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This document is intended to define the particulars of the workshopisgibns. In the sections
below we will define the case problems, the comparison quantittech we require and the
detailed format of the data files that we will be expecting. ddse problems are of two types:
steady-state and time-dependent. These problems are completebdd®sf a specification of
the electron temperature andelectron density. For the time-dependent cases these quantities are
provided as a time history. With the large number of case studiodsded in these two
categories we have avoided additional variations on the general pilobEem, i.e., we strongly
suggest that there be no consideration of plasma non-uniformity, boundang, effebeavy-
particle interactions.

An http server will be set up shortly to serve our needs for éimd an email containing the
relevant details will be distributed among the potential ppditis. The submission files are to
be uploaded to the servet p. ni st . gov, directory/ i ncom ng. Please use an anonymous
login. The uploaded files are not shown in the directory list althoughatesthere. To reduce
the server load and accelerate upload, it would be most convenikatabntributor(s) created
an archive file containing all the individual result files. SudBitns employing any modern data
compression techniques (e.gi,p/ gzi p/ bzi p2/ arj /| hal/ rar) along with the Unix ar
archiving utility will be accepted. Also, please inform Yuri Redoko (email:
yuri.ral chenko@i st. gov) when new files are uploaded. An example submission file
will be provided on the http server for comparisons.

Timeline:

Early July — web server is set up
October 15 — submission deadline
December 12 — workshop opens
December 16 — workshop adjourns

el



.  STATEMENT OF STEADY-STATE CASES

We have selected a number of atoms to consider, and for each atam® reguesting results on
a grid of electron temperatures and electron densities. In theviiod, temperatures are given in
eV and particle densities in ¢n

The following problems have been established for the steady-state cases:

Total # of

Points Parameter # of Points

Element | Case ID

Detailed NLTE case (proposed at NLTE-3); compariaih the benchmark theoretical results

Carbon C 16 Te 3,5,7,10 4
Ne 10", 10", 10", 10% 4
The same case (almost) as in NLTE-3; non-Maxwelli@st the progress since NLTE-3
Argon Ar 24 Te 50, 100, 300, 600 4
Ne 10", 10°, 10 3

T, 10° (10 keV)
% of T, in N 0 and 10% 2
Astrophysical photoionization case; Planckian rtoliafield
Iron Fe 25 Te 15, 30, 60, 150, 300 5

Ne 10’ 1
Trad 15, 50 2
Uy 0,0.1, 10 3

10-1000 eVAE =1 eV (for T= 30

=RECHHI and 150 eV only) 991
EUV lithography; includes optically thick case; spam emission; exp. data available
Tin Sn 50 Te 20, 25, 30, 35, 40 5
Ne 10", 5x10%, 10'°, 5x10°, 10* 5
Opacity r=0and0.1mm;L =5 2

Spectrum 100-180A, AL =0.02A 4001

Spectrum for N= 5x1G% only

Radiation power loss case
10, 20, 50, 100, 200, 500, 100C

Xenon Xe 27 Te 2000, 5000 9
Ne 10" 10%, 107 3
Comparison with experimental data; Planckian raaliafield
Gold Au 48 Te 400, 870, 1400, 2000, 2500, 50( 6
Ne 3x10°, 107, 3x10%, 10° 4
Trad 0,175 2
Spectrum 2.8-4.4A, AL =0.001A 1601

Table |. Steady-state case definitions.



The grid of plasma temperatures and densities is given in Tdblour calculation requires an
ion temperature, then you should assume it is identical to the electron temgerat

Each calculation will be referenced by a case name, whichbis ¢gpven in the submission data
file (as described further below). The case name is condrigteappending a suffix to the
Case_ID shown in the preceding talete that the rules for suffix generation are different from

the previous workshops. The suffix consists of two or more digits corresponding to the order of
parameters in Table |. Correspondingly, the Carbon case with6TeV and N= 10" cm* will

be referred to a€24: 5 eV is the second temperature in the list gfafid 16° cm?® is the fourth
density. For théAr case, the third digit in the case name is 1 for 0% of hot etectind 2 for
10% of hot electrons. Another example: for Breephotoionization, the case of ¥ 15 eV, Taq

=50 eV, and W= 10, will be referred to asel1123. Finally, for theSn cases the third digit in
the case name will kkor 2 for r = 0 or 0.1 mm, respectively.

In case of argon calculations, 10% of the hot electrons means 10%tofahelectron density
given by N. Thus, for instance, for &\ 10" cmi® the density of hot electrons would be" 16

while the density of the bulk thermal electrons would be §df*. The hot electrons are to
be presented as a second Maxwellian with the temperature of 10,000 eV (10 keV).

In theFe photoionization case representing a new type of problems in this series of meleéings
intensity of Planckian radiation field is characterized by dimensionless parameter Ut is
defined by the following relation:

where I is the flux of photons (in photons/éfs) above 100 eV. Obviously, the ratig/€is just
the density of photons withvl» 100 eV. Perhaps a parameter, representing flpkatons of all
energies rather than only b 100 eV, would look more attractive to those vane less familiar
with astrophysical photoionization calculations;t y@e decided to follow the standard
terminology.

