"Stellar magnetisnt I nternational Conference Proceedings, 1992, 92-102 .

SYNTH - A CODE FOR FAST SPECTRAL SYNTHESIS
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ABSTRACT

Weinten dt odescrib eher ei nfu | detal sour procedur efo r calculatn - gth esyn -
thetica | stela  rspectrum . |t feature shig haccurac yan dhig hcomputin gspeed . | n
combinatio nwit haninteraciv ~ eprogra mfo r comparin g synthetica | spectru mwit h
th eobservation ~ sthi sprocedur eprove dt obea useful |an dreliabl etoo | fo rabundanc e
analysis , spectra | line s identificatio nan dothe r practca | purposes . Th e compute r
implementatio  no fspectra | synthesi s- progra mSYNTH- i switte ni nFORTRAN7 7
andcanbeinstale donsevera |type sofcomputer sfro m38 6base dPC/A Tmachin e
tomainframes . ROTATE-th eprogra mfo r compariso nth eresut sofSYNTHwit h
th eobservations  , i smad eindependen tfro ma specfi cgraphic sinterfac  ewhic hmake s
it portabl et oa diferen  t graphica | environments

INTRODUCTION

Theultimat egoa | ofever yspectra | synthesi sprogra mi st oextrac t someasto -
physica | informatio  nfro mcompariso nofth esynthesize dspectr at oth eobservation
Therefor eth ecalculation  smust careful  yapproximat eth eproces sofradiativ  etrans -
fer throug hth eatmospher eofth esta randals oaccoun t fo r transformatio  nofth e
spectru minsid e th e telescope-spectrograph-detecto r syste muse di n observations
Andsowear egoin gt ofollo wth epat hofth elight , propagatin gfro mth eintemal s
of th esta r "toward sa computer” , whic hproduce saplo tofresidua |intensie sasa
functio nofwavelength . Atthi spoin tth ecompariso nofth eobserve dan dcompute d
spectr abecom emeaningfu | an dca nprivid eastrophysica | information

Inoursynthesi sprocedur eweconside ronl yth eabsroptio nlines . Furthermor ewe
trea tin eformatio ni nth eloca | thermodynamica |equilibiv ~ m{LTE ) approximation
whic hbasical ymeanstha t weassum eth etemperatur eofth eradiatio nt obeequal
toth etemperatur eof sela rmatte ri never ypoin ti nth eatmosphere . Th ewhol e
procedur eca nbeextende dfo rth estar swher e LT Eapproximatio ni snot vaid , but
itfl soutsid eofth escop eofthi spaper (o rnon-LT Etreatmen tsee, fo r example ,
Auer 1976 , an dth ebibliograph vy therein) . Wewil | als orestic t ourseve swit hth e
caseo f plane-parale | an dstai catmosphere . Thi smeanstha t th ecalculaton  swi |
bels saccurat efo rgiant san dsupe rgiant san dthe yar eprobabl ynot applicabl et o
thefas t expandin genvelopes . Anothe rresticio  narise dfro mour dis kintegrato  n
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procedur ewhic hassume sn orotationa | broadenin go fspectra | lne san dth espherica |
shapeofth estar . Th erotationa | broadenin gi simportan t thoug hfo r compariso n
wit hobservations , s oweinclude di ti nth ecod etha t doe sth ecompariso nusin gth e
approximation , suggeste dbyGray (1976 )

1. RADIATIVE TRANSFER

Wearenot goin gt orepea t her eth etextbook sonth eradiaiv e transfe r (see ,
for example , Sobole v 1960 , Mihala s1978 , an dth ereference stherein) . Just afe w
Oefiniions

« specfi  cintensit y Istand sfo rth eamount of energy , emmite dthroug ha uni t
are aaroun dagive npoin tonth esurfac eofth esta ratagive nwavelengt h Ai na
give ndirection . Thu sl i safunctio nofwavelengt h A an dth edireco noflgh t
propagation . | nth ecas eof plane-paralle | atmospher ewehav ea symmetr y
relaiv - et oth eradiu spointin gt oth esurfac eelemen tunde r consideratio  ntha t
iswhyonl yoneangl ei ssuficen tt odescrib eth edirecion . Weexpec t th e
atmospher eofth esta rt ob ehomogeneous , an dth esamemode| atmospher e
(se ebelow ) an dchemica | compositio nar evali dfo rever ysufac eelement . So
frall y wehave : I = I{A, ) where : X isth ewavelengt hand pi sacosin eof
theangl ebetwee nth eradiu st oagive npoin tan dth edirecio no fpropagatio n
of I . Aswewi | seesoon, ui saver yconvenien tparamete rfo rcharacterizin ¢
th e direction

