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Chemi-ionization/recombination processes in solar
photosphere

INTRO: Solar photosphere and M Red Dwarfs before AGN BLR topic

Few years ago we started investigations of chemi-ionization/recombination
processes and their influence in solar photosphere
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ABSTRACT

In this paper, the influence of chemi-ionization processes in H*(n = 2) + H(ls) collisions, as well as the influence
of inverse chemi-recombination processes on hydrogen atom excited-state populations in solar photosphere, are
compared with the influence of concurrent electron—atom and electron—ion ionization and recombination processes.
[t has been found that the considered chemi-ionization/recombination processes dominate over the relevant
concurrent processes in almost the whole solar photosphere. Thus, it is shown that these processes and their
importance for the non-local thermodynamic equilibrium modeling of the solar atmosphere should be investigated
further.
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In Mihajlov et al. 2011 we investigated chemi-ionization/recombination
processes in H*(n) + H(1s) collisions and their influence on the populations of
hydrogen Rydberg atoms and electrons in weakly ionized layers of the Solar
photosphere and the lower chromosphere

chemi-ionization processes:

H*(n)+ H(ls) = Hy +e,  Associative chemi-ionization channel i.e. creation of H,*

H*(n)+ H(ls)= H(ls)+ H" +e. Non-associative ionization ch.

Invers chemi-recombination processes:

H; +e = H*(n)+ H(ls),
Hls)+ H  +e = H (n) + H(1s),

We compare with the corresponding electron-atom collision
processes

H*(n)+e= H" +2¢,
H* +2e = H*(n)+e,

H*+e= H'(n)+z,.
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Mechanism is described in details in review paper Mihajlov et al. 2012

A*(n) +A is represented as [A*+ *A(1s)] + e
system of quasi molecule and electron

J Clust Sci (2012) 23:47-75
DOI 10.1007/s10876-011-0438-7
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First we calculate cross sections and rate coefficients for the conditions that exists
in weakly ionized layers of the Solar photosphere and the lower chromosphere.

These data are input parameters needed for modeling.

H*(n)+ H(ls) = HY +e, a)

H*(n)+ H(ls) = H(ls)+ H +e. b)

Cross sections - ) puir (E) o
for channel a) and b) %= 1+ E) = =7 [] Fa™ . p, E)pdp.
) Emngy R
Rate coefficient for channel a) and b) Ki"n, T) = ff_..u,...._m vog ™ (n, E)f(v; T)dv,
Total rate coefficient Ki(n, T) =K' (n, T)+ KJ'(n, T),
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Table 1
Calculated Values of Coefficient K;; (cm3 s—!) as a Function of n and T

T(K) n
2 3 4 5 6 7 8

4000 0.150E—11 0.619E—09 0.126E—08 0.576E—09 0.554E—09 0.463E—09 0.366E—09
4250 0.202E—11 0.549E—09 0.106E—08 0.617E—09 0.583E—09 0.482E—09 0.378E—09
4500 0.260E—11 0.501E—09 0.900E—09 0.656E—09 0.611E—09 0.500E—09 0.389E—00
4750 0.324E—11 0.488E—09 0.833E—09 0.694E—09 0.637E—09 0.517E—-09 0.400E—09
5000 0.403E—11 0.495E—09 0.815E—-09 0.730E—09 0.662E—09 0.533E—-09 0.410E—09
5250 0.504E—11 0.501E—09 0.800E—09 0.765E—09 0.686E—09 0.548E—09 0.420E—09
5500 0.623E—11 0.500E—09 0.782E—09 0.799E—09 0.709E—09 0.563E—09 0.428E—09
5750 0.756E—11 0.493E—09 0.764E—09 0.832E—09 0.731E—09 0.576E—09 0.437E—09
6000 0.909E—11 0.490E—09 0.757E—-09 0.864E—09 0.752E—09 0.589E—09 0.445E—09
6250 0.108E—10 0.502E—09 0.766E—09 0.895E—09 0.772E—09 0.602E—09 0.453E—09
6500 0.128E—10 0.519E—09 0.783E—09 0.924E—09 0.791E—09 0.613E—09 0.460E—09
7000 0.175E—10 0.540E—09 0.808E—09 0.981E—09 0.827E—09 0.635E—09 0.473E—09
7500 0.232E—10 0.574E—09 0.848E—09 0.103E—08 0.860E—09 0.655E—09 0.485E—09
8000 0.300E—10 0.609E—09 0.891E—09 0.108E—08 0.892E—09 0.674E—09 0.497E—09
8500 0.380E—10 0.650E—09 0.939E—09 0.113E—08 0.920E—09 0.691E—09 0.507E—09
9000 0.470E—10 0.688E—09 0.986E—09 0.118E—08 0.948E—09 0.707E—-09 0.516E—-09
9500 0.574E—10 0.733E—09 0.104dE—08 0.122E—08 0.973E—09 0.722E—09 0.525E—09