The Sn case includes optically thick plasma cases reptedeby a uniform cylinder of radius

0.1 mm and length 0.5 mm. The spectrum (energy feommit area per unit time per unit
wavelength) is requested for two directions, r&djal and axial (see Fig. 1).

r=20.1 mmw

” spectrum?

> .
# L=05mm
spectruml

Fig 1. Schematics of spectra calculation for the&se.



The quantities to be computed for each case arerided below. Thd-e, Sn, and Au cases
additionally requirecal culation of emission spectra.

In all the above cases, the calculations are tedbeed in steady-state, at the specified electron
densities and temperatures. For the cases with9@h€ radiation field should be zero — only
spontaneous radiative decays and radiative recatidmshall be included — while for the

and Au cases we request the photoinduced processes (phiatdion, photoexcitation,
stimulated emission, etc.) to be added as well.

For both steady-state and time-dependent casessubmissions file should be named as
<case>.<contributor_name>.<code_name>so that Dr. A. Einstein’s calculations for one of
the hot-electron cases in Argon with his code GTQ#ould be in the file
ar212. ei nst ei n. gt oe (case insensitive).

JUSTIFICATIONS OF THE STEADY-STATE CASES
C

This simple system showed noticeable differencHlakE-3, thus we would like to explore in
detail the region where non-LTE behavior is mosihnent. It was also decided at NLTE-3 that
carbon would serve as a benchmark case with a “leteimgenerated model. The LANL group

is to produce very detailed results based on finegire level calculations that should greatly
facilitate comparisons.

Ar

Argon represents the only case with non-Maxwel&gttrons. We added one lower temperature
and removed one high temperature. The primaryiglegacompare progress since NLTE-3.

Fe

The iron case is derived from photoionized astrepial plasmas. We hope it would not only
help bring aboard more participants from astropts/fiut also test codes originally developed
for high-density plasmas in low-density conditions.

Sn

This case is motivated by the development of EUMraes for lithography. Although there are
experimental data for both lower and upper derssitie will mainly concentrate on the former.
Spectra synthesis is requested only for one datd where experimental data is available. Also
this case includes optically thick plasma calcoladi

Xe



Here we ask for a new parameter to be calculated,radiative power losses. In addition, as
xenon is used in numerous, diverse plasma devidesbeneficial to study its kinetics over a
large range of temperatures and densities.

Au

The Au cases were the most controversial at NLTEl@eover, there are strong experimental
efforts to study non-LTE kinetics of Au plasmas. Wil compare theoretical results with the
recently measured data.



I. STATEMENT OF TIME-DEPENDENT CASES

Unlike previous Workshops, the time-dependent sitiorhs (three cases) are restricted to one
element only, i.e., Argon. The.&nd N histories are chosen to have as many interestaugifes
revealed as possible, and are not related to articydar experiment. The electron temperature
history is the same for all cases, while the dgnairies significantly, from 18 cm?® (TD-Ar1)

to almost 1&° cm* (TD-Ar3).

For all time-dependent cases the time grid is hirfez#al of 100 steps) starting from t = 0. The
exact time grids as well as the electron tempegaturd density histories for each case are
provided in the Appendix. The calculated data fibiparameters, with the exception of levels,
are to be provided at each time step. The level dat to be produced at every'Xlep (e.g., for
TD-Ar2, att=10¥s, t = 2x10s, ..., t = 10 s).

The plots of electron temperature and densityinge ire shown in Fig. 1, and the time histories
are given in the Appendix. At time t = 0, all pogtihn is in the ground state of Ar Il in all cases.

Case Initial Condition # Output Times OutputA Stop Time
TD-Arl  Arll ground state 101 10s 10 s
TD-Ar2  Arll ground state 101 18 s 10°s
TD-Ar3  Ar Il ground state 101 1's 102s

Table Il. Summary of parameters for time-dependatdulations.
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Fig 2. Time history of plasma parameters forTieAr cases.



[ll. SUBMISSION FILE DESCRIPTION

We are asking for a fairly large amount of inforroat To simplify the specification for the
contributors we have adopted a keyword approachinvihe submissions file. In this approach,
all quantities are space delimited. In Section \¢, gie a schematic of the file format. For
clarity we will use theour i er font to indicate the keywordghe actual submissions should be
unformatted plain ASCII text). The user-suppliedadhat are problem-dependent are indicated
by a bold-face parameter name in brackets (e.gpop_frac>). We anticipate that not all
information will be provided by every user. Howegveince the information is space delimited,
and not fixed in a particular column, theome value must be given for each field. The best
default value is to put a zero. The longer recosdsh as theon andel ev lines, may continue
over several lines at the contributor’s discreti@o not break a line in the middle of a keyword
or a number. Blank lines may be used anywhere mithe file to make the text more readable.
While some of the names we use suggest integertitjean please use decimal values if
appropriate to your calculation. For floating pomimbers arell. 4 format is generally
adequate although for level energies a high acguray be necessary. The exact definitions of
the quantities requested, including units, arergineSection V.