« monochromati ¢ flu Fyisthetota | amount of energ yradiate dbyth estar
toward sth eobserve rat a give nwavelength . So Fhcanbecalculate dbyinte -
gratin gspecfi  cintensit  yove rth evisbl  ehemisphere

FAzf/I(A,p)udM. il

Over vishl e
hemispher e

~

pd M s the projected elementary area on the stellar surface, which
is getting smaller close to the limb.

« Continuou sopacit ycoeficen t Ki saportio nofth eenerg ywhic hi sabsorbe d
fro ma bea mo f radiaio nwit ha speci cintenst yI i nth eelementar yvolum e
at a give nwavelengt h Ai na bound-fre ean dfreefre  etransiion S processes
InLT Eapproximatio n Kxi sonl yafunctio nofth ephysical conditon sinsid e
th eelementar yvolum e(chemica | composition , ga san delectro npressures , an d
temperature ) an dth ewavelengt h A Soi fth eradiatio nwit hspecfi  cintensit vy
I'wil | cros sanelementar yvolum ewit hopacit y K, ,itwil llos e Ky ¢l oft s
energy .
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+ Line opacity coefficient Ay isthe sameas continuous opacity coefficient except,
that the energy is absorbed in a bound-bound transition processes.

+ Optical depth Ty is a convenient substitute for geometrical distance scale in.
stellar atmosphere. Optical depth between two points 4 and B 1s defined as:

B

i /(KA + Ay )dz, 2)
4

where dx is an elementary geometrical distance along the straight line between
A and B. The sum (Kx+ Ax) represents the total absorption coefficient. For
further convenience the direction of the positive optical depth is set so, that if
we move from the surface towards the center of the star, T, will increase. On
the surface of the star T = 0.

+ Model atmosphere is a table of basic physical parameters, usually temperature
and electron and gas density, computed along some standard depth scale in
the stellar atmosphere. Model atmospheres are supposed to give an adequate
description of physical conditions in the atmosphere (unfortunately, it is not
always true). As a depth scale one usually use a monochromatic optical depth

at a fixed wavelength (for example, 7'5000;) or a column density (the total

mass in a radial column with 1 cm’ cross-section measured from the surface
to a given point in the atmosphere). The state-of-the-art models have been
calculated by Kurucz (see Kurucz 1971, Kurucz, Avrett and Peytreman 1974,
Kurucz 1991a, Kurucz 1991b).

Nowwe canwrite the basic equation of the radiative transfer for specific intensity I:

dl
#d—n=I—Bx(TA), (3)

where By(T') - is a source function which in LTE approximation is equal to the
Plank function and thus depends only on A and temperature. The solution of (3)
for any point M on the surface of the star (T4 =0) can be expressed in the integral
form:

I = l/B,\(t),e_t/‘u'dt (4)
7
0

and substituting (4) to integral (1) we obtain the expression for monochromatic flux
radiated from the atmosphere of the star at wavelength A (for derivation see Mihalas
1978):

. O
B=2 [ By(t) Balt)dt, o
Q
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where Ez(t) = [z ~2e~"*dz -i sa secon dexponentia | integral
1

Wesolv eequatio n5 numericall  yusin gan8t horde r Gaussia nquadratur eformul a
(o r descripio  nofnumerica |integratic  nwit hGaussia nquadratur ese efo r example :
Presseta . 1986) :

F,\ ~ Zw,'BA(:c,'), (6)

where z; an d w; showni nTabl el, ar enode san dweight scalculate dfor core -
spondin gorthogona | polynomials . Th eonl ycomplicatio nher ei stha t x;ar egive n
inth emonochromati coptica | dept hscal e 75 but By asafuncto noftemperature
canb eobtaine dfro mth emode | atmospher eonl yi nth edept hscal eofth emodel .

