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Submission of Calculations

This documentis intendedto definetheparticularsof theworkshopsubmissions.In thesections
below, we will define the caseproblems,the comparisonquantitieswhich we require,and the
detailedformatof thedatafiles which we will beexpecting.Thecaseproblemsareof two types:
steady-stateand time-dependent.Theseproblemsare completelydefinedby a specificationof
the electron temperature and electron or ion density. For the time-dependentcases,these
quantitiesareprovidedasa time history.With thelargenumberof casestudiesincludedin these
two categories,we haveavoidedadditionalvariationson the generalNLTE problem,i.e. we
specificallyrequestthat therebe no considerationof optical depth,radiativetransfer,or heavy-
particleinteractions.(The non-Maxwellianelectroneffects,however,areincludedin oneof the
cases.)  These interesting topics are best deferred to later meetings.

An ftp/http serverwill besetup earlysummer2003to serveour needsfor this workshop,andan
email containing the relevant details will be distributed among the potential participants.
Although the specific data transfermode is still underconsideration(ftp uploadingbeing the
primary candidate),it would be most convenientif the contributor createdan archive file
containing all the individual result files. Submissionsemploying such data compression
techniquesaszip/gzip/bzip2/arj/lha/rar alongwith the Unix tar archivingutility
will be accepted.PleasecontactYuri Ralchenko(email: yuri.ralchenko@nist.gov) if
othercompression/archivingoptionsarenecessary.An examplesubmissionfile will beprovided
on the ftp server for comparisons.

Timeline:

1. June  2003 – web server is set up
2. October 1 2002 – submission deadline
3. December 1 2003 – workshop opens 
4. December 5 2003 – workshop closes
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I. STATEMENT OF STEADY-STATE CASES

We haveselecteda numberof atomsto consider,andfor eachatomarerequestingresultson a
grid of electron temperaturesand electron or ion (for the Xe caseonly) densities. In the
following, temperatures are given in eV and particle densities in cm-3.  

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

Element Case
ID

Total #
of Points Parameter Grid # of

Points
Carbon C 7 Te 10, 15, 20, 30, 45, 60, 80 7

Ne 1022 1

Aluminum Al 14 Te 50, 70, 100, 150, 200, 400, 800 7

Ne 1020, 1022 2

Argon Ar 24 Te 100, 300, 600, 1000 4

Ne 1012, 1018, 1023 3

Thot 10 000 eV at 0% and 10% of Ne 2

Germanium Ge 12 Te 150, 250, 400, 600 4

Ne 1017, 1020, 3×1022 3

Germanium GeTr 11 Te 150, 250, 400, 600 4

Ne 3×1022 1

Trad Te/2, Te, 300 3

Xenon Xe 6 Te 200, 375, 415, 455, 600, 750 6

Ni (ion!) 4.75×1018 1

Spectrum 9−120 Å 2221

Gold Au 18 Te 750, 1500, 2500 3

Ne 1019,1020,1021,1022,1023,1024 6

Table I.  Steady-state case definitions. 

Thegrid of plasmatemperaturesanddensitiesis givenin TableI. If your calculationrequiresan
ion temperature, then you should assume it is identical to the electron temperature.

In caseof argoncalculations,10% of the hot electronsmeans10% of the total electrondensity
givenby Ne. Thus,for instance,for Ne = 1018 cm-3 thedensityof hot electronswould be1017 cm-3



while thedensityof thebulk thermalelectronswould be9×1017 cm-3. Thehot electronsareto be
presented as a second Maxwellian with the temperature of 10 000 eV.

Eachcalculationwill bereferencedby a casename,which is to begivenin thesubmissionsdata
file (as describedfurther below). The casenameis constructedby appendinga suffix to the
Case_IDshownin the precedingtable.The suffix consistsof a digit, a letter and, for Ar and
GeTr casesonly, a digit. The first digit identifies the problem temperature,while the letter
indicatesthe electrondensity.For the Ar case,the final digit is 1 for 0% of hot electronsand2
for 10%of hot electrons.For theGeTr case,thefinal digit is 1, 2 or 3 for Trad = Te/2, Te or 300,
respectively.Thus,thecasenameAl3b refersto the third temperatureandseconddensityof the
aluminum steady-stategrid, namely 100 eV and 1022 cm-3. The name GeTr4a2 refers to
germanium at Te = 600 eV, Ne = 3×1022 cm3, and Trad = Te. 