The submissions file is structured in 5 sectiorfsesE sections are identified by keywords. In
some cases, an integer follows the section keyworihdicate the number of records which
follow for that section. Some codes will not beeahb provide information for every section.
Thus, an entire section may be omitted. If all infation is provided, then there will be a certain
amount of redundancy. This redundancy is intentiand has at least two uses. First, it can be
used to detect errors in the file formatting. Setoi is often possible to compute overall
guantities more accurately internal to the kinetiode than by post-processing the results.

Theinitial section provides general problem identification informatidhis section begins with
the keyworddat a.

The sections 2-4 constitute a set of output data that is to be ga#ed at each time step for the
time-dependent problems. Naturally, only one susthsbould be produced for the steady-state
cases.

The second section gives overall quantities describing the plasmautetpn and energy
distribution. This section is signaled by the keysvsunmary_quantiti es. Note
there are no spaces in the keywords.

The third section gives information by ionization stage. This segtie signaled by the
keywordi on_st ages. Within this section, information for each ioniiat stage begins
with the keywordi on. As mentioned above, multiple lines may be usedesired (we
intentionally used multiple lines in the schemadfile listing below to improve its
readability). Important note: we us&lkound>, the number of bound electromgt the

ion stage charge, to label the ion stages.

The fourth section gives information by energy level (keywogher gy | evel s).
Since many codes employ some form of continuum tmgeand/or moving calculational
windows, we require that energy level definitiores grovided for every case. The shell
occupation numbers<¢ccK>, <occL> etc.) as defined for eadl ev record will be
used to compare codes for the cross-over from @delalike de-excitation regime to one
which is in Saha-Boltzmann equilibrium with the Ganoum.



Finally, the fifth section contains spectra intensities, either for a préschi
spectral range (steady-state) or for some spdiis (time-dependent).

A relational database tool will be used to man&gedata during the course of the workshop. To
simplify the data access, the database layoutpaithllel the file formats specified here.

If necessary, extra clarifications regarding thdmsission format will be provided at the
Workshop’s web site.



IV. SUBMISSION FILE FORMAT

The text that follows is a schematic of a submissifile:

dat a
case
code
atom
calctine

<user comment... >
<case_id>
<name>

<name> <Znuc>
<CPU> <human>

summary_quantities

pl asma <Te> <Ne>

tinme <time>

zbar <zbar>

n2 <2nd central moment>

nB <3rd central moment>

ei nt <internal_energy>

dei nt dt <dEjn/dT &>

pfn <partition_fn>

nmax_ef f <n_value>

pl oss <Ppp> <Py> <P¢> <Pota™>

i on_st ages <count>

ion <Nbound> <pop_frac> <nouter>
<S> < Scoll> < Sphoto> <f Sauto>
<Otot> <f_acoll> <f_aphoto> <f_dauto>

ion <Nbound> <pop_frac> <nouter>
<So> <K Scoll> < Sphoto> <f Sauto>
<Otot> < Ocol> < dphoto> <f aauto>

energy_l evel s <count>

el ev <Nbound> <levell> <stwt> <energy> <population>

<[tot> <f [collBB> <f [photoBB> <f [collBF> <f [photoBF> <f [Mauto>
<occK> <occlL> <occM> <nouter>
el ev <Nbound> <levelN> <stwt> <energy> <population>

<[ tot>
<occK>

<f [collBB> <f_["photoBB> <f [ collBF>
<occlL> <occM> <nouter>

<f [photoBF> <f [Mauto>



summary_quantities

pl asma <Te> <Ne>
tinme <time>
i on_st ages <count>

energy_l evel s <count>

summary_quantities

pl asma <Te> <Ne>
time <time>
i on_st ages <count>

energy_|l evel s <count>

The energy levels are to be provided for all stestdje cases. As for the TD cases, the complete
data for energy levels are re%ueslmw at every 10" time step; for instance, for th&D-Ar2
case those are t = 1x192x10%...10° s,

Spectrum Output

For the cases where we request spectra, the dotpuat is different for thé&e case anén and
Au cases. The spectral information will be givenhis same text file, following the information
above. The Fe spectrum will be in the format:

spectrum Fe <count>

<energy1> <ppl> <gpil> <gxl> <giot1>
<energy2> <pp2> <gpi2> < 2> <g1o12>
<energyN> <ppN> <gpiN> <gN> < gptN>

where energyl = 10, energy2 = 20..., energy99106.10

For the Sn cases the output will be in a similamiat with wavelengths in place of energies:

spectrum Snl (or Sn2) <count>
<wavelengthl> €ppl> <gpel> <g1> <gior1>
<wavelength2> €pp2> <gpi2> <gy2> <got2>

<wavelengthN> <€ppN> <gpN> <gxN> < gptN>



with wavelengths in Angstroms in place of energiesV, and the same for tifas case:

spectrum Au <count>

<wavelengthl> <€ppl> <gpsl> <ggl> <gorl>
<wavelength2> €pp2> <gpi2> <gy2> <got2>
<wavelengthN> <ppN> <gpN> <grN> < goiN>

The meaning of parametegss different for different cases and is discussedetail below.