Table 1

Nodes | Weights
0.16134 | 0.27191
0.400006 | 0.00000
0.70000 | 0.00000
0.94600 | 0.18626
2.52410 | 0.38898 - 107!
5.00660 | 0.28674 - 1072
8.88090 | 0.60078 - 104

14.75900 | 0.17675 - 10~°

Wecansov ethi sproble mandobtai nth evalue sof Ba(z;)usin ga diferenia |
equatio ntha tlink sth emonochromati coptica | dept hscal e mxt oth e"standard " scal e
Tatd

Kxétd):;:;l“d) ifth edept hscal eofth emodel atmo -
drgq spher ei sth estandar doptica | depth ,
dry ,
™ m ifth edept hsca eofth emodel atmo -

spher ei sth ecolum ndensity ,

whered |th efunction si nth ergh tpar t (K, £xan d A ,ca nbefoun dfro mmode |
atmospher ean dtherefor ear eknow nasa functon softh emodel atmospher edept h
scae . Th einta | conditio nfo requatio n7i ssetonth esurfac ewhere : 75a = 74=0 .

Finall ywewl | b tth estep sof synthetica | spectru mcalculaton  sfor a sing e
wavelength :
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o« Star tfro mth esuface ,tha ti swher eth emonochromati coptica | dept hz;=0;

* Integrat eequatio n7 fro mcurren t x;t oth enext z;4q fro mTabl el an dobtai n
acorrespondin - gvalu eof 7wd

* Fin dth evalu eofth ePlan kfunctio n Bi(z;)
¢ Addw;- By(z;)t oth esummb ;

* Incremen t ian drepea t th eprocedur efo rth enext nod eunti |th edeepes t z;
fro mrabl el i sreached .

The continuou s opacit yandth elin eopact yarenot give ni nth emodel a -
mosphere . The y shoul db e calculate  dusin gthos e physica | parameter s whic har e
avallabl efro mth emodel . Wear egoin gt odiscus sth eopacie scalculation si nth e
next section

2. OPACITIES CALCULATION

Thre eprocesse s contribut et oth econtinuou sopacity : freefre  ean dbound-fre e
atomi c transition s an d scatterin -~ g o nmost abundan t parice si nth e atmosphere
Inour calculaion sweinclud eth efollowin gagent sof continuou sopacity : neutra |
hydrogen , helium , slicon , aluminium , magnesium , carbon , nitroge nan doxygen ;
positv eion sH,, He", Si ", Mg", Ca'; negativ eion s H andHe ; th escatterin ¢
onfre eelectrons , neutra | hydroge nan dheliu matoms . We adopte dformula sand
interpolatio ~ ntable sfro mKuruc z (1971 ) wit hsomecorrection s an dextensions

Lin eopacit yi sdu et oth ebound-boun dtransiion  si na paricua rion . Severa |
ion sofdffeen t atom sca ncontribut et oth eln eopacit yat a give nwavelength , so
thetota |ln eopacit yi sasumm:

A=Y A, - H(a,v), @)
Line s

where A} i sth ecentra | opacit yofln eland H(@v)i sth eVoig t functio nwhic h
describe sth ewavelengt hdependenc eofth ebound-boun d absorption

o0 2
a eV
H(a,v) = p / mdy, 9)

whereth eparameter s aan d var edefine das:
AT
dreAdp’
A—Do
Adp '’
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where: T is the line damping parameter and AMp is the Doppler width. We use
the approximation of Voigt function suggested by Dobrichev (1984), which combines
high accuracy and computing speed:

3 _ 2 Ady? 2aA !
H(a,v) = (Adyy/log2) e (vAAV) log2 aaty _Meby
(a,v) ( vy/log ) e +\/77[1+(vAAv)3] NG x
—0.4(vAMy)? 1

0.07 —

[ ¢ 41 — T(WANW)E + (vAy)t | (10
where Voigt width AAy is defined as:

2
Ady = ()

a+y/a? +4log2 +a/[10(v/7 + a?)]’

AMp includes thermal and microturbulent broadening:

micro® (12)

./}. gk_T+V2.
e\l my

The value of the damping parameter I' in most of the cases is determined by
three processes: radiative, quadratic Stark and van der Waals damping:

T'=TRad + TStark + Tvan der Waals (13)

The corresponding constants for a number of lines are available from experiments
or quantum mechanical calculations. For other lines more simple approximations
of the impact theory can be used (see Gray 1976).

