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<FFE>
Spshow ([CEERBHSCRIIBEI TR HRENICESS S, L2, 3 FRBVWBNBAS,

IV0ELREEEAZN, BEOYI0ELREASR

BRI DR (SR&E

BT —INTIYVIACRRENDZEERL BECHF

V20 (F non-LTE X i&h

WEEDER

README_getstarted

DOC

exec-gf-v19.1

for gnu fortran Makefile

exec-v19.1 for intel fortran Makefile
Utilities MARCS model. VALD3. various profiles EOEMRRE
COM-v19.1 J-REESEZT(LIN-

COM-v19.1/contopac

continuous opacity file

COM-v19.1/linelists

VALD h50JR F#R5—4

COM-v19.1/models RLETIOYOTI
COM-v19.1/syntspec STEERY ST

DATA

FELTHDFIRT -4

source-v19.1

Y-2707 5 LB

[ B

cBRITVRAT LA
Epson AT993E (machild)

VMware 16 & Ubuntu 16.04

T4l M)—tubro-sp

 tubro-sp ICAET T4 LY R

source-v19.1
COM-v19.1




= P2AT @1 -

ifort — /exec-v19.1(CAD, #make, T1LYKJ/source-v19.1 (CY—-RT7LIHHBET 3,

E17J74)L 3D (babsma_lu, bsyn_lu, eqwidt_Iu) T&fz,
cCERERITIZPAIECSICEWEFFS,

- R1T
COM-v19.1 [CA%
F(CHBT1LI MDD models, linelists (CAKETIL. T —92EL,
EITRARAIIT 2 EEREL. BIZE
#csh script-5000-intens.com
EULTEIT, IKICTES, c-shell BROTFHR. bash ELVHNED
STEETO 2 RETITONS,
1. babsma.f — EHEIRINGER
EFRIRIREEART ML ZETE in the COM/ folder
2. bsyn.f — ZARIRNI
RT —AEFRHIAF. ART NIV ERK
STERROISYIRET LI RNID synspec (o

BiET—42&FDOREX Readme-Linelist_format_v.19 ]

<REFRT—4%>
FTERIECWMARBVEVTRO,
Hlinedata — KZ%&H
Gaia-ESO ##UZ M (Heiter et al. 2021) - ZOMOTHR. DF
7vFF—k:C, N, O, Mg, Si. Magg et al. (2022)

https://keeper.mpdl.mpg.de/d/6eaecbf95b88448f98a4/

-Atomic case:
" 26.000 ' 1 2342
"Fe 1

4200.087 3.884 -1.130 -7.420 7.0 5.01E+07 0.000 'p’ 'd’ 0.0
LS:3p6.3d6. (5D) . 4s. 4p. (3P%) z3Dx LS:3p6.3d7. (4F).4d f3F’

4200.463 4.154 -3.374 -7.290 9.0 2.45E+08 0.000 'p’ 'd’ 0.0
LS:3p6.3d7. (4F).4p ybDx LS:3p6.3d6. (5D).4s. ¥ (6D).5d 7F
Header: A\y5—5

26.000: TREG+T7AYN=T (000 [FAMBCHW) . DFD Fe TIE 26.056 for 5¢Fe.

10 (2 (&1 PSSR

2342  WBFEESNTLBHROE

&z D7—-4

col 1: FEER(A)

col 2: BEARFT>IvIL(eV)

col 3: log gf

col 4: fdamp (TEESER) C6

col 5: gfE. LA

col 6: MEII>E>Y (if =0, gf-value is used to compute gamma_rad) Crad
col 7: 225 I%R (&ig=]) C4

col 8: EOLARILD s,p,d,f etc , see fdamp
col 9: FoLAJ., LEAU

1.0 "Fe I

1.0 "Fe I



col 10: &Effitg. KBRS (GTRERTE : eqwidt run)
col 11: EfMIEDERE
col 12: (in quotes) LAJLICDOWTODF

"Fe 1

4200.087 3.884 -1.130 -7.420 7.0 5.01E+07 0.000 'p’ 'd” 0.0 1.0
(A) (evV) gf fdamp g Y rad Y4 E T EN RmRE

"Fe I LS:3p6.3d6. (5D).4s. 4p. (3P*x) z3Dx LS:3p6.3d7. (4F).4d f3F
LRLIZDOVTOE

<sample : vald-6700-6720.list>
4EZBO fdamp H'VWA VW3 (TOFRBEDLSIC 4 8D$H 3. Kurucz_Bell ® C6 H. Unsold iTLINDHIEMETREZS) .
ET va EENTUVBIERBWVELSE,