V. DEFINITIONS OF REQUESTED QUANTITIES

Before proceeding to a detailed description of thquested quantities, we would like to
comment on the ion density. In absence of heaviigtarinteractions, the influence of ion
density would mostly be exposed through the iommapotential lowering. To provide a
(almost) unique description &f;, for all but theFe case the electron and ion densities are to be
related via the plasma neutrality condition, i.,= NJ/Z. For theFe astrophysical case, we
accept that the iron ion densityNs= 10°Ne, i.e.,Ni(Fe) = 16 cmi®,

In section 1, the identification section, the following quaigs are requested:

dat a Calculation identifier and user comment line. Cogninshould
be limited to this one line only and should includee
contributor’s name, institution, the version of #tmde, and the
date at which calculation was run. This can be liradale in
maintaining order in large number of submissions.

case All steady-state and time-dependent calculations have a
case identification of the forrAull, C24 or the like (see
Section 1). These identifiers are assigned in #éaien below
where the specific calculations are called out.

code An identifier for each contributor's code whichynize chosen
by the contributors. For convenience in post-prsices and
tabulation the names should not be excessively. [bhg names
will be used in all tables and graphs of compasgs@nd must
be the same from case to case.

atom Identifies the atom under study. The fiekhame> is a
convenience for the contributor. In many casegutations are
driven by atomic data found in a file. The fd@ame>may be
used to specify that name. The fietdnuc> is the nuclear
charge of the atom.

calctine Provides information on the CPU time (computeryl datal
time (human) spent on calculation of this particalase.

As has already been explained above, the groupeofiogs summary quantiti es,
i on_stages and energy_| evel s (on every 18 step) repeats for each time step for the
time-dependent cases.

In section 2, thesunmmar y_quant i ti es section, the following items are requested:

pl asma This record specifies the plasma conditions usdHis calculation.
The electron temperature is in units of eV. Thetetn density is
in units of cm3. For time-dependent cases bothafid N. may be

arbitrary.

time The output time for time-dependent cases or anyitvalue (e.g.,
zero) for steady-state cases.

zbar The average charge of the plasma.

n2 The second central moment of the charge statebdison.



nB3 The third central moment of the charge stateidigiion.

ei nt The specific internal energy of the atom.
dei nt dt The "specific heat" of the atom.
pfn The "partition function” of the atom.

nmax_eff For this calculation, the principal quantum numbefr the
outermost electron in any bound state. We willilerested in
sensitivity of comparison quantities to the highbstund states
accounted for by the model. This quantity will als® used as a
measure of continuum lowering.

pl oss The radiative power losses: bound-bound, bounel-ffeee-free,
and total. Units: erg/sec/ém

Thecentral momentsare defined as:
—1\N
my :Zyj(qj _Z) ;
i

wherey; is the fractional population of ion stage g is the ion charge, arZis the average
charge.

The specific internal energyis the sum of level populations;, multiplied by their energy
value,E;, divided by the total ion density:

E.n.
Ein = #_
TN

The energy reference is the ground state of thealeatom. We recognize that a kinetics model
may not include all ionization stages of the atothe-ground state of the most neutral ion is the
most reasonable substitute. For intercomparistis quantity will likely need zero point shifts.
Units are eV/atom.

The specific heatis the derivative with respect to electron temperof the specific internal
energy of the atom. Units are eV/atom/eV. If conapuby finite difference, the step size is to be
chosen by the contributor.

Thepatrtition function is defined as the classical partition function:
Q=> g, exp(— E, /Te) :
j

whereg; is the statistical weight of levglandE; is the energy of the level, with respect to the
ground state of the most neutral ion.

The power lossoutput isgenerally requested only for Xe, but it would be welcome dbher
cases too. The total power loss is the most impbdaantity, so that if one has difficulties
separating different contributions, then it wouldifise to have zeros in fields other thaRiy>.



Note that many of the "thermodynamic" quantities artentionally sensitive to continuum
lowering models. Quantities possibly affected amng>, <deintdt>, and <fn>. If your
continuum lowering model alters the energy levelstatistical weights, please include these
effects in the appropriate "thermodynamic" quagiti

High-lying bound states can be included in the pejian kinetics in a variety of ways. The field
nmax_ef f is intended to give information on the highesttybound state, which is affecting
the calculation of the populations. It is thus'affective” principal quantum number. If a code
includes a level, which accounts for more than en&lue, then for this field we recommend
giving thelargest value that is being modeled.

In section 3, thei on_st ages section, the following quantities are requested:

<Nbound> The number of bound electrons in this ionizatitags.

