
.903521270254D-03
.377767439216D-05
.464445143303D-06
.855848854211D-07
.088187353775D-08
.579162356473D-08
.947061589979D-10

.797623457774D-06
.844335907618D-06
.731145419218D-07
.599752398553D-08
.425776625948D-09
.982763605144D-10
.987472676089D-11
.235327393834D-12
.216699821614D-14

.929092425558D-01
.026830825116D-01
.727631701810D-01
.411445363827D-02
.638667443530D-03
.286365870759D-04
.608459495742D-05
.732029469888D-06
.486309036661D-08

.042310400958D-03
.004879563783D-03
.995997150157D-04
.267367125997D-05
.674562003155D-07
.856533728232D-08
.089302275674D-09
.994965968869D-10
.418389203250D-11

.001748956830D-08
.386548334244D-08
.270740802103D-09
.953804201299D-10
.586728657030D-11
.370643938638D-11
.616606601615D-12
.862181485750D-14
.477595087316D-16



Electron ionisation and cooling rates for neutral and single

charged Carbon Particles

10

3 WWWWW
'+t o+
E ooooo
O o o o o O
~ O O O O O
> © » Q
0 = = =
O X OO %
%
I
.
e
111
[
i
il
111
11\
1\
QX
\
R Abal:
S
Y
QX [T XET
L] [ —
I YN N BN |
T
OO |
//ﬂummmmmmHMHHyl‘HIl/
Nt T
(@] — N
T it T I 0 0
(@] (@] O o (@] (@]

+0 <—= 0 ‘(s/¢xxwd) (su‘s])<|oJrxDWDIS>

10*

107

107

10!

10°

Electron Temperature (eV)

192



4.32 Reaction 2.7A0c + N — N 4+ 2¢e

Ionization Rates for neutral nitrogen, ADAS 96
(sigma x vrel)(Te, ne)(cm**3/s)

T-Ind

T-Ind

T-Ind

TIMIN
TIMAX =
N2MIN =
N2MAX

Max.
Mean

E-Index:
ex:

O J o U b W DN B O
| | | | |
= O B B 00 W 0 W

0

.125599079514D+01
.501972942719D+01
.563505396323D+00
.259172785778D+00
.028485847461D-01
.239955993583D-01
.152891908930D-02
.889464965188D-04
.269186213968D-05

E-Index: 3

ex:
=7.

O J oy U b WDN P O
|
[\

367355926910D-03

.426863655734D-02
.020399271227D-02
.189975576309D-03
.466055005611D-04
.039643456169D-05
.900624448150D-06
.586152612035D-07
.812958439511D-08

E-Index: 6

ex:

O J o U b W DN O
|
N

-1

NN OO

rel.
rel.

Error:
Error:

.302425039372D-06
.829955290678D-05
.624638825366D-06
.935192712324D-07
.751092797923D-07
.342842434144D-08
.903820424145D-10
.173842995092D-11
.577918732137D-11
.20000D
.50000D
.00000D
.00000D

00
04
07
15

1/CM3
1/cM3
1/CM3
1/CcM3

2.9930 %
0.7199 %

-8.
-4.
3.
=7.
-1.
9.
3.
-1.
5.

-4.
-1.
.150911835291D-07
.396214128585D-10
.878792756722D-09
.080573580529D-09
.124143842671D-10
.659413955852D-12
.171782749066D-12

2
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.881344790721D-02
.245019983323D-01
.563611550679D-01
.459562059574D-01
.560133800137D-02
.202838629323D-03
.472922768697D-04
.669795084986D-05
.064343317380D-06

933351435213D-04
430861799571D-03
927234491519D-03
279341465385D-04
287111351337D-05
491026278127D-06
745360666294D-07
356120392220D-07
487542777793D-09

449062046116D-07
088030063258D-06

.875689690924D-02
.170266566017D-01
.993043917730D-02
.629785517504D-03
.579706539679D-03
.221893790607D-04
.914562423314D-05
.515034526935D-06
.611292369142D-08

.937451469905D-04
.253064203736D-05
.959177270882D-04
.546794744614D-05
.621210137952D-06
.535906103316D-06
.692979682516D-08
.747296972249D-09
.437006614531D-10

.641092601069D-08
.060046531889D-08
.785152839285D-09
.822600582381D-10
.880864455805D-10
.004120274888D-10
.467756187765D-12
.729814633051D-14
.466359817399D-14



<sigmaxvrel> (cmxx3/s)(ne,Te)

10

10

ADAS Maxwellian rate coefficient

fore + N ——> 2e + N+, multi—step ionisation

-6
. =
/ ol
ﬁ{/
-8 /
[
//
HHH
[T
[
1]
LY
i
I
—-10
100 10" 102 109 104

Electron Temperature (eV)

194

* & O X O

ne/cm 2
1.00D+15
1.00D+14
1.00D+ 13
1.00D+12
1.00D+10

é

N

>

T

3

O

(D)

E

o

Il

o

[an]

‘\,‘,‘J

)

C

S



4.33 Reaction2.8A0e¢ + 0 — O + 2¢e

Ionization Rates for neutral oxygen, ADAS 96
(sigma x vrel)(Te, ne)(cm**3/s)

E-Index: 0

T-Index:

O J o U b W DN B O

| | | | |
= ok 0 W wE W

.328362393733D+01
.655302385400D+01
.246899232716D+00
.468152479829D+00
.532829072212D-01
.333834015615D-01
.265465442757D-02
.624459298778D-04
.465832842295D-05

E-Index: 3

T-Index:

O J oy U b W NP O

[ [ | |
g oW R NN R NN

.589961397492D-01
.638779663615D-01
.247067819410D-01
.929033903989D-02
.550710866039D-03
.298585181626D-04
.005970684014D-05
.378571580338D-07
.436002215866D-08

E-Index: 6

T-Index:

O J o U b W DN O

TIMIN
TIMAX =
N2MIN =
N2MAX

N OO

Max. rel.

Mean rel.

Error:
Error:

.739946501376D-05
.088106459889D-04
.644498060513D-05
.986851509525D-06
.782158795226D-06
.320632028445D-08
.080831526075D-08
.138597283955D-09
.982722701483D-10
.20000D 0O
.50000D 04
.00000D 07
.00000D 15

1/CM3
1/cM3
1/CM3
1/CcM3

8.8515 %
0.9745 %

.484395495461D-01
.070420476255D-01
.861308571709D-01
.653279717129D-01
.834222497364D-02
.496194087446D-03
.453745857810D-04
.000567259474D-05
.619665824220D-07

.118976653137D-02
.490775262239D-02
.680118594677D-02
.430118646918D-03
.693149835285D-04
.260782059434D-06
.808693744681D-07
.142319433039D-07
.927695957962D-08

.139459064885D-05
.507734725052D-05
.238399098405D-06
.226554994339D-08
.325057610801D-07

9.646974765235D-09

195

.525797006183D-10
.312940600087D-11
.851782342710D-12

.167722720177D-01
.492202987359D-01
.853130674026D-01
.503130449306D-02
.030518658158D-03
.753498599348D-04
.638438870269D-04
.131325208597D-05
.369684156977D-07

.959950990473D-03
.793136771074D-04
.089127052875D-04
.507450743683D-04
.225531357806D-05
.674084144123D-07
.437325607970D-08
.148458125516D-08
.654799869508D-09

.689494629827D-07
.066201565961D-07
.745613330596D-08
.046272342238D-09
.204627741204D-09
.535319182284D-10
.266728082419D-11
.535541525696D-13
.242787336605D-14



<sigmaxvrel>(Te,ne) (cmxx3/s), 0 ——> O+

10

10

10

Flectron ionisation and cooling rates for neutral and single
charged Oxygen Particles
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4.34 Reaction 2.3.2B0 ¢ + He ' (1s) — He(1s*1S) + hv

Data from impurity transport code “STRAHL”, [17]

Recombination Rates for single charged Helium Ions (w/o three-body)

E-Index: 0

T-Index:
0 -2.898866818182D+01
1 1.816504622984D+00
2 -5.957620306977D+00
3 4.883356392367D+00
4 -1.785690784875D+00
5 3.443976158874D-01
6 -3.666670180913D-02
7 2.042474095540D-03
8 -4.653873125342D-05
E-Index: 3

T-Index:
0 -4.360289476744D-02
1 1.057079914763D-01
2 -1.235076579967D-01
3 6.635551763548D-02
4 -1.831174182029D-02
5 2.905705534546D-03
6 -2.926914092439D-04
7 1.894207582471D-05
8 -5.989406850464D-07
E-Index: 6

T-Index:
0 1.043554466513D-04
1 -2.149050424333D-04
2 1.779838048026D-04
3 -5.675497459272D-05
4 5.561292499931D-06
5 2.465992165628D-07
6 -4.188299784450D-09
7 -1.167337552792D-08
8 8.321169431770D-10

N2MIN = 1.00000D 08 1/CM3
N2MAX = 1.00000D 16 1/CM3
Max. rel. Error: 16.6458 %
Mean rel. Error: 6.0389 %

197

1

.068735204957D-02
.996644882484D-01
.564226839342D-01
.504736532364D-01
.554161096465D-01
.304562647473D-02
.499875301084D-03
.896220272289D-04
.644314326566D-05

.088616122909D-02
.358570776702D-02
.248324096678D-02
.269476706908D-03
.752848228102D-03
.678595996471D-04
.437277876918D-05
.612501983994D-06
.425772893569D-08

.878190225512D-06
.207356509792D-06
.127873717134D-06
.589770454486D-06
.363201173962D-07
.016603759447D-08
.149167953030D-09
.023904862606D-09
.756050161152D-11

.818231657785D-02
.022934910684D-01
.720939045109D-01
.589729887673D-01
.391044966362D-02
.048646045521D-03
.080124220783D-04
.226466093436D-05
.520073468241D-07

.442780146671D-03
.968485844589D-03
.497067848696D-03
.089219419856D-04
.418643102963D-05
.790745301776D-06
.085106848461D-06
.632343028157D-08
.367921447451D-09

.783675088058D-08
.268150915732D-07
.175164928521D-07
.902088171680D-08
.122814678532D-08
.901239672341D-09
.753349347791D-10
.578964505694D-11
.973991458967D-13



——> He

(cm**3/s), He+

<sigma*vrel>(Te,ne)

10

10

10

10

10

10

Recombination Rates for single and double

iy charged Helium lons
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435 Reaction 2.3.2B1 e + Het™ — He™(1s) + hv

Recombination Rates for double charged Helium Ions (w/o three-body)

E-Index: 0

T-Index:
0 -2.689730745452D+01
1 -6.433874222932D-01
2 -1.779312827872D-02
3 -2.941208629331D-03
4 -1.097079440712D-04
5 3.627190561298D-05
6 -2.051498433274D-06
7 9.049897913059D-08
8 -2.589196837551D-09
E-Index: 3

T-Index:
0 -1.856976066463D-02
1 9.361575704851D-03
2 -1.500786464745D-05
3 -1.199741248527D-04
4 -1.215394704492D-04
5 3.717841775232D-05
6 -4.784046635653D-06
7 3.629533941682D-07
8 -1.317789208085D-08
E-Index: 6

T-Index:
0 3.509533525807D-05
1 -1.534423152274D-05
2 -2.723344400799D-06
3 1.408094932910D-06
4 -8.824848629130D-08
5 2.250976512907D-10
6 -2.041471088674D-09
7 2.600592567487D-10
8 -6.933726687326D-12

N2MIN = 1.00000D 08 1/CM3
N2MAX = 1.00000D 16 1/CM3
Max. rel. Error: 4.5211 %
Mean rel. Error: 0.3321 %

199

1

.189774474235D-02
.299308672728D-02
.784310132407D-02
.348797955174D-02
.041386945451D-02
.454594288891D-03
.182066464328D-04
.153132862082D-05
.949628493511D-07

.225395376848D-03
.096884296496D-03
.281337256827D-05
.729105625058D-05
.835563507260D-07
.659128130528D-07
.879150864927D-07
.916572317480D-08
.808855222707D-10

.228955181999D-06
.789360346264D-07
.665540778802D-07
.805738049487D-08
.227207653809D-09
.235527036624D-10
.365367756013D-11
.155241214856D-12
.503906957552D-13

.907009691550D-02
.112564779272D-02
.756334628555D-03
.603044725903D-03
.110484002085D-03
.469934610104D-04
.445181597104D-05
.311099451965D-06
.570204824882D-07

.189796861077D-04

2.460978351345D-04

.822688274176D-05
.292571216711D-05
.346139078670D-07
.336659134693D-08
.484666707655D-08
.026763260489D-09
.539953463992D-11

.739986570439D-08
.852399019136D-09
.521640501579D-09
.598423694616D-09
.131061531618D-10
.550066068535D-11
.652661621540D-12
.419133004850D-13
.798372386466D-15



(cm**3/s), He++ ——> He+

<sigma*vrel>(Te,ne)

10

10

10

10

10

10

Recombination Rates for single and double

iy charged Helium lons
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100
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x 0 O X O

ne/cm ~3

1.00D+16
1.00D+14
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1.00D+10
1.00D+08



436 Reaction 2.3.2C ¢+ He'™ — He't(1s) + hv
McWhirter’s COLRAD (Hydrogen-like-ion) code: [22]

E-Index: 0

T-Index:

O J oy U W N B O

-2.
-7.

1.
.022643137206D-03
.966821161678D-03
.716018223894D-03
.229257398810D-04
.855298100008D-05
.091379921301D-06

| | [
N 2N O

689214714131D+01
416684284021D-01
549811628148D-02

E-Index: 3

T-Index:

O J oy U b W DN BEP O

[ | |
N RPN W ND O

.113251929355D-02
.649709408021D-02
.051466915107D-03
.248785870746D-03
.751184149675D-03
.966217825812D-04
.835692554212D-05
.563313372280D-06
.172325347358D-07

E-Index: 6

T-Index:

O J oy U W N B O

N2MIN = 1.
N2MAX = 1
Max. rel.
Mean rel.

.731753894771D-05
.368532716741D-05
.349677736259D-05
.549801888675D-06
.970110443204D-07
.282619416548D-08
.579575377692D-09
.919813070386D-09
.087578972278D-10

00000D 08 1/CM3

.00000D 16 1/CM3

.2915
.0363

Error:
Error:

o)
°
%

201

.841692092650D-02
.199553857553D-02
.921849237497D-02
.540629050827D-03
.893539924742D-03
.468052386412D-06
.430545146021D-04
.713103018793D-05
.529918299298D-06

.612008568492D-03
.745035825507D-03
.400888615025D-03
.593097934071D-04
.311213551980D-04
.599522857044D-05
.986381335434D-06
.625959470738D-07
.473325519567D-08

.106668461341D-06
.237223053047D-06
.458107763508D-07
.466672928817D-08
.035453496351D-09
.859256161271D-10
.713367646234D-10
.345142710166D-11
.033495076188D-12

.151460046121D-02
.438416388654D-02
.089751449111D-03
.848453879802D-03
.846354316088D-03
.304158014361D-04

2.720980715002D-05

.061403221125D-05
.819776625245D-07

.555115960397D-04
.770050113400D-04
.945119633833D-04
.072827330359D-05
.261592043312D-05
.206357069410D-06
.237526859045D-07
.940819818057D-08
.579469680317D-09

.811175295207D-08
.842374272400D-08
.616195641425D-09
.764795248975D-10
.847001891274D-10
.965913679526D-11
.389109805641D-12
.091816211559D-12
.834858440297D-14



<sigmax*vrel>(Te,ne) (cm**x3/s), He++ ——> He+

10

10

10

10

10

Recombination rate for fully ionized Helium

COLRAD (McWriter) , hydrogen—like approxiamtion
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1.00D+14
1.00D+12
1.00D+10
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Data from impurity transport code “STRAHL”, [17]
Recombination Rates for single charged Be Ions (w/o three-body)

4.37 Reaction 2.3.4B0 ¢ + Be" — Be + hv

E-Index: 0
T-Index:

-2.725929462038D+01
1.598632576296D+00
-7.069733638623D-02
-2.067343201215D-01
.796219393914D-02
5.780534740910D-03
-1.791370907134D-03
1.653534958925D-04
.311684839816D-06

O J oy O b W N B O
A}

|
(€}

E-Index: 3

T-Index:

.244235177506D-02
.419746473600D-02
.288663227065D-03
.497646037590D-04
.490565857171D-05
.697562238180D-05
.287864123306D-05
.972411742335D-06
.449990775297D-08

O J oy U b W DN B O
| | | |
O R P N NN B

E-Index: 6

T-Index:

3.617661866105D-05
-5.003180914560D-05
2.077646031907D-05
-2.600090567970D-06
.054013167812D-08
-7.568193559820D-09
6.869621840242D-09
-5.010735365600D-10
2.010217590918D-12
.00000D 08 1/CM3
.00000D 16 1/CM3

O J oy O b W NP O
|
N

N2MIN
N2MAX =

[Tl
o

Max. rel. Error: 6.2699
1.0385

%
)
)

Mean rel. Error:

203

.296055365219D-01
.302182159333D-04
.301621002137D-02
.279607652398D-02
.144848913448D-02
.235328959441D-03
.230924884959D-04
.595221480786D-05
.924897096316D-07

.352082223981D-03
.100011934711D-03
.247934273073D-03
.417198058647D-05
.848577114910D-05
.387239687374D-05
.354269427799D-06
.825061118192D-07
.322880879849D-08

.399725603339D-06
.985020029777D-06
.667756318377D-07
.170403862720D-07
.807690920711D-09
.343144402500D-10
.575414388099D-10
.217617931435D-11
.523345073293D-13

.245292514899D-02
.924508048254D-02
.388489192201D-02
.226493898105D-03
.649484551890D-03
.482336928187D-04
.874787455135D-05
.868950341068D-08
.331690294260D-07

.750321394261D-04
.269202287880D-04
.322360688726D-04
.716710307904D-05
.867029384089D-06
.925211191787D-07
.073587970762D-08
.702743784611D-09
.884617340207D-10

.156930157877D-08
.097413546292D-08
.374149193674D-08
.712303962785D-09
.098135936009D-10
.008228504862D-11
.255005891524D-12
.017068152436D-14
.450782184771D-15



<sigmax* v>(Te,ne) (cm=*x3/s), Be+ ——> Be

10

10

10

10

10

10

Recombination Rates for single and double
charged Berylium lons (STRAHL—Code)
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Data from impurity transport code “STRAHL”, [17]
Recombination Rates for doubly charged Be Ions (w/o three-body)

4.38 Reaction 2.3.4B1 ¢ + Be™™ — Be'™ + hv

E-Index: 0

T-Index:

.728409454363D+01
.299481340923D+00
.885685671195D+00
.251357791035D+00
.543387065980D+00
.269100539052D-01
.249496717063D-02
.541301207997D-03
.496309096538D-04

O J oy O b W N B O
| | | [
= 01 o oy N O b DN

E-Index: 3

T-Index:

.910214948004D-02
.862010247287D-02
.176172885669D-02
.174133611107D-02
.098247822369D-03
.566735359374D-04
.070413228691D-05
.513802136711D-06
.390196607821D-07

W J o Ul W N R O
[ I | |
RN PR oo o d O,

E-Index: 6

T-Index:

1.005202819403D-04
-8.097933215082D-05
1.209066466730D-05
1.794422803392D-06
.156876176312D-07
-1.162693902875D-07
2.652307178112D-08
-2.115315858957D-09
6.140791320298D-11
.00000D 08 1/CM3
.00000D 16 1/CM3

O J oy O b W NP O
|
[\

N2MIN
N2MAX =

[Tl
o

Max. rel. Error: 19.0670 %
Error: 6.8000 %

Mean rel.

205

1

.241811114602D-01
.889049385273D-01
.008764876827D-01
.631486837681D-01
.665832661210D-02
.928103605570D-02
.610043486921D-03
.802133911336D-04
.989437255700D-06

.285989947336D-02
.449011071235D-02
.317236286761D-03
.589246910885D-03
.664018911361D-04
.584858194143D-05
.231789926435D-07
.313606598236D-07
.084300790388D-08

.444000702166D-06
.286740613012D-06
.327109476167D-07
.537707361735D-07
.001245421502D-08
.839971828955D-09
.756949577531D-09
.781987654521D-10
.995928373217D-12

.328174994693D-01
.096802695556D-01
.648701897617D-01
.503508975743D-02
.818184962498D-02
.110079141475D-03
.049607917706D-05
.702189021974D-06
.793346968439D-07

.526818134096D-03
.461947439599D-03
.006068297333D-04
.224743194508D-04
.623256825779D-05
.211048838419D-06
.263670040464D-08
.345931063116D-08
.301747763811D-10

.788161890026D-08
.544219441065D-08
.143146298073D-08
.456876614023D-09
.405872631137D-09
.787146737233D-11
.793381075708D-11
.982036996716D-12
.365597034534D-13



<sigmax* v>(Te,ne) (cm=*x3/s), Be++ ——> Be+

10

10

10

10

10

10

Recombination Rates for single and double
charged Berylium lons (STRAHL—Code)
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Data from impurity transport code “STRAHL”, [17]
Recombination Rates for singly charged B Ions (w/o three-body)

4.39 Reaction 2.3.5B0e+ BT — B+ hv

E-Index: 0
T-Index:

-2.918956305904D+01
8.901372275414D-01
3.343506939285D+00
.008679922076D+00
.112964165086D+00
.245854583458D-01
.569483673112D-02
.563882824177D-03
.933351235932D-05

|
w

O J oy O b W N B O
| |
NN

w

E-Index: 3

T-Index:

1.084235624678D-02
-3.793909504492D-02
2.943514986182D-02
-7.736046881343D-03
.041197053727D-04
1.177319584913D-04
-2.705344470187D-06
-2.136704633704D-06
1.462074438369D-07

O J oy U b W DN B O
w

E-Index: 6

T-Index:

3.913363201372D-05
-3.407335594737D-05
3.689509356594D-06
3.252526057299D-06
.584147771365D-07
1.169505739833D-09
6.928958657672D-09
2.061339771948D-10
-5.021219740097D-11
.00000D 08 1/CM3
.00000D 16 1/CM3

O J oy O b W NP O
|
~J

N2MIN
N2MAX =

[Tl
o

Max. rel. Error: 15.7065 %

Mean rel. Error: 2.2281

207

.267550103394D-02
.397383703545D-01
.282515642460D-01
.388342232412D-02
.260534666317D-03
.232228819204D-03
.483676372126D-04
.300571590825D-06
.450506888590D-07

.281860869234D-05
.214381437312D-03
.396644202855D-03
.441634147933D-03
.227481836109D-04
.388326649605D-05
.266769783662D-06
.158430175622D-07
.888327232304D-08

.987487775013D-06
.302780682573D-06
.271291751691D-07
.531658549775D-08
.617754775370D-09
.403213913778D-10
.614080202244D-10
.658743006289D-12
.599476609801D-13

.823066950210D-02
.289852726858D-01
.103783258930D-02
.167553199906D-02
.052258987157D-04
.977243930068D-04
.653164425984D-05
.068539912027D-05
.790374711265D-07

.006985941012D-04
.910871725608D-06
.457154873853D-04
.205002465319D-04
.626382262962D-05
.987367591191D-07
.190611163202D-07
.198466851774D-08
.358886807026D-09

.630009838447D-08
.724118588530D-08
.110278755964D-08
.753147142803D-09
.618328829288D-10
.082516311551D-11
.949718599255D-12
.294692069099D-13
.699102278262D-15
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Data from impurity transport code “STRAHL”, [17]
Recombination Rates for doubly charged B Ions (w/o three-body)

440 Reaction2.3.5Ble+ B™" — BT + hov

E-Index: 0
T-Index:

—-2.696271008275D+01
2.025499561046D+00
-4.525788140577D-01
-3.570127232580D-01
.176453653579D-01
-5.551419899407D-02
7.441747604883D-03
-5.097962423085D-04
1.405770163082D-05

O J oy O b W N B O
A}

E-Index: 3

T-Index:

.957405255310D-02
.508972762098D-03
.585484361226D-02
.639868259732D-03
.476991372525D-05
.274740751517D-04
.479662046092D-05
.704493921569D-07
.013413641304D-08

oW doU s W RO
| [ I
R T I N N N A

E-Index: 6

T-Index:

4.608213097181D-05
-1.936931659635D-05
-5.717563499079D-06

1.710077304240D-06

4.279304514899D-07
-1.249051804766D-07

3.662805039340D-09

8.814048276934D-10
-5.221503829879D-11
.00000D 08 1/CM3
.00000D 16 1/CM3

O J oy O b W NP O

N2MIN
N2MAX =

[Tl
o

Max. rel. Error: 7.5135 %
Error: 2.0952 %

Mean rel.

209

.423987167527D-02
.017543096490D-01
.968460159120D-01
.677034125200D-02
.757254624302D-02
.867264920419D-03
.370916489954D-04
.392639746135D-05
.241258048176D-07

.910268684892D-03
.103038628528D-04
.177399186175D-03
.167716090045D-04
.476330393040D-05
.134889461534D-05
.581279654885D-06
.734791626350D-08
.639914715196D-09

.682328343662D-06
.242354232962D-07
.159226451051D-07
.608894528959D-08
.372870923770D-08
.972618831455D-09
.410127247126D-10
.379651723043D-11
.455883950215D-12

.571997357107D-02
.889732429633D-02
.412952427778D-02
.458200773053D-02
.002911937506D-03
.695449702619D-04
.534397855198D-05
.307875064213D-06
.324815003798D-07

.464476031989D-04
.902830434350D-04
.563169407076D-04
.549330605404D-05
.315071827987D-06
.854544233927D-06
.641458092706D-08
.455285738785D-08
.778548005120D-10

.462552849920D-08
.278778364027D-08
.577559627995D-09
.034076249492D-09
.655700973007D-11
.392056598119D-11
.284190509036D-13
.923946846891D-13
.921453513095D-14
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Data from impurity transport code “STRAHL”, [17]
Recombination Rates for singly charged C Ions (w/o three-body)

.678337974062D-01
.867508813696D-01
.513770163224D-01
.036137429391D-02
.932152302666D-02
.516783137012D-02
.329750940307D-03
.660871088628D-04
.535654544518D-06

.111631011430D-03
.439645295541D-03
.081409017151D-03
.108719776241D-03
.818176068215D-04
.958291545901D-05
.760386887666D-06
.317966975006D-07
.486630219212D-08

.548461445798D-06
.198580036578D-06
.122412913024D-06
.960526415072D-07
.113053977058D-08
.879062320437D-09
.938508364472D-10
.166071387136D-10
.129172667888D-12

4.41 Reaction 2.3.6B0c +Ct — C + hv
E-Index: 0
T-Index:
0 -2.923411311232D+01 1
1 -1.749378923698D+00 -5
2 6.127446343098D+00 3
3 -4.441560794072D+00 -3
4 1.527841448611D+00 -3
5 -2.957532224524D-01 1
6 3.288049698838D-02 -2
7 -1.958690224903D-03 1
8 4.844127251791D-05 -4
E-Index: 3
T-Index:
0 2.720437652981D-02 -1
1 -6.886574322654D-02 3
2 6.328287422211D-02 -4
3 -2.671202258246D-02 2
4 5.571312305715D-03 -4
5 -6.449949817748D-04 5
6 5.723823810059D-05 -6
7 -4.762486550175D-06 7
38 2.051810131854D-07 -3
E-Index: 6
T-Index:
0 5.022696584875D-05 -2
1 -8.585218474052D-05 4
2 4.464512662440D-05 -2
3 -6.790151469405D-06 2
4 -8.898179366602D-08 2
5 1.948025779931D-08 -3
6 1.158556735339D-08 -6
7 -9.678693700555D-10 1
8 -8.574281546240D-13 -4
N2MIN = 1.00000D 08 1/CM3
N2MAX = 1.00000D 16 1/CM3
Max. rel. Error: 20.1006 %
Mean rel. Error: 2.5839 %

211

.269890700218D-01
.397276446168D-01
.131110083174D-01
.289084037863D-01
.579185039826D-02
.555395039340D-03
.325353309286D-04
.019220191601D-06
.688488538169D-07

.480216080173D-04
.751243071725D-04
.359905542867D-04
.726681822181D-06
.334742280902D-05
.609837915859D-06
.723115899471D-07
.186790226580D-08
.049817590722D-09

.576047167523D-08
.219262965042D-08
.430797320366D-08
.591611206495D-09
.335017960966D-10
.297193866948D-10
.200809450653D-11
.726800105081D-12
.141324130890D-13
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4.42 Reaction 2.3.6A0c +CT — C + hv

Recombination Rates for single charged Carbon Ions, ADAS 93, lower valid density range than
in Behringer rate, 19 —4el5, i.e. also wrong low ne (Corona) limit.

E-Index: 0

T-Index:

O J oy U b W DN P O

| | | [
N O R BFPR P woooN

.386015899408D+01
.659678700923D+00
.390501265589D+00
.714328835667D+00
.135859606525D+00
.869372950502D-01
.780826701298D-02
.287327719634D-04
.035725216911D-05

E-Index: 3

T-Index:

O J oy O W N BEP O

| [ |
RN 00 o W N W

.450187675134D-01
.600531850861D-01
.011059953763D-02
.526377986446D-03
.838264136732D-04
.593821289931D-05
.660975471746D-06
.203297067573D-06
.421659538874D-08

E-Index: 6

T-Index:

O J oy U b W DN O

N2MIN =
N2MAX

Max. rel.
Mean rel.

(]
N

Error:
Error:

.122032361962D-04
.336715470333D-04
.856735987460D-06
.365613863260D-06
.407496723541D-07
.962428233835D-08
.202254054789D-10
.277931530317D-10
.192645662630D-11
.00000D 09 1/CM3

.00000D 15 1/CM3

7.2475
1.9064

%
o)
°

1

.910955838564D+00
.273571762123D+00
.355302777087D-01
.628845439540D-01
.186644208284D-01
.628631987628D-02
.478766722313D-03
.071133960815D-05
.414914230400D-06

.712272970491D-02
.341908339155D-02
.169563926566D-03
.427847110389D-04
.565268990423D-05

5.272524686958D-06

213

.089822895916D-06
.099731716273D-07
.310876850464D-09

.207489360202D-06
.811224434825D-06
.458187396125D-07
.014784469522D-07
.228290011762D-08
.764982812388D-09
.541903480422D-10
.545967143036D-12
.557121980135D-12

.552770970883D+00
.226359264263D+00
.195368951742D-02
.200031489025D-02
.551341663448D-03
.410015500816D-04
.533991517766D-05
.095758224111D-06
.597295024608D-07

.042671286872D-03
.682578223051D-03
.667572788661D-05
.835504781865D-05
.066175819677D-06
.224520162331D-06
.890683271478D-09
.174132427111D-09
.079113580150D-10

.739602341370D-08
.747119054140D-08
.391749990270D-09
.309278460907D-09
.385165315494D-09
.132127641260D-10
.006990579325D-11
.419790552377D-13
.271691932014D-14



<sigmaxvrel>(Te,ne) (cm#*x3/s), C+ ——> C + hnu

Flectron recombination rates for single

i charged Carbon lons, ADAS 96,
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4.43 Reaction 2.3.7A0e + N — N + hv

Recombination Rates for single charged Nitrogen Ions, ADAS 96 lower valid density range
than in Behringer rate: 1e8 —4el5

E-Index:

T-Index:

O J oy U b W NP O

| | [ [
R S N S S N

0

.890979447961D+01
.174542935934D-01
.062396631545D+00
.281784857503D-01
.778575430266D-01
.798785783958D-02
.028526325632D-02
.268082281380D-04
.988053691842D-05

E-Index: 3

T-Index:

O J oy O W DN B O

| [ [
W PN O EFE WDN

.959597171711D-02
.284720599538D-03
.590875283251D-02
.267873772733D-03
.522209957584D-04
.795617403751D-04
.044379154837D-05
.854382133761D-06
.249656113647D-07

E-Index: 6

T-Index:

O J oy U > WD B O

N2MIN =
N2MAX

Max. rel.
Mean rel.

(]
N

Error:
Error:

.362263347704D-04
.452433975975D-05
.553987913630D-05
.933958065856D-05
.634440120548D-06
.949862893743D-07
.521164443225D-08
.358665026882D-09
.772451802902D-10
.00000D 08 1/CM3

.00000D 15 1/CM3

21.5715
6.5304

%
o)
°

.404781058304D-02
.300786378143D-02
.594988800022D-02
.750663794712D-02
.578877787156D-03
.597105849322D-03
.617482106535D-04
.084122217378D-05
.183474002160D-06

.972437524383D-03
.277710167038D-04
.416788978628D-03
.898156366712D-03

9.592101950028D-06

215

.664874714649D-05
.194568825982D-07
.051704842577D-06
.545647058295D-08

.786235879715D-06
.648617057221D-07
.730678240365D-06
.240562994480D-06
.885575439239D-07
.024442443875D-09
.296752613661D-09
.347981360072D-11
.008260868721D-11

3.109171343385D-02

.285451136251D-02
.144355651778D-02
.218563857410D-04
.404271527997D-03
.739820114489D-04
.225202836732D-05
.512785518009D-05
.348547415367D-07

.611047280109D-03
.453494237233D-04
.137394728855D-04
.376326628079D-04
.643190197805D-05
.086981091994D-06
.192339608178D-07
.578564349722D-08
.814062555229D-09

.750444797037D-08
.117648875509D-09
.652544738754D-08
.045493282478D-08
.485971868424D-09
.630734008273D-11
.627656129565D-11
.477653636206D-13
.316575573714D-14



<sigmaxvrel>(Te,ne) (cm#*x3/s), N+ ——> N + h nu

Flectron recombination and cooling rates for single
charged Nitrogen lons, ADAS 96,
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4.44 Reaction 2.3.8A0¢ + O" — O + hv

Recombination Rates for single charged Oxygen Ions, ADAS 96 lower valid density range than
in Behringer rate

E-Index:

T-Index:

O J oy U b W NP O

-2.
-3.

8.
.314301870760D-02
.300209551942D-01
.543327490228D-02
.551209458023D-03
.487444713804D-04
.202054123175D-05

|
=

950202333277D+01
905878105714D-01
142161905922D-01

E-Index: 3

T-Index:

O J oy O W DN B O

(I | [ |
RPN WO JdJwJo b

.878404722759D-03
.846315928181D-03
.650465593431D-03
.319766657887D-03
.429595897823D-04
.174847318131D-05
.656971171905D-06
.390420213573D-07
.760145190417D-08

E-Index: 6

T-Index:

O J oy U > WD B O

N2MIN =
N2MAX

Max. rel.
Mean rel.

(]
N

4.414828976029D-05

Error:
Error:

.629563730611D-05
.801630724815D-05
.817227023091D-06
.876080976925D-07
.191883763675D-07
.429673221310D-08
.785422204476D-09
.170863046694D-10
.00000D 08 1/CM3

.00000D 15 1/CM3

17.616

6
5.7730

%
o)
°

-1.
-6.
-1.
1.
.143508700482D-09
9.
-2.
2.
-8.

-7

217

.417421048652D-02
.366885804101D-02
.619980609301D-02
.677833838048D-04
.344464113626D-03
.431608679889D-03
.385675498043D-04
.208733089758D-05
.549447564031D-07

.496704857025D-03
.781404680449D-03
.291477501261D-03
.305632223570D-04
.597082088291D-04
.791485541629D-05
.415203015131D-07
.850471294306D-08
.311149778654D-09

913653761986D-06
508094947057D-07
195893028045D-06
815236921961D-07

084875748335D-09
592667144327D-09
552603164217D-10
639504027193D-12

1

-4,
-2.
-3.

9.
-1.
.557912304553D-06
-2.

1.
-1.

2

N P W

-1

.550176406244D-04
.611644267242D-03
.119917102498D-02
-4,

1.
-1.
.776299449335D-05
-1.

3.

595557614154D-03
010388603060D-03
605807371797D-04

188982868102D-06
573244244320D-08

801811432048D-04
299350278961D-04
428663325456D-04
687240430638D-05
586721570563D-05

729885842433D-07
320290015666D-08
932208107521D-10

.169334833101D-08
.168016914799D-08
.066069583201D-08
-2.
.579410946829D-10
-1.

5.
-5.

1.