" 3.000 ' 1 2
"Li 1
6704.081 3.373 -3. 261 2.500 4.0 3.31E+07 's” 'p° 0.0 1.0 "Li 1
6704.081 3.373 -3.561 2.500 2.0 3.31E+07 's” 'p° 0.0 1.0 "Li 1
' 3.006 ' 1 2 isotope
"Li 1
6707.921 0.000 -0.002 346.236 4.0 3.63E+07 s’ 'p’ 0.0 1.0
6708.072 0.000 -0.303 346.236 2.0 3.63E+07 's” 'p° 0.0 1.0
' 3. 007 ' 1 2 isotope
"Li 1
6707.764 0.000 -0.002 346.236 4.0 3.63E+07 s’ 'p’ 0.0 1.0
6707.915 0.000 -0.303 346.236 2.0 3.63E+07 's” 'p° 0.0 1.0
6. 000 ' 1 3
"C 1

6711.320 8.537 -2.694 -7.230 3.0 8.32E+07 'p’ s’ 0.0 1.0 "C 1
6713.582 8.537 -4.024 -7.280 5.0 2.04E+07 'p’ 's’ 0.0 1.0
6716.888 8.537 -5.419 -7.230 1.0 7.94E+07 'p’ s’ 0.0 1.0
7.000 ' 1 5
"N 1
6700.494 11.838 -1.394 1908. 317 4.0 1.00E+05 "p° 'd’ 0.0 1.0
6704.839 11.838 -1.394 1905.317 2.0 1.00E+05 "p’ 'd’ 0.0 1.0
6706.107 11.840 -0.993 1910. 317 6.0 1.00E+05 "p" "d 0.0 1.0
6708.759 11.840 -1.288 1908. 317 4.0 1.00E+05 'p" "d 0.0 1.0
6713.114 11.840 -2.094 1904. 317 2.0 1.00E+05 "p’ 'd’ 0.0 1.0
9.000 ' 1 2
"F 1

6708.275 12.697 -1.620 2.500 4.0 1.00E+05 's” "p° 0.0 1.0
6714.261 14.764 -1.490 2.500 4.0 1.00E+05 'p” "d" 0.0 1.0
" 13.000 ' 2 1
"AlI T
6700. 848 14.890 -2.570 2.500 1.0 1.00E+05 's” 'p" 0.0 1.0



*NLTE case
NLTE flag is .true. — model atom > departure coefficient (&
https://keeper.mpdl.mpg.de/d/6eaecbf95b88448f98a4/.
REVWDTIREIENEL

- NLTE 1B&8&I71)
v20.0 CANBCEBIOA D BEI7AILH5, ‘'NLTEINFOFILE' in bsyn input
BRERIODOVWTOIER. ETIVEF. departure #REI71) %

An example

# some comment

# path for model atom files ! this comment line has to be here !
./modelAtoms/

# path for departure files ! this comment line has to be here !
./nlteDepFiles/

# atomic (non)LTE setup (another comment)

6.0 ICI Iltel r 4 r 4 4 4
8.0 "0" ’'nlte’ ’'atom.o4lf’ 'depCoeff O 9.591.dat’ 'ascii’
12.0 ’'Mg’ ’'nlte’ ’"atom.mg86b’ ’‘depCoeff Mg 7.428.dat’ ’'ascii’
14.0 ISiI /ltel ’ ’ 4 4 ’ ’

EFIVREF
FA¥—T. MULTI2.3,
EAREEEBICII>OO0-RTB500,

-ZENIFRE departure coefficients
EETINEFCHURDEINFENAFY=T7( ). BETIAKKRICHULT, ZOTVYRHBARIEL TRHS.
Znhinterpolator/IAIL4—,
ENALFV=T74IICET ZAF=T74 )V H EIHR
INHELORASTRVEUTITA—HIARBHNEIT R,
v20 OFEDENMBSINABVEVNTRVIZASIH, FADZRICIIDDNME ? v19 [CLELIN ?

-Departure coefficient file
departure coefficients Z#F>TZ/c5 input_file (CEZ&T v20 IChMFBENS.
PYTHON wrapper, Sec. 8.1 f 2&H&,

-Interpolator of departure coefficients
LTRMTE.
Thomas Masseron HMERKL. MARCS web page (C&H3.

<BFHT—5> 30 FeH ORBESR

-fdamp £T 2.5 &,
fdamp: - J7oFINI=IAEH

*1) use ABO theory (Anstee, Barklem, O’Mara) for collisional damping with H,



with data taken from line list: fdamp contains sigma.alpha.
This number is available starting with VALD3 version of the VALD database.
See : http://www.astro.uu.se/~barklem/howto.html

2) if (1) not available check if something can be computed in the anstee.f
routine using generic broadening recipes from the ABO formalism

3) if (2) not available, check in line list for a gamma6 at 10000K

4) if nothing else worked, compute Unsoeld approximation, using a fudge factor

read from column 4.