10000 0.689E—10 0.787E—-09 0.109E—08 0.126E—08 0.997E—-09 0.736E—-09 0.533E—-09
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Table 2
Calculated Values of Recombination Coefficient K, (cm® s—!) as a Function of n and T

T(K n
2 3 4 5 6 7 8

4000 0.190E-27 0.732E-27 0.390E-27 0.114E-27 0.977E—28 0.831E—28 0.709E—28
4250 0.130E-27 0.458E-27 0.257E-27 0.102E-27 0.880E—28 0.753E—-28 0.645E—-28
4500 0.918E—28 0.305E-27 0.177E-27 0.914E-28 0.799E—28 0.688E—28 0.591E—-28
4750 0.666E—28 0.223E-27 0.135E-27 0.828E—28 0.730E—28 0.631E—28 0.544E-28
5000 0.506E—28 0.174E-27 0.110E-27 0.755E-28 0.671E—28 0.582E—28 0.503E—28
5250 0.403E—28 0.138E-27 0.912E-28 0.693E—28 0.619E—28 0.540E—28 0.467E—28
5500 0.331E-28 0.111E-27 0.763E-28 0.639E—-28 0.575E—-28 0.502E—-28 0.436E—28
5750 0.275E-28 0.889E—-28 0.645E—-28 0.592E-28 0.535E—28 0.469E—28 0.407E-28
6000 0.233E—-28 0.731E-28 0.558E—-28 0.551E-28 0.500E—28 0.440E—28 0.382E—28
6250 0.201E-28 0.627E—28 0.498E—28 0.514E-28 0.469E—28 0.413E—28 0.360E—28
6500 0.176E—-28 0.548E—-28 0451E-28 0.482E—-28 0.441E-28 0.380E—28 0.339E—-28
T000 0.139E—-28 0.421E-28 0.374E-28 0.427E-28 0.393E—-28 0.348E—-28 0.304E-28
7500 0.114E—28 0.341E-28 0.322E-28 0.382E—28 0.354E—28 0.314E—28 0.275E—28
3000 0.964E—29 0.284E—28 0.283E—-28 0.345E—-28 0.321E—28 0.286E—28 0.250E—28
8500 0.834E-29 0.243E—-28 0.253E-28 0.314E-28 0.293E—28 0.261E—28 0.229E—28
9000 0.731E-29 0.211E-28 0.220E—-28 0.287E-28 0.269E—28 0.240E—-28 0.211E-28
9500 0.654E—-29 0.187E—-28 0.200E—-28 0.264E—-28 0.248E—-28 0.222E—-28 0.195E—-28

10000 0.590E—29 0.169E—28 0.194E-28 0.245E—-28 0.230E—28 0.206E—28 0.181E—28
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the first conclusion in the paper Mihajlov et al. 2011 relates to relative contribution
of partial chemi-ionization and recombination processes i.e. channels a) and b)
forgivennand T

Table 3
Calculated Values of Coefficient X'@ = Ké‘{’];’KCi = Kf;f];’Kﬂ asa
Function of n and T

* y +
T K p H*(n)+ H(ls) = Hy +e, (a)
2 3 3 5 6 7 8 . _ . b
0408 0335 00281 H'in)+ H(ls)= H(ls)+ H +e, ( )
0388 0318 0266
0371 0303 0254
0354 0280 0242
0339 0277 0231
0325 0265 0221
0312 0254 0212 branch coefficients
0300 0244 0203 @b
0288 0235  0.196 ratio Kg2(n, T)