440874713720D-09

438945391695D-10
218677785470D-11
520425235115D-12
945039811844D-13



<sigmaxvrel>(Te,ne) (cm#*x3/s), O+ ——> 0 + h nu

Flectron recombination and cooling rates for single
charged Oxygen lons, ADAS 96,
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4.45 Reaction 2.3.10B0 ¢ + Net — Ne + hv

Data from impurity transport code “STRAHL”, [17]
Recombination Rates for singly charged Ne Ions (w/o threebody)

E-Index: 0

T-Index:

O J oy U b W DN P O
| | | [
O W O P w Do N

.950007003885D+01
.520457077063D-01
.555722669669D+00
.661205101651D+00
.748125063014D+00
.075296845781D-01
.084544478774D-02
.267745768343D-03
.515144644683D-05

E-Index: 3

T-Index:

|
o

O J oy O b W N B O

| | |
N O e

.822526019576D-01
.925738935529D-01
2.722985240177D-02
.878485303345D-02
.774293016035D-03
.332124081154D-03
.337988184391D-04
.230405845512D-06
.383823550795D-07

E-Index: 6

T-Index:

W J o0 WM O
=

N2MIN =
N2MAX

I
e

rel.
rel.

Max.
Mean

Error:
Error:

.720328845594D-04
.088521584980D-04
.188366580476D-04
.172576233056D-05
.480911313552D-06
.779888128247D-07
.901125564163D-08
-1.
3.
.00000D 08 1/CM3
.00000D 16 1/CM3

213848594721D-09
400354319444D-11

54.9736
6.6709

[
°
o)

)

219

1

.491651842120D-01
.213904325098D-02
.475436856707D-01
.765147468133D-01
.102066448685D-01
.352555184156D-02
.232558963021D-03
.392758114186D-04
.147101439320D-06

.440093707612D-02
.196008186724D-02
.973812872134D-03
.385285413951D-03
.843935223543D-04
.033638922199D-04
.636490415762D-06
.571454512161D-07
.365491330109D-09

.174907414363D-06
.043623699368D-05
.102874363441D-06
.701778130960D-07
.311631221035D-08
.120723303371D-09
.405559613471D-10
.298790343151D-11
.737297017901D-12

.526729152358D-01
.658011914091D-01
.738719342931D-02
.604649380940D-01
.321986952859D-02
.311266215655D-02
.582205007651D-03
.046424800738D-04
.913148029419D-06

.365607055965D-03
.824821656521D-03
.461560737391D-03
.295164050536D-06
.991856389796D-05
.612183709508D-06
.121413995158D-07
.845854426768D-09
.073873285125D-12

.433683135382D-08
.452433604004D-07
.840074619382D-08
.315053595109D-08
.231110770367D-09
.214485537742D-10
.446032893388D-12
.305351788753D-12
.063188511756D-14



——> Ne

(cm**3/s), Ne+

<sigma*vrel>(Te,ne)
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Data from impurity transport code “STRAHL”, [17]
Recombination Rates for doubly charged Ne Ions (w/o three-body)

4.46 Reaction 2.3.10B1 ¢ + Ne™™ — Net + hv

N2MIN
N2MAX

Max.
Mean

E-Index: 0
T-Index:

O J o U b W DN B O

| | | | |
= w oy o1 N oo N

.764720323935D+01
.118894063339D+00
.807229758743D+00
.906119436289D+00
.486369699756D+00
.400218712330D-01
.423019855816D-02
.984332639562D-03
.009911047233D-04

E-Index: 3
T-Index:

O J oy O b W DN P O

| [ [ |
= w N PR oy W

.260114126178D-02
.746533708965D-02
.718805346046D-03
.526057371154D-04
.734615609031D-04
.215606626036D-05
.422737859678D-05
.940458387139D-06
.800023588704D-07

E-Index: 6
T-Index:

O J o U b W DN O

rel.
rel.

.268000506338D-04
.507106502001D-05
.397963779263D-05
.220521674696D-06
.599983583142D-07
.008039023067D-07
.781190939483D-08
.457175556170D-09
.179856275948D-10

.00000D 08 1/CM3
.00000D 16 1/CM3

21.120

Error: 4 %
6.0132 %

Error:

221

.955655877647D-01
.129124651555D-01
.303560193277D-01
.908074868726D-01
.066677872724D-01
.285969690928D-02
.860087284730D-03
.927287799126D-04
.380432470580D-06

.583009936797D-02
.655894421673D-03
.999612428280D-03
.450332583776D-05
.872293739068D-04
.132159918071D-05
.568253290882D-06
.917180971670D-08
.209746135240D-09

.414136321690D-06
.542756842488D-06
.716878731698D-07
.257734260178D-07
.352244273881D-08
.880168166012D-09
.447382343471D-10
.557839810920D-11
.471022550637D-12

.671527355799D-01
.009059388068D-01
.147902079014D-02
.504756895839D-02
.675054599333D-02
.685542119686D-03
.328508385727D-04
.887153870896D-05
.881736675497D-06

.898589530133D-03
.099661830628D-03
.290996365052D-04
.267094921401D-05
.215375414502D-06
.379109789101D-06
.259728294625D-07
.379283743551D-09
.047238386420D-09

.233135264975D-08
.303898330923D-08
.568810796685D-09
.204442932049D-09
.106786869688D-09
.080209442599D-10
.518762965124D-11
.286224146698D-14
.079250396313D-14



(cm**3/s), Ne++ ——> Ne+

<sigma*vrel>(Te,ne)
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Data from impurity transport code “STRAHL”, [17]
Recombination Rates for singly charged Ar Ions (w/o three-body)

4.47 Reaction 2.3.18B0 e + Ar™ — Ar + hv

E-Index: 0

T-Index:

O J oy U b W N B O

| I | [
AN w DN DN ODN

.961523714505D+01
.700717663678D-01
.733587493672D-01
.623209601735D-01
.121844963088D-01
.608050847276D-02
.353322712511D-03
.241669321389D-04
.083901388792D-06

E-Index: 3

T-Index:

O J o U b W DN BEHE O

|
o

|
=

.677610771210D-01
.288420244186D-01
.580414272181D-02
.482732378151D-04
.908249918710D-03
.582053824339D-04
.258112651082D-04
.448923978325D-06
.383359038597D-07

E-Index: 6

T-Index:

O J oy O b W NP O

N2MIN
N2MAX =

Max. rel.
Mean rel.

.648330614117D-04
.773372679142D-04
.859512197435D-05
.175389000213D-06
.895926857712D-07
.124015966833D-08
.822283871117D-09
.382667208777D-09
.249462681920D-10

([l
o

.00000D 08 1/CM3
.00000D 16 1/CM3

Error: 21.9156
.

2.334

o)
°
[}

°

Error:

223

.466294797008D-01
.174213911999D-01
.157221881515D-01
.934758215827D-01
.406901237239D-01
.514232816083D-02
.716045851013D-03
.232299270856D-04
.888872233070D-06

.629620906444D-02
.161715324237D-02
.471732050209D-03
.606867303099D-04
.498577198828D-05
.071529296492D-05
.949277321810D-06
.740906796410D-07
.541568324398D-08

.569045126425D-06
.588925395704D-06
.469218146406D-06
.354114675747D-07
.275832820919D-09
.365306362028D-09
.046050010004D-10
.902820234583D-11
.358044610945D-12

.739734228058D-01
.690300717347D-01
.974859201463D-02
.501202052884D-02
.460910634739D-02
.818421888710D-03
.375466865468D-03
.397908348434D-05
.502839044441D-06

.200257817954D-03
.057456599586D-03
.980424488739D-04
.340402374160D-06
.702094170437D-06
.272108567719D-07
.643262514781D-07
.103042442755D-08
.131280999373D-09

.113597041124D-07
.320334721938D-07
.413301196731D-08
.709524073729D-09
.814552488433D-10
.907511087995D-10
.169432383695D-11
.500255342391D-12
.630369486130D-16



<sigmaxvrel>(Te,ne) (cm*x3/s), Ar+ ——> Ar

10
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Data from impurity transport code “STRAHL”, [17]
Recombination Rates for doubly charged Ar Ions (w/o three-body)

4.48 Reaction 2.3.18Bl e+ Ar™" — Ar™ 4+ hv

E-Index: 0

T-Index:

O J oy U b W N B O

| | | [ |
o W U dFE o

.772725546092D+01
.978601807006D-01
.450309406042D-01
.260838315993D-02
.582804347800D-02
.160665923838D-03
.799496412067D-04
.420248521929D-05
.205975768535D-07

E-Index: 3

T-Index:

O J o U b W DN BEHE O

| | I | |
P Wb W R e e

.121363406353D-01
.781324636009D-02
.565988829654D-02
.979769358644D-04
.629081885435D-03
.607110982734D-04
.180965183796D-05
.500759466355D-06
.463187124936D-07

E-Index: 6

T-Index:

O J oy O b W NP O

N2MIN
N2MAX =

Max. rel.
Mean rel.

([l
o

Error:
Error:

.193249820474D-04
.393877794814D-05
.394011848597D-05
.363319474233D-05
.009177241892D-07
.007709629207D-08
.251252096167D-08
.438054847774D-10
.191847861623D-11
.00000D 08 1/CM3

.00000D 16 1/CM3

25.0141 %
1.9704 %

1

.964508067762D-01
.079561336369D-02
.046307484649D-01
.466094766036D-02
.815351628023D-03
.395970098141D-03
.699751917053D-04
.736066138991D-05
.373593769853D-06

.586067808011D-02
.150064170275D-03
.208889079256D-03

6.722846983901D-04

225

.839217315971D-05
.524282842463D-06
.409133311107D-06
.374491446170D-07
.107894379819D-09

.757566204730D-06
.679271788812D-07
.272796732271D-06
.936164719619D-07
.485983255077D-08
.232051597397D-09
.153506022137D-09
.039015370714D-10
.007688195721D-12

.324627102422D-01
.145381507914D-02
.369629888000D-02
.255991015237D-04
.871280269968D-03
.114054789289D-03
.252016165358D-04
.707472572922D-05
.391881125204D-07

.210690057370D-03
.491490678296D-04
.472110597204D-04
.476650287912D-04
.746848866889D-06
.878125337156D-06
.593232200934D-07
.705743160513D-08
.824159518664D-10

.108985082330D-07
.900827694763D-09
.777889093261D-08
.957385133643D-09
.099011150065D-11
.668448723973D-10
.325526291510D-11
.543703207540D-12
.309659229521D-13



<sigmax*vrel>(Te,ne) (cmxx3/s), Ar++ ——> Ar+
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4.49 Reaction 3.2.3r p + Ho(+¢) — H + H + H (MAR via HJ, cold H,)

H, multi-step model, MAR rate coefficient cm?/s. Data: Sawada/Fujimoto [7] Ha(v = 0)

transported, H, in QSS with H,, By, = 0.1 eV

Hy(v > 1) is also in QSS with Hy(v = 0). Vibrational distribution P(v) as fct. of T, (= T})

only (assuming n. = n,, so density cancels here).

The MAR rate coefficient is a fct. of n. and T'(7, = T,,), and must be multiplied with density
n,, to turn it into a collision rate 1/s, and then with ny, (v=0) to turn it into a volumetric reaction

rate (cm2s™1). This is consistent with underlying P(v) only for n, = n,,.

E-Index: 0

T-Index:
0 -2.191302446846D+01 2.
1 2.515287131029D+00 -1.
2 -3.739165027129D+00 -5.
3 1.460287495804D+00 -1.
4 -3.613420054183D-01 -9.
5 1.022097226981D-01 1.
6 -2.326509820253D-02 -4,
7 2.755718181169D-03 6.
38 -1.245440617856D-04 -2.
E-Index: 3

T-Index:
0 2.725675449247D-02 -6.
1 -1.056465122608D-02 3.
2 -3.005896796044D-02 7.
3 8.718387627078D-03 -3.
4 2.274299170449D-03 -8.
5 -8.581335425960D-04 2.
6 9.091464941954D-06 -3.
7 1.640987010283D-05 1.
8 -1.227368784843D-06 -6.
E-Index: 6

T-Index:
0 -6.471300739878D-05 2.
1 3.555893312434D-05 -1.
2 5.696582068003D-05 -1.
3 -3.587259258804D-05 1.
4 7.313297805130D-06 -3.
5 -6.689618689827D-07 6.
6 4.829313987833D-08 -1.
7 -4.842242342991D-09 9.
3 2.201416000842D-10 -3.

N2MIN = 1.00000D 08 1/CM3
N2MAX = 1.00000D 16 1/CM3
Max. rel. Error: 12.2399 %
Mean rel. Error: 5.5197 %

227

1

201979359177D-02
951782673829D-03
039990032868D-03
902427777619D-02
136720216773D-03
430112787487D-02
698557490053D-03
183157753063D-04
916396705941D-05

821140812496D-03
268414282907D-03
117618884301D-03
083275129564D-03
429380778242D-05
018790326947D-04
214048434350D-05
594693278851D-06
059729362682D-09

392339469853D-06
316695158693D-06
943708118398D-06
355091397789D-06
673160516940D-07
721794871158D-08
004736504929D-08
541230138142D-10
685384915056D-11

.084127804366D-02
.210559594877D-02

5.156475880767D-02

.653691460740D-03
.776315047524D-03
.068159413388D-03
.350601458627D-03
.180157674348D-04
.131212737957D-05

.984277627487D-04
.770499814477D-04
.640595844451D-04
.690013186619D-04
.166724308864D-05
.377832906111D-06
.476622604418D-06
.857150815035D-07
.830770876395D-09

.542871296534D-08
.915346495446D-08
.693231032650D-08
.009854793386D-08
.439394992510D-09
.490826423672D-09
.534364634180D-10
.466137348591D-11
.608086847565D-13
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MAR: p +H2 ——=> H2+ +H ——=>H + H + H

MAR, MAD and MAI rate coefficients for H2
vibr. distributionvs. T e, T_e=T p, E H2=0.1¢eV
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4.50 Reaction 3.2.3d p + Hy(+¢e) — p+ H + H(+e) (MAD via H;, cold

H>)

Hs multi-step model, MAD rate coefficient cm? /s,
same conditions as for effective MAR rate coefficient: n, = n, to remove n. and n,, dependence
in P(v), T, = T, to remove T, dependence in P(v), Ey, = 0.1 eV.

E-Index: 0

T-Index:

O J oy U b W DN O
| [ | |
S oy oy O b O N

.305748927979D+01
.292904264798D+00
.589002200888D+00
.282553627472D+00
.768335357015D-02
.762738366359D-02
.220461405830D-04
.413295998688D-04
.623793560750D-05

E-Index: 3

T-Index:

[
DN N

O J oy U b W NP O
|
Ne)

.580537345185D-02
.411097510416D-03
.833978655627D-02
.197499638706D-02
.850360398006D-03
.328857648314D-03
.644016839248D-04
.933715475610D-05
.372770563877D-06

E-Index: 6

T-Index:

O J o U b W DN BEHE O
|
w

.282931512925D-05
.011576633244D-05
.303656667760D-05
.336438693130D-06
.734435698157D-06
.096115694138D-07
.527860379159D-07
-1.
=7.

441930896339D-08
928979184194D-11

N2MIN
N2MAX

Max. rel.
Mean rel.

I
o

.00000D 08 1/CM3
.00000D 16 1/CM3

Error: 11.3558 %
Error: 5.3396 %

230

1

.724038174456D-02
.292700263854D-01
.035141485454D-01
.228634639144D-03
.231280575573D-02
.754153736792D-02
.841940983105D-03
.777701087291D-04
.110102637934D-06

.187638531338D-03
.861670137347D-03
.680453562388D-03
.786872754376D-03
.824809680428D-04
.906664256889D-05
.447100861104D-05
.307909083302D-06
.341529037052D-07

.814853142975D-07
.138828160076D-06
.201510983254D-06
.902010802533D-07
.331754413945D-07
.997691612605D-08
.055626589064D-08
.541011510181D-09
.515229004763D-11

.615862094751D-02
.199290063730D-02
.245746723064D-02
.982329836971D-02
.520570788253D-02
.333930685945D-02
.674562107704D-03
.286124278229D-05
.826184196637D-06

.591824235916D-04
.728807776936D-04
.508030455334D-04
.536533061795D-04

2.282005339391D-05

.488057748931D-06
.465487188700D-06
.218713324203D-07
.931259348181D-08

.164322982242D-08
.667604512176D-08
.269878029776D-08
.308752951539D-09
.412895213605D-09
.319357291444D-09
.202352548656D-10
.500006263746D-11
.697745453159D-12



MAR: p +H2 ——=> H2+ +H ——=>H + H + H

MAR, MAD and MAI rate coefficients for H2

vibr. distributionvs. T e, T_e=T p, E H2=0.1¢eV
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4.51
Hy)

Hs multi-step model, MAI rate coefficient em? /s, Data: Sawada/Fujimoto ,[7]
same conditions as for effective MAR rate coefficient: n, = n, to remove n. and n,, dependence
in P(v), T, = T, to remove T, dependence in P(v), Ey, = 0.1 eV.

E-Index: 0

T-Index:

O J oy U b W DN O
| | | |
N 0w b 00~ P N D

.373131541734D+01
.174689987798D+01
.162182756359D+01
.837003210284D+00
.791715928275D-01
.701697036505D-01
.146891578771D-02
.352940909550D-03
.983980601563D-04

E-Index: 3

T-Index:

0 ~J oy U W N O
| | | |
R NDNRER DD DN

.350532623779D-01
.337897758691D-01
.244024912859D-01
.768133389852D-02
.582163407263D-04
.179264114144D-03
.827540980953D-04
.896154172252D-05
.146002829775D-06

E-Index: 6

T-Index:

O J o U b W DN BEHE O
|
=

N2MIN
N2MAX

I
o

Max. rel.
Mean rel.

Error:
Error:

.932912896769D-04
.059747667206D-04
.374611007871D-04
.590722791448D-05
.952361813207D-06
.194038887873D-07
.422331996712D-08
.289635494443D-09
-1.
.00000D 08 1/CM3
.00000D 16 1/CM3

601724546314D-10

232

1

.718149393827D-01
.191104354839D+00
.756604222360D-01
.537238550557D-01
.293664899458D-02
.136103649916D-02
.230394630199D-03
.482379346865D-04
.758192682764D-05

.606290252421D-02
.249920373347D-02
.991554109544D-02
.798880238692D-03
.026711273229D-04
.870608178594D-05
.280496335764D-07
.341967770730D-07
.521564259490D-08

.651475974023D-06
.054165293122D-05
.927217261940D-06
.080909364087D-06
.287993215397D-07
.002354431841D-08
.799710153845D-10
.061843256637D-11
.336350859656D-12

Reaction 3.2.3i p + Hy(+¢) — p+p+ H + e(+¢) (MAI via H, , cold

.867837685625D-01
.378457372332D-01
.321461052143D-01
.022138313912D-02
.407530624100D-02
.573783289950D-02
.397451000676D-03
.411244141755D-04
.332532546790D-05

.960623240635D-03
.710792852313D-03
.092199411332D-03
.638596889044D-04
.801057292473D-05
.181360244394D-06
.876306183255D-07
.335324508242D-07
.973795729243D-09

.311652407600D-08
.478357492460D-07
.245875668840D-08
.850940055128D-08
.006990415615D-09
.112143515737D-10
.935765606162D-12
.503981294990D-12
.956601576452D-13



H?+ MAR, MAD, MAl rate coefficients for H?

(coll.rad model, Sawada/Fujimoto/Greenland)

-8
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4.52 Reaction7.2.3ap+ H- — H + H (for cold H)

CX multistep recombination rate for A~ ions, [7]
Rate p+ H~ — H + H* followed by H* — H(1)

(0 % Vo) (T, me) (cm?/ 5)
Assume low energy of projectile, F(H~) = 0.1eV, T, = T;. H* production based on HYDHEL

7.2.2,7.2.3.
E-Index: 0
T-Index:
0 -1.690146932812D+01
1 -2.301580195362D-01
2 2.124304411230D-02
3 7.720995917466D-03
4 1.331695301990D-02
5 3.536238349067D-04
6 -1.446558546363D-03
7 2.479021261394D-04
8 -1.248597948333D-05
E-Index: 3
T-Index:
0 5.784649204408D-02
1 9.188878355062D-03
2 -3.922380885092D-02
3 -1.347164354237D-03
4 3.858570576628D-03
5 -5.449050513405D-04
6 2.084267816803D-04
7 -6.195779421732D-05
8 4.992428048704D-06
E-Index: 6
T-Index:
0 -1.346209157175D-04
1 -3.579321024690D-05
2 8.671653962517D-05
3 8.309512179236D-06
4 -1.197915401674D-05
5 9.441566217674D-07
6 1.584268580014D-07
7 2.531413590874D-10
8 -2.220813567852D-09
N2MIN = 1.00000D 08 1/CM3
N2MAX = 1.00000D 16 1/CM3
Max. rel. Error: 4.1781 %
Mean rel. Error: 9694 %
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.569370314490D-02
.981364856606D-03
.585972147659D-02
.504507942086D-03
.042026807455D-04
.011930719727D-04
.152532160685D-03
.773890711262D-04
.903633250451D-05

.430206446825D-02
.795985155376D-03
.609624588460D-03
.423527604759D-04
.128426542832D-03
.255763496307D-04
.903417990674D-05
.927649861583D-06
.522431288906D-07

.900081433053D-06
.457520878645D-06
.101461653370D-06
.552667688177D-07
.484319353024D-07
.989807912656D-08
.504026475042D-09
.572949322455D-10
.174650814148D-11

.118661556236D-01
.296888142995D-02
.447057284991D-02
.734371731330D-04
.764566765886D-03
.101704458636D-03
.305881275354D-04
.167753172783D-04
.590752591530D-05

.883300059210D-03
.355473614802D-04
.240136716983D-03
.468953600274D-05
.607204158523D-04
.495920840346D-05
.796205484739D-07
.211576616550D-07
.827438308119D-08

.105742130265D-08
.319369078632D-08
.442783018453D-08
.887954953357D-09
.656156226037D-09
.717785721362D-10
.811886563961D-10
.937737123063D-11
.296020826533D-14



Rate p + H— ——=> H + Hx followed by Hx ——> H(1)

Multistep cx recombination and ionisatio rates for H—

s (coll.rad model, Sawada/Fujimoto/Greenland)
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4.53 Reaction7.23bp+ H™ — H + H*" + 2e (for cold H™)

CX multistep ionization rate for 4~ ions, [7]

Rate p+ H~ — H + H* followed by H* — H™ + ¢
(0 % Vo) (T, me) (cm?/ 5)
Assume low energy of projectile, F(H~) = 0.1eV, T, = T;. H* production based on HYHDEL
7.2.2,7.2.3 (not included: process 7.2.1 of proton impact electron detachment).

E-Index: 0

T-Index:

O J oy U b W N B O

| | | | |
~N NN WD oODN IR W

.274642366537D+01
.594755262357D+00
.947374319647D-01
.774560684070D-01
.340115304254D-02
.404236598616D-02
.635353640159D-03
.758341263855D-04
.995248003067D-06

E-Index: 3

T-Index:

O J oy U b WDNBEP O

.770739917980D-02
.779741494751D-02
.492326178844D-04
.377802775838D-03
.730699348365D-04
.228772072344D-04
.943967815733D-05
.040805346315D-06
.407555731254D-07

E-Index: 6

T-Index:

O J oy U W N B O

N2MIN =
N2MAX =

Max. rel.
Mean rel.

| |
=

.852128922021D-04

4.408052942176D-05

Error:
Error:

.598210863669D-05
.135633075387D-06
.493019966708D-06
.760055762971D-07
.049361112014D-09
.107873810473D-09
.295286447696D-10
.00000D 08 1/CM3

.00000D 16 1/CM3

4.7342
1.9827
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1

.055347808907D+00
.134505488332D-01
.372231672557D-02
.731637924945D-02
.824080188667D-03
.348790303724D-04
.379659530212D-04
.578696899777D-05
.405530335553D-06

.651543971724D-02
.036602994533D-03
.070003818666D-03
.185245795525D-04
.613682461379D-04
.061264744513D-05
.191065760263D-06
.037034921179D-07
.580821961541D-08

.948553416066D-06
.018626285421D-06
.159714930603D-07
.383905482846D-07
.000180106519D-07
.605767550690D-09
.841033281170D-10
.899534309929D-11
.196080372249D-11

.644168315786D-02
.193838572515D-01
.798104638021D-02
.249720348407D-02
.880149239516D-05
.947217396578D-03
.542431412762D-04
.345082277318D-05
.938572628097D-07

.426926977738D-03
.828786882875D-04
.975024076418D-04
.766701342971D-05
.956305967893D-05
.412707867464D-07
.516431736865D-07
.745783067338D-08
.001281190560D-08

.014917161032D-07
.671244985570D-09
.185228515472D-09
.380265714001D-09
.546520999798D-09
.338507166605D-10
.491816236733D-12
.502135074988D-13
.019149004762D-14



Rate p + H—= ——> H + Hx followed by H*x ——>p

Multistep cx recombination and ionisatio rates for H—
(coll.rad model, Sawada/Fujimoto/Greenland)
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4.54 Reaction 2.2.17r ¢ + Hy(+p) — H + H + H (MAR via H, cold H>)

H,, multi-step model, intermediate H~ condensed MAR rate coefficient cm?/s. Data: Sawada/Fujimoto/Greenlanc

[7] Hy(v = 0) transported, H— in QSS with Hy, Fy, = 0.1 eV
Hy(v > 1) is also in QSS with Hy(v = 0). Vibrational distribution P(v) as fct. of T, only

(assuming n. = n,, so density cancels here).

The MAR rate coefficient is a fct. of n. and T'(T, = T},), and must be multiplied with density
N, to turn it into a collision rate 1/s, and then with n Ha(v=0) tO turn it into a volumetric reaction

rate (cm™3s™1).

E-Index: 0

T-Index:

O J oy U b WP O

| | | | |
O = BB B> oy 0 D W

.297800283146D+01
.255752862650D-01
.786114306651D+00
.451071688762D-01
.286158855226D-02
.602307315406D-02
.377583511277D-02
.527262955311D-03
.704031483864D-05

E-Index: 3

T-Index:

O J oy U b W DN B O

| (. [
W DD DN OO

.970735210679D-02
.954797928578D-02
.678956104784D-02
.119377169125D-03
.136674287472D-04
.297027336534D-04
.206810315147D-04
.980757484889D-05
.352896292336D-06

E-Index: 6

T-Index:

O J o U b W DN B O

N2MIN
N2MAX

I
e

Max. rel.
Mean rel.

Error:
Error:

.194692428627D-04
.051829766407D-05
.608932334537D-05
.388410284649D-06
.192832412396D-06
.865878646518D-07
.785101515696D-08
.367506961773D-08
.359337617271D-09
.00000D 08 1/CM3

.00000D 16 1/CM3

0.234E+02 %
0.116E+02 %
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.534592113445D-02
.609955130788D-02
.546214758321D-02
.247241020831D-02
.389219885290D-03
.365073093686D-04
.740788490537D-04
.450720501257D-04
.223227686785D-06

.243141252556D-02
.399801537594D-03
.504025971793D-03
.773390579671D-04
.768096468037D-05
.978316796624D-05
.303528206775D-05
.014816441375D-06
.723489499349D-07

.379565825329D-06
.154397761809D-08
.718655992974D-06
.655768446028D-09
.454747252965D-07
.904361734587D-09
.050241512510D-09
.530033040264D-10
.134816267193D-11

.544034335177D-02
.098906708830D-02
.847577356774D-02
.353760272178D-02
.206993381146D-03
.783138611752D-04
.551863726515D-04
.431871130747D-04
.308552409010D-06

.655580726220D-03
.849051225621D-04
.240461921076D-04
.144457352822D-05
.000125315688D-05
.355797001723D-06
.195396861484D-06
.397577372929D-07
.088071892707D-08

.383725114244D-08
.152692619811D-09

2.542645887393D-08

.025732328009D-09
.454086710166D-09
.002886041869D-11
.102693831116D-11
.372527364917D-12
.545642487622D-13
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H—minus MAR, MAD, DISS rate coefficients for H2?

N coll.rad model, Sawada/Fujmoto reenlan
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4.55 Reaction 2.2.17d ¢ + Hy(+p) — p+ H + H (MAD via H, cold H>)

H, multi-step model, H~ condensed MAD rate coefficient cm? /s,
same conditions as for effective MAR rate coefficient: n, = n,, T, = T}, to remove n,, 1,
dependence in second step, Ey, = 0.1 eV.

E-Index: 0

T-Index:

O J oy U b WDNBEP O
| | | | |
O R P oo JWwhhw

.882083547683D+01
.151709312342D+00
.595143998663D+00
.775259996676D-01
.395293276372D-01
.013775491272D-02
.461016120534D-02
.482124097593D-03
.220871340356D-05

E-Index: 3

T-Index:

W dJo s WN RO
| | | | |
A S N S S R

.156191553995D-02
.163365368372D-02
.528766675405D-02
.214281149023D-03
.744404381785D-03
.160937153726D-04
.747785604281D-05
.618482069160D-05
.271263892578D-06

E-Index: 6

T-Index:

O J oy U b WDNBEP O
|
w

N2MIN =
N2MAX =

| |
o

Max. rel.
Mean rel.

Error:
Error:

.041720297851D-04
.252069523769D-05
.063903823423D-05
.268697767939D-06
.621341085954D-06
.230899431395D-07
-9.
2.
-1.
.00000D 08 1/CM3
.00000D 16 1/CM3

509188594474D-08
191691514991D-08
671204190850D-09

0.250E+02
0.108E+02
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.095791921388D+00
.168827415549D-02
.412908863509D-02
.068712552241D-03
.544589777558D-03
.839703814205D-04
.880568170969D-05
.816234384924D-06
.259820722261D-07

.924429230749D-02
.090487899919D-03
.561575456573D-03
.441534541113D-04
.908220370889D-04
.731455836804D-05
.494808974427D-05
.709442120281D-06
.787472368647D-07

.573899339820D-06
.374650112152D-08
.087318819599D-06
.457925944423D-07
.350800086799D-07
.841979478877D-08
.540647702443D-09
.803874517021D-10
.617233523173D-11

.230711293981D-01
.892315481992D-02
.295635167166D-02
.634654300394D-03
.0666435479505D-03
.051477843336D-04
.434943913724D-05
.631936396542D-05
.405390251053D-06

.729436304739D-03
.583331242137D-04
.454863057078D-04
.652079252543D-05
.014932056722D-05
.513434462406D-06
.694028119666D-06
.001502419799D-07
.994682318717D-08

.099140704569D-07
.466351407287D-09
.550671864150D-08
.490300520343D-09
.014614269650D-09
.572500353175D-10
.460554994619D-11
.695004783405D-12
.914469012752D-13



H—minus MAR, MAD, DISS rate coefficients for H2?

0~ (coll.rad model, Sawada/Fujimoto/Greenland) ne/cm ~3
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5 H.5: Fits for (o - v - momentum)(T)

to be written

243



6 H.6: Fits for (0 - v - momentum)(E,T)

to be written
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7 H.7: Fits for (o - v - momentum)(n.,T)
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8 H.8: Fits for (o -v- E,)(T}) [cm?/s - eV]

E, is a relevant energy related to the process, e.g. it may be the impacting electron or ion in eV,
or the radiation energy loss per reaction, etc. In the present section the energy-weighted rate is
a function of temperature [eV] of the impacting electron or ion

8.1 Reaction2.2.14 ¢ + H) (v) — H(1s)+ H*(n)(v=0—9,n > 2)

The energy weighting in this rate coefficient is done with the kinetic energy of impacting elec-
tron. The general expression for this type of incident particle energy-weighted rate, in which
the second particle is at rest, reads:

(Ve Eetec) (T2) = kT, - (owe) - (3/2 + jiﬁéiﬁiﬁ)

The fit for the particular process in this paragraph should result in
(0VeEetec) (Te) =~ 0.896 kT, (ov,),
i.e. low energy electrons are preferred in this reaction, over the average electrons with 3/2 kT,

hO -1.681368547011e+01 hl 3.964355004318e-01 h2 0.000000000000e+00
h3 0.000000000000e+00 h4 0.000000000000e+00 h5 0.000000000000e+00
h6 0.000000000000e+00 h7 0.000000000000e+00 h8 0.000000000000e+00

8.2 Reaction2.7.14 ¢ + N;- — N + N*(n)

The energy weighting in this rate coefficient is done with the kinetic energy of impacting elec-
tron. The same procedure is applied as for H, dissociative recombination, see above in this
section.

hO -1.650010000000e+01 hl 0.700000000000e+00 h2 0.000000000000e+00

h3 0.000000000000e+00 h4 0.000000000000e+00 h5 0.000000000000e+00
hé 0.000000000000e+00 h7 0.000000000000e+00 h8 0.000000000000e+00
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8.3 Reaction 2.2B0 ¢ + He(15°1S) — e + He'(1s) + e 11/94 update

h0 -3.294427070846D+01 hl 2.058485983359D+01 h2 -1.018663912043D+01
h3 3.072113276309D+00 h4 -6.121540418115D-01 h5 8.135920959426D-02
hé -6.956871247682D-03 h7 3.454933903445D-04 h8 -7.541153102380D-06

8.4 Reaction 2.2B1 e + He'(1s) — e+ He™ + e 11/94 update

h0 -5.355348236978D+01 hl 4.009715623653D+01 h2 -1.981585158765D+01
h3 6.148719835529D+00 h4 -1.288397616745D+00 h5 1.817351838759D-01
h6 -1.642324160178D-02 h7 8.519919601377D-04 h8 -1.917188865674D-05
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Flectron cooling rate: He + e ——> He+ + Ze

Electron Cooling rates, associated with He and He+ ionisation
s Strahl Code, Behringer, 1987
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8.5 Reaction 2.4B0 ¢ + Be — ¢ + Be™ + e 1/96 update

Electron cooling rates for neutral Beryllium Atoms
(de x sigma x vrel)(T,.)(eV x cm % x3/s), Be — Be*

hO -1.600797819812D+01 hl 4.801721310374D+00 h2 -2.546377115756D+00
h3 7.688590079004D-01 h4 -1.502880642117D-01 h5 1.910668947476D-02
hé -1.528566911077D-03 h7 6.997210970692D-05 h8 -1.398145303385D-06

Max. rel. Error: .1477
Mean rel. Error: .0376

o° oo

8.6 Reaction 2.4B1 ¢ + Be™ — ¢ + Be™™ + e 1/96 update

Electron cooling rates for single charged Beryllium lons
(de x sigma x vrel)(T,)(eV x cm x %3 /s), Bet — Be™*

hO -1.570117098474D+01 hl 3.492073280813D+00 h2 -1.988895527002D+00
h3 6.770887182178D-01 h4 -1.567537912034D-01 h5 2.416405226747D-02
he -2.343329470312D-03 h7 1.280666147623D-04 h8 -2.989849097428D-06

Max. rel. Error: .1400
Mean rel. Error: .0783

o oo
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8.7 Reaction 2.5B0 ¢ + B — e + B™ + ¢ 1/96 update

Electron cooling rates for neutral Boron Particles
(de x sigma x vrel)(T.)(eV x cm % x3/s), B — B*

hO -1.854307390504D+01 hl 6.477147013729D+00 h2 -3.012265953316D+00
h3 7.443204571714D-01 h4 -9.875163519457D-02 h5 4.879302715434D-03
hé 3.317004129594D-04 h7 -5.135297123379D-05 h8 1.774782835741D-06

8.8 Reaction 2.5B1 ¢ + B" — ¢ + BT + ¢ 1/96 update

Electron cooling rates for single charged Boron Particles
(de x sigma x vrel)(T.)(eV x cm * x3/s), Bt — B™*

h0O -2.025375436381D+01 hl 8.540697000676D+00 h2 -4.378249188138D+00
h3 1.324025185106D+00 h4 -2.627439468179D-01 h5 3.472998074572D-02
he -2.959016392102D-03 h7 1.467662520364D-04 h8 -3.204537616409D-06
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8.9 Reaction2.6B0 ¢+ C — ¢+ CT + e 1/98 update

Electron cooling rates for neutral Carbon Particles. Here: use AE, = I, = const = 11.30
constant multiplier to corresp. ionisation fit.
(de * sigma *x vrel)(T,)(eV x em * x3/s),C — C*

h0 -2.712642477000D+01 hl 1.180604026361D+01 h2 -5.438799573749D+00
h3 1.750648117869D+00 h4 -3.946542606866D-01 h5 5.887749368990D-02
h6 -5.469027807326D-03 h7 2.850693136991D-04 h8 -6.354758903485D-06

8.10 Reaction 2.6B1 ¢+ Ct — ¢+ C™1 + ¢ 1/98 update

Electron cooling rates for single charged Carbon Particles
(de x sigma x vrel)(T,)(eV x em x x3/s),CT — CT™*

h0 -2.182881258910D+01 hl 8.721441032283D+00 h2 -3.874718527697D+00
h3 9.883761525498D-01 h4 -1.611584081736D-01 h5 1.774337558846D-02
he -1.355435656870D-03 h7 6.703143691651D-05 h8 -1.588682523808D-06

Max. rel. Error: 1.005

6
Mean rel. Error: .3730

%
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°
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8.11 Reaction2.7B0e+ N e+ NT +e¢

Electron cooling rates for neutral Nitrogen atoms due to ionisation. here:

const = 14.535

(de * sigma * vrel)(T,)(eV x em x x3/s), N — N*

h0 -3.000278067000D+01
h3 2.552657836634D+00
h6 -8.862541230616D-03

hl

1.487745850177D+01

h4 -6.031414732283D-01

h7

4.718778196780D-04

257

h2 -7.
h5 9.
hg8 -1.

use AE, = I, =

393982038208D+00
299608313666D-02
071093371002D-05
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8.12 Reaction 2.10B0 ¢ + Ne — ¢ + Net + e 1/96 update

Electron cooling rates for neutral and single charged Neon Particles (dexsigmaxvrel)(T,)(eV x
cm x%3/s), Ne — Ne*

h0 -3.296011717683D+01 hl 2.090175238087D+01 h2 -1.260497269687D+01
h3 4.703674520432D+00 h4 -1.084256841690D+00 h5 1.545011409578D-01
hée -1.329678439752D-02 h7 6.349448203560D-04 h8 -1.293944291911D-05

Max. rel. Error: .076
Mean rel. Error: .044

o° oo

8
8

8.13 Reaction 2.10B1 ¢ + Ne™ — ¢ + Ne™" + ¢ 1/96 update

Electron cooling rates for neutral and single charged Neon Particles (dexsigmaxv—rel)(T,)(eV *
cm x %3/s), Net — Ne™™

h0 -4.016425730032D+01 hl 2.721204153637D+01 h2 -1.284168864085D+01
h3 3.355303591105D+00 h4 -4.850926860273D-01 h5 3.324128846263D-02
h6 -7.385513932230D-05 h7 -1.193933246957D-04 h8 4.774152004995D-06

Max. rel. Error: .3700
Mean rel. Error: .2182

o o
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8.14 Reaction 2.18B0 ¢ + Ar — e + Ar' + ¢ 1/96 update

Electron cooling rates for neutral and single charged Argon Particles here:

const = 15.7596, constant multiplier to corresp. ionisation fit.
(de * sigma *x vrel)(T,)(eV x ecm *x x3/s), Ar — Ar*

h0 -3.054602443000D+01 hl 1.627861918393D+01 h2 -7
h3 2.446384994382D+00 h4 -5.186581624286D-01 h5 7
h6 -6.200405891186D-03 h7 3.018464732517D-04 h8 -6

use AE, = [, =

.765170847889D+00
.184868450814D-02
.325074170944D-06

8.15 Reaction 2.18B1 ¢ + Art — e + Ar™" + e 1/96 update

Electron cooling rates for neutral and single charged Argon Particles (dexsigmaxvrel)(T.)(eV x

em x x3/s), Art — Art*

hO -4.165898540334D+01 hl 2.608109647112D+01 h2 -1
h3 3.280473403465D+00 h4 -6.113171083108D-01 hb 7
hé -5.828589448772D-03 h7 2.593634229260D-04 h8 -5

Max. rel. Error: .0697
Mean rel. Error: .0288

o° oo
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.166949407607D+01
.504889391247D-02
.035811848208D-06



10

|
9]

O

|
~

(@)

<dexsigmaxvrel>(Te,ne) (eVxcm=x3/s), Ar ——> Arx

10

Electron cooling rates for neutral and single

charged Argon Particles

A

*

107!