One example:
5349.465 2.709 -0.428 -7.652 7.0 2.69E+06 ‘s’ ‘p* 0.0 1.0
‘Cal LS:3p6.3d.4s 1D LS:3p6.3d.4p 1F*" 8 26 '13D1D’ '14P1FP’

fdamp = -7.652 :the calculation will be made according to the generic ABO recipe for s-p transition
(case 2).

If I replace ‘s’ ‘p’ by 'x’ 'x’" in the line list, broadening will be computed using

-7.652 and the gam_6 recipe from Kurucz (case 3),

If in addition I replace -7.652 by 1.0, The Unsold recipe with a fudge factor = 1 will be used.

-FeH_Dulick_6190_458950.list <Plez>
"0126.001056 "1 111404
"/Users/ulrike/Molecules/Data/FeH/FEH??. DAT
6195.989 0.097 -9.234 0.00 24.0 0.00E+00
6196.054 0.115 -9.060 0.00 26.0 0.00E+00
6196. 787 0.081 -9.412 0.00 22.0 0.00E+00
6203.813 0.042 -10.284 0.00 16.0 0. 00E+00
Turbo-SP v19 tDMSEE? ThH vio iZx. BEOZBHH ?
6700.167 1.422 0.516 2.500 255.0 8.49E+06 'X' 'X' 0.0 1.0 JEB8

-FeH_Plez_Langhoff-Bauschlicher_bsyn.list <Plez>
"0126. 000000 "1 19380
"FeH_Plez. lis
7626.509 0.086 -4.789 0.00 20.0 0.00E+00 'X* "X 0.0 1.0 2 0 SR32 8.5 FeH FX’
7633.363 0.097 -4.463 0.00 26.0 0.00E+00 'X* "X 0.0 1.0 2 0 SR21 11.5 FeH FX’
7633.410 0.081 -4.773 0.00 24.0 0.00E+00 'X" "X 0.0 1.0 ' 2 0 SR21 10.5 FeH FX’
U EDESDT, Turbo-SP v19 AR
6700.167 1.422 0.516 2.500 255.0 8.49E+06 'X' 'X' 0.0 1.0 GEB8

-FeH_Plez_scaledLanghoff.list <Plez> COFFTEFFEIRV
FeH 02 00 008 + SR32 .1626E-04 13108.550 .086 F
FeH 02 00 011 + SR21 .3442E-04 13096.780 .097 F
FeH 02 00 010 + SR21 .1686E-04 13096.700 .081 F
Turbo-SP v19 tDMSEE? T —4? LALT—=IhR?
6700.167 1.422 0.516 2.500 255.0 8.49E+06 'X' "X 0.0 1.0 R

ZOfD#ET—4 : VALD5(Ryabchikova et al. 2015) 15, Utilities/vald3line-BPz-freeformat.f. T TS format

(o



+Molecular species
Gaia-ESO project '54%9>0— R, https://keeper.mpdl.mpg.de/d/6eaecbf95b88448f98a4/.
TNIIRACINR Tz, 2N
https://nextcloud.lupm.in2p3.fr/s/r8pXijD39YLzw5T,
https://nextcloud.lupm.in2p3.fr/s/r8pXijD39YLzw5T?path=%2FPROGRAMS.

<vald T—42 DY > FIL> FeH EAERT,
FOUITNTE raMASTWBM, STITEEL, ET? THIATEFECWLL,
' 26.000 ’ 1 81
"Fe 1
6700.453 5.507 -8.941 -7.180 7.0 5.37E+07 'd’ 'f 0.0 1.0
6700.885 5.067 -4.037 -7.720 7.0 1.15E+08 'd’ 'p’ 0.0 1.0

" 607.012014 ' 1 101
"CNT
6700.027 1.420 -3.815 2.500 146.

o

1.48E+06 "X "X 0.0 1.0 SEBS

6700.122 0.935 -1.929 2.500 60.0 1.48E+06 "X 'X 0.0 1.0 SEBS
' 822.000048 ' 1 309
"Tio 1

6700.167 0.364 0.350 2.500 145.

o

9.86E+06 "X "X 0.0 1.0 SEES

6700.167 1.422 0.516 2.500 255.0 8.49E+06 "X X’ 0.0 1.0 ;EHB&
' 126.000056 ' 1 82 EUREKT
'FeH I '