The central opacity is proportional to the population of the lower energy level
by the atoms, responsible for the line formation, N. , to the oscillator strength f

on !/
and to the stimulated emission factor:

2 2

me A

Af\O =N/ 0
mc

mngfm (1 - e"hc/lokT) , (14)

where m and e are the mass and the charge of electron. The population of the lower
energy level is obtained from Saha equation which gives the ratio of the number
of atoms in two consecutive ionization stages Monand N_, as a function of the
number density of electrons N¢ and the temperature T:

3
Nion+1 _ U'ion+1 2 (27rka) 2 e_Xion/kT
Nion Mon hch

(15)

where U, and U, are the partition functions for two stages of ionization and

ion ion+l

Xion 18 the energy difference between those two stages.
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3. NUMERICAL CALCULATION OF THE MONOCHROMATIC FLUX

Theequatio n7 i ssolve dstartin gfro mth esurfac ewher eboundar y conditio ni s
set. Th eintegratio ni scarrie dusin ga 6-t horde rRung e- Kutt aprocedur edescribed |,
for example , by Pres set al . (1986 ) althoug hwewoul dnot recommendtousethe
codefro mthi sbook . Muc hbette r FORTRANimplementatio ncanbefoun di nNAG
and IMS L scientifi ¢ softwar e libraries . We ar e usin g a slightl y modifie dversio nofa
6-t horde r Rung e- Kutt aroutin efro mIMS L library . Byusin g6-t horde r algorith m
we achiev etw ogoals : th eaccurac ycanbechecke dwithou t extr aintegratio nwit ha
smalle r stepsize , an di fth eaccurac ycriteriu mi snot satisfie donl ythre emor epoint s
shoul d beadde dt oobtai nth eintegra | fo r hal f stepsiz e interval

I'neac hpoin t ofth eintegratic nwehavetocomput eth erigh t part ofth eequa -
tio n 7. Th e continuou s opacit y Ky usuall y behave s quit e smoothl y through,th e
atmosphere , sowecalculat eiti nadvanc efo r eac hpoin t ofth emodel andusethe
paraboli c interpolatio ndurin gth eintegratio nof "equatio n7. 1l nourcodeweareus-
in g th e continuou s opacitie s subroutine s fro mKurucz' s ATLAS- 5progra m(Kuruc z
1971) .

Lin e absorptio n Ay may hav e ver y stee p changes . To save some computin g
tim e we tabulat eth enumber densit yof a | neutra | atom s an dions , whic hproduc e
lin e absorptio nina give nspectra | interval , plu sth enumber densit yfor hydroge n
andhelium , neede di nva nder Waal sbroadenin gcalculations . Th estepsiz eofmodel
atmospher ei susuall yto obi gfo rthi ssortoftables , sowead dextr apoint s (sometime s
upt o100 point sfor oneste pofth emodel dept hscale ) insucha waythat linea r
interpolatio  n provide s th e requeste d accuracy . Th e electro nnumber densit y and,
th e temperatur e ar e interpolate  d fro mth e origina | model . Th e partitio  n functio n
have bee n pretabulate dby Kuruc z and we ar ejus t usin g hi s subroutin e PFSAHA
(Kuruc z 1971 ) fo r solvin gth e Sah aequation . Th edampin gconstant sar ecalculate d
usin gLindhol mapproximatio nofth eimpac ttheor y (Mihala s1978 ) i fmor eaccurat e
value s ar enot supplie dwit hth eothe r lin eparameters . Durin g th eintegratio nof
equatio n7 wecomput eth e centra | opacitie s (equatio n 14) an d th e Voig t functio n
(equatio n 10 ) value sfor eac hlin ean devaluat eth etota | lin eabsorptio n coefficien t
usin g equatio n 8.

Afte r th elast nodein Tabl e 1 has been reached , wecan fin dthevalu eof
monochromati c¢flu xusin g quadratur eformul aé6.