(a.b) _
0278 0226  0.188 Xi7n, T) =

6500 0.546 0.672 0.399 0.339 0.268 0.218 0.182
7000 0.474 0.610 0.336 0.317 0.250  0.204 0.169
7500 0.414 0.558 0.289 0.297 0.235 0.190 0.158
8000 0.363 0.510 0250  0.280 0.221 0.179 0.149
8500 0.321 0.469 0220  0.264 0.208 0.169 0.141
9000 0.287 0.429 0.193 0.250 0.197 0.160 0.133
9500 0.258 0.398 0.174 0.237 0.187 0.151 0.126
10000  0.234 0.376 0.160  0.225 0.177 0.144 0.120
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second conclusion relates to the comparison with the corresponding electron-atom
collision processes

1000 4 2_* ____ B )
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It has been demonstrated in Mihajlov et al. (2011) that .3 / \
Chemi-ionization/recombination processes in H(n) + H(1s) collisions, for the ] /
principal quantum number n>2, must have significant influence " /
in comparison with the corresponding electron-atom collision ] / \
processes on the populations of hydrogen Rydberg atoms and electrons . /
in weakly ionized layers of the Solar photosphere and the lower 0 200 200 600 800 1900
chromosphere, and that they have to be included in modelling Alkm]
= » aquantity 7- 2% etven hv H )
and investigation of Solar plasma, especially in the region of the :"Jﬁ:’ﬁ‘;ntf};d:f;[‘}: of the quanlity Fiea(2; 8) given by Equation (29), as a

temperature minimum in the Solar photosphere.
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The presented results suggest that the
chemi-ionization/recombination
processes due to their influence on the
excited state populations and the free
electron density, also should influence

on the atomic spectral line shapes.

This assumption is confirmed by the
Figs, which show the profiles of some
of hydrogen spectral lines in the M red
stars calculated with and without these

processes using PHOENIX code.
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Figure 13. Line profiles with (full) and without (red tiny) inclusion of chemi-ionization
chemi-recombination processes for H lines.

Figure 13 (from [26]) show the line profiles of H,, Hz, H; Pa; with and without inclusion of
processes (1). Profiles are synthesized with PHOENIX code with Stark broadening contribution
calculated using tables from [40] for Stark broadening of hydrogen lines (linear Stark effect).
Lineshape changes, especially in the wings, show the influence of the electron density change having

a direct influence on the Stark broadening of hydrogen lines.
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Let's go back to the Chemi-ionization/recombination Atomic Processes
in the AGNs Broad-Line Region

Narrow Line Region (NLR)

e Wil \
: 7 . SMBH
Broad \/ BLR
Line Region
(BLR) Accretion
disk

| | |
. Few parsecs =100
Out main idea light days

In AGN, especially in the region of the moderately ionized layers of dense parts
of the BLR clouds (NeT ~10'*cm3K) plasma conditions are closer to stellar
atmospheres than to photoionized nebulae (Osterbrock 1989).

Consequently, it is of interest to investigate the influence

of the mentioned processes in dense parts of BLR clouds and to
provide the data on the corresponding rate coefficients useful for
modelling and investigations of such layers.



Merce Crosas and Jon C. Weisheit, Hydrogen molecules in quasar broad-line regions, MNRAS, 1993, 262, 359.

Table 2. Collisional reactions.

we started to check the literature. problems

No rate coefficients for higher n
and

No rate coefficients for second
non-associative channel

the uncertainties of the rate
coefficients due to hydrogen
collisions exist in almost all cases

For the conditions 10% - 101% cm-3
they concluded that the influence of
the associative chemi -ionization
processes is negligible in BLR clouds.

However, in very dense weakly
ionized regions with > 101°cm3,
these chemi ionization /
recombination processes could be
important and could change the
optical characteristics

Reaction

1. ¥ +e- = H+hv

2. Hte = H™ + hv

3. H+H—-Hy+e

4. H-+H* - H+H

5 - +H} - H+H+H
- Ha + H

6. H* + H — H} + hv

7. HY +H— H; + HY

8 Hp+Ht - Hf +H

9. Hf +e = Ht +H4 e
10. Hy4 e = 2H+ e~
11. H+e - H +H
12. H4H+H — Hy+ H
13. H+ H—~H+H+H
14. Hy+H+H — Hy + H,

15. H4+ Hy - H,+H+H

16. H(n=1)+H*(n=2) —» Hj — Hy + hv

17. H(n=1)+H*(n=2) — H + ¢~

18. H(n=1)+H"(n=3) — H} + ¢~

Rate Coefficient (cm?/s)

K = 1.59 x 10-13T;%%e-"2s 4 2.6 x 10-13T;95°

Kz = 2.65 x 10715T 4 1.22 x 10715
K3 =27x10"?