100 10" 107

Electron Temperature (eV)

262

10°

<dexsigmaxvrel>(Te,ne) (eVxcm=x3/s), Ar+ ——> Ar+x



8.16 Reaction 2.26B0 c + Fe — ¢ + Fe™ + e 2/06 update

Electron cooling rates for neutral and single charged Iron Particles (de x sigmaxvrel)(T.)(eV *
cm * %3/s), Fe — Fe*

hO -2.251653573541D+01 hl 8.433391246873D+00 h2 -3.846892917152D+00
h3 1.185977478850D+00 h4 -2.459331954696D-01 h5 3.266167601116D-02
hé -2.642599090120D-03 h7 1.182307520821D-04 h8 -2.237623328108D-06

Max. rel. Error: .090
Mean rel. Error: .045

o° oo

6
0

8.17 Reaction 2.26B1 ¢ + Fe™ — e + Fe™ + ¢ 2/06 update

Electron cooling rates for neutral and single charged Iron Particles (de x sigmaxvrel)(T,)(eV x
cem x x3/s), Fet — Fet*

h0 -1.624809050332D+01 hl 4.421997781459D+00 h2 -2.249312140674D+00
h3 5.326087246569D-01 h4 -3.768433369019D-02 hb5 -8.032685540054D-03
he 1.913339126234D-03 h7 -1.516002249042D-04 h8 4.332622078891D-06

Max. rel. Error: .4042
Mean rel. Error: .2088

o oo
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8.18 Reaction 3.1.8L p + H(1s) — H(1s) +p

Langevin CX rate, for testing only.
E, is the kinetic energy of the impacting ion in eV. The energy weighted rate for the Langevin
approximation is 3/2 kT * 2e-8

E-Index: 0

T-Index:

h0 -1.732206846000D+01 hl
h3 0.000000000000D+00 h4
he 0.000000000000D+00 h7

1.000000000000D+00 h2
0.000000000000D+00 h5
0.000000000000D+00 h8

9 H.9 :Fits for (o -v- E,)(Ey, T,) [cm?/s - eV]

9.1

Reaction 3.1.8 p + H(1s) — H(1s) + p

0.000000000000D+00
0.000000000000D+00
0.000000000000D+00

E, is the kinetic energy of the impacting ion in eV. The energy-weighted rate coefficient is a
function of ion temperature 7}, [eV] and of the impacting neutral particle kinetic energy £ [eV]

E-Index:

T-Index:

O J oy U W NP O

|
=

.777579549728D+01
.275231758810D+00

4.530160377165D-02

| (I
g B O = = O

.955369019980D-03
.979653552345D-03
.387089441785D-04
.252160306969D-05
.432658980502D-05
.659366058900D-07

E-Index: 3

T-Index:

O J oy U b WDNBEP O

[ (I
R o 0oy B > O

.086931313538D-02
.467481122042D-03
.737882712502D-03
.107407133685D-03
.785109655871D-04
.545614797192D-05
.853811706993D-06
.708575489575D-06
-6.

988406373694D-08

E-Index: 6

T-Index:
0
1
2

2.
9.
-1.

413613977749D-04
518302025258D-05
000952289205D-04

.009523650881D-01
.644906009036D-02
.342045574729D-02
.554165401021D-03
.139061718958D-03
.267300682383D-04
.040699979357D-05
.945710692553D-06
.274167039318D-07

.594201995447D-03
.412559491188D-03
.276905220752D-03
.709773444309D-04
.025307354437D-05
.129382543768D-05
.141186867496D-05
.872884700942D-07
.556421038443D-08

.132300538605D-05
.753012706978D-06
.059536089242D-05

.654228527844D-02
.211669235384D-02
.203651373424D-03
.687922583665D-03
.015782273336D-05
.035280214497D-04
.704096952722D-05
.300036168036D-06
.222526255554D-07

.731266223508D-04
.442507107710D-04
.370696675146D-04
.803637598216D-04
.642411701218D-05
.599116584649D-06
.733706713304D-06
.140831827282D-07
.135791478659D-08

.057223635716D-07
.069997192010D-08
.696859736968D-07



3
4
5
6
7
8
Max. rel.
Mean rel.

Error:
Error:

.512070888533D-05
.500712819446D-05
.937812763003D-06
.308661633534D-08
.993136285588D-08
.386563064570D-09

266

.360958997427D-08
.393253051164D-06
.059696948703D-07
.924954958807D-08
.094687301095D-10
.641978567123D-11

.773215541900D-08
.521246252095D-08
.282436081613D-08
.274653104848D-09
.251053762140D-11
.151564989100D-13
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9.2 Reaction 3.1.8L p + H(1s) — H(1ls) +p

E, is the kinetic energy of the impacting ion in eV. The energy-weighted rate for the Langevin

approximation is 3/2 kT * 2e-8

E-Index: 0

T-Index:

.732206846000D+01
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00

O J oy U b W DN P O
O O O O O o O+ =

E-Index: 3

T-Index:

.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00

O J oy O b W N B O
O O O O O O o o o

r:llj
H
3
Q.
)
b
o

T-Index:

.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00

O J oy U b W DN O
O O O O O O o o o

0.000
0.000

Error:
Error:

Max. rel. 0
Mean rel. 0

%
o)
)

O O O O O O o o o O O O O O O o o o

O O O O O O o o o
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.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00

.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00

.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00

O O O O O O o o o O O O O O O o o o

O O O O O O o o o

.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00

.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00

.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
.000000000000D+00
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9.3 Reaction 3.3.1 p + He(15°1S) — H + He™(1s)

Proton energy weighted charge exchange rate coefficient, protons with ground state Helium
He, £}, =~ 11.2 eV. Corresponding un-weighted rate coefficient is given also here in an earlier
section and in HYHEL with same sub-section number.

E-Index: 0

T-Index:
0 -3.445873460852D+01
1 7.061207340144D+00
2 -1.736559910607D+00
3 2.831856629788D-01
4 2.241285385641D-02
5 -2.212724523621D-02
6 4.425243772505D-03
7 —-3.781548873891D-04
8 1.193024795969D-05
E-Index: 3

T-Index:
0 6.873661138878D-02
1 -1.061062949296D-01
2 6.376880737273D-02
3 -2.171235372363D-02
4 5.072440380901D-03
5 -8.662593688148D-04
6 1.004763175634D-04
7 -6.737998131918D-06
8 1.916686027968D-07
E-Index: 6

T-Index:
0 -4.698314268303D-04
1 -4.081552915490D-04
2 1.755019472132D-04
3 8.820311155289D-05
4 -4.325767085415D-05
5 3.995980258215D-06
6 4.989305627062D-07
7 -1.009348152873D-07
8 4.438767986041D-09

Max. rel. Error: 13.4603 %

Mean rel. Error: 0.9308 %
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.326134682590D-01
.313817435577D+00
.850170907730D-01
.245131595514D-01
.103647192643D-01
.746079083640D-02
.637736454226D-03
.345178061307D-05
.774873395657D-06

.530594845507D-02
.412103967546D-02
.785764179094D-02
.103258502378D-04
.643836342594D-03
.914961081124D-04
.863654089420D-05
.587918693338D-06
.615498260138D-08

.502855041540D-05
.523889576611D-05
.622077917093D-05
.096383895966D-05
.303630284565D-06
.053387214627D-06
.799823908148D-09
.912440158402D-09
.806081198001D-10

.933054122941D-01
.022008463051D-02
.150416408177D-01
.739383391445D-01
.088038032579D-02
.145240838422D-02
.204202849751D-03
.671405376586D-05
.517888839586D-06

.637744786711D-03
.685824519445D-03
.574503264024D-03
.908060831688D-05
.585285238384D-04
.595248036912D-05
.367160814608D-06
.003371579626D-07
.693306893859D-08

.724119064743D-06
.020854867113D-06
.578825987882D-06
.077966484815D-07
.055052941782D-07
.789068581038D-08
.771077724410D-10
.117095091366D-10
.835893653264D-11
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9.4 Reaction 3.3.6ap + He*(1s'2s'1S5) — H*(2s) + He™(1s)

Proton energy weighted charge exchange rate coefficient, protons with first meta-stable He*,
By, = 0.57 eV. Corresponding (un-weighted) rate coefficient is given here in an earlier section
and in HYHEL with same sub-section number.

E-Index: 0

T-Index:
0 -2.397668404788D+01
1 3.791127359443D+00
2 -3.031005464839D-01
3 -2.042285843152D-02
4 9.317257534521D-03
5 -4.841929631711D-04
6 -9.483126811734D-05
7 1.241207591818D-05
8 -4.191666003951D-07
E-Index: 3

T-Index:
0 3.856067365269D-02
1 -6.229570032866D-03
2 -1.117399758747D-02
3 4.346233632875D-03
4 -6.346015739054D-04
5 6.551645356748D-05
6 -8.200597026708D-06
7 7.170567793961D-07
8 -2.381772742595D-08
E-Index: 6

T-Index:
0 5.281724050161D-04
1 -2.159762940362D-04
2 -1.482835634810D-04
3 7.949763771555D-05
4 -1.214272931648D-05
5 5.986765602098D-07
6 4.147212027299D-09
7 -6.505709803163D-11
8 -4.990895417628D-11

Max. rel. Error: 6.2499 %

Mean rel. Error: 0.8870 %
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.159485036283D-01
.761884787063D-01
.547966958268D-01
.849518757027D-02
.497722978839D-03
.244615194159D-03
.399032118750D-04
.987980280667D-06
.299861951387D-07

.026573130919D-03
.539673693629D-03
.402440317662D-03
.577875598472D-04
.053315422043D-04
.376485094163D-05
.844480677683D-06
.326280408650D-08
.014368954375D-10

.697200097287D-05
.275443392926D-05
.952989686416D-06
.715813906994D-06
.128632380175D-06
.526271005415D-08
.109065328207D-09
.612579446392D-10
.743415083193D-12

-4

9.
=7.
-1.

1.
-3.

3.
-2.

9.
-2.

.251349908668D-01
.201611289430D-01
.418807730147D-02
.705500175969D-03
.266899471936D-04
.264196261141D-04
.356897513547D-05
.975196671014D-06
.392550743313D-07

.759136201694D-03
.228125296776D-05
.301470355832D-03
.359935280851D-04
.920000120015D-05
.685178990397D-06
.712741557353D-07
.229946485903D-09
.686050437848D-10

237548925974D-07
099802232376D-07
085642522433D-07
481611026493D-07
510270530142D-08
781185514127D-09
316799675035D-10
811627985408D-12
467665429406D-13
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9.5 Reaction 3.3.6b p + He*(15'25'35) — H*(2s) + He™(1s)

Proton energy weighted charge exchange rate coefficient, protons with second meta-stable He*,
By, = 1.37 eV. Corresponding (un-weighted) rate coefficient is given here in an earlier section
and in HYHEL with same sub-section number.

E-Index: 0

T-Index:
0 -2.956696212252D+01 5.
1 5.608996254071D+00 -5.
2 -5.586148730643D-01 2.
3 8.445222522903D-02 -9.
4 -4.080969150629D-02 2.
5 1.109225928721D-02 -3.
6 -1.454903843517D-03 3.
7 9.246654975855D-05 -1.
8 -2.304179941047D-06 4.,
E-Index: 3

T-Index:
0 5.501159994270D-02 5.
1 -3.503708291156D-02 -6.
2 -2.619680827152D-02 9.
3 3.066491792837D-02 -6.
4 -1.125547411729D-02 2.
5 2.024041838757D-03 -4,
6 -1.907412735028D-04 4.
7 8.849836285624D-06 -2.
8 -1.534752844870D-07 6.
E-Index: 6

T-Index:
0 6.537231707620D-04 -2.
1 -1.763283177626D-03 1.
2 6.322499969920D-04 -5.
3 9.910404393999D-05 -1.
4 -7.195067291013D-05 7.
5 8.134485110505D-06 -1.
6 4.630863375819D-07 -1.
7 -1.265796349526D-07 9.
8 5.638328877632D-09 -4,

Max. rel. Error: 6.1811 %

Mean rel. Error: 0.6136 %
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281567610030D-01
554651091960D-01
869596240969D-01
885450333344D-02
380017857884D-02
788861207335D-03
686204124267D-04
956645015230D-05
310780137920D-07

231877282834D-03
194296661419D-03
409111065614D-03
421108100188D-03
175569508209D-03
121003738472D-04
489456337277D-05
639451182160D-06
492509343847D-08

747946210980D-05
440173210330D-04
569656379195D-05
096951926860D-05
772807797383D-06
024492516657D-06
150736736272D-08
977170726720D-09
845499350959D-10

.525645856454D-01
.310107491980D-02
.693533782880D-02
.375836603441D-02
.216452673035D-02
.898997798061D-03
.488800425650D-04
.070012209875D-05
.810780135493D-07

.104807314720D-03
.545246673022D-03
.2927204549500D-03
.185509375312D-04
.073341073380D-05
.128259787760D-06
.215149457584D-06
.576420403373D-07
.852852143477D-08

.809150198692D-07
.252159818280D-06
.811409365339D-06
.556184138250D-07
.677198674596D-07
.813168247354D-08
.200040624310D-10
.923241327427D-10
.514129155630D-11
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i 3
10 H.10 :Fits for (o - v - E,)(n,, 1)) [em?®/s - V]
E, is either the kinetic energy (or the energy loss per event) of the impacting electron or ion, in

eV, or the energy loss (energy cost), associated with a process or set of processes. In the latter
case these energy-weighted rate coefficients are obtained from collisional radiative modelling.

276
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10.1

Reaction 2.1.5JHe + H — H' + 2¢e

Electron energy loss weighted rate coefficient. Total: radiation plus potential energy cost. Data:

Johnson, [4]

E-Index: 0

T-Index:
0 -2.508124023824D+01
1 9.961634412423D+00
2 -4.776180166264D+00
3 1.630713043514D+00
4 -3.862246458538D-01
5 5.908348117252D-02
6 -5.502149035570D-03
7 2.825693139758D-04
8 -6.126373636033D-06
E-Index: 3

T-Index:
0 7.823415079914D-03
1 -7.526506973636D-03
2 2.108820285359D-03
3 -1.066332982000D-05
4 -6.053903755468D-05
5 7.784473195273D-06
6 -5.442048934307D-07
7 4.797758886682D-08
8 -2.404105327023D-09
E-Index: 6

T-Index:
0 -1.224700235983D-05
1 7.221376553657D-06
2 -8.300185166679D-07
3 -3.006283377398D-07
4 4.544140153285D-08
5 2.577124843878D-09
6 -1.937960153333D-10
7 -6.978042599136D-11
8 5.011156979547D-12

Max. rel. Error: .4678 %

Mean rel. Error: .2498 %
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.734108135759D-02
.573307884566D-02
.970917601727D-04
.457819922651D-03
.354707016609D-03
.467671779140D-04
.550039601080D-05
.479374192570D-06
.768914931663D-08

.631549805821D-03
.445482212534D-03
.156648351099D-04
.942499095980D-05
.227285712967D-07
.205874145075D-07
.990161485463D-08
.637030558354D-09
.753206693445D-10

.170427242828D-07
.633748217561D-07
.671730459566D-08
.400198464058D-08
.854579885273D-09
.007675407273D-10
.664413123118D-11
.836020981290D-12
.641995819473D-13

.891777149512D-02
.843734255418D-02
.807758859655D-03
.182846239993D-03
.758335877954D-04
.707776439937D-05
.186912710069D-06
.357992990165D-07
.516539648383D-08

.886435723148D-04
.430089553311D-04
.407098816806D-05
.976235585729D-07
.352473868493D-09
.883252326876D-08
.933475010389D-09
.735798106880D-10
.002003170733D-11

.775556894342D-09
.028215793306D-09
.140062425575D-09
.901297252541D-10
.868612101415D-11
.215200297376Db-12
.521242149750D-13
.884922171479D-14
.257296690473D-15



<sigmax*vrelxdel>(Te,Ne) (eVxcm**3/s)

10

10

10

10

10
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Effective hydrogenic electron cooling rate

due to ionization. Data: L.C.Johnson
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10.2 Reaction2.1.5¢+ H — H" + 2¢e

Electron energy loss weighted rate coefficient. Data: Sawada/Fujimoto, [7] (redone May 2016:
extend Te range of fit validity from 0.1 — 1e3 now to 0.1 — 2e4 eV)

E-Index: 0

T-Index:

O J oy U b W DN P O

| | | | |
N W oo R RN

.497580168306D+01
.004448839974D+01
.867952931298D+00
.689422238067D+00
.103532320100D-01
.469718387357D-02
.215861314764D-03
.289809895460D-04
.335808238917D-06

E-Index: 3

T-Index:

O J oy O W N BEP O

[ | I
G N R > e SR TN

.122398646951D-04
.707040988954D-04
.328668093987D-04
.707676288420D-04
.424078519508D-04
.411848024960D-05
.474253805845D-06
.633029022577D-08
.733871119707D-09

E-Index: 6

T-Index:

O J oy U b W DN O

TIMIN =
TIMAX =
N2MIN =
N2MAX =
Max.
Mean rel.

R PN O

rel.

.212823709798D-06
.249704742353D-07
.831739755462D-06
.000115718138D-07
.597020291557D-10
.517154874443D-09
.149084521319D-10
.289806153651D-11
.196798841269D-13
.10000D
.00000D
.00000D
.00000D

Error:

Error:

00 EV

04 EV

08 1/CM3

16 1/CM3
0.922E+00
0.471E+00

o)
)
)
°
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1

.081653961822D-03
.189474633369D-03
.852267850690D-03
.744372210287D-03
.622291213236D-03
.268567898126D-04
.836595524255D-05
.845697922558D-06
.367574486885D-07

.408153300988D-04
.031309578578D-04
.056134355492D-04
.508611815406D-05
.307339563081D-06
.707984861100D-07
.397868837417D-07
.337390374041D-08
.512777532459D-09

.648139704737D-08
.164960852522D-08
.164969298033D-07
.045211951761D-08
.799505288362D-09
.453195673947D-10
.803200444549D-12
.864394776250D-12
.441033650378D-13

.358936044605D-04
.510128351932D-03
.867458651322D-03
.087364236497D-03
.327415215304D-03
.830939623802D-04
.017296919092D-05
.479323780613D-06
.423236476442D-08

.469730836220D-05
.716939423005D-06
.301570807523D-05
.305867762241D-06
.256679519499D-09
.016945693300D-07
.518743025531D-08
.770252084837D-09
.733801272834D-11

.611904413846D-09
.893423877739D-10
.785440278790D-09
.790312871690D-10
.280890205774D-11
.002478264932D-11
.151855939531D-12
.694978774411D-15
.734769090475D-15



e+ H(1) ——>p + 2e

gma v_e>(Te,ne)
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10.3 Reaction 2.1.50 ¢ + H — H* + 2¢ Ly-opaque

Ditto, all Lyman lines (and continuum) opaque

E-Index: 0

T-Index:
0 -2.431395592098D+01
1 1.113429718187D+01
2 -6.654446687338D+00
3 2.747075059275D+00
4 =7.372137934626D-01
5 1.227074461193D-01
6 -1.216484938923D-02
7 6.566484532457D-04
8 -1.483802107723D-05
E-Index: 3

T-Index:
0 -1.087825788137D-01
1 9.801393644159D-02
2 -2.979923286006D-02
3 1.702193123225D-03
4 6.752425702279D-04
5 -1.621646872661D-04
6 1.506237912301D-05
7 -4.568263582843D-07
8 -6.560997301392D-09
E-Index: 6

T-Index:
0 1.777247119352D-04
1 -1.231134698172D-04
2 2.684044174965D-05
3 -4.598542858756D-09
4 -3.124180764582D-07
5 1.826904076362D-08
6 -4.163110915594D-09
7 6.106046869680D-10
8 -2.241669215814D-11

Max. rel. Error: 2.4939 %

Mean rel. Error: .6828 %

.395941007384D-01
.849722545279D-01
.195366491981D-02
.901300857989D-02
.943069908340D-02
.057176837025D-03
.701189895777D-04
.779995638455D-05
.441118380444D-07

.304158174814D-02
.946235514182D-02
.913142010781D-03
.298136767386D-04
.856788083851D-05
.526799196487D-06
.384573257407D-07
.697388918232D-08
.141908302488D-09

.080187141189D-06
.827948966411D-06
.633266274667D-07
.542757391998D-08
.188861911457D-08

4.273639168838D-10
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.345977887826D-11
.063138694762D-11
.998773490453D-13

.591565194903D-01
.423728103974D-01
.179888393756D-02
.006521130909D-02
.829953302392D-03
.694081601397D-03
.793079853259D-04
.950721046575D-06
.530047985372D-07

.708007727528D-03
.079309382971D-03
.549143094821D-04
.093195127037D-05
.732295592583D-07
.543500809367D-07
.137888186554D-08
.072747527249D-09
.111434993423D-12

.438023009891D-08
.895455818239D-08
.895128780616D-09
.032937294372D-10
.649196327692D-11
.875558984747D-11
.495071058936D-12
.709542597057D-16
.539526341658D-15



<sigmax*vrelxdel>(Te,Ne) (eVxcm**3/s)

10
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|
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Effective hydrogenic electron cooling rate
due to ionization. Ly—opaque, Data: L.C.Johnson
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10.4 Reaction 2.1.8 H™ + ¢ — H(1s)

effective electron cooling rate due to rad.+three-b. recombination potential energy loss 13.6*(eft-
rec.rate) still needs to be subtracted (may render the loss negative, i.e., turn it into a gain) Hence:
the quantitity given here happens to be the radiation loss. Junel7: Fit range extended from 0.1-

1le3t0 0.1 2¢e4

E-Index: 0

T-Index:
-2

W J o0 WM O
=

.592450349909D+01
=7.
2.
.645333930947D-03
.594184648757D-03
.216668033378D-03
.376115895241D-04
.930977636766D-05
.599257775146D-07

290670236493D-01
363925869096D-02

E-Index: 3

T-Index:

O J oy U b W DN B O
|
e

.943967743593D-03
.532243431817D-03
.854145868307D-03
.305056373739D-04
.379169243859D-05
.536162767321D-06
.188184006210D-05
.072370711390D-06
.466989306497D-08

E-Index: 6

T-Index:

O J o U b W DN O
|
w

TIMIN
T1MAX
N2MIN =
N2MAX =

Il
R PN o

Max. rel.

Mean rel.

Error:
Error:

.186560752561D-05
.070843294052D-06
.251436618314D-06
.112924018518D-06
.150901014513D-07
.905331051259D-08
.592249255001D-09
.073797030749D-11

-1.
.10000D
.00000D
.00000D
.00000D

776496344763D-11
00 EV

04 EV

08 1/CM3

16 1/CM3

0.930E+01
0.127E+01

o)
)
%
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.222097271874D-02
.540323930666D-02
.164453346305D-02
.005820792983D-03
.582238007548D-05
.503070140126D-04
.172709777146D-04
.318401491304D-05
.977823319311D-07

.123474602102D-04
.658423772784D-04
.077485291132D-04
.584896294384D-04
.490890502214D-06
.908681884097D-06
.381514364966D-07
.055919993599D-07
.146485227699D-08

.334455630031D-07
.378709880644D-07
.626555745259D-08
.544682842175D-08
.631965635818D-08
.169038517749D-10
.778887958831D-10
.047087505147D-11
.199195061382D-14

.278499401907D-05
.406093779190D-03
.845209334594D-03

6.956352274249D-04

.073695619272D-04
.043500296633D-04
.695182045674D-05
.848025453481D-06
.615013823092D-07

.303523395892D-04
.972448753445D-05
.211106637742D-05
.294643898894D-05
.245292872209D-06
.232019008169D-07
.936267173079D-08
.489632654212D-09
.772338917155D-10

.349857887253D-09
.818079729166D-09
.073458810743D-09
.810293075700D-10
.984093025695D-10
.442765766167D-11
.160762106747D-12
.877446271350D-13
.929300283002D-15
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Effective (CR) hydrogenic recombination rate coefficient
Reiter/Savada/Fujimoto, radiation loss rate

<(E_el+13.6) xsigmav_e>(Te,ne) (e +)e +p ——> (e +)H(1) + hv

ne/cm 2
o 1.00D+16
X 1.00D+14
o 1.00D+12
¢ 1.00D+10
* 1.00D+08
\D\\\ s (,)
" T
SN =
. B O
1 v
5
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5
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10° 10" 107 10° 104
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10.5 Reaction 2.1.80 H™ + ¢ — H(1s) Ly-opaque

effective electron cooling rate due to rad.+three-b. recombination potential energy loss 13.6*(eft-
rec.rate) still needs to be subtracted (may render the loss negative, i.e., turn it into a gain) Hence:
the quantity given here happens to be the radiation loss.

E-Index: 0

T-Index:

O J oy U b W N B O

| [ | I B I
O N W J o o) b 0N

.626461971500D+01
.898849653304D-02
.795279065913D-01
.457641001473D-02
.800392305050D-02
.780596827160D-03
.252420142124D-04
.115742192807D-04
.909336050813D-06

E-Index: 3

T-Index:

O J oy U b W NP O

| [ |
g R W NP WwWadF Ww

.951176865624D-02
.819873891755D-01
.777618558640D-02
.368756666920D-02
.215210455092D-02
.853313172787D-03
.889280715498D-04
.117507761644D-04
.935692251130D-06

E-Index: 6

T-Index:

O J oy O WINBEP O

Max. rel.

Mean rel.

Error:
Error:

.256550578560D-05
.160257175597D-04
.597834560300D-04
.476482397035D-05
.945865547958D-05
.388539733773D-06
.463824586159D-07
.277550512167D-08
.007910080852D-09

26.2822
8.6945

o)
°
%
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.141522828006D-01
.942292858703D-01
.335489318623D-01
.613800494941D-02
.637589098726D-02
.696354616404D-03
.153234057341D-03
.847511359996D-04
.829769520002D-05

.434448907130D-03
.954265794034D-02
.791770402443D-02
.588159967647D-03
.536449841814D-03
.331295381374D-04
.445906496031D-05
.626382515941D-05
.750922276399D-07

.183957210565D-06
.090132407225D-05
.867107114568D-06
.148378986370D-06
.794359168371D-07
.625759741848D-07
.657036916983D-08
.762994890889D-11
.447800370353D-11

.076393602102D-01

4.197250110873D-01

.698162748512D-01
.378456442460D-02
.927766641228D-02

4.101919602398D-03

.724087525894D-03
.531396348434D-04
.745121101762D-05

.651735363726D-04
.746673604459D-03
.265419802670D-03
.161221464744D-03
.949052179931D-04
.219354343653D-04
.400239087927D-06
.138105849294D-06
.514634639125D-08

.267430439071D-08
.518762884136D-07
.703048627852D-08
.661383263216D-08
.714166652574D-09
.530677587059D-09
.329837178101D-10
.306756395427D-11
.488148236190D-13



<sigmax*vrelxdel>(Te,Ne) (eVxcm**3/s)

Effective hydrogenic electron cooling rate
due to recombination. Ly—opaque, Data: L.C.Johnson
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10.6 Reaction 2.2.h2¢c Hy +e¢ — ....

effective electron cooling rate due to destruction of H2 molecules by processes 2.2.5 or 2.2.9,
i.e. by dissociation or ionisation. AF; = 9.94, AFE,; = 15.386

E-Index:

T-Index:

O J oy Ok WNBEP O
| | | | |
03 o0 Wk 0k DN

.511426358838D+01
.039650366780D+01
.056418866002D+00
.698357023335D+00
.946794266607D-01
.332951863565D-02
.076439854566D-03
.117651399462D-04
.768573967186D-05

E-Index: 3

T-Index:

-1.
8.
1.
6.015963727342D-04
.440206127855D-04
.053105755056D-05
.171515920637D-06
.117247208887D-07
.137300758374D-08

W J o0 WM O
=

160949145671D-03
471089743180D-04
011062331716D-03

E-Index: 6

T-Index:

O J oy O b W DN B O
|
J

Max. rel.

Mean rel.

Error:
Error:

.179799509766D-06
.200391601516D-06
.068798871142D-06
.254739688370D-07
.044718093836D-08
.650023620224D-08
.105913693789D-09
.547129244936D-11
-1.

176278308629D-11

3.4722
1.4166

o)
°
%
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.502968736502D-03
.940526565095D-03
.267610495700D-04
.100217175513D-03
.530611978697D-04
.363804010733D-04
.801240259521D-05
.744466929271D-06
.610531177384D-07

.711890444924D-04
.668780150866D-04
.493635375898D-04
.254388145616D-04
.821423270769D-05
.434719315650D-06
.045829346605D-07
.283932745297D-08
.990100914364D-09

.292508854487D-08
.255709533045D-08
.024008304152D-08
.161858685796D-08
.445238251993D-09
.035147397334D-10
.389056833568D-11
.340983691609D-12
.089055860523D-13

.270301997818D-03
.039057105217D-03
.570825376355D-03
.346702996596D-03
.956794001881D-04
.935332922569D-04
.813794805193D-05
.834955698487D-06
.508866204608D-07

.316751545455D-05
.846170371568D-05
.107778205672D-05
.431788137516D-05
.364766339804D-06
.264447977870D-07
.237650672670D-09
.875678618801D-09
.015422105813D-10

.764136720820D-10
.263044644580D-10
.571647703521D-10
.410801074405D-10
.975970296405D-11
.735406816093D-12
.197541371030D-12
.151269189538D-14
.505656589693D-15



Electron cooling rates for H2 molecules, [eV cm*x3/s]
Reiter/Sawada, no vibr. H2(X) states
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o ne/cm 2
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N o 1.00D+16
- Bk x 1.00D+14
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10.7 Reaction 2.2.h2r Hy +e¢ — ....

effective electron radiation energy loss rate due to destruction of H2 molecules by processes
2.2.5 or 2.2.9, i.e. by dissociation or ionisation

E-Index:

T-Index:

O J oy Ok WNBEP O

| | | | |
N B U RO EDN

.801822188516D+01
.226559489761D+01
.867759617478D+00
.891664482986D+00
.033980053975D-01
.439662377414D-02
.642268879563D-03
.626009837514D-04
.606720377928D-06

E-Index: 3

T-Index:

O J oy U b W DN BEHE O

-2.
-3.
4.

299699721311D-02
150018219862D-02
210762118334D-03

.257794051374D-02
.526303663894D-02
.689194332467D-03
.073444697161D-04
.581041097732D-06
.619250275583D-06

E-Index: 6

T-Index:

O J oy O b W DN B O

Max. rel.

Mean rel.

RS 2N DN Oou

3.
-1.

Error:
Error:

.258892572564D-05
.066091926016D-06
.343578854939D-06
.171207268498D-06
.169850372738D-06
.636734103570D-07
.829914413027D-07

248465119283D-08
932812965191D-09

9.7237
2.8617

o)
°
%
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.680763935218D-02
.963731382190D-01
.536319354128D-02
.471792937991D-01
.394921763886D-01
.818384180161D-02
.093950922937D-03
.623097639192D-04
.105277432641D-05

.853248550552D-03
.847305623421D-03
.901166941528D-05
.486055370273D-03
.475511672936D-03
.674426267836D-04
.067430960799D-06
.310703738513D-06
.490216679338D-07

.807126279032D-06
.700999841682D-08
.149634211274D-07
.959885648343D-07
.491856181978D-07
.759830094699D-08
.868936732678D-09
.180769016510D-10
.208399835617D-11

.076970248467D-02
.282479989566D-01
.568022393739D-02
.271446717483D-02
.381914918665D-02
.188105491841D-02
.987412465436D-03
.742669318441D-04
.632539922731D-06

.648533513094D-04
.332949388707D-04
.122748674317D-05
.021925655299D-04
.499022366195D-05
.688389683681D-06
.032281232409D-06
.164508757577D-07
.418606553487D-08

.441424496287D-08
.515881112268D-09
.218794688735D-09
.448680553698D-09
.172311462398D-09
.590631115748D-10
.492736071699D-11
.701126858615D-13
.703503159464D-14



Electron cooling rates for H2 molecules, [eV cm*x3/s]
. Reiter/Sawada, no vibr. H2(X) states
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10.8 Reaction 2.3.9a ¢ + He(1s%15) — Hev(1s) + 2¢

Eth=24.588 eV effective electron cooling rate due to ionization of Helium atoms. Fujimoto
Formulation II (only ground level transported, no meta-stables kept explicit), [20].