4. WAVELENGTHGRID SELECTION

The avoi dredundanc y of th e calculation sweusea procedur efor dynami ¢ con -
structio nofth ewavelengt hgri dinsid eth espectra | interval . Thi s procedur e mini -
mizesth enumber of meshpoint s by choosin g th e variabl e stepsiz e whic h provides ]
afixe daccurac yoflinea r interpolatio nofth esynthetica | spectru mfo r any Ainsid e



our interval . Th e procedur estat s wit h computin gmonochromati cfluxe si nbot h
endsofspectra |interval . Nextitadd sapoin ti nth ecente rofever yspectra |line . | f
twoline sar eclose rtha ncertai nlmit , onl yon ecentra | wavelengt h(th eshorte rone)
isadded . The nextr apoint sar einserte di nth emiddl eofeac hpai rofneighbourin g
lnes . At th elas t stag eth eprocedur echeck sever ypoin tforth eaccurac yoflinea r

interpolatio  nan dadjust sstepsize , i fneeded ,th ekee pth einterpolato  nerro runde r
arequeste dlimt . Let' sseeho wt oestimat eth estepsiz ewhic hprovide sa certai n
accurac y o f linea r interpolation . I'na give nwavelengt h A whic hfdl s betwee n A;
and Ay, th emonochromati cflu xi sapproximate das:
F\=F;+ Eﬂ_—ﬂ()‘ —A) + Error. (16 )
Aip1 — A

Twoerror s contribut et oth evalu eof Error : th eermo roflinea rinterpolatio  nisel f
andth eerro rofapproximatio nofth efis tdegivativ eof Fywit hafint e difference s
formula . Bot hofthe mar eproportiona |t o %(A.‘.ﬂ — XY Nowi fwead da thir d
poin t i nth emiddl eof [A;, AspaJandlet hbeth estepsiz™ e betwee n Ay and A, th e
fola | ero rcanbeestimate das:
Fii+ Fi—-2F .,
Error <2 e b (17)

andfo ra give nvalu eofErro rth estepsiz ecanbefoun dfro m(17) .

Notetha t th eprocedur ebasical yadd smor epoint si nplace swit hhighe rcurva -
tur e(fo rexample ,lin ecores)

5. CONTINUUM CALCULATION

Inorde rt obeabl et ocompar eth esynthetica | spectru mt oth eobservation swe
needt onormalaiz ei tt oth econtinuu nlevel . Th eintegratio  no fth econtinuou sflu x
isnotver ydifieren tfro mth emonochromati cflu xintegration . Wetak eadvantag eof
asmal | an dsmoot hvariatio  nofth econtinuu mleve |insid eth esynthesize dinteva |
(yical yles stha n100 A) an dcalculat econtinuou sfiu xonl yi nth eendsofour
spectra | interval . Ford | othe rpoint scontinuu mleve | i sobtaine dbylinea r inter
polaion . Anothe r differenc  efro mmonochromati cflu xcalculato  ni sth eequatio n7
whic hi stransforme  dto :

Ky, (7std)

—K%ET ifth edept hscal eofth emodel atmo -
dTea spher ei sth estandar doptica | depth |, 1)
d =1
™ —Ka(lr..d) ifth edept hsca eofth emodel atmo -

spher ei sth ecolumn,density

becaus en olin eopacit yshoul db eincluded
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The procedure of wavelength grid construction, described in the previous section
is applied after the normalization to the continuum level is done.

6. ACCURACY

Three parts of the synthetical spectrum calculations are crucial for the accuracy:
construction of the line optical depth scale (the integration of equations 7 and 18),
calculation of the monochromatic flux (equation 6) and selection of the wavelength
grid, described in section 4.

Runge - Kutta algorithm, used for integration of equations 7 and 18, can be
tuned to any required accuracy. We usually select 3 ¢ 10, which is consistent with
the accuracies achieved in the other parts.

Flux integration accuracy is more difficult to check. To do it we compared our
results with a direct disk integration of equation 1 and we found that the 8-th order
Gauss quadrature formula provides the accuracy better then 10" for a wide range
of model atmospheres with effective temperatures from 3500 K up to 20000 K.

For the wavelength selection procedure we usually put the accuracy criterium
to 10°°. The resulting synthetical spectrum can be interpolated to any wavelength
within a given spectral interval with the accuracy better then 5 ¢ 10 * which corre-
sponds to signal-to-noise ratio of 2 000.

7. LIMB DARKENING CALCULATION

We also compute a continuum limb darkening coefficient, which can be used
later for convolution of the synthetical spectrum with the rotational profile. To do
this we integrate equation 4 the same way as we did with equation 6 and find the
values of specific intensity for continuum at 3 points on the disk at 0, 0.6 and 0.95
stellar radius from the center. The limb darkening coefficient # is then found from
least square approximationof the conventional formula: [ = [p{l — u + up).