The quantitiesto be computedfor eachcaseare describedbelow. The Xe caseadditionally
requirescalculation of emission spectra. The emissivityof the xenonplasmais to be calculated
in the wavelength range of 9-120 Å1. 

In all the abovecases,the calculationsareto be solvedin steady-state,at the specifiedelectron
densitiesand temperatures.In all but the GeTr casesthe radiationfield shouldbe zero− only
spontaneousradiative decaysand radiative recombinationshall be included – while for the
GeTr casewe requestthe photoinducedprocesses(photoionization,photoexcitation,stimulated
emission, etc.) to be added as well.

For both steady-stateand time-dependentcasesthe submissionsfile should be named as
<case>.<contributor_name>.<code_name>, so that Dr. A. Einstein’scalculationsfor one of
the hot-electron cases in Argon with his code GTOE would be in the file
ar2c2.einstein.gtoe (case insensitive).

1 The published data cover the wavelength range of 9-16 Å.



5. JUSTIFICATIONS OF THE STEADY-STATE CASES

C

Sincethe NLTE-1 comparisonsfor carboncaseshaveshownquite a goodagreementfor lower
densitiesof 1016 and1020 cm-3, herewe would like to studythehighest-densitycasefor which the
codes produced the mostly divergent results.

Al

Aluminum casesfor NLTE-1 haveshoweda wide spreadfor temperaturesbelow200eV andall
densities. Correspondingly, the number of low-Te points is increased here.

Ar

For argon,a rathergood agreementfor found in NLTE-1, mostly sincethe high temperatures
shift theion distributiontowardsHe- andH-like ions.Herewe, first, addlower temperaturesand
second, ask for calculations with hot electrons.

Ge

To move the comparisonstoward higher atomic number we have attemptedto take cases
motivatedby experiment.Thuswe choosethis Ge (Z=32) steady-statecaseto provide further
informationon the sameTe andNe rangethat is usedin the TD-Ge casewhich wasmotivated
schematicallyby the transientcollisional laboratoryX-ray laserscheme.We havedonethis in
the hopesof a) reducingthe numberof kinetics models that needto be constructedand b)
providing further insight in the TD-Ge case.

GeTr

To testthevariousaspectsof thecodewith respectto radiationfields we havetakenthesimplest
form of the problem. That is, we imposea Planckianradiationfield at the specifiedradiation
temperature Trad.

Xe

This is the most“experiment-related”caseinspiredby the recentboth published(Phys.Rev.E
65, 046418, 2002) and yet unpublishedmeasurementsby C. Chenais-Popovicset al. The
measurementswere aimed “…at validating recent calculation techniquesfor the emission
propertiesof mediumand high-Z multichargedions in hot plasmas."The fundamentalplasma
parameters,such as electron temperature,electron density and averagecharge state, were
deducedfrom electronicand ionic Thomsonscatteringspectra,so that the calculatedspectra
could be directly compared to experimental data.

Au

Here we would like to explore the rapid changesin ion distribution which seemsto strongly
depend not only on Te but on Ne as well.



III. STATEMENT OF TIME-DEPENDENT CASES

Three simple cases have been defined by temperature and density histories:

TD-C Impurity transport in a reversed-field pinch.
TD-Ar Implosion of argon plasma in a capillary discharge.
TD-Ge Germanium X-ray laser plasma.

For all time-dependent cases the time grid is linear starting from t = 0. The exact time grids as
well as the electron temperature and density histories for each case are provided in the Appendix.
The calculated data are to be provided at each time step.

We would like to emphasize that although the proposed cases are motivated by some particular
experiments, the presented time histories are not necessarily identical to those determined in
various measurements. This was done intentionally in order to enhance some or to diminish other
physical processes taking place in the plasmas.

The TD-C case of the NLTE-1 was devoted to recombination of high-density plasma of carbon.
Here we propose a low-density case which is related to the reversed-field pinch experiment. The
impurity emission during its transport across the experimental device is widely used for
diagnostics of this type of plasma. The major process here is also recombination although at a
much lower density. The electron temperature and density are presented in Fig. 1. This
calculation should be carried out to t = 200 ms. The initial condition is that all the population is
in the bare ion. Output should be provided at t = 0 and thereafter at 40 uniformly spaced times
spanning the range 5 to 200 ms. The intensities of the Ly � and He � (W) and intercombination
(Y) lines in C V and C VI are requested as well. 