K¢ = 7.0 x 10-°T;%°

Ks = 5.0 x 10-3T;%5

Ke = 2.9 x 1071°T 18,

Ks = 5.8 x 1071(T;/5.6) 006108 10(Ts/5.6)

K7 =6.4x 1071

Kg = 2.4 x 10~%e~212/T4

Ko = 2.0 x 10-%

Kio=11x 10‘5e—lo,z/‘r.,rg35
Kq; = 9.69 X 10~13¢11-323/(In10T,~7.28)
Kj2 =5.5x 10-33'[‘;1

Kia = 6.53 x 10~%e—524/T¢

Kia = Kjo/8

Kjs = 11.3 x 10~%~5-33/T4

Kig = 5.0 x 1074

Ki7 = 8.73 x 107121,

Ki7 = 2.9 x 107117%59,

Kis = 4.42 x 10"'1'13‘95'_,0.31”"

Kis = 1.47 x 10710T%59%087/Ts |
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Figure 2. Plot of collisional ionisation H{n) + H{1s) rate coefficients for
selected temperatures and excited states (n=4, 7, 10). The black lines are the
data analvzed in Barklem (2007} for non associative channel 4, where A =
H. The data from Mihajlov and coworkers based on the same mechanism
as here are plotted as thick full lines. The numerical data from Soon (1992)
are plotted as normal full lines and the dot-dashed line (see Barklem (2007 )
for detailed explanation). The data from Soon’s analytic expressions are
plotted as dashed lines, and the data from Drawin (1968, 1969) are plotted
as dotted lines. The red lines are summary rate coefficients for associative
(3) and non-associative (4) channels (this work). The rate coeflficients for
whole range of mand T ie. 2 = n = 20, and 4000 K = T = 20000 K can
be found in the Tables 2-7 in the online version of the article.

the uncertainties of the rate coefficients due to hydrogen collision
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Cross sections
for channel a) and b)

pivix’ (E)
oV, E) = 2n / PP (n, p, E)pdp,
0

Rate coefficient for channel a) and b)
Ernax

K§P(n, T) = f o"Pn, E) f(v; T)dv,

Enin’ (n )

Total rate coefficient

Kin, T)= K%, T)+ KP(n, T),
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a) The surface plot of the partial cross section or;
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Table 1. Calculated Values of Coe fficient K -; [cm?/s] as a Function of n and T. A portion is shown here for guidance regarding its form and content.