<pop_frac> The fraction of atoms in this ionization stage.nSwver all ions should
benormalized to unity.

<nouter> The principal quantum number of the outermosttadacfor any state in this ion
stage.

<Sot> The total ionization rate out of this ion stagegraged over all initial states in this
ion stage (weighted by the fractional populatiorfstiee initial states), and
summed over all final states. This quantity igHar summed over all ionization
processes.

<f Seor> The fractional contribution of electron collisidmanization processes tdSg:>.

<f Speto>  The fractional contribution of photo-ionizatioropesses t&o:>.

<f Sue> The fractional contribution of auto-ionization pesses to Sr>.

<Qlior> The total recombination rate out of this ion stameeraged over all initial states
in this ion stage (weighted by the fractional pepioins of the initial states), and
summed over all final states. This quantity istHar summed over all
recombination processes.

<f Ocor> The fractional contribution of three-body recomltioa to the total €.
<f_Oproo>  The fractional contribution of radiative-recomiioa to the total €.
<f Olayto> The fractional contribution of dielectronic cayrocesses to the totallg:>.

We note that the total ionization and recombinaties are rates, and not rate coefficients. Itis
also important to be precise about the directiothe$e total rates. Sg> is the total rateut of

the indicated ion. SimilarlysQ¢> is the total rate out of the indicated ion, trginto the less
ionized ion.

The definitions oS, and . are best clarified through an example. Considéree-ion stage
problem consisting of levels in Li-like, He-liken@ H-like ions. For the He-like iorg: is the
sum of all ionization ratesut of He-like, weighted by the appropriate He-liketial state
populations, and summed over all final states enHhKlike ion. The averaging over initial states

is completed by dividing the above sum by the tptgulation of the He-like iorQ for the

He-like ion is the sum of all recombination rates of He-like, weighted by the appropriate He-
like initial state populations, and summed overfialhl states in the Li-like ion. The averaging
over initial states is completed by dividing theoa® sum by the total population of the He-like



ion. With these definitions, we can define a daboization rate equations. In the case of the
He-like ion, we write:

dn(He) _ o

i = Ta(Hn(H)~[a (He) + Sy (He)ln(He) + S (Lin(Li).

Our primary interest is the collisional radiativedeling of highly-charged ions and so we have
not requested detailed information for contribusiciue to other processes, such as charge-

exchange and heavy ion collisions. Unitx8f> and<Otot> are 1/sec.

In section 4, theener gy_| evel s section, the following quantities are requested:

<Nbound> Identifies the ionization stage to which this gyelevel belongs. As always,
this quantity is the number of bound electronsmlevel.
<level> A sequential level number within this ionizatiadlage. This index begins at 1

within each ionization stage for use as a labemdel comparisons. The
ground state of each ion stage will be identifigddrating the state of lowest
energy within the ion stage.

<stwt> The statistical weight of this energy level.

<energy> The energy of the level relative to the overalldelo lonization potentials will
be obtained by subtraction of successive groung &@ergies. Units are in
eV. The overall energy reference is the grouncesththe most neutral ion in

the problem.

<population> Thenormalized ion density of this level.Sum of all level populations over all
ionsis unity.

<l o> The total destruction rate of this level. This is the abs®lvalue of the

corresponding term in the rate matrix diagonalit®Jare 1/sec.

<f T cols> The fractional contribution of electron collision excitation/dgegation
processes tal or>.

<f [prooss>  Thefractional contribution of bound-bound radiation processesltmt>.

<f [ coisr> The fractional contribution of electron collision ionization-renbination
processes tal tot>.

<f_rph0toB|:> Thefractional contribution of photo-ionization-recombination<btot>.

<f_rauto> The fractional contribution of auto-ionization/dielectronic recbimation
processes tal tot>.
<occK> Occupation number: for this energy level, the hamof electrons in the K

shell. Users of configuration interaction codeglmiwish to use the dominant
configuration to assign this value.

<occlL> The number of electrons in the L shell.

<nouter> The principal quantum number of the outermosttededn that energy level.



The shell occupation numbersogccK>, <occL>, etc.) could be variable in number for each
code, plasma condition, and energy level. Continitsuare not constrained on this point: they
may specify as many shells as necessary, and esanglto their calculational approach. The
final entry for this energy level record shouldthe principal quantum number of the outermost
electron in that level. In the case of highly-éedilevels, the shell occupation numbers may be
simplified by only specifying the core Nbound>-1, electrons. In this case the fieldouter>

will be used to set the location of the remainitecon. We will be using the values given in
this section to compute some of the quantitiesrgimesection 2 for consistency checks.

In section 5, thespect r umsection, the data requested and the format vaylytisi for different
cases and are summarized below:

Fe
X-axis: energy (in eV),
emissivity units: erg/crfsec/eV,

Au
X-axis: wavelength (in A),
emissivity units: erg/ctfisec/A;

Sn
X-axis: wavelength (in A),
emissivity units: erg/chisec/A;

As one can see, emissivity fbe andAu is requesteger unit volume while for theSn case it is
requestecper unit area. The required data are bound-boursd,>, free-bound<eq,>, free-free
<gg> and total <go> emissivities. The field eount> specifies the number of
(energy/wavel engths, emissivities) rows which follow.