E-Index: 0

T-Index:
0 -3.535258393674D+01
1 1.981855871044D+01
2 -9.334355651224D+00
3 2.800314250410D+00
4 -5.489088598705D-01
5 6.902095610357D-02
6 -5.342940069130D-03
7 2.313175089975D-04
8 -4.279800193256D-06
E-Index: 3

T-Index:
0 -2.849818870377D-02
1 1.732110218818D-02
2 -4.463941003028D-03
3 8.918009845745D-04
4 -4.483274558979D-05
5 -3.040906203340D-05
6 5.253922160283D-06
7 -1.712024596447D-07
8 -6.972920569943D-09
E-Index: 6

T-Index:
0 4.251155616815D-05
1 -8.875290574348D-06
2 -4.278064413224D-06
3 7.013616309712D-07
4 1.349829568374D-07
5 -1.805060230413D-08
6 -9.777558713428D-10
7 4.731973382221D-11
38 8.059675146168D-12

Max. rel. Error: 1.8148 %

Mean rel. Error: .1839 %

293

1

.428249311738D-02
.854482688892D-02
.524206463148D-02
.474350787980D-02
.339538872774D-03
.234159378604D-03
.223169549107D-04
.966436907981D-06
.815466669910D-07

.041903480645D-03
.781419068092D-03
.900917070658D-04
.616249899141D-05
.900991581685D-06
.951386149372D-06
.468905893926D-07
.782015167261D-09
.607191494540D-09

.351759350582D-06
.399429819761D-07
.040570181783D-07
.570063437935D-08
.815812094637D-09
.156859219121D-10
.770619394125D-10
.845161957843D-11
.704316808942D-13

.378071832382D-02
.088928946831D-02
.103002869692D-02
.012991773715D-03
.783071302508D-04
.989745411104D-05
.500790305823D-05
.944962909810D-07
.282174576618D-09

.864532165560D-04
.244804771683D-04
.482449118881D-05
.885545577757D-06
.747171692727D-07
.592185107575D-08
.483496971361D-09
.499416349949D-09
.870919514967D-10

.728801977101D-08
.389778740510D-10
.324224092217D-09
.573487194914D-10
.686532777575D-11
.071168697340D-11
.050995244427D-12
.011070143230D-13
.713225271579D-14



<dexsigxv> (eVxcm=x3/s), lonisation

Effective Electron cooling

s for Helium Atoms, lonisation, Formulation I
10
ne/cm ~3
WO% O 1.00D+16
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yd O 1.00D+12
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10.9 Reaction 2.3.13a ¢ + He'(1s) — He(1s%1S)

Helium multi-step model, here recombination: radiative + threebody + dielectronic

Fujimoto Formulation II (only ground level transported, no meta-stables kept explicit), [20].
The quantity given here happens to be the radiation loss. The loss of potential energy still needs
to be subtracted to make this a total electron energy loss (or gain) rate.

E-Index: 0

T-Index:

O J o U b W DN O

| | | | |
= U1 0 3 W 0 o NN

.538377692766D+01
.472758419513D+00
.864417999957D+00
.394970578944D+00
.465864794112D+00
.479071085372D-01
.863575102304D-02
.484926807853D-03
.388441945179D-04

E-Index: 3

T-Index:

O J oy U b W DN B O

[ | | |
WO W NN DNDDNDDN

.401710021390D-02
.938171777028D-02
.382836629119D-02
.158600348753D-02
.700181027443D-03
.620866439317D-04
.042043168371D-06
.198494797723D-07
.485370731777D-08

E-Index: 6

T-Index:

O J o U b W DN O

Max. rel.
Mean rel.

Error:
Error:

.345025100540D-05
.701401918133D-05
.305554399898D-05
.568209602293D-06
.032060079260D-07
.926133276192D-09
.354480058307D-09
.564835556537D-10
.621809988343D-11

22.6665 %
8.4662 %
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.826880987619D-02
.668058989207D-01
.882326730037D-01
.397993216045D-02
.572684180220D-02
.997666028811D-04
.901540166344D-04
.510359436743D-05
.141995596700D-07

.130156138736D-03
.216525055070D-03
.134820469638D-03
.504743150582D-04
.902304157269D-04
.103039382799D-05
.677907209787D-06
.058851315121D-07
.086412415216D-09

.323917127568D-07
.370446267883D-06
.430294093180D-07
.458110560501D-07
.355858638619D-08
.148813674084D-09
.223103792568D-10
.622993472948D-11
.737654534264D-13

.796575967310D-02
.265192781981D-01
.194028674310D-01
.796972813740D-02
.398192327776D-02
.614053457119D-03
.941090299375D-05
.123735445147D-06
.168915890330D-07

.494803122018D-04
.261523686946D-04
.782113978272D-04
.602911694939D-05
.534387905925D-06
.215447554819D-07
.153652742395D-07
.866416375894D-08
.674153797642D-10

.551716207606D-09
.313673787201D-08
.305188423829D-08
.826599911934D-10

5.917279771473D-10

.207867670158D-10
.543057946730D-12
.428986170198D-13
.678705755876D-14



<dexsigxv>+24.586+<rec.rate> (eVxcm#*x3/s), Recomb.

-8

10
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Fffective Electron cooling

faor Helium lons, Recombination, Formulation |
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10.10 Reaction 2.6A0 ¢+ C — C* + 2¢

electron cooling rate due to ionization of C atoms [eV * cm**3/s] ADAS 93

E-Index: 0

T-Index:

O J oy U b WDNBEP O
| | | | |
O P DN oo Ww N OB

.541340319198D+01
.871565603800D+00
.581732757825D+00
.800945236897D-01
.221877058224D-02
.242753615795D-03
.099340312561D-03
.795437092836D-04
.520442022231D-06

E-Index: 3

T-Index:

®w Jo U WN RO
| [ [ .
PR o R WO N

.158652670331D-01
.094056812899D-02
.370773139210D-03
.687719429910D-03
.746771988767D-04
.528532398519D-05
.205604777862D-08
.652357272442D-07
.163642679910D-08

E-Index: 6

T-Index:

O J oy U b W DN BEP O
|
H

-1

Max. rel.

Mean rel.

Error:
Error:

.658345040546D-05
.266757015103D-05
.906448581780D-06
.509994237871D-07
.063260940363D-07
.810998774881D-09
.322775355772D-10
.240247466159D-10
.122860695875D-11

9.7643 %
3.1877 %
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.635323668693D+00
.062312115608D-02
.272125958091D-01
.573076930006D-02
.391798645331D-02
.145594247121D-03
.276880024615D-04
.389068259360D-05
.375114106630D-07

.412329738807D-02
.136700005660D-03
.974489768572D-04
.848608239928D-04
.294582308635D-06
.555056417236D-06
.558979315126D-07
.003365245229D-08
.003281042296D-10

.254244791032D-06
.406980202349D-07
.658075171996D-08
.483571537540D-08
.336948585246D-08
.868420910603D-10
.119114288255D-11
.352672081064D-12
.002505887771D-13

.424306255525D+00
.785653882692D-02
.493561583728D-02
.511071760242D-02
.175585061019D-03
.885428995621D-05
.884605861642D-06
.113237444693D-06
.859364572176D-08

.168676999154D-04
.963442307288D-04
.432652388384D-05
.690331087319D-05
.485083720382D-07
.074853324543D-08
.140737345155D-08
.633709577156D-09
.350639090685D-10

.053767538668D-08
.681457471642D-09
.628999658428D-10
.479901251703D-09
.357328879289D-10
.953950208308D-11
.546806508137D-13
.036766300560D-13
.458669917591D-15



<dexsigmaxvrel>(Te,ne) (eVxcm=x3/s), C ——> Cx/C+

Electron ionisation and cooling rates for neutral and single

charged Carbon Particles
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10.11

E-Index:

T-Index:

O J oy U b WDNBEP O

| | [ |
= O 00 J Ww oo N N

.253812547614D+01
.432527437912D+00
.952608997109D-01
.226013960740D-01
.729388695172D-01
.841898395520D-02
.985696288257D-03
.395985855412D-04
.328834197911D-05

E-Index: 3

T-Index:

O J o U b W DN O

=-1.

5.

1.
.391948893870D-02
.665942301636D-03
.191674192800D-03
.394992142385D-04
.635747882439D-06
.207714212398D-07

|
N oo

065634043574D-02
813528015171D-03
251511770456D-02

E-Index: 6

T-Index:

O J oy U b WDNBEP O

Max. rel.

Mean rel.

.499025275503D-05
.099253727990D-05
.795198852134D-05
.768287114529D-06
.415790996484D-07
.791473635965D-09

9.035743229573D-10

Error:
Error:

.822072807905D-10
.463372771101D-12

5.8662 %
1.3550 %

299

Reaction 2.7A0 e + N — NT + 2¢e

electron cooling rate due to ionization of N atoms [eV * cm**3/s] ADAS 96

.608569288276D-01
.539439865129D+00
.412585437109D+00
.717054943053D-01
.832836584927D-01
.976002632760D-02
.839310501238D-03
.468399332248D-04
.174449965134D-06

.532285913431D-04
.646122278862D-03
.934102369820D-04
.061371309834D-04
.864541076848D-04
.671367249642D-05
.170732864889D-06
.695648390668D-07
.661992346983D-09

.381690183270D-07
.056031618879D-06
.439391948855D-06
.294456589515D-07
.777746715732D-08
.602227311451D-10
.011075190405D-11
.518277639583D-12
.949905209490D-13

.150452384879D-01
.576693820511D-01
.638775789522D-02
.187384074057D-02
.722342009795D-02
.564235143138D-03
.044432608775D-04
.023312734034D-05
.072687574774D-06

.346476910993D-04
.939136003165D-04
.591298980417D-04
.715854993637D-05
.009919110756D-06
.560417026937D-07
.745521323400D-08
.028838822894D-09
.002410123923D-10

.754250184956D-08
.072262920583D-08
.065144075600D-08
.730420469452D-09
.367779235643D-09
.668997333521D-10
.670019578529D-11
.040108515933D-12
.634684643675D-14



<dexsigmaxvrel>(Te,ne) (eVxcm*x3/s), N ——> Nx/N+

Flectron ionisation and cooling rates for neutral and single

charged Nitrogen particles
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10.12 Reaction 2.8A0¢c¢+ O — Ot + 2¢

electron cooling rate due to ionization of O atoms [eV * cm**3/s] ADAS 96

E-Index: 0

T-Index:

O J oy U b WDNBEP O

-2.
5.
9.

.654552652454D+00

.113756777865D-01

.156778163561D-01

.226872019465D-02

.927024005103D-04

.622250023780D-05

|
oo

445741605915D+01
492606381344D+00
943826013037D-01

E-Index: 3

T-Index:

O J o U b W DN O

| | | |
~ w 0o N oo N

.750162767171D-02
.873370694294D-02
.848835552799D-02
.427594128571D-03
.680245268321D-03
.202897127637D-04
.734498698465D-05
.294622184638D-06
.669410612531D-08

E-Index: 6

T-Index:

O J oy U b W DN BEP O

Max. rel.

Mean rel.

Error:
Error:

.286672269176D-04
.379642813223D-04
.651758284440D-05
.044710535961D-06
.081389976655D-07
.040513862277D-07
.833458966155D-08
.098501461403D-09
.734353103748D-11

3.7053 %
0.5707 %
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.558170805452D-01
.669520214597D+00
.499918897355D+00
.182604764825D-01
.013060379640D-01
.398915754215D-02
.396064383950D-03
.846756585347D-04
.207838369666D-06

.322414636615D-03
.462882768193D-03
.365388843634D-03
.652841141310D-04
.704851290479D-05
.692837429290D-05
.001759890924D-06
.062548801876D-07
.861603869267D-09

.000293275220D-06
.752421303830D-06
.307784252948D-06
.994468803276D-07
.140394138239D-08
.905054927605D-08
.502214203633D-09
.497495555462D-10
.144698339762D-12

.462171267483D-02
.021865903908D-01
.087399488466D-02
.614322696382D-02
.632283021337D-03
.787006821195D-05
.540766244850D-05
.021508483124D-06
.903799103489D-08

.347646519764D-03
.412980882660D-03
.826588118171D-04
.183935809798D-05
.072676809016D-05
.540185566308D-06
.192469818350D-08
.157818482174D-08
.925221400690D-10

.078783359137D-07
.268943574449D-07
.079380257776D-08
.234290357456D-08
.815585650608D-09
.310423435817D-10
.916747741154D-11
.217115168440D-12
.342196909047D-14



Flectron ionisation and cooling rates for neutral and single

charged Oxygen Particles
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10.13 Reaction 2.3.6A0 C* +¢e¢ — C

electron cooling rate due to recombination of C* ions [eV * cm**3/s], ADAS 96

One must subtract: 11.3 eV per recombination to turn ADAS radiation rate into electron cooling
(or heating) rate. Hence: the quantity “PRB” given here happens to be the radiation loss only.
Note: these ADAS “PRB” rates include Bremsstrahlung.

E-Index: 0

T-Index:

O J oy U b W N B O

| | | [
N 9 2 0o NS W

.449331531577D+01
.179856306879D+00
.311733850808D+00
.806779837905D+00
.032014606781D-01
.301554943312D-01
.242233736267D-02
.954435301193D-04
.500391513086D-05

E-Index: 3

T-Index:

O J o U b W DN B O

.092764777565D+00
.775353255679D-02
.172778536056D-01

6.930042877150D-03

.717002987717D-03
.044019514499D-04
.344451591441D-05
.990191176291D-06
.278134731858D-07

E-Index: 6

T-Index:

O J oy U b W DN B O

Max. rel.

Mean rel.

Error:
Error:

.596236746746D-04
.628156323586D-04
.839176473763D-06
.421063531104D-05
.127888270655D-06
.945898698541D-07
.284131939957D-08
.267687595428D-09
.974065900351D-10

8.2940
3.7511

o)
°
)

°

303

.258971812737D+00
.719723714161D+00
.370285434332D+00
.398234905586D+00
.243519059852D-01
.725337184215D-02
.700165808817D-03
.273273516585D-04
.626059504628D-05

.657866594525D-01
.925284499345D-02
.779079567056D-02
.404827643211D-04
.219046168773D-04
.495651404294D-04
.310415385953D-05
.319258744806D-07
.867601250526D-08

.630726640545D-05
.299989445086D-05
.227710471502D-07
.098399911722D-07
.185873097827D-07
.543052440997D-08
.565852326841D-09
.231170570451D-10
.882199061890D-11

.304690527938D+00
.109771079252D+00
.216699592702D+00
.251852305561D-02
.917711523053D-02
.508579166285D-03
.616784271834D-04
.271193045387D-05
.107306577342D-06

.542303956967D-02
.933757846201D-03
.919155623354D-04
.001550181383D-04
.450097852128D-05
.330495889321D-06
.765092218798D-07
.097979773124D-08
.878768861855D-10

.398545538061D-07
.856398634322D-07
.972639217563D-09
.924615837222D-08
.374750430973D-09
.361067307243D-09
.587125861820D-10
.155780084007D-11
.774990290039D-13



<(de+11.3)*sigmaxvrel>(Te,ne) (eVxcmx*x3/s), C+ ——> Cx/C

O

10

10

10

-9

Flectron cooling rates, recombination, for single
charged Carbon lons, ADAS 96
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10.14 Reaction2.3.7A0 N*T +¢e¢ - N

electron cooling rate due to recombination of N* ions [eV * cm**3/s], ADAS 96

One must subtract: 14.53 eV per recombination to turn ADAS radiation rate into electron cool-
ing (or heating) rate. Hence: the quantity “PRB” given here happens to be the radiation loss
only. Note: these ADAS “PRB” rates include Bremsstrahlung.

E-Index: 0

T-Index:
0 -2.586820731518D+01
1 4.400357172984D-01
2 1.523969394400D+00
3 -3.077040183629D-01
4 -2.499858560511D-01
5 1.122891964175D-01
6 -1.845412035984D-02
7 1.383369072901D-03
8 -3.962101000292D-05
E-Index: 3

T-Index:
0 -4.804133327132D-02
1 5.106007492864D-02
2 4.279413046901D-02
3 -3.115909800990D-02
4 2.713999948320D-03
5 1.151215043288D-03
6 —-2.493973858283D-04
7 1.658217707026D-05
38 -3.196107515802D-07
E-Index: 6

T-Index:
0 1.354629644171D-04
1 -1.751819021358D-04
2 -9.341518771019D-05
3 9.351800226170D-05
4 -1.805778311706D-05
5 2.332387839470D-07
6 1.870011605909D-07
7 -1.049655308155D-08
8 -8.202530145299D-11

Max. rel. Error: 32.2303 %

Mean rel. Error: 12.2391 %
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1

.773123878982D-04
.955879689023D-02
.425371495869D-02
.713803828212D-03
.181574525071D-02
.206198954046D-03
.674583671370D-04
.032061800809D-05
.468219566959D-06

.306447013294D-02
.546284626871D-02
.024270007475D-02
.767085102681D-03
.295602004725D-03
.200389519219D-04
.804621927607D-05
.328052761042D-06
.507602295919D-08

.174213693006D-06
.833826024190D-06
.450572575050D-06
.596490667485D-06
.263438826071D-07
.879365909923D-08
.064415580300D-09
.552860851546D-10
.479987632860D-12

.482871509909D-02
.069655421640D-02
.101981223987D-02
.307965640960D-02
.378336563136D-03
.429675538662D-03
.097511152946D-04
.815584065023D-05
.461427252466D-06

.812654742590D-03
.268830444441D-03
.316026883921D-03
.239304971154D-03
.196982388776D-04
.592098287396D-06
.3842449502180D-06
.932298218606D-07
.676151311100D-11

.914218642264D-08
.061582477502D-07
.173974255663D-08
.541585525207D-08
.148112128372D-08
.676966892592D-10
.687600130338D-11
.454408362195D-12
.036153078945D-14



<(de+14.53)xsigmaxvrel>(Te,ne) (eVxcm=x3/s), N+ ——> Nx/N

10

10

10

Flectron recombination and cooling rates for single

charged Nitrogen lons, ADAS 96,
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10.15 Reaction 2.3.8A0 0" +¢e¢ — O

electron cooling rate due to recombination of O ions [eV * cm**3/s], ADAS 96

One must subtract: 13.62 eV per recombination to turn ADAS radiation rate into electron cool-
ing (or heating) rate. Hence: the quantity “PRB” given here happens to be the radiation loss
only. Note: these ADAS “PRB” rates include Bremsstrahlung.

E-Index:

T-Index:

O J o U b W DN B O

| | (I [
N 9P 9k P P oN

.653313950168D+01
.354270172271D-02
.136262534246D+00
.281599573767D-01
.909197964757D-01
.244841497960D-02
.085354529891D-02
.572289001622D-04
.041631801536D-05

E-Index: 3

T-Index:

O J oy U b W NP O

-4.
1.
8.

.893123129767D-04

.128536602414D-05

.583912600700D-05

.993913602201D-06

.244802134509D-07

.401245642186D-08

(I [
DN DN W W

314967559213D-03
081523218557D-03
372086622214D-04

E-Index: 6

T-Index:

O J o U b W DN O

Max. rel.
Mean rel.

Error:
Error:

.143937144703D-05
.436289695706D-06
.130986620243D-07
.421649431925D-06
.066971436761D-07
.287895559905D-08
.908578180313D-08
.437629784614D-09
.565417747456D-10

29.6584 %
9.6090 %
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.216925829689D-02
.970370946175D-02
.638321618233D-02
.819386824901D-03
.701759939452D-03
.697317691499D-03
.751006113548D-04
.780469918978D-05
.138361613897D-06

.308676572081D-03
.561991531376D-04
.337360481944D-04
.578633030575D-05
.234833821022D-05
.670990378994D-05
.724569084701D-06
.933697608069D-08
.331361909937D-09

.426119753220D-07
.547126890253D-08
.056377574243D-08
.060528794829D-07
.076963252506D-08
.525321022016D-09
.796398755095D-09
.630282613909D-10
.497599750014D-11

5.
-2.
4.
3.
-1.
5.
-9.
7.
-2.

-1.
4.
3.
2.

-1.

.932629504712D-06

-9.

-2.
1.

2

NN W

476125200862D-03
924232567362D-03
543680765812D-03
005270657055D-04
426212735570D-03
384553818515D-04
079081560679D-05
402729380985D-06
361510545802D-07

736787698498D-04
308167373509D-05
545299576488D-05
917876532730D-06
233696295835D-05

569324831913D-08
654846978216D-08
859310874804D-09

.343988039951D-09
.943681279832D-10
.244312734391D-09
.467404974614D-09

3.790588865731D-10

.980047129074D-10
.153988149004D-11
.162616568071D-12
.151739443995D-13



<(de+13.62)xsigmaxvrel>(Te,ne) (eVxcm*x3/s), O+ ——> 0x/0

10

10

10

Flectron recombination and cooling rates for single

charged Oxygen lons, ADAS 96,
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11 H.11: Other single polynomial fits

11.1 Reaction 2.2B0 He + e — He*, < de > (T,) [eV],

Electron cooling for neutral and single charged Helium Particles, divided by corresponding
collision rates, i.e. the fit here is for the mean electron energy cost per collision [eV]

kO 1.151324376008D+01 k1 -4.473761205167D+00 k2 1.778986582799D+00
k3 -6.438551868755D-01 k4 1.608511765799D-01 k5 -2.421866396738D-02
k6 2.091573687632D-03 k7 —-9.493936758931D-05 k8 1.736942898336D-06

11.2  Reaction 2.4B0 Be + ¢ — Be*, < de > (T.) [eV],

Electron cooling rates for neutral and single charged Beryllium Particles, divided by corre-
sponding collision rates, i.e. the fit here is for the mean electron energy cost per collision [eV]

kO 1.100391045815D+01 k1 -5.081216135395D+00 k2 2.036662223616D+00
k3 -6.960133333130D-01 k4 1.785218452743D-01 k5 -2.998205644075D-02
ke 3.046320376267D-03 k7 -1.693432568467D-04 k8 3.950464677598D-06

11.3 Reaction 2.5B0 B + ¢ — B*, < de > (1) [eV]

Electron cooling rates for neutral and single charged Boron Particles, divided by corresponding
collision rates, i.e. the fit here is for the mean electron energy cost per collision [eV]

kO 7.978054620918D+00 kl -2.341359084919D+00 k2 8.199491879599D-01
k3 -4.624629728853D-01 k4 1.778831014506D-01 k5 -3.767862190039D-02
ke 4.410579417779D-03 k7 -2.699007579966D-04 k8 6.760485583089D-06
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11.4 Reaction 2.6B0 C + ¢ — C*, < de > (T,) [eV]

Electron cooling rates for neutral and single charged Carbon Particles, divided by corresponding
collision rates, i.e. the fit here is for the mean electron energy cost per collision [eV]. Currently:
constant, = ionisation potential of Carbon = 11.30 eV

kO 2.424802725729D+00 k1 0.000000000000D+00 k2 0.000000000000D+00
k3 0.000000000000D+00 k4 0.000000000000D+00 k5 0.000000000000D+00
ke 0.000000000000D+00 k7 0.000000000000D+00 k8 0.000000000000D+00

Max. rel. Error: .0000
Mean rel. Error: .0000

o o

11.5 Reaction 2.7BO N +e¢ — N*, < de > (1) [eV]

Electron cooling rates for neutral Nitrogen particles, divided by corresponding collision rates,
1.e. the fit here is for the mean electron energy cost per collision [eV]. Currently: constant, =
ionisation potential of Nitrogen = 14.534 eV

kO 2.676490732000D+00 k1 0.000000000000D+00 k2 0.000000000000D+00
k3 0.000000000000D+00 k4 0.000000000000D+00 k5 0.000000000000D+00
ké 0.000000000000D+00 k7 0.000000000000D+00 k8 0.000000000000D+00

Max. rel. Error: .000

0
Mean rel. Error: .0000

o° oo

11.6 Reaction 2.10B0 Ne + ¢ — Ne*, < de > (T,) [eV]

Electron cooling rates for neutral and single charged Neon Particles, divided by corresponding
collision rates, i.e. the fit here is for the mean electron energy cost per collision [eV]

kO 1.059049152999D+01 k1 -5.769454465431D+00 k2 2.125621468764D+00
k3 -6.517811286454D-01 k4 1.883422085531D-01 k5 -3.905034526242D-02
k6 4.823070375814D-03 k7 -3.148120306333D-04 k8 8.365625760942D-06

Max. rel. Error: .9028
Mean rel. Error: .5524

o oo

11.7 Reaction 2.18B0 Ar + ¢ — Ar*, < de > (T,) [eV]

Electron cooling rates for neutral and single charged Argon Particles, divided by corresponding
collision rates, i.e. the fit here is for the mean electron energy cost per collision [eV] here use
constant ionisation potential DeltaE, = I, = 15.7596 eV.
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0.000000000000D+00
0.000000000000D+00
0.000000000000D+00

kO 2.757449703000D+00 k1
k3 0.000000000000D+00 k4
ke 0.000000000000D+00 k7

.000
.000

Max. rel. Error:

0
Mean rel. 0

o° oo

Error:
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k2
k5
k8

0.000000000000D+00
0.000000000000D+00
0.000000000000D+00



<de>(Te,ne) (eV),C ——> Cx
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11.8 Reaction 2.0b p + Hs(v = 0) — H, + ..., Ratio H) /H,

gain of H, : production by CX (ion conversion, proton impact) on cold (0.1 eV) H,(0), vibr.
ground state only. Only dependence on one temperature 7,.

loss of H;r : coll. rad. model for H,, H, , Sawada, Fujimoto, [7], electron impact dissociative
recombination, excitation and ionization. Total loss: electron density independent.

Note: the contribution 2.0a to this ratio from electron impact processes leading to H; is electron
density dependent, because the effective electron impact ionisation is density dependent. This
contribution to the ratio is given in the next chapter under the “double-polynomial fits”.

kO -8.061954078771D+00 k1 2.475896585902D+00
k3 1.492083638260D+00 k4 -3.461597813263D-01 k5
k6 1.357009637322D-03 k7 -5.021441756376D-04 k8

Error:
Error:

Max. rel.

1.3369
Mean rel. 7

.812

o)
°
%

11.9 Reaction 2.0c p + Hy(v) — Hy + ..., Ratio H) /H,

gain of H; : coll. model for vibr. excitation, Greenland, Reiter, [16]), and then: H;r production
by CX (ion conversion, proton impact) on these Hs(v). The density dependence on vibrational
distribution P(v) of Hy(v) vanishes for n. = n,. Only dependence on one temperature for
T. =1T,.

loss of H2+ : coll. rad. model for H,, H, , Sawada, Fujimoto, [7], electron impact dissociative
recombination, excitation and ionization. Total loss: electron density independent.

Assumptions:

Eps = 0.1 eV, T; = T,, vibrational distribution P(v) in electr. ground state of Hy with no
coupling to B,C states, hence: also gain rate of H, due to this process is independent of 7.
B,C coupling to vibr. states is non-linear in density and would hence make this ratio density
dependent.

k2 -2.933737852849D+00
3.266006392880D-02
2.737802193621D-05

k0 -5.281428900665D+00
k3 1.448918180601D+00
ko -2.877121006548D-02
Max. rel. Error:

Mean rel. Error:

k1l 3.115995571855D+00 k2 -3.690629726865D+00
k4 -3.928689243481D-01 k5 1.236809448625D-01
k7 3.391113110854D-03 k8 -1.521565312043D-04

9.3977 %
5.6685 %
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11.10  Reaction 4.0a H, + H — H; + H, Ratio H /H,

Fit for In(RATIO), defined such that n;+ /T, = RATIO X7y /ne

Ratio of densities: n HY /np, = Ratio of production rate constant to destruction rate coefficient
XN [Te.

Production of H;™ from H,(v): rate constant obtained from HYDHEL rate coefficient for H +
Hy(v) — Hy + H evaluated at Ty, = Tpy+ = 0.1 eV, = 1.160947956¢ — 9.

Destruction of H 3+ : diss. recombination (DR) from HYDHEL, 2.2.15, vs. T,. Used here:
algebraic expression from original rate constant and fit of In(DR rate coef.) for this In(RATIO).

k0O -3.571300000000e+00 kl 4.050073042947e-01 k2 -1.018733477232e-08
k3 1.695586285687e-08 k4 -1.564311217508e-10 k5 -1.979725412288e-09
k6 4.395545994733e-10 k7 -3.584926377078e-11 k8 1.024189019465e-12
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11.11 Reaction 7.0a ¢ + Hy(v) - H~ + H, Ratio H~/H, from DA

Ratio of densities: ny- /npy,.
vibr. distribution P(v) of Hs(v): coll. model for vibr. excitation, Greenland, Reiter, [16]

Vibrational distribution Hy(v) evaluated at Ey, = 0.1eV, T, = T, and n, = n,.
Production of H~ from H,(v): Dissociative attachment on Hy(v) : e + Ho(v) = H- + H
Destruction of H™: electron detachment, proton MN, with £y~ = 0.1 and 7, = T, and

Ny = Ne.
kO -6.001820741967D+00 k1 1.247273997745D+00 k2 -2.753387653632D+00

k3 2.274419556537D-01 k4 1.148400271668D-02 k5 8.614331916062D-02
k6 —-3.482537437480D-02 k7 4.822974299102D-03 k8 -2.291190247346D-04

Max. rel. Error: 23.4821 %
Mean rel. Error: 10.7677 %

11.12 Reaction 7.0b e + H5(0) — H~ + H, Ratio H~/H, from DA

same as 7.0a, but DA (diss. attachment) only from vibr. ground state

Ratio of densities: ny- /ng,
Production of H~ from Hy(v = 0): Dissociative attachment on Hy(v = 0) : e + Hy(0) —

H +H
Destruction of H™: electron detachment, proton MN, with £y~ = 0.1 and 7, = T, and
Ny = Ne.

k0O -1.608434690479D+01 k1 2.105039374877D+00 k2 -2.553803267076D+00

k3 7.038135447597D-01 k4 -6.586584264400D-02 k5 -2.548302462129D-03
k6 2.922944743984D-04 k7 8.800611380131D-05 k8 -7.939105674896D-06

Max. rel. Error: 3.3989 %
Mean rel. Error: 1.0220 %
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12

12.1

H.12: Other double polynomial fits

Reaction 2.1.5 H + e «+» H' + 2e, Ratio H" /H(1)

This ratio provides the collisional radiative equilibrium ion density, for a given ground state
atom density. In CR equilibrium this ratio is a function of 7, and n..
From 0 = nq X (Sion) — N7 X (Qee)-

Assumed: nT = n,

E-Index: 0

T-Index:
0 -3.885296435411D+00
1 1.505487187018D+01
2 -6.749191912028D+00
3 2.212221660002D+00
4 -5.257981277508D-01
5 8.824411449640D-02
6 -9.799369577387D-03
7 6.413937652029D-04
8 -1.861114574375D-05
E-Index: 3

T-Index:
0 -3.505183129037D-02
1 1.882868187070D-03
2 1.594704172137D-03
3 4.064257852894D-04
4 -3.839001285389D-04
5 6.248027250326D-05
6 -7.865967145477D-06
7 1.734207080274D-06
8 -1.457328885095D-07
E-Index: 6

T-Index:
0 7.041006112962D-05
1 -9.735191629933D-06
2 -1.387656614654D-06
3 3.488698891258D-07
4 9.511636577030D-08
5 1.140116701448D-08
6 -4.127705769609D-09
7 -9.432683181108D-10
8 1.398963108397D-10

Max. rel. Error: .9684 %

Mean rel. Error: 4161 %

.697204983970D-02
.633572829771D-04
.050145613783D-03
.854461323593D-03
.179654723425D-03
.193475524397D-04
.679454700153D-04
.902440743752D-05
.394367819466D-07

.175768579910D-03
.728098565933D-04
.246647453262D-04
.059459670150D-05
.783673711689D-05
.077787495573D-06
.674862715791D-08
.760833256154D-07
.193301182972D-08

.467291455100D-06

4.053170686858D-07
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.600623293301D-08
.422059161908D-08
.913540712148D-10
.211498169926D-09
.185243304602D-10
.682232500047D-11
.493865381320D-12

.332383617797D-02
.702732444633D-03
.148776304951D-03
.452783916892D-03
.767567981601D-03
.299802583958D-04
.381643118061D-05
.875692439849D-06
.893327001637D-07

.025860190568D-03
.133241004935D-04
.184754694533D-05
.358171220598D-06
.378269018931D-06
.124935475483D-07
.744742742259D-08
.551629723045D-08
.248254389232D-09

.436102553376D-08
.463282471161D-09
.722493472041D-10
.698254518458D-10
.483090178167D-11
.020216342872D-11
.848384547542D-12
.216051536502D-13
.590467018306D-14
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12.2 Reaction 2.1.5a H + e — H* + 2¢, Ratio H(3)/H(1)

E-Index: 0

T-Index:

O J oy U W N B O

| | | | |
P L O B \ O RN O B R OV

.082877684472D+01
.187030265272D+01
.889482037865D+00
.017399399792D+00
.303360302839D-01
.080451047951D-01
.555010466762D-02
.327158680898D-03
.872105203992D-05

E-Index: 3

T-Index:

O J oy U b WDNBEPE O

| | [ |
S PR W 0w oo

.004934091051D-03
.123130855030D-02
.241271640755D-03
.478025606446D-03
.454526208306D-04
.872258199271D-04
.380893374707D-04
.440341699187D-05
.745956710582D-07

E-Index: 6

T-Index:

O J oy U W N B O

Max. rel.

Mean rel.

Error:
Error:

.739765256223D-06
.632450715422D-05
.441627470961D-05
.416915703008D-06
.7172290534634D-07
.470245979511D-07
.955124264492D-08
.390396686250D-09
.635578634097D-10

3.7804
1.3368

o)
°
%

1.
-2.

1
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.740982428834D-01
.968338090648D-02
.737684945730D-03
.014609925009D-02
.297808176838D-03
.673290806118D-04
.167168286670D-04
.389473703435D-05
.537584073064D-06

222843687947D-03
651909936461D-03

.372483328336D-03
5.
-1.
-6.
1.
-1.
5.

572774095384D-04
362168127545D-04
353971343367D-05
849429028886D-05
290902554237D-06
546604517157D-09

.927097984040D-07
.987762315441D-07
.481720522735D-07
.658457254421D-08
.655224800515D-08
.722044899754D-09
.184408123607D-11
.052521721349D-10
.738695038824D-11

1

2

-5.
3.
.917275090304D-04
.848784231802D-05
1.
5.
-1.
-4.
.579547673173D-09

-1
-4

9

.693447564427D-02
-2.

9.
.040081859210D-02
-2.
-1.

4.
-5.
.453443334473D-06

495504765088D-02
951688266911D-03

712205422397D-03
096708705743D-03
637911190482D-04
797555862425D-05

210804049741D-05
534709147248D-04

306146151315D-05
417022322731D-06
166761555949D-06
889963932464D-09

.646459819509D-09
.501421276021D-08
.264009775214D-09
.215818515744D-10
.968977724198D-10
.443566855045D-11
.216232831023D-12
.720841155202D-12
.757075610089D-13



Ratio of population coefficients p(3)/p(1)

Multistep hydrogenic population coefficients

Data: L.C.Johnson, Fujimoto
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12.3 Reaction 2.1.5b H + e — H" + 2¢, Ratio H(2)/H(1)

E-Index: 0

T-Index:
0 -2.888782240542D+01
1 9.909537514500D+00
2 -4.942743781185D+00
3 1.715668267417D+00
4 -4.508004155190D-01
5 9.042516000563D-02
6 -1.280973933282D-02
7 1.084341450206D-03
8 -3.974359134401D-05
E-Index: 3

T-Index:
0 -2.216757216719D-02
1 -5.092551836572D-03
2 4.174980751883D-03
3 3.719122644080D-03
4 -1.818309410916D-03
5 -4.049163510078D~-04
6 3.200749637228D-04
7 -5.559573928329D-05
8 3.100021285561D-06
E-Index: 6

T-Index:
0 4.172445968364D-05
1 -6.441112682031D-07
2 1.604359947467D-06
3 3.319046346231D-06
4 -1.742105663717D-06
5 -3.224230256996D-08
6 1.187820950781D-07
7 -1.829679294498D-08
8 8.003219743811D-10

Max. rel. Error: 5.0202 %

Mean rel. Error: .9593 %
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.694042304562D-01
.163537878599D-02
.230545313063D-02
.034149311755D-02
.136449435241D-02
.874540451423D-03
.947546784046D-03
.175349945580D-04
.688199339120D-05

.067711671376D-03
.080645015829D-04
.559754475561D-04
.039974521144D-04
.348196284756D-04
.839701084642D-05
.075854301471D-05
.656373947352D-06
.323560174565D-07

.439572350231D-06
.766524953307D-08
.668549821257D-07
.530562339677D-07
.539025646066D-08
.293257666191D-09
.725204735890D-09
.312011360384D-09
.578827971726D-11

.613129045722D-02
.444011013342D-02
.289174377763D-02
.837812030403D-02
.857406065923D-03
.787805444265D-03
.325209820376D-03
.227323600480D-04
.209472946500D-05

.212032986616D-04
.739581031596D-06
.207616832672D-05
.170634046629D-05
.621772971297D-06
.182790529172D-06
.485031199179D-07
.236115053324D-07
.896407186442D-09

.978486731178D-08
.500335193180D-11
.956288361818D-09
.467744887550D-09
.764749848063D-09
.626033062059D-11
.455730327605D-10
.576831583186D-11
.343525928267D-12



Ratio of population coefficients p(2)/p(1)

Multistep hydrogenic population coefficients

Data: L.C.Johnson, Fujimoto
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*» & 0O XO
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124 Reaction 2.1.5¢ H + e — H" + 2¢, Ratio H(4)/H(1)

E-Index: 0

T-Index:

O J oy U W N B O

| | | | |
P L = O B\ S R e ) N R OV

.121459339796D+01
.250950592132D+01
.229984587067D+00
.142105600364D+00
.615155300856D-01
.127449459065D-01
.590343046823D-02
.333705010633D-03
.836027605927D-05

E-Index: 3

T-Index:

O J oy U b WDNBEPE O

| | [ |
oy WO NN R

.096388203376D-01
.972045500915D-02
.819605362801D-03
.981563534979D-03
.277414510956D-03
.720154554360D-04
.838584264558D-04
.739012881651D-05
.013119711268D-06

E-Index: 6

T-Index:

O J oy U W N B O

Max. rel.