The TD-Ar case is inspired by the implosion of argon inside capillary discharge used in the
studies of the collisional X-ray laser. However, the Ne and Te are, correspondingly, lower and
higher than those in the X-ray laser capillaries. For this case all population at time t=0 is in the
ground state of Ar VI or, only if Ar VI is not included in the model, in the ground state of the
lowest-charge ion. The history of the electron temperature and density is presented in Fig. 2; the
calculation should be carried out to t = 50 ns.

In Figure 3 we show the time history of Te (left hand axis) and Ne (right hand axis) for the TD-
Ge case, which is motivated by the germanium X-ray laser experiments. This calculation should
be carried out to t = 1.975 ns, and the non-uniform time grid along with the corresponding values
of Te and Ne are presented in the Appendix.  The initial condition is LTE.  

Case Initial Condition # Output Times Output ∆ Stop Time
TD-C bare ion 41 5 ms 200 ms

TD-Ar Ar VI g.s. 51 1 ns 50 ns

TD-Ge LTE 83 variable 1.975 ns

Table III.  Summary of parameters for time-dependent calculations.
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Fig 1. Time history of plasma parameters for TD-C.
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Fig. 2. Time history of plasma parameters for TD-Ar.
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Fig. 3. Time history of plasma parameters for TD-Ge. 



IV. SUBMISSION FILE DESCRIPTION

We are asking for a fairly large amount of information by comparisonwith the opacity
workshops.To simplify the specification for the contributorswe have adopteda keyword
approachwithin the submissionsfile. In this approach,all quantitiesare spacedelimited. In
SectionV, we give a schematicof the file format. For clarity we will usethecourier font to
indicate the keywords (the actualsubmissionsshouldbe unformattedtext). The user-supplied
data which areproblem-dependentareindicatedby a bold-face parameternamein brackets(e.g.,
<pop_frac>). We anticipatethat not all informationwill be providedby everyuser. However,
sincethe information is spacedelimited,andnot fixed in a particularcolumn,thensome value
mustbegiven for eachfield. Thebestdefaultvalueis to put a zero.The longerrecords,suchas
theion andelev lines,maycontinueoverseverallinesat thecontributor’sdiscretion. Do not
breaka line in the middleof a keywordor a number.Blank linesmaybeusedanywherewithin
the file to make the text more readable.While some of the nameswe use suggestinteger
quantities,pleaseuse decimal values if appropriateto your calculation. For floating point
numbersan e11.4 format is generally adequate.The exact definitions of the quantities
requested, including units, are given in Section V.

The submissionsfile is structuredin 5 sections.Thesesectionsare identified by keywords.In
somecases,an integer follows the sectionkeyword to indicate the numberof recordswhich
follow for that section.Somecodeswill not be able to provide information for every section.
Thus,anentiresectionmaybeomitted.If all informationis provided,thentherewill bea certain
amountof redundancy.This redundancyis intentionalandhasat leasttwo uses.First, it canbe
used to detecterrors in the file formatting. Second,it is often possibleto computeoverall
quantities more accurately internal to the kinetics code than by post-processing the results. 

The initial section providesgeneralproblemidentificationinformation.This sectionbeginswith
the keyword data. 

Thesections 2-4 constitutea setof outputdatawhich is to begeneratedat eachtime stepfor the
time-dependentproblems.Naturally, only onesuchsetshouldbe producedfor the steady-state
cases.

The second section givesoverall quantitiesdescribingtheplasmapopulationandenergy
distribution. This sectionis signaledby the keyword summary_quantities. Note
there are no spaces in the keywords.

The third section gives informationby ionizationstage.This sectionis signaledby the
keyword ion_stages. Within this section, information for each ionization stage begins
with the keywordion. As mentionedabove,multiple lines may be usedif desired(we
intentionally used multiple lines in the schematicfile listing below to improve its
readability).Importantnote:we use<Nbound>, the numberof boundelectrons,not the
ion stage charge, to label the ion stages. 