Tin 10 11 12 13 14 15 la 17 15 19 20
4000 21TE-10  1e68E-100 131E-10  1.03E-10  K.19E-11 &57E-11  532E-11  435E-11  358E-11  297E-11  249E-11
5000 2.36E-10  1BIE-100 140E-10 1.09E-10 8&2E-11 &88E-11 55335E-11 452E-11  372E-11 308E-11  257E-11
G000 251E-10  1.90E-10  146E-10  1.14E-10 894E-11 7T.A2E-11 573E-11  465E-11  3.82E-11  316E-11  263E-11
TOO0 262E-10  198E-100  151E-100  117E-10  920E-11  7.30E-11  586E-11  476E-11  3.89E-11  322E-11  2.68E-11
B000 2TIE-10  204E-100 155E-10 1.20E-10  940E-11  T7A45E-11  597E-11  484E-11  396E-11  326E-11  2.72E-11
Q000 279E-10  2.09E-100 159%E-10 1.22E-10  957E-11  7.57E-11  606E-11  490E-11  4.01E-11  330E-11  2.75E-11
10000 2Z85E-10 2U3E-10 LeZE-10  L24E-10 97IE-11  767E-11  6l4E-11  49sE-11 4.05E-11 334E-11  2.77E-11
oog 291E-10 207E-10 LedE-10 1.26E-100  983E-11  7.9eE-11  620E-11 30E-11 4.089E-11 33sE-11 2.79E-11
12000 29sE-10  220E-10  lesE-10  L2RE-100  9093E-11  7.83E-11  6253E-11  3.05E-11  4.12E-11 339E-11 28I1E-1I
13000  3.00E-10  223E-10  1e8E-10  129E-10  LOOE-10  T7O90E-11 630E-11  309E-11 4.14E-11 341E-11  2.83E-11l
14000  3.04E-10  225E-10  LTOE-10  130E-10  LOIE-10  79e6E-11  635E-11 3512E-11 4.17E-11 343E-11 2.84E-11
15000 3.08E-10  228E-10 LTIE-10  L31E-10  LOZE-10  B0IE-11 638E-11  315E-11  4.19E-11 344E-11  2.86E-11
v l6000  31IE-10  230E-10  L73E-10  132E-10  LOZE-10  B.0eE-11 642E-11  317E-11  4.21E-11 34sE-11 2.87E-11
17000 3.4E-10  231E-10 L74E-10  133E-10 LO3E-10  R.I0E-11 645E-11  319E-11  4.23E-11 347E-11  2.88E-11
18000 3.0sE-10  233E-10  L75E-10 13E-10  LMME-10  S.14E-11  64B8E-11  321E-11  4.24E-11 348E-11  2.89E-11
19000 319E-10  235E-10 1L7sE-10  13ME-10  LME-10  BA7E-11 650E-11  323E-11  4.26E-11 350E-11  2.90E-11
20000  321E-10  236E-10  L77E-10  1.35E-10  LME-10  B20E-11  &52E-11  5.25E-11  4.27E-11  351E-11 290E-11
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chemi-ionization processes:

A= €
ZERMIASNE— E

Invers chemi-recombination processes:

A=A\ &€
SN\ G

We compare with the corresponding electron-atom collision
processes A*(n) +e = AY + 2e,

AT +2¢e = A" (n) +e,

AT +e= A%(n) + &,



Comparison of Fluxes of the Considered Processes

ICi(na T) = KCi(n’ T) ’ Nana
Icr(na T) — Kcr(n, T) ’ NlNiNe,

Lica(n, T) = Kean, T) - Ny N,
f.":L‘Ei{n'i T) = Keiln, T) - N;N.N,,

Lw(n, T)= Kyln, T)- N;N,, Iin, T)  Kgn,T)

Fi(n, T) = —
"‘IJ-:EH.[-”.*T} Kca[”, T:l'

N1 Ne,
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DISCUSSION AND CONCLUSION

We can see as well that even around the value of N1 = 102 cm3 the inclusion of the
considered here chemi-ionization/recombination processes could improve the
modelling and analysis of such regions not only in photospheres of Sun and solar like
stars but also in clouds in AGN BLR and NRL.

Additionally, the Figure 3 demonstrates as well the high sensitivity of the influence of
these processes to the relatively small changes of N1 which can be of interest for the
determination of limiting N1 densities in clouds in AGN BLR and NRL.

submitted in MNRAS



perspectives

Our plan is to present the results obtained during this investigation in MolD database
which can be accessed directly through http://servo.aob.rs as a

web service (Marinkovic et al., 2017; Sreckovi¢,

Ilgnjatovi¢, Jevremovié, Vujci¢, & Dimitrijevi¢, 2017).

® portal.vamdc.org/vamdc_portal/home.seam Bl ¢ Search e dl=

£ Most Visited € Fujitsu - Home ‘ Getting Started €2 Fujitsu - Manual @ Fujitsu - Shop @ Fujitsu - Support € Fujitsu - Workplace Pr...

\AMDC

Home VAMDC databases Guided query Advanced query Saved queries | Disclaimer Citation policy Info Feedback Login  Register

Welcome to the VAMDC portal!

VAMDC aims to be an interoperable e-infrastructure that provides the international research community with access to a broad range of
atomic and molecular (A&M) data compiled within a set of A&M databases accessible through the provision of this portal and of user
software. Furthermore VAMDC aims to provide A&M data providers and compilers with a large dissemination platform for their work.

VAMDC infrastructure was established to provide a service to a wide international research community and has been developed in
conjunction with consultations and advice from the A&M user community.