Mean rel.

Error:
Error:

.789669578362D-04
.078726612521D-05
.859544292047D-05
.790413918002D-05
.734966472367D-06
.942004754571D-07
.721805311242D-07
.655594650506D-08
.731478375019D-11

3.6808 %
1.2901 %
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.335828009713D-01
.112878380113D-03
.938627422961D-02
.084489232048D-02
.885518785970D-03
.211271050025D-03
.950230045038D-03
.583201098446D-04
.417569815070D-05

.434624647621D-02
.752777629102D-03
.639046907231D-03
.797076203455D-03
.295707497520D-04
.201895430371D-04
.212460389716D-05
.684315041032D-06
.619672863742D-07

.712451213773D-06
.694110618282D-06
.663932535000D-07
.225635876900D-07
.868598630187D-07
.030861909870D-09
.730371684031D-09
.235894145239D-09
.750344543532D-11

.325042085123D-01
.491646502669D-02
.621303063286D-02
.147946146487D-03
.131771898094D-03
.856805502108D-03
.748272049931D-03
.858630200307D-04
.585276481393D-05

.848412091044D-03
.907482466413D-04
.316409264833D-04
.547644660956D-04
.047093315160D-04
.956678504065D-06
.181068284295D-08
.703080933280D-07
.215787076654D-08

.267386885023D-08
.296731891384D-08
.248233937322D-08
.589352663796D-09
.235795995646D-09
.715848860621D-11
.730299677672D-10
.408500349383D-11
.061707694269D-13



Ratio of population coefficients p(4)/p(1)

Multistep hydrogenic population coefficients

i Data: L.C.Johnson, Fujimoto
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ne/cm ~3

1.00D+16
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12.5 Reaction 2.1.5d H + e — H" + 2¢, Ratio H(5)/H(1)

E-Index: 0

T-Index:

O J oy U W N B O
| | | | |
I S R S\ e N = OV

.126718125624D+01
.281374709913D+01
.380408105491D+00
.191577061685D+00
.751755938054D-01
.157406495600D-01
.631671197369D-02
.362647208936D-03
.908854946631D-05

E-Index: 3

T-Index:

-5.
2.

4

|
N

O J oy U b WDNBEPE O
|
~ W = O

|
o~

984835557747D-02
122340688681D-02

.899399906199D-04
.595193985854D-03
.235042780927D-04
.953433357615D-05
.782479181914D-05
.810730453019D-06
.970298877362D-07

E-Index: 6

T-Index:

O J oy U W N B O
|
IN

Max. rel.

Mean rel.

Error:
Error:

.533450613139D-04
.514757812007D-05
.780097207035D-07
.378856833473D-06
.722754735716D-07
.539182389681D-07
.844013350899D-08
.398945819263D-09
-6.

095037813579D-11

2.8664 %
1.0041 %
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.282945460974D-01
.573873112144D-02
.144110981890D-03
.161589020256D-03
.676622419964D-03
.486290009897D-04
.016003370833D-04
.901702147732D-05
.325049769834D-06

.574482420977D-02
.335261058803D-03
.730051136321D-04
.083896758770D-04
.901350181088D-05
.171136646292D-06
.829273502486D-06
.640509497691D-07
.607762235203D-08

.416190220272D-06
.098607959133D-07
.664829135622D-08
.662729327187D-08
.525662957088D-08
.795475709363D-09
.070018927471D-09
.120439941817D-10
.718495301125D-12

.070213380676D-01
.872701879146D-02
.680598150266D-05
.439656957369D-03
.568501026478D-03
.404765081110D-04
.639222741263D-04
.141140575728D-05
.888930116590D-06

.152803383431D-03
.511000731668D-04
.045111743029D-05
.001475048416D-05
.437562876296D-06
.281135706652D-06
.645529677700D-07

9.357372398314D-09

.232480288100D-09

.503092506245D-08
.948198678409D-09
.435704784493D-09
.885707833825D-10
.277373255316D-10
.408203935795D-10
.568996816514D-11
.643140818164D-12
.229967242093D-13



Ratio of population coefficients p(5)/p(1)

Multistep hydrogenic population coefficients
Data: L.C.Johnson, Fujimoto
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12.6 Reaction 2.1.5¢ H + e — H" + 2¢, Ratio H(6)/H (1)

E-Index: 0

T-Index:

O J oy U b W DN BEP O

| | | | |
O P, B~ o N W

.118788806329D+01
.300365034969D+01
.464611656902D+00
.198690942590D+00
.762198964354D-01
.190459835777D-01
.758172528529D-02
.540671110406D-03
.782468318198D-05

E-Index: 3

T-Index:

O J oy U b W N B O

| I [
= O oD wkFE WwWN

.612329534702D-02
.209814487839D-02
.663574690203D-02
.600008781362D-03
.434417487959D-03
.693627833492D-05
.020637279277D-05
.120131097155D-06
.704370060355D-07

E-Index: 6

T-Index:

O J oy U b WDN P O

Max. rel.
Mean rel.

Error:
Error:

.191757017392D-06
.779085565904D-05
.975048782418D-05
.553774051571D-06
.785668187173D-06
.303664535216D-07
.970736415814D-07
.596045684588D-08
.357827363714D-09

5.6136
1.7770

%
o)
°
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.051705868661D+00
.806024278787D-02
.350148712230D-02
.651116960139D-02
.782966049217D-03
.937734220940D-04
.425168421647D-04
.322737632505D-04
.483373521666D-06

.911384137475D-03
.336538391803D-03
.667522832624D-03
.273464947078D-04
.385057360151D-04
.755833322780D-05
.254322145665D-06
.138969748088D-06
.258928004543D-07

.898231632650D-07
.935287412436D-06
.054940416948D-06
.704433673171D-08
.065547432614D-08
.952279140710D-08
.619751903229D-09
.495930494169D-09
.371149524100D-11

.954764617920D-02
.054107872877D-02

3.809632279775D-02

.248202030331D-02
.253814512300D-03
.032198147605D-04
.935184501531D-04
.161027491097D-05
.088146690349D-06

.474794675693D-04
.838327301328D-04
.409479869479D-04
.137511227236D-05
.589037396076D-05
.654363224389D-06
.858918078917D-06
.791832116704D-07
.744344149529D-08

.514512376570D-08
.603161887414D-08
.523660684271D-08
.016881015852D-10
.223436753078D-09
.597194098628D-10
.383868509607D-10
.332244458469D-11
.424213663602D-12



Ratio of population coefficients p(6)/nH

Multistep hydrogenic population coefficients

Data: L.C.Johnson, Fujimoto
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12.7 Reaction 2.1.5tot H + ¢ — H™ + 2e, Ratio H (tot)/H(1)

total density (ground plus all excited states) in CR equilibrium with ground state

E-Index: 0

T-Index:

O J oy U W DN EHE O

| | | |
I L S S o \ SR NS e ) BN

.999989080920D-01
.684079057216D-06
.553992642225D-05
.462557791473D-05
.062360801108D-05
.399855499712D-06
.951154702233D-07
.871893412626D-08
.796659338151D-10

E-Index: 3

T-Index:

O J oy U b W N BE O

| | | |
= o J 0o o N o

.446820545529D-04
.196975095555D-04
.694565448733D-04
.533211626824D-05
.273895035263D-06
.874504858843D-07
.883226202848D-09
.799681363679D-10
.213701692902D-10

E-Index: 6

T-Index:

O J o U W DN O

| | [ |
BB 00w BN

.917482144379D-07
.378814547750D-07
.169351655337D-07
.426972326758D-08
.476416204584D-09
.129340876771D-11
.313468965034D-12
.619425683239D-12
.798937732279D-13

4

331

1

.569869814870D-04
.624733380895D-03
.833706477844D-04
.342847322381D-04
.225391064535D-05
.478808045973D-06
.469982004941D-07
.751651874704D-08
.452959768161D-09

.633538453818D-05
.835186629866D-05
-3.

5.
-6.
.859497595281D-08
-1.

4.
-3.

889200026191D-05
123221852559D-06
797808694765D-07

005021139591D-09
054138156358D-10
377976381012D-11

.209996969945D-09
.223407550017D-08
.258524229896D-09
.404805094637D-09
.330157773056D-10
.183776577049D-11
.675867714679D-12
.268121213878D-13
.521970562366D-15

-1.

1.
-1.
-2.
.424915474012D-12
.125710307402D-13
.770309443179D-14
.934356277466D-15
.251030581090D-16

.526259178085D-04
.517116722391D-03
.771533719662D-04
.116654525863D-04
.995563308037D-05
.242643822457D-06
.518536644908D-07
.380451507029D-08
.101916949778D-10

.889372584120D-06
.286820244724D-06
.928290705068D-06
.729804749149D-08
.060219799928D-08
.114394044002D-09
.177196303683D-10
.970144566810D-11
.362497319640D-12

195587997940D-10
405657502664D-10
460715455401D-11
540724522759D-11



—_

: ptot/p(1)

—_

Ratio of total to ground state

10
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Multistep hydrogenic population coefficients
Data: L.C.Johnson
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12.8 Reaction 2.1.5de H +e¢ — H' + 2¢, < de > [eV]

E-Index: 0

T-Index:
0 7.845107077886D+00
1 -4.270502285463D+00
2 1.726068286328D+00
3 -3.652415321353D-01
4 3.713344797329D-02
5 -1.816044037023D-04
6 -3.430690631609D-04
7 3.098356603724D-05
8 -8.899184097510D-07
E-Index: 3

T-Index:
0 -8.052322446345D-03
1 2.563880114503D-02
2 -1.720715317463D-02
3 4.775945182204D-03
4 —-3.721823938539D-04
5 -8.073915024648D-05
6 1.863239051629D-05
7 -1.331114942698D-06
8 3.160102832021D-08
E-Index: 6

T-Index:
0 9.199187026673D-06
1 -1.081310544107D-05
2 -1.280245967862D-08
3 8.057527653614D-07
4 -9.060932716087D-08
5 -5.069290362681D-10
6 2.554338381631D-10
7 -9.336950682103D-12
8 1.044083905543D-12

Max. rel. Error: .4629 %

Mean rel. Error: .0970 %

333

.158388629994D-02
.505957771815D-02
.522519386379D-02
.349008403944D-03
.550154852851D-03
.867587202499D-03
.909898872586D-04
.559885625243D-05
.519466167972D-07

.361616907232D-03
.821401798942D-03
.290689977061D-03
.467228312794D-04
.419831565375D-05
.196729352202D-06
.462457758789D-06
.094119960469D-07
.366622776376D-09

.626126425744D-07
.291895685695D-07
.592986543781D-07
.189385405932D-07
.580536007694D-08
.785729865499D-10
.890935002552D-11
.093464288205D-12
.066392792622D-13

.060681712432D-02
.673602080150D-02
.154287556942D-02
.089345117269D-02
.137782108759D-03
.354453807701D-04
.337503951808D-04
.077886701887D-06
.268251226270D-07

.426513742220D-04
.937551907788D-04
.253606753443D-04
.975489992699D-05
.809552723616D-06
.577796946576D-08
.102229658187D-08
.763060764998D-09
.028757163018D-11

6.526649455096D-09

.068484717217D-09
.113378488276D-09
.982171776258D-09
.320760123314D-10
.593762976817D-11
.770328452101D-12
.767574119215D-13
.436324698144D-15



<del elec>(Te,Ne) (eV/lonization)
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Effective hydrogenic electron cooling rate
due to ionization. Data: L.C.Johnson
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129 Reaction 2.1.50 H + ¢ — H' 4+ 2¢, < de > [eV] Ly-opaque

Lyman opaque

E-Index: 0

T-Index:
0 4.257426092590D+00
1 -1.580642905913D+00
2 9.487720032428D-01
3 -3.653667544231D-01
4 9.142288235830D-02
5 -1.446402551044D-02
6 1.384901599216D-03
7 =-7.297260412218D-05
8 1.620578859074D-06
E-Index: 3

T-Index:
0 -1.211356030412D-01
1 8.363647099141D-02
2 -1.875679395058D-02
3 7.959030639825D-04
4 5.074526064710D-06
5 2.365267620753D-05
6 —-3.631085495565D-06
7 2.493062937307D-07
8 -9.298947595442D-09
E-Index: 6

T-Index:
0 2.278436663051D-04
1 -1.605612738266D-04
2 4.346897926519D-05
3 -4.662162321782D-06
4 3.653404338885D-07
5 —-3.942216779052D-08
6 1.954467664699D-09
7 -2.359672833575D-11
8 2.798900106658D-12

Max. rel. Error: .4321 %

Mean rel. Error: .0858 %
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.648139307081D-01
.856918325247D-01
.334108248024D-02
.938361132039D-03
.321600657670D-04
.277509541327D-04
.074186530390D-05
.278960026730D-06
.263823594567D-08

.685695232533D-02
.868059156820D-02
.434521459505D-03
.528345636722D-04
.035134696595D-06
.398473162099D-06
.137564902109D-07
.179509396878D-08
.468230792208D-09

.091967627921D-06
.703707563566D-06
.605515516330D-06
.981562216998D-07
.942106127435D-08
.001379932680D-09
.738736712781D-11
.475930371767D-13
.040603787711D-14

.747475375517D-01
.887867610999D-01
.027363438413D-02
.064922255960D-03
.359591518986D-04
.939963902602D-05
.262940841492D-06
.700992619392D-08
.592211120194D-09

.317777605290D-03
.327504355627D-03
.945647526149D-04
.007272230577D-05
.203465100709D-06
.489675236875D-07
.971694422141D-08
.585728061318D-09
.887260958280D-11

.156866070535D-07
.131849775947D-08
.346223121561D-08
.155996422050D-09
.499018522662D-10
.673145766979D-11
.665200022479D-12
.240045137258D-15
.219184133080D-16



<del elec>(Te,Ne) (eV/lonization)
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Effective hydrogenic electron cooling rate
due to ionization. Ly—opaque, Data: L.C.Johnson
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12.10 Reaction 2.1.8 H* + ¢ <> H(1s), Ratio H(1)/H*

This ratio provides the collisional radiative equilibrium ground state atom density, for a given

ion density.

From 0 = 11 X (Sion) — 7 X (Qpec).

Assumed: n™ = n,. This is the inverse ratio of the ratio H*/H given above.

E-Index: 0

T-Index:
0 3.884817920291D+00
1 -1.505405435407D+01
2 6.752413643513D+00
3 -2.218947925718D+00
4 5.306456586404D-01
5 -8.996474445862D-02
6 1.012370581895D-02
7 -6.725100993525D-04
8 1.980680600260D-05
E-Index: 3

T-Index:
0 3.514369843739D-02
1 -2.232044284757D-03
2 -1.418041310973D-03
3 -6.306614528176D-04
4 5.100161790571D-04
5 -6.628089424783D-05
6 -2.918830286653D-06
7 5.969286375471D-07
8 3.373896520254D-09
E-Index: 6

T-Index:
0 -7.065616546499D-05
1 1.010186897559D-05
2 2.077865905425D-06
3 -8.395863513859D-07
4 -9.078967708851D-08
5 2.975843593936D-08
6 -2.195532523309D-09
7 8.756896081564D-10
8 -9.983397630247D-11

Max. rel. Error: .9699 %

Mean rel. Error: .4163 %
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.748230037228D-02
.069666264052D-03
.852568692095D-03
.880371810496D-04
.106924750936D-03
.001173589203D-04
.970308892236D-04
.003187510884D-05
.148042140142D-07

.200095897737D-03
.372183809405D-04
.361254031169D-04
.629206773651D-05
.541482923176D-05
.250593421266D-06
.005848267335D-06
.181102409670D-07
.875159711383D-09

.476181590024D-06
.156554445603D-07
.493493845615D-08
.306347645323D-08
.126270754412D-10
.562087549982D-09
.847295886912D-10
.247037436751D-11
.334255622655D-12

.354743589465D-02
.740273217181D-03
.645950103684D-03
.448954939235D-03
.425570179604D-03
.442342394885D-04
.763054900761D-05
.805603265326D-06
.062324995954D-08

.029247980732D-03
.199006377953D-04
.854655884633D-05
.811979362899D-06
.819981137349D-06
.680128307062D-07
.444889071158D-08
.398470038793D-09
.447934965772D-10

.448732313124D-08

6.576866918837D-09

.680184085191D-10
.092185917718D-10
.502691682691D-11
.533269604119D-11
.006718276842D-11
.603229219763D-12
.003858224247D-13



Col.—Rad. Equil. Ratio of H ground to H+ densities
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12.11

E-Index: 0

T-Index:

||%

|_|

=]

Q.

0]

X ™ o JdJoy U1 W N O
|
H
o]
Q.
0]
X

O J oy U b WDNBEPE O

T
—
o]
Q.
0]
b

T-Index:

O J oy U W N B O

Max. rel.

Mean rel.

[ | [ B
O P WD EFE P DN oW

|
o~

g s = DN o PO

|
N

Error:
Error:

.026567737773D+01
.879460687468D-01
.779342631813D-02
.196375890811D-02
.822980963695D-03
.196477309909D-04
.323843511157D-05
.697007294106D-06
.916439943353D-08

.198684018769D-02
.852578901204D-02
.056841023031D-04
.226476286514D-05
.464740688021D-04
.105198711062D-04
.517980076344D-05
.198069639127D-06
.300266775823D-08

.269115359815D-05
.169406889954D-05
.196575697004D-06
.143236603084D-07
.164045324446D-07
.851415491252D-07
.694709505540D-10
.373013388538D-09
.168331974260D-10
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Reaction 2.1.8a H" + ¢ — H(1s), Ratio H(3)/H™*

.152583719426D+00
.351933360860D-02
.030457249067D-03
.871588085187D-03
.575168978328D-06
.066260303625D-04
.520492801515D-04
.825841763069D-05
.242186020597D-07

.490875604355D-02
.331452439870D-03
.563549006757D-04
.960920971970D-05
.922304252082D-05
.609362517850D-05
.427958188863D-06
.705985847102D-09
.512563397687D-08

.618073045777D-06
.253572620552D-07
.482582457939D-07
.362855429636D-08
.474547723428D-09
.487390918519D-09
.338069108949D-10
.844239825756D-10
.004403028395D-11

.626038509544D-01

4.426984905627D-02

.515441331512D-03
.404285503458D-04
.405772103417D-04
.971643097799D-04
.281232614617D-04
.220563921933D-05
.677827163183D-07

.619553420918D-03
.948572788751D-04
.590965690725D-05
.086208258569D-06
.850028146748D-06
.423756972171D-06
.493221748446D-07
.128988875743D-08
.068624995447D-09

.835709536455D-08
.886947676134D-09
.946426380509D-09

7.452885416070D-10

.156823417385D-10
.088510716926D-11
.542307935794D-11
.516973870161D-12
.695127505869D-13



Ratio of population coefficients p(3)/ni

Multistep hydrogenic population coefficients

Data: L.C.Johnson, Fujimoto
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12.12 Reaction 2.1.8b H* + ¢ — H(1s), Ratio H(2)/H™*

E-Index: 0

T-Index:
0 -3.115038577088D+01
1 -8.266322399304D-01
2 -1.958933034940D-02
3 -1.098097104386D~-02
4 2.240953060530D-03
5 -4.287502766451D-04
6 2.695143837765D-05
7 4.431006229058D-06
8 -4.836943342929D-07
E-Index: 3

T-Index:
0 -4.999361806664D-02
1 -2.471719625656D-04
2 6.003957672996D-03
3 2.913902175387D-04
4 -3.710502524841D-04
5 1.874529789965D-04
6 -6.603768771619D-05
7 9.282643997639D-06
8 -4.302365964264D-07
E-Index: 6

T-Index:
0 8.540286307962D-05
1 3.802889409563D-06
2 -5.066273468359D-06
3 -5.318038556138D-06
4 7.996838066338D-07
5 3.024841319851D-07
6 -6.616004144573D-08
7 3.122103721669D-09
8 3.213236793835D-11

Max. rel. Error: 3.9289 %

Mean rel. Error: .5704 %
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.264747680865D-01
.055344435832D-03
.996587961213D-02
.026613963832D-03
.216308441596D-04
.030957503524D-03
.813692505803D-04
.875879498318D-05
.119652719791D-06

.110692800547D-02
.512113939106D-04
.118685805994D-03
.137930614752D-04
.004704612837D-04
.988538268116D-06
.665491245671D-06
.265752285496D-07
.056403909495D-08

.815699854432D-06
.453090712874D-07
.656495668618D-08
.186221742805D-07
.418791195391D-08
.543862403318D-08
.369760494944D-09
.967871537035D-10
.140062879563D-12

.116069825638D-01
.172879304080D-03
.406505755991D-02
.384792377395D-03
.708126181720D-04
.066658779253D-04
.807631048773D-04
.657593211279D-05
.615837004793D-06

.318266873039D-03
.782708408420D-05
.071846833065D-04
.113629942161D-05
.265344424602D-05
.920784234786D-06
.297381117360D-07
.709073955313D-08
.595051961188D-09

.675943603675D-08
.181183016555D-09
.071395871695D-10
.426977855059D-09
.661640394733D-10
.709969256279D-10
.636580218277D-11
.230724672289D-12
.343611820864D-14



Ratio of population coefficients p(2)/ni

Multistep hydrogenic population coefficients

Data: L.C.Johnson, Fujimoto

T
AVl
Q!

X

U—

KX

¥
{

100 10"

107

Electron Temperature (eV)

342

10°

*» & 0O XO

ne/cm ~3
1.00D+16
1.00D+14
1.00D+12
1.00D+10
1.00D+08



12.13 Reaction 2.1.8c H" + e — H(1ls), Ratio H(4)/H™"

E-Index: 0

T-Index:
0 -2.953191910521D+01
1 -9.556069945203D-01
2 -3.712742175485D-02
3 -9.582306874061D-03
4 1.337505622469D-03
5 -2.564587290898D-04
6 1.083049171042D-04
7 -1.652237169896D-05
8 7.926514417410D-07
E-Index: 3

T-Index:
0 1.287791418429D-02
1 -2.556830678726D-02
2 1.632735440252D-02
3 -3.131290915260D-03
4 -3.168083167077D-04
5 1.297679885878D-04
6 2.967532719536D-06
7 -3.107547721696D-06
3 2.129711932150D-07
E-Index: 6

T-Index:
0 -1.003471065764D-04
1 7.419247879214D-05
2 -2.252802392381D-05
3 1.952561489849D-06
4 6.041299678217D-07
5 -9.162513063487D-08
6 -1.959030711680D-08
7 4.857708161457D-09
8 -2.753763204013D-10

Max. rel. Error: 3.8778 %

Mean rel. Error: .7384 %
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.871472575458D-01
.479296508982D-02
.782567517335D-02
.030473600466D-02
.261828837170D-04
.167215404726D-04
.603250284906D-05
.358946327039D-06
.226431312203D-07

.337729479020D-03
.040128215489D-03
.401365727621D-03
.532459754610D-04
.594919813871D-05
.681169439239D-05
.552348470032D-07
.261339241776D-07
.682886859964D-08

.052095946656D-06
.738645028702D-06
.849333710573D-07
.606240633525D-08
.989967163130D-08
.197291562634D-10
.270158481004D-09
.162490178679D-10
.095025653423D-11

.335595020148D-03
.951762140637D-02
.658223474024D-02
.044191938471D-03
.825308847532D-04
.625484568114D-04
.172994325710D-05
.583200142966D-06
.190692135710D-07

.170329931626D-03
.992314993605D-04
.765651076870D-04
.812308414974D-05
.295628844487D-06
.486736935154D-06
.914557379237D-08
.078003254539D-08
.943673329206D-09

.254934022483D-08
.973261293345D-08
.279262117799D-09
.668491146428D-10
.616873567872D-10
.883962188438D-11
.671947435341D-11
.822243417577D-12
.798235585379D-13



Ratio of population coefficients p(4)/ni

Multistep hydrogenic population coefficients
Data: L.C.Johnson, Fujimoto
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12.14 Reaction 2.1.8d H" + e — H(1s), Ratio H(5)/H™*

E-Index: 0

T-Index:
0 -2.896620907578D+01
1 -1.020472386996D+00
2 -3.909076727301D-02
3 -8.108346091837D-03
4 1.019109955231D-03
5 -3.832012105835D-04
6 2.074862770456D-04
7 -3.467034971602D-05
8 1.826483263765D-06
E-Index: 3

T-Index:
0 -1.095918159657D-01
1 3.777179622766D-02
2 5.541316826680D-03
3 -3.103060845765D-03
4 -4.194692950067D-06
5 2.344290799663D-04
6 -8.589872787033D-05
7 1.398275288859D-05
8 -8.177688767346D-07
E-Index: 6

T-Index:
0 1.550006217168D-04
1 -3.773216809044D-05
2 -1.885289195306D-05
3 4.215222394060D-06
4 1.096969913038D-06
5 -2.779296405890D-07
6 6.572553261299D-09
7 6.037786936012D-10
8 6.366831945852D-11

Max. rel. Error: 5.3024 %

Mean rel. Error: 9480 %
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.263162726911D-01
.774681712067D-02
.2332295043428D-03
.114009915066D-02
.143186124447D-03
.665209835422D-04
.323660314654D-04
.046871983203D-05
.843166437506D-06

.352340764192D-02
.435824927042D-03
.652672599440D-03
.334549501483D-04
.637881977255D-05
.452581583360D-05
.127548136764D-05
.748270612401D-06
.076944846317D-07

.720230271207D-06
.378701533392D-07
.183528697382D-07
.276305499861D-07
.657703480617D-08
.321497480007D-09
.982707823537D-10
.111950717307D-10
.080764312523D-12

.453412310701D-01
.359887389995D-02
.811898776723D-03
.784902980212D-03
.445628503896D-04
.615105657343D-04
.084220743425D-04
.074193286238D-05
.864841439776D-06

.606799746665D-03
.370730125395D-04
.451627952732D-04
.027215944854D-05
.207354069047D-05
.741482394533D-06
.664466414066D-07
.910652633496D-08
.310685093478D-09

.795820807765D-08
.638031636714D-09
.073414499710D-08
.520731912855D-09
.564520027104D-10
.899754662843D-11
.633081356088D-11
.235642212608D-12
.351015375046D-13



Ratio of population coefficients p(5)/ni

Multistep hydrogenic population coefficients

s Data: L.C.Johnson, Fujimoto
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12.15 Reaction 2.1.8¢ H* + ¢ — H(1s), Ratio H(6)/H™

E-Index: 0

T-Index:
0 -2.853134339900D+01
1 -1.057384296999D+00
2 -4.357129898325D-02
3 -1.022068439636D-02
4 2.240869860862D-03
5 -2.845620700011D-04
6 1.056461895367D-04
7 -1.924352018053D-05
8 1.083397517395D-06
E-Index: 3

T-Index:
0 -3.882358720615D-02
1 2.391618457883D-02
2 -1.040668635206D-02
3 3.186917464795D-03
4 -5.566686572310D-04
5 2.276886525280D-06
6 1.913273349345D-05
7 -3.255526057721D-06
8 1.737855470748D-07
E-Index: 6

T-Index:
0 1.262454385864D-04
1 -6.978776837879D-05
2 1.791903200774D-05
3 -1.446134439476D-06
4 -2.818155986041D-07
5 5.203793299428D-08
6 2.465131736062D-09
7 -8.118597627154D-10
8 3.184540505918D-11

Max. rel. Error: 2.9379 %

Mean rel. Error: .6634 %
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.025762058140D+00
.367338116022D-02
.394478242994D-03
.205900215515D-03
.398078272359D-03
.159424639874D-04
.774788436258D-05
.263343934006D-05
.663341827792D-07

.237087286269D-02
.152556397423D-03
.383766498799D-03
.976528642770D-04
.664600566222D-05
.992207488831D-06
.523727510933D-06
.051238507748D-07
.223530055553D-08

.469205240312D-06
.446946729997D-06
.823791297469D-07
.918944143993D-08
.813752401935D-08
.092865649431D-09
.635425072620D-10
.842131310409D-11
.747826185419D-12

.820359378086D-02
.351784927664D-02
.206668060201D-02
.593969669623D-03
.119411722051D-03
.688436690039D-05
.199652445552D-05
.111364886603D-05
.889621084106D-07

.764105210919D-03
.907047976258D-04
.822620365202D-04
.877389269379D-05
.658026509008D-07
.105459843829D-07
.167652225992D-07
.532222680198D-08
.525747219138D-10

.250167666694D-08
.400752053390D-08
.631403828079D-09
.658988931422D-11
.433445792332D-10
.247676557005D-11
.132197656808D-12
.656179057643D-12
.214908508402D-14



Ratio of population coefficients p(6)/nH+

Multistep hydrogenic population coefficients
Data: L.C.Johnson, Fujimoto
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12.16 Reaction 2.1.8tot ™ + ¢ — H(1s), Ratio H(tot)/H™"

E-Index: 0

T-Index:

O J oy U W NP O

-2.
-1.

1.
.244412354881D-03
.982736693346D-05
.466861405156D-05
.175099184836D-05
.023031296681D-07
.609249642095D-08

235624329253D+01
439934055420D+00
060215606120D-03

E-Index: 3

T-Index:

O J oy U b WP O

[ | [
o w oy Ww oW

.691259242713D-03
.606855133841D-04
.631447161500D-04
.084892726230D-04
.311535218313D-05
.008386349890D-07
.310641902198D-07
.418889088947D-09
.417759796908D-09

E-Index: 6

T-Index:

O J oy U W N B O

Max. rel.

Mean rel.

[ | |
BN O oY DO DN

Error:
Error:

.511251181976D-06
.748905208728D-07
.284121363830D-07
.730061277373D-07
.087003980074D-08
.581760780626D-09
.009824883694D-10
.513282999634D-11
.562227755580D-12

3.0878
0.2211

o
)
%

349

1

.763145521833D-01
.519401923047D-02
.118872464044D-03
.704475990451D-04
.208170153071D-06
.561208397089D-05
.822515840160D-06
.948938110645D-07
.845142466159D-09

.288351029702D-04
.098139498792D-05
.107941690049D-04
.392879662268D-05
.637892784584D-06
.291652198945D-07
.636153557710D-08
.755172852233D-10
.224902609944D-10

.877740736899D-08
.096079038665D-08
.520965065456D-08
.650428248605D-08
.104737352197D-09
.342177330708D-10
.485057352449D-11
.402108547860D-14
.394585520243D-13

.918330680061D-02
.585508737762D-03
.720136583820D-03
.699472886502D-04
.246488800870D-04
.494745309621D-05
.839022932286D-07
.225388371277D-08
.899049823853D-09

.107818695069D-05
.491184999788D-07
.324767192387D-05
.279340567526D-06
.417970337062D-07
.214543918759D-08
.224666378778D-08
.933776480728D-10
.257737712706D-11

.022672312302D-10
.309525766240D-10
.652221180618D-10
.440356698087D-10
.985107172732D-12
.477370951765D-12
.092334989093D-12
.356083702441D-14
.622937037320D-16



Multistep hydrogenic population coefficents
Data: L.C.Johnson
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12.17 Reaction 2.1.8de H* + e — H(1s), < de > +13.6 [eV]

electron energy loss (radiative) due to one effective recombination. 13.6 eV (ionization poten-
tial) has to be subtracted, which may render the total electron loss negative, i.e., make it a gain.
Junel7: Fit range extended from 0.1-1e3 to 0.1-2e4

E-Index: 0

T-Index:

O J oy U b WDNBEP O
|

.665899500132D+00
.234097857001D-02
.839736371673D-02
.721979500535D-02
.634188788045D-06
.354019822678D-03
.103952150736D-04
.813815821385D-05
.248132243469D-07

E-Index: 3

T-Index:

O J oy U W DN BEP O
N

.785952485138D-03
.417016315380D-03
.053523602330D-05
.886490927616D-06
.503871421337D-05
.899847063838D-06
.590535929797D-07
.536224332903D-07
.087510165394D-09

E-Index: 6

T-Index:

O J oy U b WDNBEP O
(e¢]

Max. rel.
Mean rel.

Error:
Error:

.560728735427D-06
.245267105321D-06
.955908411210D-07
.336134881504D-09
.526944203010D-09
.160792778179D-09
.157425528109D-11
.259157231611D-11
-1.

453313559078D-13

0.331E+01
0.927E+00

351

.909524133474D-03
.342936828253D-03
.543287906774D-04
.420941858648D-04
.272188632742D-04
.547796579740D-06
.717377610260D-06
.049652451777D-06
.314339279524D-08

.111528620197D-03
.507678014757D-04
.610290448013D-06
.137795705868D-06
.776557044750D-06
.608820989932D-07
.494073446907D-08
.526291610537D-08
.772501731042D-10

.390700499449D-07
.188371670550D-07
.631510169903D-08
.995961467613D-10
.591463931965D-10
.375444359851D-10
.695155282725D-12
.469505460319D-12
.474896531735D-14

.016251787345D-02
.649709301973D-03
.049474254061D-04
.070964671190D-04
9.608788872527D-05
.885659127034D-06
.450028524311D-06
.757200946909D-07
.916075421796D-08

.389338869715D-04
.569145026078D-05
.067872533338D-06
.009074194306D-07
.202377087937D-08
.820175080726D-08
.005495853368D-09
.443143280155D-10
.490536063716D-11

.846257262550D-09
.758631015908D-09
.250767238535D-10
.244053679153D-11
.735202334766D-11
.427633513798D-12
.341575042551D-14
.084731172193D-14
.572212991946D-15



e+ p——>H(1)+ hv, [eV] per rec. event

Ratio <(E _el+13.6)>(Te,ne)

10

10

Effective (CR) hydrogenic recombination
electron energy loss/gain per event
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12.18 Reaction 2.1.80 H" + ¢ — H(1ls), < de > +13.6 [e¢V] Ly-opaque

electron energy loss (radiative) due to one effective recombination event. 13.6 eV (ionization
potential) has to be subtracted, which may render the total electron loss negative, i.e., make it a

gain.

E-Index: 0

T-Index:

O J oy U b WDNBEP O
|
N

| |
[l T S

.332760890904D+00
.095607992432D+00
.718235594111D-03
.796028848568D-01
4.114054656028D-02
.379031566337D-02
.442827387044D-03
.466408723499D-04
.550852684757D-05

E-Index: 3

T-Index:

W J o Ul WN R O
[

.533294583406D-02
.513801946679D-02
.848556553690D-03
.343364231895D-02
.540828008778D-03
.669070177773D-04
.953437642437D-04
.819420479360D-05
.704392451980D-07

E-Index: 6

T-Index:

O J oy U b WDNBEP O
|
w

Max. rel.
Mean rel.

Error:
Error:

.802660138687D-06
.191827223971D-04
.886829891317D-06
.049475835680D-05
.454361952343D-06
.905901174405D-07
.627862273723D-08
.646425627446D-09
-1.