6700.599 0.619 -7.375 2.500 56.0 0.00E+00 "X "X 0.0 1.0
6700.927 0.160 -5.834 2.500 18.0 0.00E+00 "X "X 0.0 1.0

BKurucz line list » 5 Turbo-sp AIZZE#
VALD M5 ETDHERINMVERDT. GF10_KB i5&ELTHL,

[ B ASEFL ]

WAARERNAABEENTVWS, 22U MARCS B X1 >, Kurucz 6 A%,
Various model formats
*MARCS (Gustafsson et al. 2008) models. most users will download ".mod" files.

https://marcs.astro.uu.se - Plez® FeH F—4ICE&
MARCS O opacity file (.opa from the MARCS web site)MEX 285 (bsyn.f)ZEINTHE (LR,

-ATLAS (Kurucz 1970; Castelli & Kurucz 2003) models
*MULTI (Carlsson 1986) formatted model.
-other format

‘Kurucz XSEFINOEAZE

EITRRIVTRT,

'MARCS-FILE:' '.false.'
foreach MODEL (kurucz-3500g000.mod)

Lo KRETINOAFRIFCEEIC kurucz-" NP ES L




[llﬁﬁwﬂﬁ?—&

v20 ATR®HBH - -

MODELINPUT

MARCS-FILE

MODELOPAC

XIFIX

model atmosphere
TorF
continuous opacity file

TorF

Keyword value comment
LAMBDA MIN- wavelength in A minimum wavelength for synthesis
LAMBDA MA); A maximum wavelength for synthesis
LAMBDA STEP A wavelength step for synthesis
METALLICITY [Fe/H] global metallicity relative to solar
ALPHA/Fe [a/Fe] a-elements abundance?
HELIUM [He/H] Helium abundance
R-PROCESS [r/Fe] r-process fraction enhancement®
S-PROCESS [s/Fe] s-process fraction enhancement®
INDIVIDUAL ABUNDANCES integer number of elements with special abundance?

for babsma.f only
default is true®
output for babsma.f, input for bsyn.f

true if constant vmicro to be readf

following parameters for spectra

| synthesis only in bsyn.f

RESULTFILE
SEGMENTSFILE
RESOLUTION
INTENSITY/FLUX
SPHERICAL
ISOTOPES
NFILES
NLTE
NLTEINFOFILE

output spectrum
file name
NAA
Intensity or Flux
TorF
integer
integer
TorF

file name

contains non overlapping spectral segments
spectral resolution in segments if applicable?
type of spectrum to be calculated

geometry for radiative transfer?

number of isotopic abundances!

number of line lists to be read!

NLTE or LTE calculation

on N/LTE species and associated files

a O, Ne, Mg, Si, S, Ar, Ca, Ti
b see makeabund.f
c see makeabund.f

d if different from 0, this is followed by lines of data with the element atomic number and its

abundance (scale H=12)




e ascii or binary MARCS model file

f if .true. followed by a line with vmicro in km/s, for babsma.f only

g default is 500 000

h followed by 4 lines of data controlling the solver, that should not be changed

i if not 0, followed by lines indicating the isotopic abundances. See makeabund.f for default values
j followed by lines with file names

By U TILLHERER ]

<EX> script-5000-intens.com
#!/bin/csh -f

# compute intensity spectrum for the Sun, at 2 different angles

date
set mpath=models **% COM19.1 O /models ICKKET I ZUHA

foreach MODEL
(s5000_g+2.0_ml.0_t02_st_z+0.00_a+0.00_c+0.00_n+0.00_0+0.00_r+0.00_s+0.00.mod)

set lam_min = '6700' ok DUFBEBRINIA-FZRTE
set lam_max = '6720'

set deltalam = '0.01"

set METALLIC = 0.000"

set TURBVEL

'2.0"'

#
# ABUNDANCES FROM THE MODEL ARE NOT USED !!!

../exec-v19.1/babsma_lu << EOF Rk 1, ERERIGEETE
'LAMBDA MIN:' '${lam min}'

'LAMBDA MAX:' '${lam max}'

"LAMBDA STEP:' 'S{deltalam}'

'"MODELINPUT:' 'Smpath/${MODEL}"'

'"MARCS-FILE:' '.true.' *xx MARCS ARETINZHEIR
'"MODELOPAC: ' 'contopac/${MODEL}opac'

'"METALLICITY:' '"S{METALLIC}"'

'"ALPHA/Fe ! '0.00"

'"HELIUM ! '0.00"'

'R-PROCESS :' '0.00"

'S-PROCESS H '0.00"

"INDIVIDUAL ABUNDANCES:' "0’

'XIFIX:' 'T!'