Currently we have 30 databases running and ready to serve you with the data.

individual cross sections

M. 7

e-infrastructure ™

If youfind this service (data) useful, pl

VjtiE, V; Jevremovic, D.; Minajlov, A. A

ing paper
i€, M. S.; Malovié, M. MOL-D: A Collisional Database and O\ AR

cular Data Center ok V ‘V\/T [ Y e e s

e ente
folume 36, Issue 4, pp.693-703

Journal of Astrophysics and Astronomy, 20:



ebsite User Interface

- MolD database

8s
-

;E
&d
5y
2‘
3t
£0
33
ca
g

Institute of Physics Belgrade :: Astronomical Observatory Belgrade

individual cross sections average thermal cross sections plot

Molecule: | -

QNJ:
QNv:

If you find this service (data) useful, please cite the following paper
VUEiE, V.; Jevremovi€, D.; Mihajlov, A. A.; Ignjatovie, Lj. M.; Sreckovié, V. A.; Dimitrijevic, M. S,; Malovié, M. MOL-D: A Collisional Database and
Web Service within the Virtuz| Atomic 2nd Molecular Data Center
Journal of Astrophysics and Astronomy, 2015, Volume 36, Issue 4, pp.693-703




Or

(® portal.vamdc.org/vamdc_portal/home.seam El ¢ Q Search

E‘ Most Visited \‘1 Fujitsu - Home ‘ Getting Started €2 Fujitsu - Manual !‘l Fujitsu - Shop !‘l Fujitsu - Support \‘; Fujitsu - Workplace Pr...

con%omum

Home VAMDC databases Guided query Advanced query Saved queries | Disclaimer Citation policy Info Feedback Login

Welcome to the VAMDC portal!

VAMDC aims to be an interoperable e-infrastructure that provides the international research community with access to a broad range of
atomic and molecular (A&M) data compiled within a set of A&M databases accessible through the provision of this portal and of user
software. Furthermore VAMDC aims to provide A&M data providers and compilers with a large dissemination platform for their work.

VAMDC infrastructure was established to provide a service to a wide international research community and has been developed in
conjunction with consultations and advice from the A&M user community.

Currently we have 30 databases running and ready 1o serve you with the data.

- &
==

einfrastructure

Register




Map of databases (on all continents)



VAMDC: technical organisation

e A set of standards
Data exchange protocols, data description
Standard vocabulary for all exchanges, including for registration
of ressources

o A set of software

e Documentation and online support system

Applications capable of combining, I_ — - — = T T [FEmmTmaTemaT

extracting and processing data from all : Node o
VAMDC member databases Registry software | DB
— N A .
(ool /< Clent : Node | b

\ ______ Applications oae
- 7N e software | DB

I' e @ |\ I q

/"l ¢ Y3

Legacy o Format Node -
Applications Tl— converters || Monitoring " » | software DB
=~ A

I Database Node

I VAMDC Core Infrastructure

. — I



xmlns:cml="http://www.xml-cml.org/schema” xsi:schemaLocation="htlp://vamdc.org/xml/xsams/1.0 http://vamdc

F1.0">

+<Sources> </Sources>

~-<Species>
—-<Molecules>

Molecule: Hydrogen molecular ion: H2+

QNI:
QNv: 2

Search

—-<XSAMSData xmlns="http://vamdc.org/xml/xsams/1.0" xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"

-<Molecule speciesID="XmolD-2">
—-<MolecularChemicalSpecies>

+<OrdinaryStructuralFormula> </OrdinaryStructuralFormula>

-<StoichiometricFormula>H2t</StoichiometricFormula>
+<ChemicalName> </ChemicalName>
-<InChI>1S/H2/h1H/q+1</InChI>

-<InChIKey>ZZIJOQHRUPVPQC-UHFFFAOYSA-N</InChIKey>

<VAMDCSpeciesID />

-<StableMolecularProperties> </StableMolecularProperties>

</MolecularChemicalSpecies>

-<MolecularState auxillary—-"false"

-<Description>r:
-<MolecularsStateCharacterisation>

3, v:

-<sSta

Y
-<Value units="au"