Please note also that for tBa case, we ask fdwo spectra that are distinguished by adding 1 or
2 next to “Sn” for the radial and axial spectrapectively.

Finally, the line broadening should be natural+DOepfor all optically thin cases.



APPENDIX. TIME HISTORIES FOR TIME-DEPENDENT CASES

TD-Arl

Time (s) INGY)) Ne (cm™)

0.0E+00 10.00 1.0E+11
1.0E-03 21.04 3.0E+11
2.0E-03 34.66 5.0E+11
3.0E-03 50.29 7.0E+11
4.0E-03 67.97 9.0E+11
5.0E-03 89.48 1.1E+12
6.0E-03 115.24 1.3E+12
7.0E-03 142.56 1.5E+12
8.0E-03 170.26 1.7E+12
9.0E-03 200.29 1.9E+12
1.0E-02 228.10 2.1E+12
1.1E-02 240.28 2.3E+12
1.2E-02 235.33 2.5E+12
1.3E-02 221.61 2.7E+12
1.4E-02 205.51 2.9E+12
1.5E-02 186.96 3.1E+12
1.6E-02 168.89 3.3E+12
1.7E-02 154.48 3.5E+12
1.8E-02 142.23 3.7E+12
1.9E-02 130.48 3.9E+12
2.0E-02 119.31 4.1E+12
2.1E-02 108.83 4.3E+12
2.2E-02 99.25 4.5E+12
2.3E-02 90.49 4.7E+12
2.4E-02 82.45 4.9E+12
2.5E-02 75.01 5.1E+12
2.6E-02 71.45 5.3E+12
2.7E-02 72.87 5.5E+12
2.8E-02 76.45 5.7E+12
2.9E-02 85.67 5.9E+12
3.0E-02 111.30 6.1E+12
3.1E-02 154.21 6.3E+12
3.2E-02 205.84 6.5E+12

3.3E-02 263.00 6.7E+12



Time (s) T. (eV) Ne (cm™)

3.4E-02 319.16 6.9E+12
3.5E-02 368.26 7.1E+12
3.6E-02 410.12 7.3E+12
3.7E-02 442.76 7.5E+12
3.8E-02 461.75 7.7E+12
3.9E-02 471.37 7.9E+12
4.0E-02 475.60 8.1E+12
4.1E-02 473.70 8.3E+12
4.2E-02 467.50 8.5E+12
4.3E-02 458.18 8.7E+12
4.4E-02 443.36 8.9E+12
4.5E-02 417.54 9.1E+12
4.6E-02 383.82 9.3E+12
4.7E-02 346.80 9.5E+12
4.8E-02 308.39 9.7E+12
4.9E-02 267.20 9.9E+12
5.0E-02 225.76 1.0E+13
5.1E-02 188.47 1.1E+13
5.2E-02 163.10 1.2E+13
5.3E-02 148.45 1.3E+13
5.4E-02 139.00 1.4E+13
5.5E-02 133.19 1.5E+13
5.6E-02 129.90 1.6E+13
5.7E-02 129.81 1.7E+13
5.8E-02 136.82 1.8E+13
5.9E-02 150.42 1.9E+13
6.0E-02 171.37 2.0E+13
6.1E-02 201.66 2.1E+13
6.2E-02 239.88 2.2E+13
6.3E-02 284.73 2.3E+13
6.4E-02 317.78 2.4E+13
6.5E-02 325.09 2.5E+13
6.6E-02 324.15 2.6E+13
6.7E-02 320.14 2.7E+13
6.8E-02 307.63 2.8E+13
6.9E-02 291.27 2.9E+13
7.0E-02 274.23 3.0E+13

7.1E-02 256.34 3.1E+13



Time (s) T. (eV) Ne (cm™)

7.2E-02 237.60 3.2E+13
7.3E-02 219.09 3.3E+13
7.4E-02 201.97 3.4E+13
7.5E-02 186.91 3.5E+13
7.6E-02 173.62 3.6E+13
7.7E-02 161.68 3.7E+13
7.8E-02 150.69 3.8E+13
7.9E-02 140.23 3.9E+13
8.0E-02 129.94 4.0E+13
8.1E-02 119.82 4.1E+13
8.2E-02 110.01 4.2E+13
8.3E-02 100.61 4.3E+13
8.4E-02 91.76 4.4E+13
8.5E-02 83.59 4.5E+13
8.6E-02 76.20 4.6E+13
8.7E-02 69.61 4.7E+13
8.8E-02 63.37 4.8E+13
8.9E-02 57.42 4.9E+13
9.0E-02 51.76 5.0E+13
9.1E-02 46.38 5.1E+13
9.2E-02 41.28 5.2E+13
9.3E-02 36.45 5.3E+13
9.4E-02 31.89 5.4E+13
9.5E-02 27.59 5.5E+13
9.6E-02 23.53 5.6E+13
9.7E-02 19.66 5.7E+13
9.8E-02 16.06 5.8E+13
9.9E-02 12.81 5.9E+13
1.0E-01 10.00 6.0E+13