The fourth section gives information by energy level (keyword energy_levels).
Sincemanycodesemploysomeform of continuumloweringand/ormovingcalculational
windows,we requirethat energylevel definitionsbe providedfor everycase.The shell
occupationnumbers(<occK>, <occL> etc.) as definedfor eachelev recordwill be
usedto comparecodesfor the cross-overfrom a ladder-likede-excitationregimeto one
which is in Saha-Boltzmann equilibrium with the continuum.



Finally, the fifth section contains spectraintensities,either for a prescribedspectral range
(steady-state) or for some specific lines (time-dependent).

A relationaldatabasetool will beusedto managethedataduringthecourseof theworkshop.To
simplify the data access, the database layout will parallel the file formats specified here.

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



V. SUBMISSION FILE FORMAT

The text that follows is a schematic of a submissions file:

data <user comment... >
case <case_id>
code <name>
atom <name>  <Znuc>

summary_quantities
plasma <Te>  <Ne> 
time <time>
zbar <zbar>
m2 <2nd central moment>
m3 <3rd central moment>
m4 <4th central moment>
eint <internal_energy>
deintdt <dEint/dTe>
pfn <partition_fn>
nmax_eff <n_value>

ion_stages  <count>
ion <Nbound> <pop_frac> <nouter> 

<Stot>  <f_Scoll> <f_Sphoto> <f_Sauto>

<αtot>  <f_αcoll> <f_αphoto> <f_αauto> 
...

ion <Nbound>  <pop_frac>  <nouter>
<Stot>  <f_Scoll> <f_Sphoto> <f_Sauto>

<αtot>  <f_αcoll> <f_αphoto> <f_αauto> 

energy_levels  <count>
elev <Nbound>  <level1>   <stwt>   <energy>   <population> 

<Γtot> <f_ΓcollBB> <f_ΓphotoBB> <f_ΓcollBF> <f_ΓphotoBF> <f_Γauto>
<occK> <occL> <occM>     ...  <nouter>

...

elev <Nbound> <levelN>   <stwt>   <energy>   <population> 
<Γtot> <f_ΓcollBB> <f_ΓphotoBB> <f_ΓcollBF> <f_ΓphotoBF> <f_Γauto>
<occK> <occL> <occM>     ...  <nouter>

…
…

summary_quantities
plasma <Te>  <Ne> 



time <time>
…

ion_stages  <count>
…

energy_levels  <count>
…

summary_quantities
plasma <Te>  <Ne> 
time <time>
…

ion_stages  <count>
…

energy_levels  <count>
…

For the cases where we request spectra, the output format is different for Xe and TD-C cases.
The spectral information will be given in this same text file, following the information above.
The Xe spectrum will be in the format:

spectrum  Xe  <count>
<wavelength1> < �

bb1> < �
bf1> < �

ff1> < �
tot1>

<wavelength2> < �
bb2> < �

bf2> < �
ff2> < �

tot2>
...
<wavelengthN> < �

bbN> < �
bfN> < �

ffN> < �
totN>

The TD-C spectrum will be in the format:

spectrum  TD-C  <count>
<time1> <Ly1> <W1> <Y1>
<time2> <Ly2> <W2> <Y2>
… … … …
<timeN> <LyN> <WN> <YN>



VI. DEFINITIONS OF REQUESTED QUANTITIES

Before proceedingto a detailed description of the requestedquantities,we would like to
commenton theion density.For all but theTD-C casetheelectronandion densitiesaredirectly

relatedvia theplasmaneutralitycondition,i.e., N i
� N e

�
�
Z . Thus,for theXe casetheelectron

densityis to be determinedfrom the plasmaaveragechargeandthe known ion density.For the
TD-C case,wherecarbonis an impurity in the reversed-fieldpinch plasma,we acceptthat the

carbon ion density is N i
� 0 . 01 � N e

�
�
Z .

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

data Calculationidentifier andusercommentline. Commentshouldbe
limited to this one line only and shouldinclude the contributor’s
name,institution, the versionof the code,and the dateat which
calculationwasrun.This canbeinvaluablein maintainingorderin
large number of submissions.

case All steady-stateand time-dependentcalculationswill havea case
identificationof the form �����
	 , ���� or the like (seeSectionI).
These identifiers are assignedin the section below where the
specific calculations are called out.

code An identifier for eachcontributor'scodewhich may be chosenby
thecontributors.For conveniencein post-processingandtabulation
thenamesshouldnot beexcessivelylong. Thenameswill beused
in all tablesandgraphsof comparisons,andmustbethesamefrom
case to case.

atom Identifies the atom under study. The field <name> is a
conveniencefor the contributor. In many cases,calculationsare
driven by atomic data found in a file. The file <name> may be
usedto specifythatname.The field <Znuc> is thenuclearcharge
of the atom.