8. COMPARISON WITH THE OBSERVATIONS

The comparison with the observations is done with a separate program which
includes an interactive graphics interface. It shows the observed and the calculated
spectra on the screen and with the help of menu one can convolute the synthetical
spectrum with the rotational profile, the macroturbulence profile (using the approx-
imation formula from Gray 1976) and the instrumental profile (Gaussian). For the
rotational profile we followed the approximation suggested by Gray (1976):

Frot = j G(AN) Fypard(AX) (19)
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whereth ekerne | of th e convolutio ni sa functio noflim bdarkening

21— ) [1 - (R g5 + dru L= (By)]
mALER (1 - u/3)

G(AX) =

(20)

The synthetica | spectru mcanals obeshifte di nwavelengt handzoomedfor fin e
tunin g of th e shift s an d broadenings . Th e equivalen t widt h calcutatio n simplifie s
theestimat eof chemica | abundances .

9. COMPUTER IMPLEMENTATION

Bot h synthetica | spectru mecalculatio ncode (SYNTH) andth eprogra mfor com-
parin g th e synthetica | spectru mt oth eobservation s (ROTATE) ar ewritte ni ncon -
ventiona | FORTRAN 77 and we hav e been usin g the mon AT/38 6 typ e persona |
computer . Compile dwit hNDP FORTRANcompiler , SYNTHtake s approximatel vy
2second s per onewavelengt hpoint , whil ecomputin g25 spectra | line sona 20MHz
machine . Th eonl y critca | requiremen t was th e presenc eof expende d memory, but
wit h4 Mbyte softota | memorysiz ewewer eabl et ocalculat e30 A interva | wit h 80
spectra | lines . Bot h program scan produc e colou r graphic s usin g NDPLOT library
Tomaketh e codeles s dependent on graphic s packag e we made a simpl e inter
mediat eset o f interfac e subroutines , whic hinclud eal | scaling sandcal st ographic s
librar y functions . So wit h simpl e substitutin g of thes ecal s wehadno problem s
runnin ¢ SYNTHas batc hjo bontheVAX(wit hnographics ) andROTATEas an
XWindows clien t on Sunworkstatio nwit ha | bell sandwhistle s availabl e there .

SYN THrequire stw osort sofinpu t data : line sls t andmodel atmosphere . Line s
k tinclude sth espectra | interva |t obesynthesize dandth enumberofline sfollowe d
by th eparameter sfor eac hline . Line' sparameter sinclud eth enamean dionizatio n
stageof chemica | element , centra | wavelength , excitatio nenerg y (e Vorcecm '), mi-
croturbulen t velocit 'y (km/s) , lo ggfandthre edampin g constant s (radiative , Star k
andva nde r Waals ) i nexponentia | or logarithmi  cfor m(se eexampl ebelow) . | fsome
of th e dampin g constant s arenot known, the y shoul dbesett o0 andSYNTHwil I
use th e approximatio nformul afor them . Hereisanexampl eof one spectra | lin e
description

'F El' ,6165.36 , 33412.71 , 0.5, -1.670 , 7.943 , -6.156 , -7.83 3

Thefilenam eofth emodel atmospher edat ai sinclude dwit hth eline slist . Usuall vy
model atmospher einclude s th e chemica | compositio n data , use d durin g th e model
calculation . Werel yonthi s abundance s value s as a defaul t fo r spectra | synthesis ,
but the y canbechange dfro mth eline slst . For example , t o chang e th e defaul t
abundanc eofiro nandnike | oneshoul daddth efollowin glin et oth eline slist

'FE:-4.4''NI:-5.8''END '

Model atmospher edat abeside sth edefaul t abundance s shoul dinclud eth eoptica |
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dept hscale ,temperature ,ga san delectro nnumbe rdensiie  san dth edensit yo fstela rmatter

Asth eresul t SYNT Hproduce sa file , whic hcontain sth ewavelengt hgrid , th e
correspondin g residua | intenste s an dth elim b darkenin g coeficen ti na forma t
suitahl efo rROTATE.

ROTATEaccept sth edat aproduce dbySYNTHan dth efil ewit hobservation s
(fany )i nth esameforma tasth esynthetica | spectrum .

Theresut sofinteractiv  efittin - g(rotatonal  , instrumenta | an dmacroturbulen t
broadenin gan dwavelengt hshit )wit hROTATEar estore di nth eoutpu tfile ,whic h
canbyuse dfo rplotin  gor furthe r processing
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