392555515521D-10

17.4151 %
7.1827 %

353

.276467542533D-02
.149640996135D-01
.342318925152D-02
.076194843679D-02
.167368824693D-03
.766103150116D-03
.168245938217D-03
.067947114632D-04
.448224819513D-06

.993999791570D-03
.708115211759D-02
.198540836499D-03
.197734625605D-03
.888233553638D-04
.301617499659D-05
.957310765780D-05
.913117253436D-06
.826373961407D-08

.578343346285D-07
.886108418638D-06
.065327740691D-09
.854931151940D-07
.217245343098D-07
.001019530996D-08
.147493653191D-09
.215059278414D-10
.101965822929D-11

.375104085272D-02
.163109435324D-01
.826264614382D-02
.211090303923D-02
.634010977122D-03
.140405264654D-03
.103728635753D-04
.426869611152D-05
.365214591310D-06

.625217527284D-04
.908032465874D-03
.289210776603D-05
.020807399429D-04
.009886243915D-05
.131696299090D-06
.682020227901D-07
.213331827001D-08
.634950425947D-09

.885318650802D-09
.149798003444D-08
.815045054601D-10
.138820449657D-09
.725312803637D-09
.223614921536D-10
.140380486253D-11
.559359042393D-12
.192243607759D-13



<del elec>(Te,Ne) (eV/rad. Recombination)

10

2
10

10

Effective hydrogenic electron cooling rate
due to recombination. Ly—opaque, Data: L.C.Johnson
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12.19 Reaction 2.2ae¢ + He — He* Ratio He(6)/He(1)

313 state reduced population coefficients, formulation II, Coupling to groundstate, [20].
For 728 nm line: — 2' P, A(6,4)=1.810629¢7, dE=1.7023 eV

E-Index: 0

T-Index:

O J oy O W N B O

| | | | |
RS O J9WwkRE DN D

.311315252344D+01
.227727400968D+01
.092526995496D+01
.455212456083D+00
.374015718678D-01
.038623596715D-01
.192956530427D-03
.616742167799D-04
.001260661416D-05

E-Index: 3

T-Index:

O J oy U b W DN B O

| [ | |
P o N O DN

.288516993884D-01
.615799989993D-01
.250400889583D-02
.516486061778D-02
.576970797070D-03
.351628215299D-04
.622121272510D-05
.623209681071D-06
.880631768107D-07

E-Index: 6

T-Index:

O J oy U b W NP O

Max. rel.

Mean rel.

Error:
Error:

.438226618132D-04
.431672141577D-05
.546258048294D-06
.722186667141D-06
.152461824776D-07
.209519268505D-08
.356847387494D-09
.792067155585D-10
.944524915556D-11

4.7466
1.8012

o)
°
%

.068788324945D+00

2.533246784559D-02

355

.147570844629D-02
.389486107084D-02
.242933213868D-02
.572063066145D-03
.455904553910D-03
.160328883781D-04
.542757576830D-06

.934442752394D-02
.658923546753D-02
.917685175679D-03
.624326286753D-03
.296103941475D-04
.805995868992D-06
.414972618793D-06
.396329196910D-07
.036496093646D-09

.077128821245D-05
.862180588113D-06
.365213157088D-07
.017760018097D-08
.241223808031D-09
.441911748739D-09
.697594587912D-11
.164943531687D-11
.169200058693D-12

.607816591604D-01
.171642913247D-01
.875310957896D-01
.063899942293D-02
.420756303296D-03
.324173037175D-03
.673595425546D-04
.534829062629D-05
.685458944344D-06

.604584821093D-03
.208439837134D-03
.072650465024D-04
.323367272941D-05
.793441980969D-06
.856178638492D-07
.145956146766D-08
.644463329342D-08
.449219917820D-09

.352276198706D-07
.132114188246D-08
.976268161753D-09
.904178184171D-10
.068574923944D-10
.316978098635D-10
.240088197508D-12
.800778214544D-13
.817590942107D-14



Ratio of population coefficients p(Hex*,6)/nHe

Reduced population coefficients for
for Helium Atoms, Formulation |

10° 10! 107

Electron Temperature (eV)

356

¥ ¢ O X O

ne/cm 2

1.00D+16
1.00D+14
1.00D+12
1.00D+10
1.00D+08



12.20 Reaction 2.2b e + He — He* Ratio He(7)/He(1)

333 state, reduced population coefficients, formulation II, Coupling to groundstate, [20].
For 706 nm line: — 23 P, A(7,5)=2.76441e7, dE =1.75437 eV

E-Index: 0

T-Index:

O J oy U b W NP O

| | | | |
O & 00 W oY WK N Wb

.007960997971D+01
.144863586125D+01
.062424949389D+01
.274440069862D+00
.910270587692D-01
.696455049644D-02
.558419026409D-03
.299591264600D-04
.396794815079D-06

E-Index: 3

T-Index:

O J o U b W DN O

| | [
I S i S R = 1 B NI o \ S

.597504506357D-02
.134174339750D-03
.435598894352D-02
.473014417323D-03
.569913055752D-04
.468442843104D-05
.109174473451D-05
.823956910222D-07
.597529153937D-08

E-Index: 6

T-Index:

O J oy U b W DN BEP O

Max. rel.

Mean rel.

Error:
Error:

.136082319245D-05
.290346463406D-04
.619346650396D-05
.970042343218D-07
.546393179958D-07
.879528911353D-07
.591625909374D-08
.509097136492D-09
.631586971717D-10

5.3070 %
1.9605 %

357

.034446644096D-01
.947485468069D-01
.036865355513D-01
.002917850635D-02
.778030255527D-03
.615838261304D-04
.372863071237D-04
.352177886718D-05
.081568411364D-07

.439511190742D-04
.934529257747D-03
.959994394968D-04
.912931702266D-05
.068830646003D-04
.773486473364D-06
.766577588319D-06
.482530106434D-07
.085546973595D-09

.362863636423D-06
.579314176342D-06
.859684910385D-07
.575739269032D-07
.580471294432D-08
.906966394218D-09
.622976767180D-11
.196127739728D-10
.893728865910D-12

.165111771540D-01
.301067140494D-01
.502619709740D-01
.500559725551D-02
.133919377226D-03
.591761507584D-04
.079519906206D-05
.363347413015D-06
.918622684719D-07

.735113536484D-04
.672264590109D-03
.087336754163D-04
.121815866488D-05
.591339866244D-06
.269135973852D-06
.517137662136D-07

6.084462068041D-09

.411547564036D-09

.629721496083D-08
.164974848265D-08
.226364851070D-09
.434371121129D-09
.080771415075D-09
.112570278287D-10
.002477025919D-12
.320887234439D-12
.311109499334D-13



Reduced population coefficients for
for Helium Atoms, Formulation |
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12.21

Reaction 2.2c ¢ + He — He* Ratio He(8)/He(1)

3! P state, reduced population coefficients, formulation II, Coupling to groundstate, [20].
For 501 nm line: — 215, A(8,2)=1.35143E7, dE =2.47126 eV

E-Index: 0

T-Index:

O J oy U b W DN O

| | | | |
R O R P 3w N D

.653397136053D+01
.341040126523D+01
.139498311209D+01
.614773239756D+00
.802147409864D-01
.129731936040D-01
.046003037564D-02
.566146923182D-04
.287797826551D-05

E-Index: 3

T-Index:

O J oy U b W DN B O

-4,

7.
-2.
.996213760875D-03
.188564258666D-04
.788680997946D-06
.476821784698D-05
.461225058243D-06
.755714180141D-08

4

| |
w = = 01 ©

960776358631D-02
079138649586D-02
002227448100D-02

E-Index: 6

T-Index:

O J o U b W DN B O

Max. rel.
Mean rel.

Error:
Error:

.595441650236D-05
.492979564442D-05
.279337614319D-06
.149833159917D-06
.099736125961D-07
.181107684745D-08
.335949262711D-09
.073967263488D-10
.965186141757D-11

4.4334 %
1.0452 %

|
e e e S )

359

.061565404274D+00
.338924405778D-01
.614149800761D-01
.470591133234D-01
.652798837959D-02
.211800736270D-02
.894859026350D-03
.990551598260D-04
.559558313857D-06

.721007453372D-03
.107648995898D-02
.516435028232D-03
.235419082909D-04
.489938947126D-04
.848630429871D-05
.555280785423D-06
.566386546423D-07
.635247245624D-09

.938916077091D-06
.479965187751D-07
.317424648906D-07
.744164295894D-09
.622513539030D-08
.189086401587D-09
.417107113342D-11
.158671282787D-11
.582356159149D-12

4.
7.
-8.
5.
-1.
-2.
2.
1.
-9.

-6.

5.
-3.
-1.

7.
-1.
.544932959532D-12

6

-4.
2.

.538213466570D-01
.620037152343D-01
.852266870603D-02
.639517537700D-02
.139696161330D-02
.415302206693D-03
.216830627677D-04
.914361279505D-05
-1.

141508901494D-06

129592286060D-04
955218807596D-04
077169032818D-05
622895177211D-06
639651945413D-06
817393417179D-07
630583281095D-08
078484737480D-08
744421400623D-10

904203416831D-08
129381943121D-09
212001663062D-09
271403337443D-09
323542946653D-10
030873863310D-10

346356593657D-13
463828951285D-14



Ratio of population coefficients p(Hex*,8)/nHe

Reduced population coefficients for

for Helium Atoms, Formulation |l
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12.22 Reaction 2.2d ¢ + He — He* Ratio He(10)/He(1)

3! D state, reduced population coefficients, formulation II, Coupling to groundstate, [20].
For 667 nm line: — 2' P, A(10,4)=6.27547¢7, dE = 1.8561 eV

E-Index: 0

T-Index:

O J oy U b W DN O

| | | | |
O & 0 W ~J Wk N D

.387462178720D+01
.231897245990D+01
.103840904811D+01
.439678364969D+00
.194379330234D-01
.977541313333D-02
.744899237837D-03
.364458313084D-04
.420938125153D-06

E-Index: 3

T-Index:

O J oy U b W DN B O

| | | |
EF NN RN R

.227267686184D-01
.283426585873D-01
.640225933795D-02
.159942757994D-03
.605016526459D-04
.787934297272D-04
.864168088776D-05
.630470520737D-06
.046366140500D-07

E-Index: 6

T-Index:

O J o U b W DN B O

Max. rel.
Mean rel.

Error:
Error:

.927330419368D-04
.625900542113D-04
.258487531484D-05
.461954139324D-06
.887941807259D-08
.282533905038D-08
.515466306533D-08
.777752615430D-10
.089947705610D-11

4.2913
1.0561

%
o)
°

361

.297729348975D+00
.254021696102D-02
.933431516828D-03
.110861039861D-03
.617376918719D-03
.492457513616D-03
.818311009548D-04
.772577703683D-05
.681794402039D-07

.684569500768D-02
.558157078407D-02
.670127027232D-03
.210673774922D-03
.287984864674D-05
.093030346467D-06
.737189312029D-06
.699291231064D-07
.472124741829D-08

.192457335223D-06
.035250553353D-06
.078934966891D-06
.569915050105D-09
.782454606073D-08
.826443302463D-10
.609983592228D-10
.005417881311D-12
.537624472911D-12

.171426368859D-01
.818676964157D-01
.084333935229D-01
.419780536561D-02
.804052035737D-04
.151471795535D-04
.656979814142D-05
.646402252581D-06
.810036079763D-07

.084104019669D-03
.736593361910D-03
.320926095332D-04
.034347467373D-04
.952370009630D-06
.042617033617D-06
.314488727944D-07
.034998122757D-09
.766999701447D-10

.013020564099D-08
.326313962119D-08
.012644792468D-08
.035476745628D-09
.823571239501D-10
.734519877427D-11
.766562927060D-12
.711155616810D-13
.487131096914D-14



Ratio of population coefficients p(Hex*,10)/nHe

Reduced population coefficients for
for Helium Atoms, Formulation |

10° 10! 107

Electron Temperature (eV)

362

* & O X O

ne/cm 2
1.00D+16
1.00D+14
1.00D+12
1.00D+10
1.00D+08



12.23 Reaction 2.2e ¢ + He — He* Ratio He(16)/He(1)

4' D state, reduced population coefficients, formulation I, Coupling to groundstate, [20] .
For 492 nm line: — 2' P, A(16,4)=1.95062E7, dE =2.5183 eV

E-Index: 0

T-Index:

O J oy O W N B O

| | | | |
RS O J9WwkRE DN D

.471883009004D+01
.301803742916D+01
.142290678089D+01
.584520289665D+00
.588759927163D-01
.071981413506D-01
.623807639587D-03
.938446976776D-04
.097930969158D-05

E-Index: 3

T-Index:

O J oy U b W DN B O

.102005327143D-03
.083881196314D-03
.183867697930D-04
.229903491947D-04

4.993998679121D-05

.193787781320D-04
.840484021461D-05
.172661190110D-06
.622655761109D-08

E-Index: 6

T-Index:

O J oy U b W NP O

Max. rel.

Mean rel.

Error:
Error:

.438344417754D-05
.958874975704D-05
.624226089828D-05
.531455667103D-06
.210309715124D-08
.506763120215D-08
.582721370055D-09
.970509295800D-12
.149843951988D-11

3.6319
1.2457

o)
°
%

363

.379902734939D+00
.112391837175D-01
.325073124471D-01
.292301814148D-02
.769660867165D-02
.846876265058D-03
.555908490695D-04
.141246970493D-05
.395884806885D-06

.776453047428D-03
.184653460498D-03
.291800815389D-04
.697630240547D-05
.400566057679D-05
.321252008286D-06
.190964593875D-07
.852557117498D-08
.165754381744D-09

.323368482605D-06
.935263751082D-06
.305375766051D-07
.702409620971D-08
.836232292167D-09
.252708957129D-09
.034963393881D-11
.219308703370D-12
.361514367135D-13

.588304426869D-02
.020010647943D-02
.363867774084D-02
.399795303239D-02
.996411152428D-03
.730779175387D-03
.665737696024D-04
.928578993317D-05
.127774120276D-07

.951669267394D-04
.939046552980D-04
.705675041358D-04
.236164784844D-05
.844211220285D-06
.997152437237D-07
.074212731682D-08
.693636966803D-10
.193903473398D-10

.790056253508D-08
.888456240999D-08
.706585722074D-09
.463396284857D-10
.958879358471D-10
.685561440635D-11
.950344146148D-13
.005051437224D-14
.191949633363D-14



Ratio of population coefficients p(Hex*,16)/nHe

Reduced population coefficients for
for Helium Atoms, Formulation |

10° 10! 107

Electron Temperature (eV)

364

¥ ¢ O X O

ne/cm 2

1.00D+16
1.00D+14
1.00D+12
1.00D+10
1.00D+08



12.24 Reaction 2.3.2a ¢ + He" — He* Ratio He(6)/He™

313 state reduced population coefficients, formulation II, Coupling to He™, [20].

For 728 nm line: — 2' P, A(6,4)=1.810629¢7, dE=1.7023 eV

E-Index: 0

T-Index:

-3.
2.
=7.
.312899128558D+00
.475271968793D+00
.141511842314D-01
.911906094824D-02
.565096703678D-03
.814835329708D-05

O J oy U b W DN O
|
N

T-Index:

O J oy U b W DN B O
N

|
(€3]

216150314541D+01
472997234218D+00
273641530992D+00

.573779795630D-01
.373512721569D-01
.180617352023D-02
.575910145395D-02
.321891266732D-03
.141504489899D-03
.243986342244D-05
.349712967453D-06
.722874156419D-07

E-Index: 6

T-Index:

O J o U b W DN B O
N

Max. rel.
Mean rel.

Error:
Error:

.136519317417D-04
.515045346534D-04
.333316361152D-04
.714541315649D-06
.756655915997D-06
.178875894924D-07
.331886684615D-08
.023931989434D-09
.381564120008D-10

23.9646 %
6.2722 %

365

.017126728848D+00
.604244815764D-01
.512267559345D-01
.221127513661D-01
.628490082958D-02
.679217364205D-02
.521368851222D-03
.540747253127D-05
.000054107875D-07

.193259536500D-02
.642773580772D-02
.194178092608D-02
.261270008957D-04
.535428208875D-04
.088062290891D-04
.491809640805D-05
.545082995129D-07
.632513971858D-08

.509799360230D-05
.007775905926D-05
.445989555292D-06
.940705316636D-07
.165051309359D-08
.390667896507D-08
.614867580638D-09
.812490590825D-10
.352182090998D-11

.503192212525D-01
.447853197254D-01
.697133484751D-01
.407336611903D-01
.860831119148D-02
.622911077550D-03
.758101424176D-04
.988643158537D-06
.442316009145D-06

.714327145825D-03
.333243832771D-03
.504343740838D-03
.160434934873D-04
.462458572233D-05
.933905317108D-06
.546659340673D-06
.861187877207D-08
.509739163118D-09

.184621419674D-07
.635743918463D-07
.234698479875D-07
.952675110887D-08
.082966020137D-09
.828419978172D-10
.330106832639D-11
.428342946112D-12
.197916618777D-13



Reduced population coefficients for
for Helium lons, He+, Formulation |l

Ratio of population coefficients p(Hex*,6)/nHe+
o

¥ ¢ O X O

me Sl

10° 10! 107

Electron Temperature (eV)

366

ne/cm 2
1.00D+16
1.00D+14
1.00D+12
1.00D+10
1.00D+08



12.25 Reaction 2.3.2b e + He™ — He* Ratio He(7)/He™

33 state, reduced population coefficients, formulation II, Coupling to He™, [20].
For 706 nm line: — 23 P, A(7,5)=2.76441e7, dE =1.75437 eV

E-Index: 0

T-Index:

O J oy U b W DN O

| | | | |
b Jd o0 W J 0o w Ww

.021804030158D+01
.523368969674D+00
.974598355857D+00
.635897546212D+00
.000303742731D+00
.285699508085D-01
.304205616620D-02
.453488758391D-03
.113155471497D-04

E-Index: 3

T-Index:

O J oy U b W DN B O

| [ | |
O P Wk PP 9NN D

.970170535549D-02
.735061111112D-01
.064807405621D-01
.412844397846D-02
.464638881441D-02
.322561156054D-03
.560089264490D-05
.602474940002D-05
.353650874253D-07

E-Index: 6

T-Index:

O J o U b W DN B O

Max. rel.
Mean rel.

Error:
Error:

.081306838597D-04
.455835282567D-04
.414786677129D-04
.147245647095D-06
.867272943685D-06
.306589669632D-07
.030271577709D-08
.133396885188D-08
.847614776613D-10

23.646

6
6.3388

%
o)
°

367

.130848334651D+00
.478378025513D-01
.778216418622D-01
.147403628179D-02
.002194876928D-03
.416908796340D-03
.989766581715D-03
.821308292697D-04
.266781207601D-06

.165239967844D-02
.462012224337D-02
.532912576039D-02
.064378821100D-02
.982598876641D-03
.390586823075D-04
.201538636649D-05
.171115568805D-07
.599657419719D-08

.980420063002D-06
.051504918041D-05
.275747814089D-06
.409794703428D-07
.730788976909D-07
.266691013685D-08
.815641913753D-09
.820505536000D-10
.391347375446D-11

.073740464502D-01
.458417120865D-01
.081928217917D-01
.662078021034D-01
.863105119205D-02
.038866915586D-03
.1444749505838D-03
.240908829743D-04
.673905317880D-06

.510313083106D-03
.869531956065D-03
.081608767454D-03
.813109620435D-04
.279445200867D-05
.306640146040D-06
.411823544331D-06
.146917989801D-08
.416556483484D-10

.865611960494D-08
.297001161406D-07
.119868249308D-08
.823740755654D-08
.026049328029D-09
.117214675526D-10
.671055888097D-11
.163064737956D-11
.850942377843D-13



Ratio of population coefficients p(Hex,7)/nHe+

Reduced population coefficients for
for Helium lons, He+, Formulation |

I

10°

10!

107

Electron Temperature (eV)

368

¥ ¢ O X O

ne/cm 2

1.00D+16
1.00D+14
1.00D+12
1.00D+10
1.00D+08



12.26 Reaction 2.3.2c ¢ + He™ — He* Ratio He(8)/He™

3! P state, reduced population coefficients, formulation II, Coupling to He™, [20].
For 501 nm line: — 2'S, A(8,2)=1.35143E7 dE =2.47126 eV

E-Index: 0

T-Index:

O J oy O W N B O
| | | | |
R 0w J Ww oo whNhw

.445572948968D+01
.775136339237D+00
.482806590562D+00
.753415720243D+00
.577960912550D+00
.706325166736D-01
.158735526626D-02
.693572104634D-03
.447822452674D-04

E-Index: 3

T-Index:

O J oy U b W DN B O
| | | |
N PN O WRE P O

.518321955152D-02
.505032740194D-01
.175987658408D-01
.667084372893D-02
.559862125182D-03
.147001210922D-03
.735972256964D-04
.532878284339D-05
.445107599088D-07

E-Index: 6

T-Index:

O J oy U b W NP O
Ul

Max. rel.

Mean rel.

Error:
Error:

.004500270631D-04
.854040739913D-04
.919209138406D-04
.763502677889D-05
.629040165925D-06
.699661573237D-07
.749930108264D-08
.612336214085D-09
-1.

818784682827D-10

25.025

0 %
6.9230 %

369

.137519254060D+00
.487673567858D-01
.618314205781D-01
.569019076961D-01
.343719586718D-01
.952144452037D-02
.628637458935D-03
.288531778507D-04
.723900429738D-06

.275404675701D-02
.105545096940D-02
.021206967023D-02
.854422446911D-03
.162545378146D-05
.977007897719D-05
.938645862420D-05
.233959442253D-06
.001706708366D-08

.178038428972D-06
.113667661675D-05
.352922848971D-06
.312005258433D-06
.258717216470D-08
.542813546822D-09
.406483389911D-09
.287524304739D-10
.208359092107D-11

.204158609891D-01
.037515904078D-01
.914168608519D-01
.753910146247D-01
.423186626416D-02
.111018961085D-02
.291959720425D-03
.302736513118D-05
.455648868887D-06

.567946643590D-03
.891527004898D-03
.440969566947D-03
.660305334064D-04
.032611295151D-05
.625984135551D-06
.853343303742D-07
.081746795921D-08
.073020722799D-09

.936121532969D-08
.772401326973D-07
.483995437185D-07
.373289875724D-08
.151242886886D-09
.034382828487D-10
.104413275874D-10
.944501803630D-12
.808344024957D-13



Ratio of population coefficients p(Hex*,8)/nHe+
o

Reduced population coefficients for
for Helium lons, He+, Formulation |

* & O X O

T

10° 10! 107 10°

Electron Temperature (eV)

370

ne/cm 2
1.00D+16
1.00D+14
1.00D+12
1.00D+10
1.00D+08



12.27 Reaction 2.3.2d e + He™ — He* Ratio He(10)/He™

3! D state, reduced population coefficients, formulation II, Coupling to He™, [20].
For 667 nm line: — 2' P, A(10,4)=6.27547¢7, dE = 1.8561 eV

E-Index: 0

T-Index:

O J oy U b W DN O

| | | | |
N O R N L \ VR V]

.192508131204D+01
.828623875238D+00
.094286352161D+01
.052099366893D+01
.404840999690D+00
.659859829733D-01
.164625241195D-01
.324584132923D-03
.880391228394D-04

E-Index: 3

T-Index:

O J oy U b W DN B O

| | | |
W W oo I NP DN W

.895103722167D-01
.196979542189D-01
.102789422795D-01
.669978165448D-02
.327397267002D-02
.557858145939D-03
.888503829029D-04
.985563239078D-05
.268393543240D-07

E-Index: 6

T-Index:

O J o U b W DN B O

Max. rel.
Mean rel.

Error:
Error:

.963745460112D-04
.049392469505D-04
.302906384868D-04
.871228014319D-04
.215031871253D-05
.050715387567D-07
.681357574652D-07
.155554263527D-09
.198416940460D-09

28.7561 %
8.5118 %

371

.730604480077D-01
.043166975331D-01
.449752413106D-01
.603297466416D-01
.789883977105D-01
.886124374969D-02
.078353226216D-02
.529437247704D-04
.553160134143D-05

.458135648534D-02
.857255265840D-02
.659906282329D-02
.112215942331D-02
.834729531187D-03
.796130918335D-04
.025043121277D-05
.090429714735D-06
.036815496667D-07

.424905218920D-05
.923558499837D-05
.548203816799D-05
.525444542407D-06
.969555753912D-09
.944403098333D-07
.937982495017D-08
.366419067606D-09
.339525486382D-12

.913705333191D-01
.394294436435D-01
.999182478623D-02
.020794746641D-01
.864822739530D-01
.574019828906D-02
.432191040269D-03
.049402440492D-04
.266500198751D-06

.670836879252D-03
.520006805526D-03
.539428018247D-03
.118385995004D-03
.527735068892D-04
.396527075095D-05
.255417061932D-06
.928756876729D-07
.933925056569D-08

.052965619067D-07
.397863109992D-07
.630918993190D-07
.484052167901D-08
.502410481834D-08
.132124950693D-09
.509572249650D-10
.898820258533D-11
.014052780522D-13



Ratio of population coefficients p(Hex,10)/nHe+
|

Reduced population coefficients for
for Helium lons, He+, Formulation |

* & O X O

10° 10! 107

Electron Temperature (eV)

372

ne/cm 2
1.00D+16
1.00D+14
1.00D+12
1.00D+10
1.00D+08



12.28 Reaction 2.3.2e ¢ + He™ — He* Ratio He(16)/He™

4! D state, reduced population coefficients, formulation II, Coupling to He™, [20].
For 492 nm line: — 2' P, A(16,4)=1.95062E7, dE =2.5183 eV

E-Index: 0

T-Index:

O J oy U b W DN O

| | | | |
= 010 J W J J 0w w

.188482573905D+01
.933879030912D-01
.486546162203D+00
.834652212756D+00
.347990149324D+00
.366886873864D-01
.864057763980D-02
.555256683180D-03
.421052566331D-04

E-Index: 3

T-Index:

O J oy U b W DN B O

.007691814520D-01
.590010861827D-01
.039503541069D-01
.150327990878D-02
.342313204830D-02
.768569485892D-03
.706654458246D-04
.996960560623D-05
.433571946131D-07

E-Index: 6

T-Index:

O J o U b W DN B O

Max. rel.
Mean rel.

Error:
Error:

.145292638212D-04
.454814129154D-05
.690737638410D-05
.521266112731D-05
.096507943757D-06
.280634231739D-07
.729749615530D-08
.762215328192D-09
.026923384162D-10

37.7911 %
6.9227 %

373

.610245311120D-01
.266459651326D+00
.150308486050D+00
.901758352641D+00
.248586863904D-01
.190475683473D-01
.309846016686D-02
.711297791954D-04
.878580877217D-05

.094881651282D-02
.031249533204D-02
.940627970159D-02
.639386857171D-03
.172376176842D-03
.588304810091D-04
.841194915725D-05
.358423173826D-06
.149590065641D-08

.131115258763D-05
.308023119594D-06
.294961757856D-06
.253726502750D-06
.590646481613D-07
.149850598031D-08
.770965878183D-09
.745304400761D-10
.318966772198D-12

.871637904226D-02
.472857315400D-01
.212822565689D+00
.605089155304D-01
.007495980841D-01
.602551009154D-02
.760565403015D-03
.099326142463D-04
.822799528233D-06

.360394656253D-03
.061971584679D-04
.269842997337D-03
.547850561263D-04
.311168366669D-05
.066241218916D-07
.0508238489500D-07
.836592920988D-08
.556757547808D-09

.610863865001D-07
.784207966726D-08
.201017904975D-08
.225943158869D-08
.452184158491D-09
.947518389720D-10
.800254654826D-11
.658813624438D-12
.100743151512D-14



Ratio of population coefficients p(Hex,16)/nHe+
|

Reduced population coefficients for
for Helium lons, He+, Formulation |l

Electron Temperature (eV)

374
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12.29 Reaction 2.3.9a He(15%15) + e — He'(1s) +2e < de

electron energy loss (radiative plus potential) due to one effective ionization.

E-Index: 0

T-Index:
0 6.833598031940D+00
1 -3.963803034848D+00
2 2.340984418775D+00
3 -8.720605342433D-01
4 2.151914370389D-01
5 -3.480057305671D-02
6 3.519085971631D-03
7 -2.005331697724D-04
8 4.890032176597D-06
E-Index: 3

T-Index:
0 -1.562968002089D-01
1 1.380891687214D-01
2 -2.233168326792D-02
3 -9.017359555794D-03
4 2.872369142740D-03
5 -1.004362351325D-04
6 -4.170965146914D-05
7 4.727045263171D-06
8 -1.408579120961D-07
E-Index: 6

T-Index:
0 3.251351974739D-04
1 -2.788751037407D-04
2 6.881062206346D-05
3 -1.237210702996D-06
4 -8.649474896814D-07
5 -7.916173274377D-08
6 2.102619442307D-08
7 2.537560484891D-10
8 -1.050110011758D-10

Max. rel. Error: 4.8670 %

Mean rel. Error: .4586 %

375

1

.581591750171D-01
.083742817806D-01
.960301860904D-02
.187065734893D-02
.025747886335D-02
.039843241545D-02
.896269271396D-03
.550021181454D-04
.783948237900D-06

.804132257792D-02
.493851885048D-02
.567898287243D-03
.146449794934D-04
.563116903860D-04
.650562392977D-05
.520955505512D-06
.341691381461D-07
.631952383725D-09

.108119967409D-05
.919934156922D-06
.901589536293D-06
.350049703101D-08
.477033243810D-08
.346267688694D-09
.402551865343D-09
.296713149429D-11
.672317014529D-12

> [eV]

.002724552043D-01
.185819272140D-01
.380541593246D-02
.335409780587D-02
.222418098960D-03
.466657569917D-03
.723390036919D-04
.460430898110D-05
.434239402361D-06

.819950771068D-03
.336864850281D-03
.135198845537D-03
.229593440360D-05
.183046296448D-05
.006835018389D-06
.199396957406D-07
.067558155258D-09
.504095408373D-09

.502088801630D-07
.121476666732D-07
.850790588779D-08
.614670721314D-09
.749285231265D-10
.619067607087D-10
.013612509314D-11
.211004021082D-12
.734344850181D-14



<del elec>(Te,ne) (eV/lonisation)
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12.30 Reaction2.3.13ac+He™ (1s) — He(15*1S)+hv < de > +24.58 [eV]

electron energy loss (radiative plus potential) due to one effective recombination. 24.586 eV
(ionization potential) has to be subtracted, which may render the total electron loss negative,
i.e., make it a gain.

E-Index: 0

T-Index:

O J oy U b WDNBEP O

| | | |
AN W NDE NP WW

.433913136981D+00
.571941963713D-01
.878217847962D+00
.424802386624D+00
.167489860199D+00
.785216165202D-01
.549870765089D-02
.325006625009D-03
.167011906326D-05

E-Index: 3

T-Index:

O J oy U W N B O

| I |
W N W J B 0N D

.897530083159D-03
.542692753033D-02
.404690243381D-03
.027112091534D-03
.157260624154D-03
.990778489925D-05
.596656976635D-05
.512892127544D-06
.299538986852D-08

E-Index: 6

T-Index:

O J oy U b WDNBEP O

Max. rel.
Mean rel.

Error:
Error:

.279526998241D-05
.588474563611D-05
.062514764122D-05
.646788579650D-06
.221818458812D-06
.819508932994D-08
.800399945032D-08
.171329251871D-09
.868229185881D-11

22.5154
7.8340

%
o)
°

377

.838690601594D-03
.366702629693D-01
.687159886881D-01
.668555927113D-01
.968312198499D-02
.794413323851D-03
.061971808105D-04
.536285155093D-05
.237779310326D-06

.501012076471D-03
.618718418466D-03
.417465105562D-03
.212796313573D-04
.661422893980D-05
.166337856831D-06
.433564986542D-07
.280106015151D-07
.871390766422D-08

.198553031308D-07
.435602148969D-06
.126080643711D-06
.017675408347D-07
.525537630546D-08
.849145077320D-09
.587416635024D-09
.635594061798D-10
.166329792374D-12

.012005651151D-03
.305394970015D-03
.681576112685D-02
.489289566691D-02
.806242392586D-03
.748295131357D-03
.964994225616D-04
.514149047897D-05
.602672918010D-06

.946127138348D-04
.155324896611D-03
.541649981092D-04
.372305615527D-05
.830966474304D-06
.389604603452D-07
.512821193564D-08
.957605446858D-08
.821480547627D-09

.453125267641D-09
.048074124737D-08
.084879079455D-08
.909525540561D-09
.491574341448D-09
.280524821596D-12
.976884843047D-11
.324427772952D-12
.347143462455D-13



<de>+24.586 (eV/Recombination)

Fffective Electron cooling

. for Helium lons, Recombination, Formulation |
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12.31

Reaction 2.6A0 C' + e — C" + 2e < de > [eV]

electron energy loss (radiative+potential) due to one effective ionization.

E-Index: 0

T-Index:

O J o U b W DN O
| | | |
R 01w 00 = NN O

.498032398433D+00
.316370818977D+00
.320704120275D+00
.423469978730D+00
.441710451586D-01
.198134345687D-02
.025343419623D-03
.421408064934D-04
.358691589766D-05

E-Index: 3

T-Index:

O J oy U b W DN P O
| [ [N
N N oo w o N wJdw

.876225428908D-02
.502544061825D-02
.513874434013D-02
.516467231041D-03
.595871698878D-05
.049612725058D-06
.873065193751D-07
.934330556330D-07
.439978518785D-08

E-Index: 6

T-Index:

O J o U b W DN O
|
Is

Max. rel.

Mean rel.

Error:
Error:

.022904037358D-05
.427310072061D-05
.880039401864D-06
.936336799962D-07
.740152838620D-08
.544365666000D-09
.900458497992D-11
.539892599330D-10
-9.

023325396014D-12

10.0848 %
3.3383 %

379

1

.819265937462D+00
.912413251967D+00
.593550209141D-01
.888330744867D-02
.408402765701D-02
.816981348123D-03
.956250281350D-04
.242557410997D-05
.845719396806D-06

.923470670427D-03
.301133626753D-03
.722831770062D-03
.815314237493D-04
.172374862061D-05
.823320281538D-07
.786247323757D-07
.202583801575D-09
.004344333195D-10

.840788152953D-07
.885339856267D-06
.536973415974D-07
.180564243948D-08
.512393664320D-08
.278608019932D-09
.157695298962D-12
.042934507312D-13
.668395598922D-13

.796344005492D-01
.639266856065D-01
.384731751044D-01
.868782289925D-02
.609271425672D-04
.201041388569D-04
.460685141518D-05
.660290060134D-06
.798854323430D-07

.889758400029D-04
.263821297128D-04
.261936992701D-05
.776094914794D-07
.427876732685D-06
.856100050999D-07
.579947427433D-09
.631835360203D-09
.000272415897D-10

.375736799139D-09
.505352276047D-08
.687829752307D-09
.277731900255D-09
.903109943091D-10
.083549010546D-11
.518435981756D-12
.298624172985D-14
.457156257137D-16



<de>(Te,ne) (eV),C ——> Cx/C+
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12.32 Reaction 2.3.6A0 C" + ¢ — C < de > +11.3 [eV]

electron energy loss (radiative) due to one effective recombination. For the total electron energy
loss, 11.3 eV (potential) have to be subtracted, which may render the loss negative, i.e., make it

a gain.

E-Index: 0

T-Index:

O J oy U b WDNBEP O

.453628189480D+00

5.566257359499D+00

.023144782419D-02
.612434026349D-01
.539562167664D-02
.206442445551D-02
.871920422343D-03
.549156846628D-04
.278924523113D-06

E-Index: 3

T-Index:

O J oy U W DN BEP O

| | [ |
W w kP U0 SN W

.501284760092D-01
.322262917492D-01
.643011608926D-02
.688215878015D-03
.691532547205D-04
.044633066348D-05
.234952236991D-05
.335538428637D-07
.205409357745D-08

E-Index: 6

T-Index:

O J oy U b WDNBEP O

Max. rel.
Mean rel.

Error:
Error:

.983556406852D-05
.324145347640D-04
.468227303594D-05
.064808887243D-06
.193418042952D-07
.818418728971D-08
.045420857293D-10
.097056113387D-11
.762885118005D-11

9.9451 %
4.6015 %

(G2 =)

4

381

.411959121202D+00
.827487978046D+00
.719987617388D-01
.081834795086D-01
.139385617180D-02
.840262448517D-03
.502276174927D-04
.373587175654D-05
.670923171850D-06

.016194688684D-03
.865809696737D-02
.658846165674D-04
-5.
-1.

493080299892D-04
149074252290D-04

.715897395507D-06
-9.
2.
4.

240109636586D-08
604300994523D-08
814828405950D-09

.938264102004D-06
.832076246100D-06
.744169024370D-07
.798853036278D-08
.995457258897D-08
.776256710020D-09
.406586578331D-11
.734596577436D-12
.334245563205D-12

1

.027601643412D+00
.323581114195D+00
.676321249963D-01
=7.

2.
-9.
.251507934880D-04
-3.

8.