STURBVEL

EOF

iidddddzddddidddddddddddddidididddddddidddidididddidididddididdddidzadadrandi



set SUFFIX

_${lam min}-${lam max} xit${TURBVEL}.intensity

set result S{MODEL}${SUFFIX}

../exec-v19.1/bsyn_lu <<EOF Ak D HR% AN, intensity, flux Z5tE&
'LAMBDA MIN:' '${lam min}'

'LAMBDA MAX:' '${lam max}'

"LAMBDA STEP:' '${deltalam}'

"INTENSITY/FLUX:' 'Intensity' Rk SBINT D

"COS (THETA) :''1.0!

'"ABFIND :' '.false.'

'"MODELOPAC:' 'contopac/${MODEL}opac' *¥** opacity #2ZIC
'"RESULTFILE :' 'syntspec/${result}’ xRk SHEIEERMNCCC
"METALLICITY:' '${METALLIC}'

'"ALPHA/Fe . '0.00"

"HELIUM 2 '0.00"

"R-PROCESS :' '0.00"

'S-PROCESS  : '0.00"

"INDIVIDUAL ABUNDANCES:' 1

3 1.05

"ISOTOPES : ' '2°'

3.006 0.075
3.007 0.925
'NFILES A
DATA/Hlinedata
linelists/vald-6700-6720.1list KAk MR 4 ZZICFeHH (F&R)
'SPHERICAL: " ‘T
30
300.00
15
1.30
EOF

XSRS RS S
date

end

<#ER> LofZ fluxCLEED
#csh script-5000-flux.com ODHE
script-5000-intens.com #® intensity Z flux (C

COM-v
19.1/synspec/s5000_g+2.0_m1.0_t02_st_z+0.00_a+0.00_c+0.00_n+0.00_0+0.00_r+0.00_s+0.00.m
od_6700-6720_xit2.0

TOEBDT, REBLD,
6700.000 0.99951 4.11856E+06
6700.010 0.99914 4.11702E+06



6700.020
6700.030
6700.040
6700.050
6700.060
6700.070

0.99849 4.11436E+06
0.99744 4.11002E+06
0.99583 4.10338E+06
0.99353 4.09389E+06
0.99049 4.08134E+06
0.98677 4.06604E+06

T (&, script-sun-flux.com OfER. IS5YIAUNERVD T, FREIE [ERiR. RRTIE spshow (%53

turboSP - s5000 g+2.0 m1.0 102 st z+0.00 a+0.00 ¢+0.00 n+0.00 0+0.00 r+0.00 s+0.00.mod 6700-6720 xit2.0

0 |
G700 6710 6720

Turbo-SP Sun, spshow EDULEDD - - - ELASEL, Broadening KMxWZed

105780g444x+000mo
val6700-6720 kgl
G700-6720.aat
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Laboratory wavelength (A
as: 000dadvrad: 00 Y N (A
rz: 1.000 ystt. 0.000
wv. 00 &ta 1.006-02 R(ip) . infin.

Spshow - vt = 2.0 km/s, v sini = 0.0 km/s




1O5780GA44x+ 0000
valG700-6720.Kgt
6700-6720 dat
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6700. 6705, 6. 6715.
Laboratory wavelength (A)
as 000avriad 00
fz: 1.000 ysn: 0.000
wy. 6.0 ela. 1.006-02 R(ip)infin.
Spshow - vt = 0.75 km/s, v sini = 6.0 km/s

[- SFEFel EADENES

*linelists/vald-6700-6720.1list

Kkx BT TZICFeH® (&)

TOISCRFHRET —FEAFERICBRBILICEIEL, ANSB :

'Ti0 I !
6700.167 0.364 0.350 .500 145.0 9.86E+06 'X' 'X' 0.0 1.0
6700.167 1.422 0.516 .500 255.0 8.49E+06 'X' 'X' 0.0 1.0
' 126.000056 ! 1 82
'FeH I !
6700.599 0.619 -7.375 .500 56.0 0.00E+00 'X' 'X' 0.0 1.0
6700.927 0.160 -5.834 .500 18.0 O0.00E+00 'X' 'X' 0.0 1.0

Turbo-SP : Dulick FeH + Kurucz Fe

T
1
05 F
i Betelgeuse
i (3500, 3.0)
- —DULIC 10300-10340 FEH+FE FLUX
| —FE.10300-10340 FLUX
O L | L | L |
10300 10310 10320 10330 10340

Dulick ® FeH ¥ —4(Z Kurucz ® Fe I ZhlXx .
FeH #hag9E ?

ME