</stateEnexrgy>
</MolecularstateCharacterisation>

+<Case xsi:type="casc:Case" caseID="dcs" xmlns:case="http://vamdc

</Molecularstate>

2</Description>

yorigin="smolD-1258">
">—.765732110396E-01</Value>

stateID="SmolD-895">

+<MolecularState auxillary "true" stateID-"SmolD-1258"> </MolecularsState>

</Molecule>
</Molecules>
</Species>

+<P </P
—<Processes>

-<Radiative>

ionC:

ion id="PmolD-CS895">

—-<SourceRef>BmolD-1</SourceRef>
—-<SourceRef>BmolD-6</SourceRef>
+<X units-"nm"> </X>
-<X units="nm">

-<DatalList count-"226">

50 51 52 53 54 55 56 57 58 59 60 €61 62 €3 64 65 66 67 68 €9 70 V1 T2 73 74 75 16
91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117

124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143
155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174
186 187 188 189 190 191 192 193 194 195 196 197 198 199 200 205 210 215 220 225
285 290 295 300 305 310 315 320 325 330 335 340 345 350 355 360 365 370 375 380

7T 18

144 145
175 176
230 235
385 390

440 445 450 455 460 465 470 475 480 485 490 495 500 600 700 800 900 1000 1100 1200 1300

</DataList>

</X>

-<¥ units-="cm2">
-<DataList count="226">

.org/xml/xsams/1.0/cases/dcs"> </Case>

.org/xml/xsams

79 80 81 82 83 84 85 86 87 88 89 90

118 119 120 121 122 123

146 147 148 149 150 151 152 153 154
177 178 179 180 181 182 183 184 18%
240 245 250 255 260 265 270 275 28C
395 400 405 410 415 420 425 430 43¢
1400 1500 1600 1700 1800 1900 2000

0.228892E-21 0.433293E-21 0.811722E-21 0.145515E-20 0.250921E-20 0.424328E-20 0.702508E-20
0.267734E-19 0.398270E-19 0.578434E-19 0.820590E-19 0.113982E-18 0.155347E-18 0.207896E-18
0.447915E-18 0.559472E-18 0.687723E-18 0.832109E-18 0.991387E-18 0.116384E-17 0.134729E-17

0.193076E-17 0.212088E-17 0.229964E-17 0.246148E-17 0.260119E-17 0.271398
0.282155E-17 0.275226KE-17 0.264486E-17 0.250194E-17 0.232728E-17 0.212567E
0.117279E-17 0.933458E-18 0.708595E-18 0.505259E-18 0.329844E-18
0.260073E-19 0.946690E-19 0.205816E-18 0.356843E-18 0.544097E-18
0.183984E-17 0.212729E-17 0.267861E-17 0.293048E-17 0.315932E
0.376256F—-17 0.382159F-17 0.382188BE-17 0.376428F-17 0.367026
0.275932E-17 0.226404E-17 0.200661 0.174850
0.608032E-18 0.289686E-18 0.171621E-18 0.835568
0.126439E-18 0.232318FE 0.369023E-18 0.535175 0.729119
0.174189E-17 0.204269E-17 0.235751E-17 0.268376FE-17 0.301885

(28
0.190275E-17
0.837518E-19
0.100817E-17
0.336049E-17
0.354228FE-17
0.149548E-17
0.268815E-19
0.948951E-18
0.336019E-17 0.370528E-17

279557

i B |

0.4738S0E-17 0.507538E-17 0.540439E-17 0.572404E-17 0.603263E-17 0.632858E-17 0.661050E-17
0.736037E-17 0.757530F-17 0.777158E-17 0.794874E-17 0.810648F—-17 0.824465F-17 0.836318FE-17 0.846219E-17
N_RANIEAR-17 N QEAAGTIR-17_ N RAARAGER-17 N RRTAQEF-17 N QERAIMF-17 N QRITIEEF-17 N QEAKINF-17T N AKIQRATIF-17 N RAKTEER-17

Sample output from MolD. Data set, represented in XSAMS
(XML Schema for Atoms, Molecules and Solids) format.

0.112831E-19
0.273231E-18
0.153892E-17
0.284233E-17
0.166491E-17
0.208600E-19

0.125072E:
0.253852E
0.119256E-17
0.405165E-17
0.687713E-17

0.175930E-19
0.352807E-18
0.173497E-17
0.285151E-17
0.141913E-17
0.130658E-20
0.155309E-17
0.366488
0.319721
0.101873
0.110319E-19
0.145768F-17
0.439694E-17
0.712740E-17
0.854187E-17
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