116653339183D-02
769162614331D-03
995675347671D-04

129721638855D-06
554676549572D-08

.238571380263D-04
.343709230425D-03
.413672739471D-04
.497209232351D-05
.807423173738D-06
.154583868877D-08
.248634746180D-08
.070635332640D-09
.332849014591D-10

.865346084259D-08
.466507036184D-08
.237111069147D-09
.206248775248D-09
.575861953373D-10
.694099060448D-11
.204537382726D-13

2.335553372556D-14

.722914980319D-14



<de+11.3>(Te,ne) (eV), C+ ——> Cx/C
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12.33 Reaction 2.2.5a H, + ¢ — ... + H(3), Ratio H(3)/H>

Multi-step hydrogenic population coefficients Data: K. Sawada, T.Fujimoto [7] Ratio of popu-
lation coefficients: p(3)/nH2

E-Index: 0

T-Index:

O J oy U b W DN P O

| | | | |
ok B oyWww kW

.843232308973D+01
.763737135501D+01
.102596461463D+00
.044087169667D+00
.799512263137D-01
.021208740284D-01
.027903716284D-02
.460492607832D-04
.923319726365D-05

E-Index: 3

T-Index:

O J oy O b W N B O

| | | |
SO R w RN O

.463761770878D-03
.045692652261D-02
.874156352094D-02
.247549414985D-02
.883454673035D-03
.719439518973D-04
.045477116614D-04
.553834264468D-06
.237208860211D-07

E-Index: 6

T-Index:

O J oy U b W DN O

Max. rel.
Mean rel.

| | | |
~ P NN =P 00O

Error:
Error:

.551234542034D-05
.882007338293D-05
.885697574083D-05
.618515118726D-06
.329060444185D-06
.901690837726D-07
.538253614744D-08
.107068687207D-08
.329111895115D-10

3.0327
1.0280

%
o)
)

383

.866136797620D-01
.268396239737D-02
.283138055344D-02
.582914429668D-02
.529525369912D-02
.089155747301D-03
.911308645888D-03
.089424506198D-04
.093882674319D-06

.668738045523D-03
.145016084229D-02
.093075324948D-03
.733717971265D-03
.379243673277D-04
.105848834550D-05
.536233386087D-06
.115019494878D-06
.589085089129D-08

.284493199758D-06
.941321182498D-06
.852269978935D-07
.254848831070D-08
.670350444090D-08
.818973160122D-08
.282804098763D-09
.725981536387D-12
.221514806869D-11

6.
-1.
4.
-1.
2.
-9.
-1.
2.
-1.

.630767164474D-04
.044914850159D-01
-7.
4.
-1.
4.
-8.
9.
-4.

375751509571D-02
001305352976D-02
619747297605D-02
651977381511D-03
844096702821D-04
480996308587D-05
196010732530D-06

470552634326D-04
370891627120D-03
483604397328D-04
065732952139D-04
751938724811D-05
791293810522D-07
259893630895D-06
363713809533D-07
252796449945D-08

.621267376539D-08
.890740158619D-08
.496957677236D-10
.858249742968D-09
.228700843631D-09
.385401732551D-10
.212274570019D-10
.272031033863D-12
.661756397302D-14



Ratio of population coefficients p(3)/nH2

Multistep hydrogenic population coefficients

Data: L.C.Johnson, Fujimoto
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12.34 Reaction 2.2.5b H, + ¢ — ... + H(2), Ratio H(2)/H>

Ratio of population coefficients: p(2)/nH2
Multi-step hydrogenic population coefficients Data: K. Sawada, T.Fujimoto [7]

E-Index: 0

T-Index:

O J oy U b W DN P O

| | | | |
I i) N R e oI i O]

.709244791220D+01
.669985823625D+01
.309237048353D+00
.657739315672D+00
.132396646504D-01
.101743243476D-01
.475653262109D-02
.224129849314D-03
.446691780917D-05

E-Index: 3

T-Index:

O J oy O b W N B O

[ | [
w w oL w o

.651081799644D-02
.090577226038D-02
.407590381030D-02
.055672344660D-03
.664276773773D-04
.084866241578D-04
.135563052511D-06
.814928055218D-06
.749880009743D-07

E-Index: 6

T-Index:

O J oy U b W DN O

Max. rel.
Mean rel.

| | | |
NP PP O WwREDNDDN

Error:
Error:

.688883877617D-05
.999154465824D-05
.469100393011D-05
.725098060685D-06
.325142355108D-07
.704997971383D-07
.145517528846D-08
.312392622432D-10
.253655572832D-11

1.9631
0.6656

%
o)
)

385

1

.687241476053D-01
.746089790847D-02
.381127410703D-02
.512812279243D-03
.552858621025D-03
.097984176326D-03
.324624980123D-05
.978420677869D-05
.813978843455D-06

.565764257714D-03
.794096310833D-03
.699474372936D-03
.440106236031D-04
.108403409912D-04
.612225065207D-06
.895456383045D-06
.731245678489D-07
.989523167029D-08

.884834785320D-07
.175608698972D-06
.734482260499D-07
.918174922608D-08
.763485456338D-08
.376296741989D-08
.898641500278D-09
.035003695410D-10
.072693141970D-12

.742262659150D-02
.153832458702D-02
.556201387754D-02
.196655088860D-02
.194454859764D-04
.977907148307D-04
.194492163554D-07
.695927041869D-05
.455738811700D-06

.174591391487D-04
.908538558075D-04
.742035615058D-04
.615580226180D-05
.373091515639D-05
.739409418091D-07
.588469158937D-07
.634952517283D-09
.603033939474D-09

.159228215260D-08
.820253115424D-08
.177600597413D-09
.433645161998D-11
.145755570016D-10
.514893200953D-10
.838483361781D-11
.030531144035D-12
.944952208106D-14



Ratio of population coefficients p(2)/nH2

Multistep hydrogenic population coefficients
Data: L.C.Johnson, Fujimoto
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12.35 Reaction 2.2.5¢ Hy +e¢ — ...+ H(4) , Ratio H(4)/H>

Ratio of population coefficients: p(4)/nH2
Multi-step hydrogenic population coefficients Data: K. Sawada, T.Fujimoto [7]

E-Index: 0

T-Index:

O J oy O W N B O

| | | | |
o NDDNEFE J W oo FE W

.912344526943D+01
.756197573185D+01
.886628104138D+00
.057910637954D+00
.835206514361D-01
.580308696978D-01
.353640097896D-02
.128743508257D-03
.285077032772D-05

E-Index: 3

T-Index:

O J oy U b W DN B O

| | [ [
R NN O ERWw D

.264954883585D-02
.242966270346D-02
.227590202063D-02
.186497869383D-03
.552975953317D-04
.750515375163D-04
.248136922616D-05
.265470434041D-06
.404975048998D-07

E-Index: 6

T-Index:

O J oy U b W NP O

Max. rel.

Mean rel.

Error:
Error:

.646131117170D-05
.491836730798D-05
.909003815732D-05
.108751238830D-06
.329682209766D-06
.024702456679D-07
.383903232721D-08
.783996080897D-10
.149043474391D-11

5.8311
2.4005

o)
°
%

-1.
-3.

5.
.449614494660D-07
-4,
.838064127165D-09
.811451752221D-09
.570045781133D-10
.200102594315D-12

1

387

.262202059006D-01
.343762540494D-02
.119621111180D-02
.535881342701D-03
.389945765942D-03
.928352522209D-04
.031200319945D-05
.795964786784D-06
.111725894460D-07

.104064233267D-03
.357146835162D-03
.719431170815D-03
.497138310345D-04
.352074320357D-04
.621530587129D-05
.496488473333D-06
.927085512215D-07
.246838389464D-08

541734784320D-06
177470024031D-06
644098554224D-07

835654939859D-08

-9.
-1.
3.
3.
.821378482602D-05
3.
-2.
3.
-2.

-1

.389410302438D-02
.126434071800D-02
.656188467734D-02
.932875657740D-03
.255399530700D-03
-3.

2.
-1.

1.

543899525036D-04
846252498973D-05
512497781432D-06
270837350725D-07

991876289465D-04
147734080465D-03
144838167343D-04
644078028099D-06

319095280981D-06
595976205911D-07
240824081247D-08
985897409147D-09

.563548973536D-08
.698887012882D-08
.240476308631D-09
.025489423066D-09
.736536866134D-10
.096804376213D-10
.443051906110D-11
.895723973541D-12
.103779862531D-14



Ratio of population coefficients p(4)/nH2

Multistep hydrogenic population coefficients
Data: L.C.Johnson, Fujimoto

X

L

1o

100 10" 107

Electron Temperature (eV)
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10°

*» & 0O XO

ne/cm ~3
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12.36  Reaction 2.2.5d H, + e — ... + H(5), Ratio H(5)/H>

Ratio of population coefficients: p(5)/nH2
Multi-step hydrogenic population coefficients Data: K. Sawada, T.Fujimoto [7]

E-Index: 0

T-Index:

O J oy O W N B O
| | | | |
O NDNE J W W

.951411187905D+01
.754222947805D+01
.876801014058D+00
.072154572289D+00
.853999520176D-01
.567509317981D-01
.318325485784D-02
.098355270569D-03
.207983816964D-05

E-Index: 3

T-Index:

O J oy U b W DN B O
| | | | |
g N > P PN O

.988697872409D-02
.501038151489D-03
.314980071502D-03
.396561346251D-03
.125294104660D-03
.447398821903D-04
.411443826400D-05
.982892783306D-06
.706608511575D-07

E-Index: 6

T-Index:

0 J oy U WN O
=

Max. rel.

Mean rel.

Error:
Error:

.453161013676D-05
.326208461631D-06
.628672509606D-06
.973863091768D-06
.549890921198D-06
.224195972980D-07
.099205652655D-08
.822822435371D-08
-1.

375709745925D-09

5.877

0 %
2.4838 %

.845720830236D-01
.247738158426D-03
.901299958077D-03
.530726569770D-03
.345612983161D-03
.814896942982D-04
.993944555387D-05
.387024520670D-06
.528578997147D-07

.937630704750D-03
.566607598092D-04
.478894140036D-04
.325686900420D-04
.296369788655D-04
.021186699180D-05

2.990412729672D-06

389

.671607281419D-06
.455207707019D-07

.282669216724D-06
.221360253600D-07
.314409444715D-07
.710162944512D-08
.822256530984D-08
.313051592940D-08
.716078063896D-09
.148600246211D-10
.028096539680D-11

2

-1

.965188823982D-02
-1.
-5.
2.
2.
.049815583642D-03
7.
9.
-1.

272102756074D-02
280618932755D-03
607605517865D-03
701173976139D-03

600898233240D-05
244162752622D-06
019716004446D-06

.791623431456D-04
.183252927157D-05
.109825032007D-05
.809967071864D-05
.539533631356D-05

9.
-5.
-2.

1.

582338741375D-06
900509921306D-08
370199152045D-07
922725997681D-08

.113968814246D-08
.838098533169D-09
.108256720247D-09
.441617394808D-11
.795655841101D-10
.087986680607D-10
.742956025175D-11
.095760653021D-11
.253832666784D-13



Ratio of population coefficients p(5)/nH2

Multistep hydrogenic population coefficients
Data: L.C.Johnson, Fujimoto
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12.37 Reaction 2.2.5¢ H, +e¢ — ... + H(6), Ratio H(6)/H>

Ratio of population coefficients: p(6)/nH2
Multi-step hydrogenic population coefficients Data: K. Sawada, T.Fujimoto [7]

E-Index: 0

T-Index:

O J oy U b W DN O

| | | | |
o NN BFE JW oo W

.976375830432D+01
.755396272137D+01
.859630135249D+00
.076066110143D+00
.843523260590D-01
.561553501837D-01
.332414342207D-02
.152674655984D-03
.602048471984D-05

E-Index: 3

T-Index:

O J oy U b W DN B O

| | [
O B P P 00 Wk J b

.597090039926D-02
.525111338364D-03
.066061134667D-02
.509536109581D-05
.140229792921D-04
.757400200541D-04
.279018270105D-04
.925404378767D-05
.154258157002D-07

E-Index: 6

T-Index:

O J o U b W DN B O

Max. rel.
Mean rel.

Error:
Error:

.990551313939D-05
.100090823914D-05
.844047875979D-05
.580865956702D-06
.514937069176D-08
.413860626664D-08
.752310640534D-08
.897900227166D-09
.340626613072D-10

7.811

0
3.3876

%
o)
°

391

.080938475473D+00
.997928889454D-02
.504982400656D-02
.835891215709D-03
.646209832689D-03
.187156275750D-04
.250674775397D-04
.218456761872D-04
-6.

415059271451D-06

.342295727179D-03
.729122256079D-03
.308937441320D-03
.051879002933D-04
.180427544392D-05
.144818777523D-05
.377362109836D-05
-1.
.217533878534D-08

822283216087D-06

.412124656401D-06
.783571526155D-07
.611108809876D-07
.526795464151D-07
.282783100756D-09
.230260739451D-09
.519485275718D-09
.409727389145D-10
.786970513377D-11

-1.
-2.

9.
-2.
=7.

1.
.096968024103D-11
.792707281870D-12
.532087311135D-13

-5
7
-4

.041552669840D-01
.798710059345D-02
.543100868921D-02
.545212479895D-03
.561003903809D-03
.963069173321D-04
.042502000331D-04
.096427977714D-05
.107777281787D-06

.308478102486D-04
.982524112989D-04
.749941500007D-04
.063170393346D-05
.613298743897D-06
.661627732789D-07
.685940627108D-07
.708967643411D-08
.433836277468D-09

686977249955D-08
545786068789D-09
857959406283D-09
489702863615D-09
929654586724D-11
670076436316D-10



Ratio of population coefficients p(6)/nH2

Multistep hydrogenic population coefficients
Data: L.C.Johnson, Fujimoto
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12.38 Reaction 2.2.5fl Hy + e — ... + Ho(N = 3, Triplet)

Normalized emissivity: H2(N = 3, Triplet)/Hy/ne x2/9 x 2E7
Fulcher emissivity, cm?/s. relative 2/9: statistical weight of upper d (Pi) triplet state amongst
all N=3 triplet states. 2E7: approx. Fulcher Aik coeff for N =3 :d — N = 2 : a transition in

triplet system.

Multi-step hydrogenic molecule population coefficients Data: K.Sawada, T.Fujimoto [7]

E-Index: 0

T-Index:

O J oy U b W N B O

-3.

1.
-5.
.567639302331D+00
.590628281288D-01
.135659024123D-02
.067218294860D-04
.751915106668D-04
.203730354946D-06

504557850421D+01
265185253675D+01
915984508527D+00

E-Index: 3

T-Index:

O J oy U b WDNBEP O

.877352224633D-02
.862703454732D-02
.570429435087D-02
.814682024195D-02
.552484350393D-03
.441720545043D-04
.391904676009D-05
.783493080968D-06
.941214511748D-07

E-Index: 6

T-Index:

O J oy U W N B O

Max. rel.

Mean rel.

Error:
Error:

.002500011070D-04
.027920699731D-05
.325609368599D-05
.839135008823D-06
.719566036043D-07
.033028965823D-07
.065338439445D-07
.313819595092D-10
.005564197388D-10

393

1

.344698340987D-02
.464589180343D-01
.770835779343D-01
.390100280427D-01
.393257670314D-01
.392916031088D-02
.798473917584D-03
.619887562438D-04
.119572886551D-05

.302261116596D-02
.095188520145D-02
.114775452853D-02
.295511323493D-03
.648565252382D-05
.491712665534D-05
.544745167097D-06
.329842208929D-06
.119035840584D-07

.343404484895D-06
.111151704919D-06
.188266988002D-06
.858093262988D-07
.893554038792D-08
.648379959066D-09
.602264223322D-09
.979867907432D-11
.183343414621D-11

.262393982454D-01
.897206206043D-01
.383409770393D-01
.091189901772D-01
.068867791726D-02
.998734336944D-03
.772903414015D-04
.646895975370D-05
.591317926643D-06

.540680462958D-03
.183240573644D-03
.070181983249D-03
.728358529303D-04
.120282511290D-06
.814455169266D-06
.545517784441D-07
.466307689654D-08
.039673602122D-08

.450494173734D-08
.487468982378D-08
.422508082261D-09
.490073429227D-09
.773366208727D-09
.007004276332D-10
.414058704987D-12
.230579069087D-12
.155115004501D-13



-9

Multistep hydrogenic population coefficients

Data: L.C.Johnson, Fujimoto
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12.39 Reaction 2.2.5fu Hy + e — ... + Hy(N = 3, T'riplet, d — state)

redone March 18, fit range 0.1 to 1le4 eV.
Ratio Hy(N = 3, Triplet)/Hy * 2/9, 2/9 stat. weight to reduce N=3 state to d-state

upper Fulcher population coefficient. Triplet d-state, Apyen ~ 2.43E7 (priv. com. D.W.) for
radiative d-triplet to a-triplet transitions.
Multi-step hydrogenic molecule population coefficients Data: K.Sawada, T.Fujimoto [7]

E-Index: 0

T-Index:

O J o U b W DN O

| | | | |
~ O W DNDEE O W

.354489060165D+01
.277739086685D+01
.100361344044D+00
.668734740401D+00
.995198269449D-01
.362068612317D-02
.119643421070D-03
.764101894151D-05
.556159315810D-08

E-Index: 3

T-Index:

O J oy U b WDNBEP O

|
o= e

.917594272036D-01
.977043337317D-02
.277339349300D-01
.427634680932D-02
.289600947012D-04
.991926819207D-03
.465996491981D-04
.108868720206D-05
.032756417661D-06

E-Index: 6

T-Index:

O J o U b W DN O

Max. rel.

Mean rel.

Error:
Error:

.784827610173D-04
.294510247871D-05
.508616892274D-04
.858979358827D-05
.263963013577D-05
.594991460544D-06
.807832346907D-08
.002665073483D-08
.142746257616D-09

0.145E+02
0.381E+01

o° o

395

.468103242439D+00
.336987615778D-01
.199272310765D+00
.492770342809D-01
.252050456671D-01
.204168766681D-02
.136593278645D-03
.665248081377D-04
.116271612850D-05

.914204712405D-02
.465813195424D-02
.517830118856D-02
.056373914556D-03
.842202184975D-04
.475984672915D-04
.802283714021D-05
.651785291583D-06
.547765262252D-07

.205781819517D-06
.558832548058D-06
.741483445376D-06
.756205740430D-08
.424603147976D-07
.710865279198D-08
.194710140642D-09
.260114477597D-09
.776734606365D-11

-1.
-1.
3.
8.
-9.
1.
-2.
.421785470367D-11
8.

-1

.646307499703D-01
.662110674962D-01
.903343009701D-01
.449602217244D-01
.136460634062D-02
.887256470209D-03
.021224427790D-04
.591909814617D-05
.029453078051D-06

.405136273290D-03
.295941582003D-03
.086638209564D-03
.168596878350D-04
.569147488627D-04
.330338627262D-05
-6.
.709622791954D-07
-3.

406153919161D-09

281099947589D-08

234563971007D-07
505796810383D-08
548369121880D-08
600099983333D-09
427049641092D-09
635299658521D-09
074052769889D-11

207577984364D-13



Multistep hydrogenic population coefficients
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12.40 Reaction 2.2.5we Hy + ¢ — ... + Hy(N = 2, Singlet C)

Ratio Hy(N = 2, Singlet C' — state)/Ho
upper Werner band population coefficient. Singlet C-state, Ay erner =~ 1.04E9 (priv. com. D.W.)
Multi-step hydrogenic molecule population coefficients Data: K.Sawada, T.Fujimoto [7]

E-Index: 0

T-Index:

-3.
1.
-5.
.467418653563D+00
.188119913056D-01
.406297652325D-02
.561129014609D-04
.327036442082D-04
.386791451187D-06

O J oy U W N B O
|
N

593649328832D+01
358996226939D+01
734471422048D+00

E-Index: 3

T-Index:

-8.
3.
8.
.006055255923D-03
.388209633191D-04
.252484681099D-05
.359995374888D-05
.214609548524D-07
.760472357584D-08

|
~J

o Jdo U WN RO
|
[ R Ve

[

319521746811D-02
561940208530D-02
090632884354D-03

E-Index: 6

T-Index:

O J oy U b W NP O
|
N

Max. rel.

Mean rel.

Error:
Error:

.363166907638D-04
.568165245508D-05
.332628938065D-05
.270541815502D-06
.661860601440D-08
.639208387211D-08
.681223177046D-09
.395885069414D-09
-9.

665361477916D-11

0.115E+02
0.299E+01

397

.308979586264D-01
.144733915906D-01
.150843448759D-02
.501578958293D-03
.995231637494D-03
.783126412988D-04
.351258986187D-04
.315685619246D-05
.829742920546D-07

.822290028150D-02
.730170894414D-03
.760749351686D-04
.723873035654D-04
.1884195004204D-04
.045078968002D-05
.767498689737D-06
.105679338979D-08
.302282439471D-09

.410389531348D-06
.610898259323D-06
.119317923666D-07
.913679414367D-08
.560880825875D-08
.008291257423D-09
.999325699443D-10
.052768706091D-11
.462593169355D-12

.868771272352D-01
.166182521067D-02
.824097076465D-02
.923616954773D-02
.640370721872D-03
.510665534693D-04
.745270250733D-05
.749140942633D-06
.381191058408D-07

.139848284025D-03
.111181710062D-03
.428342936127D-05
.790200414082D-05
.205572285784D-06
.071348879998D-06
.033888505778D-07
.391632590311D-08
.229878733295D-09

.649304185589D-08
.590058481557D-08
.326801124893D-08
.456304218566D-09
.036797301220D-10
.251160398320D-11
.047788129925D-11
.889487362615D-12
.850565688461D-14



Multistep hydrogenic population coefficients
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12.41

Ratio Hy(N = 2, Singlet B — state)/H,
upper Lyman band population coefficient. Singlet B-state, A qn ~20.84E9 (priv. com. D.W.)
Multi-step hydrogenic molecule population coefficients Data: K.Sawada, T.Fujimoto [7]

E-Index: 0

T-Index:

O J oy U W N B O

| | | | |
o N O w0 W

.397850573163D+01
.196167467450D+01
.552980751071D+00
.710517188280D+00
.699083854427D-01
.450770431960D-02
.114378920377D-03
.718181436155D-04
.182952661054D-06

E-Index: 3

T-Index:

O J oy U b W DN O

.355523162462D-03
.508265857386D-04
.383652044906D-02
.137531087390D-02
.936780405633D-03
.226247705626D-04
.949593539968D-04
.279031922723D-05
.693803378144D-07

E-Index: 6

T-Index:

O J oy U b W NP O

Max. rel.

Mean rel.

Error:
Error:

.817941325124D-07
.880067470651D-05
.142439741442D-06
.392236473310D-07
.428952578243D-07
.905622963853D-08
.981727857836D-10
.870317660182D-10
.436981127862D-11

0.922E+01 %
0.210E+01 %

.006056939133D+00
.019392480038D-01
.182674613256D-01
.056574565611D-01
.996140369756D-03
.497328775049D-03
.574026731653D-03
.570909362877D-04
.533588242821D-06

.382190527349D-04
.382009361884D-03

4.052689315875D-03

399

.874452928505D-03
.865779069553D-04
.485199148367D-05
.432573062806D-05
.122592718556D-06
.875683289762D-08

.818422950101D-08
.625349071032D-07
.743493930710D-07
.371829185419D-07
.270631026599D-07
.867759838623D-08
.983567417040D-10
.064843019666D-12
.627459347813D-12

Reaction 2.2.5ly Hy + ¢ — ... + Hy(N = 2, Singlet B)

.202042794510D-02
.246741602640D-02
.310622385883D-01
.126216596227D-02
.169425385102D-03
.109194223938D-03
.964122308190D-04
.033573137707D-04
.725344805031D-06

.974915237112D-05
.488403752281D-04
.098203509930D-04
.560319164372D-04
.267656587715D-05
.187303245886D-06
.716870257549D-07
.778350690825D-08
.853513064998D-09

.400297189617D-09
.813516831326D-09
.006934630012D-09
.645219519537D-09
.377504202843D-09
.575839817605D-10
.988647877134D-11
.746226928676D-13
.106967385582D-14



2, singlet B) /nH2

upper Lyman band popul.coeff: (density N

Multistep hydrogenic population coefficients

Data: Sawada, Fujimoto

[0

il

—

10° 10" 102

Electron Temperature (eV)

400

10°

* & O X O

ne/cm 2

1.00D+16
1.00D+14
1.00D+12
1.00D+10
1.00D+08



12.42 Reaction 2.2.14a H; + e — ... + H(3), Ratio H(3)/H;

Multi-step hydrogenic population coefficients Data: K. Sawada, T.Fujimoto [7]

Ratio of population coefficients: p(3)/nH2+

E-Index: 0

T-Index:

O J oy U b W DN P O

-1.
-6.
-3.

1.
.661600971350D-02
.332921799914D-03
.279967875089D-03
.677167178361D-04
.506445178315D-05

|
=N

722688127458D+01
130457183836D-01
288796872020D-02
011296840186D-02

E-Index: 3

T-Index:

O J oy O b W N B O

| [ [
IS G2 I\ O R\ G e MNC BENo N o)

.918918524329D-02
.109177794808D-02
.020252068955D-03
.589011823707D-03
.324545590207D-03
.225087720532D-05
.359201102735D-05
.871647174879D-06
.869333174029D-07

E-Index: 6

T-Index:

O J oy U b W DN O

Max. rel.
Mean rel.

| [ [
e =\ S R o Ol e}

Error:
Error:

.996182392999D-05
.710731264281D-04
.489265493722D-06
.372284113113D-05
.193452426271D-06
.896287982222D-07
.559281307950D-09
.478573101616D-09
.438182202186D-10

3.5492 %
1.1008 %

401

.153283206758D+00
.914093897035D-01
.400733485492D-02
.550958978732D-02
.557160690820D-03
.037539779315D-05
.589228947175D-04
.420325237257D-05
.499465420549D-06

.429478386078D-02
.007505252911D-02
.671217936164D-03
.468052024984D-03
.271138929258D-04
.948031909877D-06
.994534813816D-07
.017526293806D-08
.666937131278D-08

.143558308195D-06
.171658058460D-06
.013488013000D-07
.221176658885D-07
.308071890623D-08
.562000946898D-08
.451643409471D-10
.883419180345D-10
.053419620687D-11

.683858517653D-01
.119334228080D-01

2.404651735462D-02

.584315646622D-02
.973908011295D-03
.731975412111D-05
.486622411070D-04
.368818743134D-05
.352582612122D-06

.613571468557D-03
.472425643895D-03
.647723170945D-04
.881996632423D-04
.197082919209D-05
.183242092156D-06
.163420117561D-08
.321361270638D-08
.907495025800D-09

.894902873796D-08
.994609018799D-08
.438802569384D-09
.993094218338D-09
.519685687680D-10
.009928452053D-10
.995316529751D-11
.944931881913D-12
.291110119780D-13



Ratio of population coefficients p(3)/nH2+

Multistep hydrogenic population coefficients

0 Data: L.C.Johnson, Fujimoto

PO

A

X
>jf;

X [G

100 10" 107

Electron Temperature (eV)

402

10°

*» & 0O XO

ne/cm ~3
1.00D+16
1.00D+14
1.00D+12
1.00D+10
1.00D+08



12.43 Reaction 2.2.14b H) + ¢ — ... + H(2), Ratio H(2)/H,

Multi-step hydrogenic population coefficients Data: K. Sawada, T.Fujimoto [7]

Ratio of population coefficients: p(2)/nH2+

E-Index: 0

T-Index:

O J oy O W N B O

| [ [
DD W IR JDN Y

.893340627587D+01
.928605971087D-01
.281426599901D-02
.477602038370D-02
.800864421577D-02
.998916722808D-03
.810034520682D-04
.854892030780D-04
.071857549683D-05

E-Index: 3

T-Index:

O J oy U b W DN B O

-3.
-4,

9.
.162950470259D-02
.000019054211D-03
.042942399126D-04
.395544918660D-05
.505473503739D-05
.726884062383D-06

|
i

000866490557D-02
166524495938D-02
033528728860D-03

E-Index: 6

T-Index:

O J oy U b W NP O

Max. rel.

Mean rel.

Error:
Error:

.370331341973D-05
.808364131429D-05
.822206870495D-06
.070880988429D-05
.193160605355D-06
.656671628061D-07
.317043941884D-07
.416917248903D-08
.234037377054D-09

10.9817
4.1166

o)
°
%

403

.384468043754D-01
.026687490301D-02
.469204550924D-02
.032608947899D-02
.090658281624D-03
.279887714293D-05
.106056251267D-05
.128701336617D-05
.001420432076D-06

.301221120024D-03
.9773%2904028D-03
.517598590401D-03
.606098938264D-03
.218383225871D-04
.121533276155D-05
.198646949905D-05
.586687292054D-06
.360010725821D-07

.366214208274D-06
.298331729242D-06
.000680158777D-08
.034167608369D-07
.303566995266D-07
.464877011413D-08
.601629603901D-09
.608792938645D-10
.375120969117D-11

.845844295054D-02
.467107255600D-02
.484665906437D-02
.519725182225D-02
.017163446504D-03
.698897287206D-04
.953567231400D-05
.250413339334D-05
.379705502021D-06

.121426054946D-04
.051153710461D-03
.263880354474D-04
.140565339454D-04
.912762960613D-05
.909019790621D-06
.803522408198D-06
.484264221846D-07
.628922644305D-08

.690062454965D-08
.151517460256D-08
.129482308185D-10
.610489042355D-09
.616380399841D-09
.582951420528D-10
.103803830641D-11
.675661118338D-12
.017886320572D-12



Ratio of population coefficients p(2)/nH2+

Multistep hydrogenic population coefficients

0 Data: L.C.Johnson, Fujimoto
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1.00D+16
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12.44 Reaction 2.2.14c H; + ¢ — ... + H(4), Ratio H(4)/H

Multi-step hydrogenic population coefficients Data: K. Sawada, T.Fujimoto [7]

Ratio of population coefficients: p(4)/nH2+

E-Index: 0

T-Index:

O J oy U b W DN P O

-1.
-6.
-2.

7.
.521423403054D-02
.030920815279D-04
.243913874997D-03
.498705414219D-04
.382134054195D-05

|
=N

676331978580D+01
109051309024D-01
909737666296D-02
623264778786D-03

E-Index: 3

T-Index:

O J oy O W N BEP O

| | | [
P CH YV R OV B O

.270106237531D-02
.096202696457D-02
.584360997821D-03
.449375282404D-03
.102143471476D-03
.962453758917D-04
.622258500169D-05
.107791453066D-05
.704345845794D-07

E-Index: 6

T-Index:

O J oy U b W DN O

Max. rel.
Mean rel.

Error:
Error:

.175810811923D-05
.752753236914D-05
.963835974805D-05
.004585234319D-06
.080619499451D-06
.153292411062D-07
.457481362906D-08
.897518730021D-09
.227509261038D-10

3.259

6 %
1.2619 %

.080085441987D-01
.294588654086D-03
.624264669551D-03
.078213947581D-04
.676511919497D-03
.632212690782D-03
.018902795712D-04
.291439776017D-05
.822461526917D-06

.127860512722D-02

3.286907157227D-03

405

.062094702685D-03
.838838532938D-04
.160129746705D-04
.313919176171D-05
.184926396450D-05
.379188891744D-06
.961078067778D-08

.069167769109D-06
.408607567442D-06
.884652898708D-07
.213148187150D-07
.598412251320D-08
.686998701330D-09
.132144357690D-09
.354087236528D-10
.380778939747D-11

.147906180602D-01
.632432484919D-02
.197286367681D-02
.223194421632D-03
.501873457928D-03
.351745824791D-03
.645436069304D-04
.327516333116D-05
.872083205062D-06

.245143403573D-03
.917565920190D-04
.791821975336D-04
.095438324110D-04
.129894386269D-05
.533864379468D-06
.911742891778D-07
.041402141388D-07
.961931789364D-09

.363328371263D-08
.070687771858D-08
.525997813634D-09
.720461054725D-09
.157639142592D-10
.600285735482D-12
.987071178818Db-11
.278831126984D-12
.522987941747D-13



Ratio of population coefficients p(4)/nH2+

Multistep hydrogenic population coefficients

0 Data: L.C.Johnson, Fujimoto
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12.45 Reaction 2.2.14d H, +e¢ — ... + H(5), Ratio H(5)/H;

Multi-step hydrogenic population coefficients Data: K. Sawada, T.Fujimoto [7]

Ratio of population coefficients: p(5)/nH2+

E-Index: 0

T-Index:

-1.
-6.
-2.
6.
.537038416857D-02
.947711516605D-04
.192700661337D-03
.404465554223D-04
.326828264262D-05

W J o0 WM O
=

T-Index:

W Jo U WN RO
| |
e e o

644185145736D+01
098791364927D-01
950068702716D-02
754065058068D-03

.636359203529D-02
.737579519968D-02
.134088065312D-02
.576874933190D-04
.826529292073D-03
.662982315176D-04
.450525549912D-05
.829155353709D-05
.697317371127D-06

E-Index: 6

T-Index:

O J oy U b W DN O
|
N

Max. rel.
Mean rel.

Error:
Error:

.419235123864D-05
.560014479351D-05
.243207880260D-06
.543948082974D-06
.037354098418D-06
.745084225490D-07
.734113162030D-08
.322386162924D-08
.518492393831D-09

3.395

0 %
1.2048 %

407

.012436644382D+00
.430488667435D-02
.373771077709D-02
.451626213157D-03
.118426250990D-03
.833979398896D-03
.791226761015D-05
.021181230894D-05
.564492434807D-06

.460968901937D-03
.178265373295D-03
.754362025677D-03
.391978264795D-04
.545645854345D-04
.215614803183D-04
.710641046768D-06
.170388065293D-06
.048871380215D-07

.153526630862D-06
.725272054044D-06
.071703458548D-08
.784049810861D-07
.743682572167D-08
.997093162477D-08
.110906778108D-09
.686441115973D-10
.921390964093D-11

.786438608987D-03
.847894120730D-02
.289895028745D-02
.969682127389D-03
.555083248726D-03
.801381990375D-03
.145634625643D-05
.066197038660D-05
.606059092522D-06

.074723144885D-03
.193848105982D-04
.242294410730D-04
.252636585235D-05
.657837147066D-05
.209604459175D-05
.511118540490D-07
.866743369560D-07
.932146588732D-08

.581163952178D-08
.159304879239D-08
.031512439383D-09
.642282279507D-09
.369815462623D-10
.459303044047D-10
.702822546028D-11
.341741119398D-12
.853896510803D-13



Ratio of population coefficients p(5)/nH2+

Multistep hydrogenic population coefficients

0 Data: L.C.Johnson, Fujimoto
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12.46 Reaction 2.2.14e H; + ¢ — ... + H(6), Ratio H(6)/H

Multi-step hydrogenic population coefficients Data: K. Sawada, T.Fujimoto [7]

Ratio of population coefficients: p(6)/nH2+

E-Index: 0

T-Index:

O J oy O W N B O

[ |
R o N oY

|
=N

.622999065239D+01
.128088795544D-01
.843662556626D-02
.040540246117D-03
.488157339780D-02
.100892809269D-03
.154443469425D-03
.372720363390D-04
.321939690927D-05

E-Index: 3

T-Index:

O J oy U b W DN B O

|
o

.454947459361D-02
.120222040133D-02
.714743824449D-02
.284121072944D-04
.501531035131D-03
.870097557763D-04
.824639804367D-05
.371493229928D-06
.889513057698D-07

E-Index: 6

T-Index:

O J oy U b W NP O

Max. rel.

Mean rel.