As has already been explained above, the group of sections summary_quantities,
ion_stages and energy_levels repeats for each time step for the time-dependent cases.

In section 2, the summary_quantities section, the following items are requested:

plasma This record specifies the plasma conditions used in this calculation.
The electrontemperatureis in units of eV. The electrondensityis
in units of cm-3. For time-dependentcasesboth Te andNe may be
arbitrary. 

time The output time for time-dependent cases or zero for steady-state cases.

zbar The average charge of the plasma.

m2 The second central moment of the charge state distribution.

m3 The third central moment of the charge state distribution.



m4 The fourth central moment of the charge state distribution.

eint The specific internal energy of the atom.

deintdt The "specific heat" of the atom.

pfn The "partition function" of the atom.

nmax_eff For this calculation, the principal quantum number of the
outermost electron in any bound state. We will be interested in
sensitivity of comparison quantities to the highest bound states
accounted for by the model. This quantity will also be used as a
measure of continuum lowering.

The central moments are defined as:  

m N
���

j

y j q j �
�
Z

N

where yj is the fractional population of ion stage j, qj is the ion charge, and
�
Z is the average

charge.

The specific internal energy is the sum of level populations, nj, multiplied by their energy value,
Ej, divided by the total ion density Ni:

E int
���

j

E j n j

N i
.

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

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

The partition function is defined as the classical partition function:  

Q � �
j

g j exp � E j

�
T e ,

where gj is the statistical weight of level j and Ej is the energy of the level, with respect to the
ground state of the most neutral ion.

Note that many of the "thermodynamic" quantities are intentionally sensitive to continuum
lowering models. Possibly affected quantities are <eint>, <deintdt>, and <pfn>. If your
continuum lowering model alters the energy levels or statistical weights, please include these
effects in the appropriate "thermodynamic" quantities.



High-lying bound states can be included in the population kinetics in a variety of ways. The field
nmax_eff is intended to give information on the highest-lying bound state, which is affecting
the calculation of the populations. It is thus an "effective" principal quantum number. If a code
includes a level, which accounts for more than one n value, then for this field we recommend
giving the largest value that is being modeled.

In section 3, the ion_stages section, the following quantities are requested:

<Nbound> The number of bound electrons in this ionization stage.
<pop_frac> The fraction of atoms in this ionization stage. Sum over all ions

should be normalized to unity.
<nouter> The principal quantum number of the outermost electron for any

state in this ion stage.
<Stot> The total ionization rate out of this ion stage, averaged over all

initial states in this ion stage (weighted by the fractional
populations of the initial states), and summed over all final states.
This quantity is further summed over all ionization processes. 

<f_Scoll> The fractional contribution of electron collisional ionization processes to <Stot>.
<f_Sphoto> The fractional contribution of photo-ionization processes to Stot>.
<f_Sauto> The fractional contribution of auto-ionization processes to <Stot>.

<αtot> The total recombination rate out of this ion stage, averaged over all
initial states in this ion stage (weighted by the fractional
populations of the initial states), and summed over all final states.
This quantity is further summed over all recombination processes. 

<f_αcoll> The fractional contribution of three-body recombination to the total <αtot>.

<f_αphoto> The fractional contribution of radiative-recombination to the total <αtot>.

<f_αauto> The fractional contribution of dielectronic capture processes to the total <αtot>.

We note that the total ionization and recombination rates are rates, and not rate coefficients. It is
also important to be precise about the direction of these total rates. <Stot> is the total rate out of
the indicated ion.  Similarly, <αtot> is the total rate out of the ion. 