TD-Ar2
Time (s) INGY)) Ne (cm™)
0.0E+00 10.00 1.0E+18
1.0E-11 21.04 3.0E+18

2.0E-11 34.66 5.0E+18



Time (s) T. (eV) Ne (cm™)

3.0E-11 50.29 7.0E+18
4.0E-11 67.97 9.0E+18
5.0E-11 89.48 1.1E+19
6.0E-11 115.24 1.3E+19
7.0E-11 142.56 1.5E+19
8.0E-11 170.26 1.7E+19
9.0E-11 200.29 1.9E+19
1.0E-10 228.10 2.1E+19
1.1E-10 240.28 2.3E+19
1.2E-10 235.33 2.5E+19
1.3E-10 221.61 2.7E+19
1.4E-10 205.51 2.9E+19
1.5E-10 186.96 3.1E+19
1.6E-10 168.89 3.3E+19
1.7E-10 154.48 3.5E+19
1.8E-10 142.23 3.7E+19
1.9E-10 130.48 3.9E+19
2.0E-10 119.31 4.1E+19
2.1E-10 108.83 4.3E+19
2.2E-10 99.25 4.5E+19
2.3E-10 90.49 4.7E+19
2.4E-10 82.45 4.9E+19
2.5E-10 75.01 5.1E+19
2.6E-10 71.45 5.3E+19
2.7E-10 72.87 5.5E+19
2.8E-10 76.45 5.7E+19
2.9E-10 85.67 5.9E+19
3.0E-10 111.30 6.1E+19
3.1E-10 154.21 6.3E+19
3.2E-10 205.84 6.5E+19
3.3E-10 263.00 6.7E+19
3.4E-10 319.16 6.9E+19
3.5E-10 368.26 7.1E+19
3.6E-10 410.12 7.3E+19
3.7E-10 442.76 7.5E+19
3.8E-10 461.75 7.7E+19
3.9E-10 471.37 7.9E+19

4.0E-10 475.60 8.1E+19



Time (s) T. (eV) Ne (cm™)

4.1E-10 473.70 8.3E+19
4.2E-10 467.50 8.5E+19
4.3E-10 458.18 8.7E+19
4.4E-10 443.36 8.9E+19
4.5E-10 417.54 9.1E+19
4.6E-10 383.82 9.3E+19
4.7E-10 346.80 9.5E+19
4.8E-10 308.39 9.7E+19
4.9E-10 267.20 9.9E+19
5.0E-10 225.76 1.0E+20
5.1E-10 188.47 1.1E+20
5.2E-10 163.10 1.2E+20
5.3E-10 148.45 1.3E+20
5.4E-10 139.00 1.4E+20
5.5E-10 133.19 1.5E+20
5.6E-10 129.90 1.6E+20
5.7E-10 129.81 1.7E+20
5.8E-10 136.82 1.8E+20
5.9E-10 150.42 1.9E+20
6.0E-10 171.37 2.0E+20
6.1E-10 201.66 2.1E+20
6.2E-10 239.88 2.2E+20
6.3E-10 284.73 2.3E+20
6.4E-10 317.78 2.4E+20
6.5E-10 325.09 2.5E+20
6.6E-10 324.15 2.6E+20
6.7E-10 320.14 2.7E+20
6.8E-10 307.63 2.8E+20
6.9E-10 291.27 2.9E+20
7.0E-10 274.23 3.0E+20
7.1E-10 256.34 3.1E+20
7.2E-10 237.60 3.2E+20
7.3E-10 219.09 3.3E+20
7.4E-10 201.97 3.4E+20
7.5E-10 186.91 3.5E+20
7.6E-10 173.62 3.6E+20
7.7E-10 161.68 3.7E+20

7.8E-10 150.69 3.8E+20



Time (s) T. (eV) Ne (cm™)

7.9E-10 140.23 3.9E+20
8.0E-10 129.94 4.0E+20
8.1E-10 119.82 4.1E+20
8.2E-10 110.01 4.2E+20
8.3E-10 100.61 4.3E+20
8.4E-10 91.76 4.4E+20
8.5E-10 83.59 4.5E+20
8.6E-10 76.20 4.6E+20
8.7E-10 69.61 4.7E+20
8.8E-10 63.37 4.8E+20
8.9E-10 57.42 4.9E+20
9.0E-10 51.76 5.0E+20
9.1E-10 46.38 5.1E+20
9.2E-10 41.28 5.2E+20
9.3E-10 36.45 5.3E+20
9.4E-10 31.89 5.4E+20
9.5E-10 27.59 5.5E+20
9.6E-10 23.53 5.6E+20
9.7E-10 19.66 5.7E+20
9.8E-10 16.06 5.8E+20
9.9E-10 12.81 5.9E+20
1.0E-01 10.00 6.0E+20