Error:
Error:

.801776455917D-05
.554993759673D-05
.617269803427D-05
.404364824295D-06
.266688480662D-06
.929720894592D-07
.284044640046D-08
.152899170025D-09
.370174839133D-10

.114789960848D+00

4.799590905456D-02

409

.981491981788D-02
.376296672908D-03
.117070101509D-03
.973802180775D-05
.746343562656D-04
.450995037612D-05
.168171198227D-06

.251452482400D-02
.656737664171D-03
.730164832607D-03
.754857033177D-04
.095442801682D-04
.709088535767D-05
.062961769823D-07
.114447008583D-07
.153827435466D-09

.436236089573D-06
.252572465958D-06
.313443339779D-07
.739423966586D-08
.510316070422D-08
.368756170273D-08
.967059565426D-09
.667100015865D-10
.633061281105D-11

.520045539695D-01
.226002600050D-02
.771158615252D-02
.724387350634D-03
.845342947354D-03
.700981820011D-04
.329065248252D-04
.399096395388D-05
.138090912890D-06

.176116823129D-03
.697768241674D-04
.245864266326D-04
.833588922766D-05
.552383842276D-05
.863892714562D-06
.017509350696D-07
.261214899093D-08
.672896065823D-09

.386191157402D-08
.097271363753D-08
.069290183120D-08
.496981935094D-09
.007253682698D-09
.948330325484D-10
.388443373389D-11
.835046441176D-12
.854661230035D-13



Ratio of population coefficients p(6)/nH2+

Multistep hydrogenic population coefficients
0 Data: L.C.Johnson, Fujimoto
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12.47 Reaction 2.2.15a H + e — ... + H(3), Ratio H(3)/HS

Multi-step hydrogenic population coefficients Data: K. Sawada, T.Fujimoto, [7] and R. Janev

et al., 1987

Production of initial H(n = 2) from H; via 1/3.5 x (Hydhel 2.2.15), then CR redistribution

in H

Ratio of population coefficients: p(3)/nH3+

E-Index: 0

T-Index:

O J oy U b W NP O

| | | | |
= w Wk 39N 00k W

.601119233903D+01
.652206692785D+00
.700785019712D-01
.662217617059D-01
.742301294851D-02
.931368710773D-02
.409295405632D-03
.453367238152D-04
.456129857393D-05

E-Index: 3

T-Index:

O J oy U W N B O

.132911350765D-01
.391043609190D-02
.563092105078D-02
.425402485426D-02

2.942975651757D-05

| |
w U1 W WO

.096498355642D-04
.241732853912D-04
.583861278880D-05
.502116490766D-06

E-Index: 6

T-Index:

O J oy U b WD BE O

Max. rel.
Mean rel.

Error:
Error:

.921033371324D-04
.550419246049D-05
.328429963825D-05
.498023460658D-05
.089548777788D-06
.746057261430D-06
.061691336736D-08
.150518066178D-09
.494056033386D-10

14.3433 %
2.2859 %

411

.194488055582D+00
.271092194312D-01
.161600166796D-02
.349904766090D-02
.588421393163D-02
.106962079405D-04
.740482076055D-03
.495754916386D-04
.117574196146D-05

.495101533471D-02
.252542828036D-03
.658671254321D-03
.606626099566D-03
.820356368930D-04
.144809623279D-04
.279559204346D-05
.224370200950D-06
.075936276354D-07

.398969176227D-06
.077147754254D-07
.541071707141D-06
.469952296008D-07
.375890801408D-07
.958058472873D-08
.391542243791D-10
.692555261125D-10
.437016814580D-11

.490229101640D-01
.058603034484D-01

6.271502055705D-02

.964570429934D-02
.518330779752D-03
.708355185624D-03
.205558081593D-03
.280918882182D-04
.399865611289D-05

.958065372132D-03
.133003716081D-04
.084373448947D-03
.640179631726D-04
.370218634646D-05
.630207934234D-05
.895227184007D-06
.797277959239D-07
.091741957019D-08

.555066878081D-08
.217681464656D-10
.547229620058D-08
.466006320221D-09
.584223895612D-09
.192333835651D-10
.652477882971D-11
.288476392288D-11
.330132340750D-13
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Ratio of H(n=3) to H3+ densities

Reiter/Greenland /Fujimoto
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12.48 Reaction 2.2.15b HJ + e — ... + H(2), Ratio H(2)/H;

Multi-step hydrogenic population coefficients Data: K. Sawada, T.Fujimoto, [7] and R. Janev

et al 1987

Production of initial H(n = 2) from H; via 1/3.5 x (Hydhel 2.2.15), then CR redistribution

in H

Ratio of population coefficients: p(2)/nH3+

E-Index:

T-Index:

O J oy U W IN BEP O

-1.
.071476496934D-01
.495688975883D-04
.151298543821D-04
.082581109495D-04
.784697350796D-05
.828814939830D-06
.289405712476D-06
.757435874999D-07

| [ |
P PR30 30D

0

980337179098D+01

E-Index: 3

T-Index:

O J oy U b WD BEPE O

[ [ |
ooy W b 0o N

.831872924647D-03
.798033707980D-03
.063164235821D-03
.519763859219D-03
.016230997894D-03
.594734574380D-04
.562061294501D-05
.838474731524D-06
.149792069313D-06

E-Index: 6

T-Index:

O J oy U W N B O

Max. rel.

Mean rel.

Error:
Error:

.039688098878D-05
.022407714950D-06
.500661752185D-06
.757811195092D-06
.703589672933D-06
.748567528049D-07
.704016493388D-08
.418531608876D-09
.317209482279D-09

10.2841 %
0.8237 %

414

.999289774464D-01
.924762633195D-02
.023099678564D-02
.106236848753D-02
.080154145037D-03
.818867850337D-04
.410356074545D-04
.803694888454D-05
.740075492523D-06

.844257796365D-04
.513369733986D-03
.105581200627D-03
.509755038057D-04
.163134055907D-04
.760036792740D-05
.349897286883D-05
.216126202961D-06
.210992439606D-07

.967254803956D-07
.533644334113D-08
.550036000270D-07
.348973665777D-07
.030500436147D-08
.051005276609D-08
.256173927393D-09
.198313236434D-10
.905293970215D-11

O N = 00 U1 w L

|
N

.393626221267D-03
.851786085227D-02
.171745245738D-02
.167194822465D-02
.381045517182D-03
.290488913510D-04
.579270228374D-04
.839342236091D-05
.922976584923D-06

.335820142114D-04
.052372400307D-04
.355736418332D-04
.608757693484D-05
.552512545027D-05
.820693101367D-06
.527216042839D-06
.128282531105D-07
.299563923333D-08

.751612166377D-09
.425386624889D-09
.446553318204D-09
.542565685557D-09
.781256295629D-10
.176476798245D-10
.497431785523D-11
.246578075788D-13
.696677196057D-13



Population coef. H(n=2)/H3+

Ratio of H(n=2) to H3+ densities
Reiter/Greenland /Fujimoto
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12.49 Reaction 2.2.15¢ H; + e — ... + H(4), Ratio H(4)/H;

Multi-step hydrogenic population coefficients Data: K. Sawada, T.Fujimoto, [7] and R. Janev

et al 1987

Production of initial H(n = 2) from H; via 1/3.5 x (Hydhel 2.2.15), then CR redistribution

in H

Ratio of population coefficients: p(4)/nH3+

E-Index:

T-Index:

O J oy U W IN BEP O

| | | | |
P s DN EFE WwWEDNDW

0

.699168687840D+01
.327818682219D+00
.222503946813D+00
.759451408212D-01
.057717328620D-01
.564558082290D-02
.362034354566D-03
.213673231999D-04
.690754255016D-05

E-Index: 3

T-Index:

O J oy U b WD BEPE O

| (I
~ W JJ W

.049473442883D-03
.302167340628D-03
.937475042441D-03
.759736445513D-03
.588920331506D-04

6.936970796563D-05

| |
[CCRIT NN

.339223919979D-05
.425066124877D-06
.831082955550D-08

E-Index: 6

T-Index:

O J oy U W N B O

Max. rel.

Mean rel.

Error:
Error:

.833656739024D-06
.154895519966D-05
.103130444119D-06
.119385753462D-06
.112133421406D-06
.014287149029D-07
.137461746810D-07
.137126396561D-08
.098305710577D-09

9.0711 %
1.5148 %

416

.001554576899D+00
.477623277677D-03
.123694153535D-02
.964877949667D-03
.811746894110D-03
.557448494435D-04
.336313932390D-05
.353070791744D-06
.204418811823D-07

.934957580265D-04
.743088872108D-03
.495920915105D-03
.328783639342D-04
.913322099599D-04
.160519294976D-06
.175796204569D-05
.614546001621D-06
.376842626606D-08

.831734234040D-07
.074042636582D-07
.555541061620D-08
.159886623812D-07
.508133152131D-08
.777611535609D-09
.208250772675D-09
.696995094294D-10
.703325555132D-11

N A e e S

1

.962673017164D-03
.302747597894D-02
.836859736247D-02
.967141291539D-03
.588506334985D-03
.318163984811D-04
.677385912381D-05
.630395162429D-06
.764507346651D-07

.187680147766D-04
.033314551240D-04
.335789358832D-04
.467260815755D-05
.691316713419D-05
1.
.577537099191D-06
2.
1.

145889879420D-07

599419206670D-07
222812849688D-08

.376125518706D-09
.967824771774D-09
.457153306360D-09
.308198318452D-09
.360850938372D-09
.373041841284D-10
.264373124745D-11
.384296355974D-11
.717446791356D-13



Ratio of H(n=4) to H3+ densities
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12.50 Reaction 2.2.15d Hi + ¢ — ... + H(5), Ratio H(5)/H3

Multi-step hydrogenic population coefficients Data: K. Sawada, T.Fujimoto, [7] and Janev et

al. 1987

Production of initial H(n = 2) from H; via 1/3.5 x (Hydhel 2.2.15), then CR redistribution

in H

Ratio of population coefficients: p(5)/nH3+

E-Index:

T-Index:

O J oy U b WP O

| | | | |
R W s NN RN W

.726636544624D+01
.607984145369D+00
.372459802644D+00
.381136968184D-01
.232102950459D-01
.788050336665D-02
.325272890946D-03
.870202141408D-04
.472534680030D-05

E-Index: 3

T-Index:

O J oy Ok W N B O

| | [
N ORFR R WwWwWwDDDo

.266218557769D-02
.575215280557D-02
.335259288099D-03
.908320707976D-03
.013385566510D-03
.609098607097D-04
.381316606795D-05
.247960619374D-05
.570234172126D-06

E-Index: 6

T-Index:

O J oy U b W DN EHE O

Max. rel.
Mean rel.

Error:
Error:

.537313706204D-05
.894113742491D-05
.940248173139D-06
.004638359166D-05
.744526032933D-06
.431702781882D-08
.484042961226D-09
.642946338642D-09
.083303425027D-09

418

.133976447955D+00
.736342257132D-02
.168450793414D-02
.599858338454D-03
.200465026127D-04
.778193777532D-04
.366753618704D-04
.396034178185D-05
.195720673557D-06

.735567392297D-03
.008209560283D-03
.070348402932D-04
.078790219266D-03
.751391890149D-04
.001630094507D-05
.092384086404D-05
.327027913749D-06
.565871792243D-07

.755002502292D-07
.689063212815D-06
.320244963238D-07
.485706886049D-07
.021810292434D-07
.711017659423D-09
.162802787754D-09
.417047906131D-10
.604279537307D-11

-1

.437643407818D-01
.206732236717D-02
.039452553074D-02
.567058463253D-03
.555111093198D-03
.986504728580D-04
.489782061433D-04
.283739797379D-05
.730954375662D-06

.919538677059D-04
7.
-4.
-1.
3.
.302966127214D-06
4.
-2.
2.

323649110173D-04
437286309383D-05
445807390811D-04
756629725211D-05

836506460925D-07
544047801913D-07
263302154308D-08

.064689208500D-09
.350820776172D-08
.543920290364D-09
.792765609299D-09
.520931726158D-09
.880788636234D-11
.568800325791D-11
.123549343893D-14
.404346400046D-13



Ratio of H(n=5) to H3+ densities

Reiter/Greenland /Fujimoto
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12.51

Reaction 2.2.15¢ H; + ¢ — ... + H(6), Ratio H(6)/H;

Multi-step hydrogenic population coefficients Data: K. Sawada, T.Fujimoto, [7] and R. Janev

et al, 1987

Production of initial H(n = 2) from H; via 1/3.5 x (Hydhel 2.2.15), then CR redistribution

in H

Ratio of population coefficients: p(6)/nH3+

E-Index: 0

T-Index:

O J oy U b W N B O
| | | | |
P W wbdhDE >R DNDW

.731306702718D+01
.721916003669D+00
.445171758730D+00
.869784512858D-01
.366199370764D-01
.789289520108D-02
.785560599727D-03
.086189807154D-04
.139982513894D-05

E-Index: 3

T-Index:

O J oy U b WDNBEP O
| | | |
O R o W b b 01~

.160222068193D-01
.173245156970D-01
.633298373088D-03
.412365175467D-02
.769180959321D-03
.796552815269D-03
.790907264022D-04
.814513841588D-05
.957908324528D-06

E-Index: 6

T-Index:
-1

O J oy U W N B O
|
U1

Max. rel.

Mean rel.

Error:
Error:

.345468571268D-04
-1.
.292884698321D-06
.410030327458D-05
.282031902152D-06
.462320288173D-06
.684830295858D-07
.002458436648D-08
.121847222632D-08

885547024432D-04

7.7841 %
2.1550 %

420

.226799613424D+00
.752077117728D-01
.455207346437D-02
.117099787519D-01
.963591329586D-02
.956074919162D-03
.449188168800D-03
.287091624921D-04
.981631091951D-06

.351441393066D-02
.491839320070D-02
.917813609696D-04
.991092209700D-03
.470242324439D-04
.759741376950D-04
.241005294221D-04
.730818401122D-06
.396807603409D-06

.762918405002D-06
.375389426295D-06
.190866363308D-07
.116865424138D-06
.714977601939D-07
.789108252698D-07
.431186166102D-08
.501985930755D-09
.812117569450D-10

.713541077245D-01
.817824763132D-01
.128468170611D-02
.101949732661D-01
.452797917604D-02
.295896282076D-03
.956661410764D-03
.507685975982D-05
.109641079725D-05

.434601322965D-03
.905055223332D-03
.244317946507D-05
.015055902253D-03
.762486764680D-05
.718058637354D-05
.291557445220D-05
.728795555375D-07
.699967143140D-07

.176542071199D-08
.745135270264D-08
.060340214319D-09
.846524837720D-08
.311882826237D-09
.387626221779D-09
.170509451364D-10
.541620765501D-11
.230180135049D-12



Ratio of H(n=6) to H3+ densities

Reiter/Greenland /Fujimoto
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12.52 Reaction7.2a H +p — ... + H(3), Ratio H(3)/H , cold H™

Multi-step hydrogenic population coefficients Data: K. Sawada, T.Fujimoto, [7] and Janev et
al, 1987, and P.T. Greenland
Production of initial H(n = 2), H(n = 3) from H~ via (Hydhel 7.2.2) + (Hydhel 7.2.3), then
CR redistribution in H

Ratio of population coefficients: p(3)/nH-

E-Index: 0

T-Index:

O J o U b W DN BEHE O

| o [
W o N Jdo Wk P

.698348739110D+01
.986622381979D-01
.050975728615D-03
.002499912290D-02
.398953884751D-04
.711075007663D-05
.049983387516D-05
.408878869927D-06
.926518102708D-07

E-Index: 3

T-Index:

O J oy U b WN P O

| [
O e v ROV N |

.384423345663D-02
.664162784606D-03
.612181968354D-02
.237264411283D-03
.163905079239D-04
.120367467656D-04

5.033444502959D-05

|
w

.170985498327D-06
.594245312260D-07

E-Index: 6

T-Index:

O J o U b W DN O

Max. rel.
Mean rel.

Error:
Error:

.399195453462D-04
.514789071754D-05
.457727782342D-05
.694973729097D-07
.305410385352D-06
.736219149295D-07
.974698869452D-09
.763141441637D-09
.750917451519D-10

3.9821 %
1.1463 %

422

.121505448583D+00
.318217689253D-02
.329699545201D-02
.045462457960D-02
.441395323793D-03
.265328413655D-03
.044766998421D-04
.052533095200D-06
.161804947648D-07

.696804365272D-02
.356306374247D-04
.403282708663D-03
.804144315515D-04
.561640485896D-04
.008894220942D-05
.181438176276D-06
.690125988575D-07
.814690334520D-08

.756587306459D-06
.212290889597D-06
.941349227263D-07
.142251421864D-08
.544728618553D-08
.974014655394D-09
.016713293612D-09
.392374094524D-10
.475979110847D-11

.562056461483D-01
.896031486639D-02
.779763018328D-02
.650053061780D-03
.689635207883D-03
.172945655383D-03
.600026196636D-04
.334460994662D-07
.965715911231D-07

.090058776152D-03
.146755452836D-04
.903169292552D-04
.972541984716D-05
.914209762341D-05
.189441302916D-06
.108056332733D-07
.503464517525D-08
.611375720209D-09

.422505400847D-08
.106280292156D-08
.025519706079D-08
.423052870937D-09
.246887421462D-10
.101207197277D-11
.621621803143D-11
.632384756330D-12
.641741567554D-13



Ratio of population coefficients p(3)/nH—

Multistep hydrogenic population coefficients
Data: L.C.Johnson, Fujimoto
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12.53 Reaction7.2b H~ +p — ... + H(2), Ratio H(2)/H , cold H~

Multi-step hydrogenic population coefficients Data: K. Sawada, T.Fujimoto, [7] and R. Janev
et al, 1987, and P.T. Greenland
Production of initial H(n = 2), H(n = 3) from H~ via (Hydhel 7.2.2) + (Hydhel 7.2.3), then
CR redistribution in H

Ratio of population coefficients: p(2)/nH-

E-Index: 0

T-Index:
0 -1.926343612010D+01
1 -1.496546124174D-01
2 1.400659517460D-02
3 3.712727041944D-02
4 1.113294261028D-02
5 -2.330535554138D-03
6 -7.776821303119D-04
7 1.906239407094D-04
8 -1.086976945156D-05
E-Index: 3

T-Index:
0 -1.026100449251D-02
1 -1.057668991857D-02
2 -3.880343783906D-03
3 1.729089007572D-03
4 3.161122491789D-05
5 1.355992925800D-04
6 -7.101794671976D-05
7 9.542955450383D-06
8 -3.805705631298D-07
E-Index: 6

T-Index:
0 -4.925686587468D-06
1 1.320368718562D-05
2 1.896658591425D-05
3 -5.398656503144D-06
4 -6.162993739156D-07
5 2.283983783682D-07
6 -5.193261748972D-09
7 -2.705240932212D-10
8 -1.122561005445D-10

Max. rel. Error: 4.1304 %

Mean rel. Error: 7570 %

1.
.292243771977D-03
1.
-5.
-4.
-1.
5.
=7.
2.

2

4

424

.700693610120D-01
.162600124695D-02
.908809713587D-03
.993957797149D-03
.611302161934D-03
.558196184261D-04
.777860585666D-04
.855600321265D-05
.231539920350D-06

333365556163D-03

355446874959D-03
825182714335D-04
291165076538D-06
875746974531D-06
892592961569D-06
940664442729D-07
128669195423D-08

.112831538264D-07
-3.
=7.
1.
3.
-9.
-8.
5.
1.

516108767654D-07
769484207076D-07
737911735033D-07
529468645256D-08
387255029589D-09
326872653843D-12
067994995276D-11
928570020702D-12

-4.
-2.
-2.

8.

3.
-2.
.070175076067D-07
2.
9.

-1

.086732967457D-02
.092625890254D-02
.474825228504D-03
.541915418960D-04
.800693212819D-04
.770389256165D-04
.191698603955D-04
.406502657234D-05
.960565560845D-06

164574430779D-05
438392602831D-04
254517664957D-04
058493209277D-05
882643863521D-06
072988238143D-06

114115776211D-08
157761577608D-10

.777239592815D-09
.593691259527D-09
.231580177702D-08
.130553272068D-09
.926859162458D-10
.353162447593D-10
.362383797066D-12
.001347795107D-12
.288397756094D-14



Ratio of population coefficients p(2)/nH—

Multistep hydrogenic population coefficients

0 Data: L.C.Johnson, Fujimoto
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12.54 Reaction7.2¢c H~ +p — ... + H(4), Ratio H(4)/H ", cold H~

Multi-step hydrogenic population coefficients Data: K. Sawada, T.Fujimoto, [7] and R. Janev
et al, 1987, and P.T. Greenland
Production of initial H(n = 2), H(n = 3) from H~ via (Hydhel 7.2.2) + (Hydhel 7.2.3), then
CR redistribution in H

Ratio of population coefficients: p(4)/nH-

E-Index: 0

T-Index:
0 -2.969108713736D+01 1.
1 8.583491624134D-01 -8.
2 -3.327946567475D-01 1.
3 8.772623007048D-02 -4,
4 -2.582394435391D-02 1.
5 6.746292673873D-03 -3.
6 -1.132324670043D-03 6.
7 1.006838799981D-04 -5.
8 -3.599766107118D-06 3.
E-Index: 3

T-Index:
0 -2.422134716752D-02 3.
1 -4.450036905348D-02 9.
2 8.393372221366D-03 -1.
3 -2.639744634139D-03 5.
4 3.818974330343D-04 -6.
5 9.032592725060D-06 -6.
6 -7.241191756806D-06 1.
7 1.401115633607D-06 -2.
8 -1.101496052033D-07 1.
E-Index: 6

T-Index:
0 -1.803884638427D-05 1.
1 6.597236559178D-05 -1.
2 -8.182135682187D-06 1.
3 3.184968943859D-06 -1.
4 —-4.432073749742D-07 1.
5 -3.770998670281D-08 7.
6 7.339285822808D-09 -2.
7 -7.934859405533D~-10 3.
8 7.567293625031D-11 -3.

Max. rel. Error: 4.0429 %

Mean rel. Error: 1.7450 %

426

931658904309D+00
544233834909D-02
355262241947D-02
247217004031D-03
090757038295D-03
228772733572D-04
889983086344D-05
193593477524D-06
508499294249D-08

199185442634D-03
670609772772D-03
661524835400D-03
083813172965D-04
097846279683D-05
659380541156D-06
656854215049D-06
121062436653D-07
593127950555D-08

309228115068D-06
961355019834D-06
912043686849D-07
061178779633D-07
802283140716D-08
419022111792D-10
538540703677D-10
738687857068D-11
326379990558D-12

.005369877806D-02
.904671957939D-02
.899077114113D-02
.314342474404D-03
.202894310870D-03
.070577412178D-04
.086331074514D-07
.845251555754D-06
.027924280383D-07

.987784095340D-05
.101676052891D-03
.641367406906D-04
.282312671120D-05
.274556790674D-06
.007827323926D-07
.498873287066D-07
.534383868464D-08
.277557055555D-09

.572694262914D-08
.274461149865D-08
.561456368451D-09
.506697376442D-09
.998106690730D-10
.644157060356D-12
.059927143765D-12
.858974656396D-13
.790144662322D-14



Ratio of population coefficients p(4)/nH—

Multistep hydrogenic population coefficients

Data: L.C.Johnson, Fujimoto
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12.55 Reaction7.2d H~ +p — ... + H(5), Ratio H(5)/H ", cold H~

Multi-step hydrogenic population coefficients Data: K. Sawada, T.Fujimoto, [7] and R. Janev
et al, 1987, and P.T. Greenland
Production of initial H(n = 2), H(n = 3) from H~ via (Hydhel 7.2.2) + (Hydhel 7.2.3), then
CR redistribution in H

Ratio of population coefficients: p(5)/nH-

E-Index: 0

T-Index:
0 -3.043880324651D+01 2.
1 1.011406665313D+00 -6.
2 -4.732792128048D-01 -1.
3 1.440745315416D-01 3.
4 -4.082830889986D-02 1.
5 9.541548408277D-03 -9.
6 -1.454117847671D-03 1.
7 1.198928707328D-04 -1.
8 -4.030214875087D-06 6.
E-Index: 3

T-Index:
0 2.509733144867D-02 -6.
1 -2.975345239990D-02 5.
2 -5.166305865235D-03 9.
3 -1.123250849126D-03 4.
4 1.147789672027D-03 -2.
5 -1.993228761853D-04 2.
6 9.762118554856D-06 -3.
7 2.196741015054D-07 6.
8 -1.180565156491D-09 -1.
E-Index: 6

T-Index:
0 -6.942768316956D-05 2.
1 3.369864501513D-05 -8.
2 4.914337425208D-06 -1.
3 5.529304847315D-06 -2.
4 -1.555058635679D-06 4.
5 -1.032098974250D-08 3.
6 1.356968032839D-08 -6.
7 2.266731611803D-09 -9.
8 -3.079193750552D-10 1.

Max. rel. Error: 3.6382 %

Mean rel. Error: 1.4968 %

428

037032074318D+00
365628088545D-02
434223357911D-02
264873576448D-03
991190906181D-03
069208554478D-04
551884580262D-04
400228251698D-05
097512779644D-07

315994199856D-03
983399626204D-03
106705396634D-04
288583660416D-04
316365246467D-04
517330858438D-05
741044970390D-07
182578609139D-08
449312603808D-08

730469037199D-06
510546585606D-07
501058689051D-07
178898125651D-07
945103866119D-08
032884418381D-09
737882205239D-10
840633948791D-11
282055029730D-11

.086322906145D-02

7.087018763490D-02

.444177153118D-02
.234505116701D-04
.756435764540D-03
.996980010317D-04
.857488300427D-05
.473439676219D-07
.415255128121D-08

.827794491945D-04
.277759777604D-04
.761725049017D-05
.890481712127D-05
.543759697649D-05
.247794740929D-06
.913305397062D-08
.188081446861D-08
.350274299704D-09

.155159141638D-08
.531215060388D-09
.891596830989D-09
.358437789658D-09
.348990139489D-10
.544164802502D-11
.229312195398D-11
.532952032542D-12
.003506603284D-13



Ratio of population coefficients p(5)/nH—

Multistep hydrogenic population coefficients

Data: L.C.Johnson, Fujimoto
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12.56 Reaction 7.2e H~ +p — ... + H(6), Ratio H(6)/H ", cold H~

Multi-step hydrogenic population coefficients Data: K. Sawada, T.Fujimoto, [7] and R. Janev
et al, 1987, and P.T. Greenland
Production of initial H(n = 2), H(n = 3) from H~ via (Hydhel 7.2.2) + (Hydhel 7.2.3), then
CR redistribution in H

Ratio of population coefficients: p(6)/nH-

E-Index: 0

T-Index:
0 -3.067097488487D+01 2.
1 1.107995704752D+00 -7.
2 -5.345011110243D-01 -3.
3 1.764954640174D-01 -1.
4 -5.202491523226D-02 9.
5 1.098049582592D-02 6.
6 -1.298474536154D-03 -1.
7 6.641085066002D-05 1.
8 -6.055672527870D-07 -1.
E-Index: 3

T-Index:
0 9.184112431405D-02 -2.
1 -3.580517565764D-02 6.
2 -1.526915092790D-02 3.
3 -1.591669787688D-03 2.
4 2.344024954832D-03 -3.
5 8.191445720958D-05 3.
6 -2.001600190074D-04 2.
7 3.467501043759D-05 -3.
8 -1.839785030150D-06 1.
E-Index: 6

T-Index:
0 -1.868296143542D-04 6.
1 3.052346096314D-05 -6.
2 2.310260448654D-05 =7.
3 1.917516778339D-06 -7.
4 -2.089962077496D-06 6.
5 1.631598610791D-07 -6
6 1.519122575792D-09 1.
7 2.544277095276D-09 -4,
8 -3.147128047635D-10 2.

Max. rel. Error: 4.5793 %

Mean rel. Error: 1.9756 %

430

133892956222D+00
267316900367D-02
782902464706D-02
032649676351D-02
880352020439D-03
531384081385D-04
099967577090D-03
987746890586D-04
099732061179D-05

187443850319D-02
746409669729D-03
195158804825D-03
306297194231D-04
904912867153D-04
579949470965D-07
348421586345D-05
909320595026D-06
966330012309D-07

535291194065D-06
246714758968D-07
637664587365D-07
990930597360D-08
184502696051D-08

.823070866810D-09

768275307240D-09
245685956755D-10
969365004153D-11

.858785381782D-01
.619894154229D-02
.756478330674D-02
.464524722712D-03
.493150468782D-03
.330923663414D-04
.673435067944D-04
.359755033628D-04
.398032652292D-06

.732957962088D-03
.444562044629D-04
.642351248993D-04
.527875779410D-05
.759207667760D-05
.520984760597D-06
.161204797043D-06
.690954968052D-07
.837510677821D-09

.119318650851D-08
.118274317587D-09
.022317615231D-08
.329300639507D-09
.491029220022D-10
.018157208247D-10
.254302334326D-11
.325245214987D-12
.059328354768D-13



Ratio of population coefficients p(6)/nH—

Multistep hydrogenic population coefficients

0 Data: L.C.Johnson, Fujimoto
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12.57 Reaction 2.0a ¢ + Hy, — H; + ..., Ratio H) /H,

Multi-step hydrogenic density ratios Data: K. Sawada, T.Fujimoto, [7] and Janev et al, 1987,
and P.T. Greenland
CR equilibrium ratio H2+ to H2 density (coll.rad model, Sawada/Fujimoto/Greenland) here:
H2+ gain from electr. impact only
only contribution from EI on H2 and H2* to production rate of H"

E-Index: 0

T-Index:
0 -1.929803964240D+01
1 1.727612905933D+01
2 -8.438025952533D+00
3 2.883389908864D+00
4 -7.403401021470D-01
5 1.387371448471D-01
6 -1.746217632264D-02
7 1.287561948974D-03
8 -4.136061327089D-05
E-Index: 3

T-Index:
0 4.477781641551D-02
1 -6.827368520293D-03
2 1.993457166448D-02
3 -1.341784022457D-02
4 1.875666968084D-03
5 1.476743155802D-04
6 6.205132641268D-06
7 -1.222677896703D-05
3 1.041267499432D-06
E-Index: 6

T-Index:
0 -8.893455666588D-05
1 -4.473404420068D-05
2 3.207886028645D-05
3 4.431489645883D-07
4 -1.428413713222D-06
5 -5.790867265229D-08
6 3.277446170025D-08
7 2.025920058300D-09
8 -4.280094258996D-10

Max. rel. Error: 1.8077 %

Mean rel. Error: 3852 %

432

1

.097006502950D-01
.662670859833D-01
.115179297110D-01
.286361930144D-01
.809442086665D-01
.879175895909D-02
.151856339270D-03
.544209459715D-04
.914443517923D-05

.060826089295D-03
.618060467670D-03
.643837202714D-04
.582201264314D-03
.978688155916D-04
.955049388000D-05
.210178682186D-06
.247029259344D-07
.158374992604D-07

.479454987799D-06
.209602016239D-06
.101305933603D-06
.326874797653D-08
.845148645034D-08
.986008432331D-10
.583517963518D-10
.655728430701D-11
.063115935764D-11

.100904809661D-01
.567341672326D-02
.153478632323D-01
.596018559458D-02
.864042138902D-02
.430141421894D-03
.015594807894D-03
.374937928555D-04
.106408217685D-06

.170547725039D-03
.852659500488D-04
.516424328964D-04
.056994955968D-05
.721069163086D-05
.382368688632D-06
.812476857444D-07
.043186962921D-08
.052478729563D-09

.361512296401D-08
.069974187479D-08
.299192188737D-08
.068518137706D-10
.048035605554D-10
.535659079263D-11
.700723935742D-12
.337869178540D-14
.030790224273D-13



Ratio of H2+ to H2 densities
Reiter/Greenland /Fujimoto
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12.58 Reaction 2.0b ¢ + Hy(v = 0) — H; + ..., Ratio H, /H,

Multi-step hydrogenic density ratios Data: K. Sawada, T.Fujimoto, [7] and R. Janev et al, 1987,
and P.T. Greenland
CR equilibrium ratio H, to H, density (coll.rad model, Sawada/Fujimoto/Greenland)

contribution from EI on H, and H; plus from CX on cold Hy(v = 0), (Eg,(v) = 0.1 eV) and
assuming n. = n,, I, =1,

E-Index: 0

T-Index:

O J oy U b W N B O

-8.
.653303173229D+00
.823571725913D+00
.990452244578D+00
.928017324234D+00
.270719810226D-01
.448144242484D-02
.689930248766D-03
.023775315217D-05

| | |
e R S

073335051460D+00

E-Index: 3

T-Index:

O J oy U b WDNBEP O

| [ |
[ R N N O = e \ S RN

.582288903630D-03
.885192609023D-03
.457779901878D-02
.096201612859D-02
.081237207186D-03
.087834901368D-03
.372642244363D-05
.092745909295D-05
.393709830706D-06

E-Index: 6

T-Index:

O J oy U W N B O

Max. rel.

Mean rel.

Error:
Error:

.037336914709D-05
.537317404876D-06
.566116716437D-05
.575003652413D-07
.852056305253D-06
.431641793698D-07
.433372743456D-08
.449746761192D-08
.386870809793D-09

20.6614 %
8.5812 %

434

.423193640255D-03
.467726829997D-02
.179798625064D-02
.234966368980D-02
.924941119276D-02
.111963342548D-02
.757664930424D-03
.331136287171D-04
.333393780782D-05

.133062383784D-03
.313120366375D-04
.689882985994D-03
.873511746692D-03
.022266662048D-03
.309186604685D-04
.372497244723D-05
.274671467977D-06
.905523509303D-07

.752297970376D-07
.293533267915D-07
.383284185329D-07
.295739667060D-07
.235055431776D-07
.978742338393D-08
.031624330495D-09
.051457500024D-09
.721695858310D-11

-8.
.781981866915D-03
.843754761904D-02
.652438305320D-02
.747810096639D-03
.375451827926D-03
.077957627729D-03
.275780863917D-04
.830671388026D-05

948271203923D-03

.472017794904D-04
.193603851194D-04
.781888663389D-04
.169697988538D-04
.028620238286D-05
.068184308171D-05
.250956728263D-06
.463960054850D-07
.774892100311D-08

.454015313711D-09
.631009817091D-09
.647720359472D-09
.354279184897D-09
.044313531628D-09
.196745758163D-09
.525402495797D-10
.574612982461D-11
.552566353384D-13



this page is intentionally left blank

435



12.59 Reaction 2.0c ¢ + Hy(v) — H) + ..., Ratio H) /H,

Multi-step hydrogenic density ratios Data: K. Sawada, T.Fujimoto, [7] and R. Janev et al, 1987,

and P.T. Greenland

CR equilibrium ratio H2+ to H2 density (coll.rad model, Sawada/Fujimoto/Greenland) for vi-
brational population P(v) contribution from CX on cold H2(v) (Ey,(v) = 0.1 V) and EI on

H2 and H2*

Should be larger than corresponding H11 ratio for contrib. from CX alone. Slightly violated

due to fitting problem near 1-2 eV

E-Index: 0

T-Index:
0 -5.179118614571D+00 1.
1 2.724390078109D+00
2 -4.386686018740D+00 -2.
3 2.264569877939D+00 1.
4 7.274238145138D-02 -8.
5 -3.332379782334D-01 3.
6 9.526327139861D-02 -1.
7 -1.096455316607D-02 1.
8 4.636081955869D-04 =7.
E-Index: 3

T-Index:
0 4.533679343348D-03 -8.
1 1.706652099436D-02 -3.
2 -9.446648200804D-03 1.
3 3.413100865417D-03 -5.
4 -2.783712092681D-04 4.
5 -7.626065770945D-05 3.
6 -3.059560467433D-05 -3.
7 1.303239138604D-05 -1.
8 -1.046764002685D-06 1.
E-Index: 6

T-Index:
0 -4.999715093023D-06 1.
1 —2.662584829521D-05 8.
2 5.854399926391D-06 -1.
3 -3.494312204501D-06 1.
4 1.434270108351D-06 -5.
5 -3.197342970575D-08 -4.
6 -3.342848157445D-08 2.
7 2.239916154599D-10 -2.
38 3.412487324650D-10 1.

Max. rel. Error: 18.5554

%
o)
°

Mean rel. Error: 8.9531

436

286086917362D-02

2.834163745797D-02

926061072808D-02
815438259403D-02
711469240181D-03
737790746246D-03
046333532366D-03
457992401832D-04
621573981592D-06

361635510932D-04
663038423578D-03
518996106179D-03
414461499166D-04
118527168273D-05
568228589947D-05
460893323989D-06
086383020673D-06
291713097220D-07

571098567732D-07
795062121815D-07
486122653306D-07
176151828469D-07
449461807998D-08
539301068809D-10
469622408760D-09
455363614572D-10
748563436447D-12

.247224025136D-02
.864050364482D-02
.894878695435D-02
.085596419844D-02
.228482582919D-03
.689540529741D-04
.549358736065D-04
.912048929304D-05
.973565261183D-06

.553044625491D-05
.202564138138D-04
.265997327758D-04
.583904028460D-05
.416596336268D-05
.406315371249D-06
.064186524949D-07
.161003040376D-08
.932517910526D-09

.060813085997D-09
.182222955604D-08
.689012430939D-09
.631239647294D-09
.856555143001D-10
.975543797298D-11
.675572336239D-11
.954115052237D-12
.514652180013D-13



Ratio H2+4 /H2, H2+ by el +prot.impact from H2(v=0)

Ratio of H2+ to H? densities

Reiter/Greenland /Fujimoto
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