The definitions of Stot and αtot are best clarified through an example. Consider a three-ion stage
problem consisting of levels in Li-like, He-like, and H-like ions. For the He-like ion, Stot is the
sum of all ionization rates out of He-like, weighted by the appropriate He-like initial state
populations, and summed over all final states in the H-like ion. The averaging over initial states
is completed by dividing the above sum by the total population of the He-like ion. αtot for the
He-like ion is the sum of all recombination rates out of He-like, weighted by the appropriate He-
like initial state populations, and summed over all final states in the Li-like ion. The averaging
over initial states is completed by dividing the above sum by the total population of the He-like
ion. With these definitions, we can define a set of ionization rate equations. In the case of the
He-like ion, we write:



dn � He �
dt � tot H n He � S tot He � tot He n He � S tot n Li .

Our primary interest is the collisional radiative modeling of highly-charged ions and so we have
not requested detailed information for contributions due to other processes, such as charge-
exchange and heavy ion collisions.  Units of <Stot> and <αtot> are 1/sec.

In section 4, the energy_levels section, the following quantities are requested:

<Nbound> Identifies the ionization stage to which this energy level
belongs. As always, this quantity is the number of bound
electrons in the level.

<level> A sequential level number within this ionization stage. This
index begins at 1 within each ionization stage for use as a
label in model comparisons. The ground state of each ion
stage will be identified by locating 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 overall model.
Ionization potentials will be obtained by subtraction of
successive ground state energies. Units are in eV. The
overall energy reference is the ground state of the most
neutral ion in the problem.

<population> The ion density of this level.  Units are cm-3. 

<Γtot> The total destruction rate of this level. This is the absolute
value of the corresponding term in the rate matrix diagonal.
Units are 1/sec. 

<f_ΓcollBB> The fractional contribution of electron collision

excitation/de-excitation processes to <Γtot>.

<f_ΓphotoBB> The fractional contribution of bound-bound radiation

processes to <Γtot>.

<f_ΓcollBF> The fractional contribution of electron collision ionization-

recombination processes to <Γtot>.

<f_ΓphotoBF> The fractional contribution of photo-ionization-

recombination to <Γtot>.

<f_Γauto> The fractional contribution of auto-ionization/dielectronic

recombination processes to <Γtot>.

<occK> Occupation number: for this energy level, the number of
electrons in the K shell. Users of configuration interaction
codes might wish to use the dominant configuration to assign
this value.

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



...

<nouter> The principal quantumnumberof the outermostelectronin
that energy level.

 

The shell occupationnumbers(<occK>, <occL>, etc.) could be variable in numberfor each
code,plasmacondition,andenergylevel. Contributorsarenot constrainedon this point: they
may specifyasmanyshellsasnecessary,andas relevantto their calculationalapproach. The
final entry for this energylevel recordshouldbetheprincipalquantumnumberof theoutermost
electronin that level. In thecaseof highly-excitedlevels,theshelloccupationnumbersmaybe
simplified by only specifyingthecore,<Nbound>-1, electrons. In this casethe field <nouter>
will be usedto setthe locationof the remainingelectron. We will beusingthe valuesgiven in
this section to compute some of the quantities given in section 2 for consistency checks.

In section 5, thespectrum session,thedataformat is differentfor theXe andTD-C cases.For
theXe case,therequireddataarebound-bound< � bb>, free-bound< � fb>, free-free< � ff> andtotal
< � tot> emissivities in units of erg/atom/sec/Å.The field <count> specifies the number of
(wavelengths, emissivities) rows which follow. The minimum andmaximumwavelengthsto be
coveredare9 and120Å, respectively,andthewavelengthmeshshouldconsistof 2221equally-
spacedpoints (

���
= 0.05 Å,

�
1 = 9 Å,

�
2 = 9.05 Å …

�
2220 = 119.95Å,

�
2221 = 120 Å). The

broadeningshould be natural+Doppleronly. The uniform gridding will greatly simplify the
spectrum comparisonand post-processingoperations(e.g., convolution with experimental
broadening function).

For the TD-C case,the datarequiredarethe time-dependentintensities emitted per unit volume
of theLy � , W andY lines in H- andHe-like C. The intensityemittedperunit volumeis defined
as:

I i � ni � A ij � E
�

in units of erg/cm3/sec,whereAij is the radiativetransitionprobability (emission)and � E is the
transitionenergy.No opacityeffectsareto betakeninto accountwhencalculatingtheintensities.
The field <count> in this case would be 41 (number of time steps for TD-C).



APPENDIX. TIME HISTORIES FOR TIME-DEPENDENT CASES

1. TD-C
��������� 	�
��������� 	�� ���
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