TD-Ar3
Time (s) INGY)) Ne (cm™)
0.0E+00 10.00 1.0E+22
1.0E-15 21.04 3.0E+22
2.0E-15 34.66 5.0E+22
3.0E-15 50.29 7.0E+22
4.0E-15 67.97 9.0E+22
5.0E-15 89.48 1.1E+23
6.0E-15 115.24 1.3E4+23
7.0E-15 142.56 1.5E+23
8.0E-15 170.26 1.7E+23
9.0E-15 200.29 1.9E+23

1.0E-14 228.10 2.1E+23



Time (s) T. (eV) Ne (cm™)

1.1E-14 240.28 2.3E+23
1.2E-14 235.33 2.5E+23
1.3E-14 221.61 2.7E+23
1.4E-14 205.51 2.9E+23
1.5E-14 186.96 3.1E+23
1.6E-14 168.89 3.3E+23
1.7E-14 154.48 3.5E+23
1.8E-14 142.23 3.7E+23
1.9E-14 130.48 3.9E+23
2.0E-14 119.31 4.1E+23
2.1E-14 108.83 4.3E+23
2.2E-14 99.25 4.5E+23
2.3E-14 90.49 4.7E+23
2.4E-14 82.45 4.9E+23
2.5E-14 75.01 5.1E+23
2.6E-14 71.45 5.3E+23
2.7E-14 72.87 5.5E+23
2.8E-14 76.45 5.7E+23
2.9E-14 85.67 5.9E+23
3.0E-14 111.30 6.1E+23
3.1E-14 154.21 6.3E+23
3.2E-14 205.84 6.5E+23
3.3E-14 263.00 6.7E+23
3.4E-14 319.16 6.9E+23
3.5E-14 368.26 7.1E+23
3.6E-14 410.12 7.3E+23
3.7E-14 442.76 7.5E+23
3.8E-14 461.75 7.7E+23
3.9E-14 471.37 7.9E+23
4.0E-14 475.60 8.1E+23
4.1E-14 473.70 8.3E+23
4.2E-14 467.50 8.5E+23
4.3E-14 458.18 8.7E+23
4.4E-14 443.36 8.9E+23
4.5E-14 417.54 9.1E+23
4.6E-14 383.82 9.3E+23
4.7E-14 346.80 9.5E+23

4.8E-14 308.39 9.7E+23



Time (s) T. (eV) Ne (cm™)

4.9E-14 267.20 9.9E+23
5.0E-14 225.76 1.0E+24
5.1E-14 188.47 1.1E+24
5.2E-14 163.10 1.2E+24
5.3E-14 148.45 1.3E+24
5.4E-14 139.00 1.4E+24
5.5E-14 133.19 1.5E+24
5.6E-14 129.90 1.6E+24
5.7E-14 129.81 1.7E+24
5.8E-14 136.82 1.8E+24
5.9E-14 150.42 1.9E+24
6.0E-14 171.37 2.0E+24
6.1E-14 201.66 2.1E+24
6.2E-14 239.88 2.2E+24
6.3E-14 284.73 2.3E+24
6.4E-14 317.78 2.4E+24
6.5E-14 325.09 2.5E+24
6.6E-14 324.15 2.6E+24
6.7E-14 320.14 2.7E+24
6.8E-14 307.63 2.8E+24
6.9E-14 291.27 2.9E+24
7.0E-14 274.23 3.0E+24
7.1E-14 256.34 3.1E+24
7.2E-14 237.60 3.2E+24
7.3E-14 219.09 3.3E+24
7.4E-14 201.97 3.4E+24
7.5E-14 186.91 3.5E+24
7.6E-14 173.62 3.6E+24
7.7E-14 161.68 3.7E+24
7.8E-14 150.69 3.8E+24
7.9E-14 140.23 3.9E+24
8.0E-14 129.94 4.0E+24
8.1E-14 119.82 4.1E+24
8.2E-14 110.01 4.2E+24
8.3E-14 100.61 4.3E+24
8.4E-14 91.76 4.4E+24
8.5E-14 83.59 4.5E+24

8.6E-14 76.20 4.6E+24



Time (s) T. (eV) Ne (cm™)

8.7E-14 69.61 4.7E+24
8.8E-14 63.37 4.8E+24
8.9E-14 57.42 4.9E+24
9.0E-14 51.76 5.0E+24
9.1E-14 46.38 5.1E+24
9.2E-14 41.28 5.2E+24
9.3E-14 36.45 5.3E+24
9.4E-14 31.89 5.4E+24
9.5E-14 27.59 5.5E+24
9.6E-14 23.53 5.6E+24
9.7E-14 19.66 5.7E+24
9.8E-14 16.06 5.8E+24
9.9E-14 12.81 5.9E+24

1.0E-13 10.00 6.0E+24



