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YToObI onucate OOpMYy U MIHTEHCUBHOCTbL CNEKTPansHOW NTIMHUK
HeobxoaMMO 3HaTb crieayoLlne aToMHbIe NapamMeTpbi:

* LleHTpanbHy0 ANUHY BOMHbI A

* 9Heprum Bo30YXOEHWS HIWKHEro 1 BepxHero yposHen, £ u Ej
* noTeHUMarnbl MoHM3aumm y

* MOJIHbIE YINOBbIE MOMEHTbI 06onx yposHen, J. u JJ

* BEPOATHOCTU NepexooB f,;,- Unu Aﬁ

* KOHCTaHTbI 3aTyXaHus ., 7, 7,

* hfs-constants 4 n B ans oboux ypoBHe

* MarHUTHbIN MOMeHT agpa [

* pakTopbl JlaHae g. v 8;

* UI30TOMHOE pacLiensieHne U N30TOMNHbIN COCTaB



Normalized flux

0.8

0.6

0.4

0.2

—0.2

Hy)xHbI JaHHbIe. MHOr0, TOUHBIX.

500 muHUM
e V —— '“'"'v"v‘v‘““ W‘\ [r DAY B Wil T Wy "‘\
| 21 Peg: T _=10400 K, logg=3.55 B
" Procyon: T = 6510 K, logg=3.96 | |
| | . | . | . | . | . |
5162 5164 5166 5168 5170 5172 5174

Wavelength, A



0e MO)XXHO HaAUlmu amu
OaHHbIe ?

o>

Kak ux cocmamsb ?

—y o -

= ..’.‘.'



Hexkomopble 6a3bl OGHHbIX NAPAMempoas
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R.Kurucz database:
http://kurucz.harvard.edu/

Kurucz DB codep)xum npakmu4ecKku ece OaHHbIe, He06xo0uMsbie OJisi
crieKmpasibHO20 aHasu3a:

a. pac4yem rnoasiouleHuUsi 8 JIUHUsIX 0Jsisi ModeJsieli ammocaghep
b. cnekmpasbHbIU CUHMe3 OJiT aHaaAu3a XUMU4eCKo20
cocmaea

Hem cneyuanbHbIXx npo2paMmmM ebi6OpKU

Completed Ions

config levels E1l lines
even odd even odd good wl total old good
Fe I 61 50 18655 18850 126290 7501218 789176 25 FEB 2018

Fe II 46 39 19771 19652 124654 7834553 1264969 8 DEC 2013
Fe III 49 41 19720 19820 37093 10799751 1604934 25 JUN 2015

Fe IV 61 54 13767 14211 8408 14617228 1776984 24 AUG 2006
Fe V 61 61 6560 7526 11417 7785320 1008385 21 AUG 2006
Fe VI /73 73 2094 2496 3534 9072714 475750 16 AUG 2010
Fe VII 85 86 7132 7032 2326 2816992 90250 9 JUL 2010
Fe VIII 52 52 1365 1244 233 220166 14561 20 JUL 2010
Fe IX 32 33 245 252 281 123563 39346 11 AUG 2015

Fe X 56 52 1555 1281 346 749848 0] 6 APR 2016



NIST Atomic Spectra database:

https.//www.nist.gov/pml/atomic-spectra-database

Atomic Spectra Database

NIST Standard Reference Database 78

Version 5.6
Last Update to Data Content: October 2018 | Version History & Citation Information | Disclaimer |
DOI: https://dx.doi.org/10.18434/T4AW30F

Welcome to the NIST Atomic Spectra Database, NIST Standard Reference Database #78. The spectroscopic data may be
selected and displayed according to wavelengths or energy levels by choosing one of the following options:

LiNES Spectral lines and associated energy levels displayed in wavelength order with all selected
spectra intermixed or in multiplet order. Transition probabilities for the lines are also
displayed where available.

Energy levels of a particular atom or ion displayed in order of energy above the ground

LEviLs rgy p play gY g
state.

GROUND STATES & Ground states and ionization energies of atoms and atomic ions.

lonizaTion ENERGIES

ASD Interface for Laser Induced Breakdown Spectroscopy (LIBS)

LIBS




NIST Atomic Spectra database:
https.//www.nist.gov/pml/atomic-spectra-database

——  Informarion w

. Natienal Institute of
Is Listol  Ground Stares & B,bu_ Standards and Technology
SpECTRA  loization Energies Physical Meas. Laboratory
NIST AtDmiC Spectra Database Lines Form Best viewed with the latest versions of Web browsers and JavaScript enabled

' Wavelengths ¥ '

Show Graphical Options Show Advanced Settings

Can you please provide some feedback to improve our database?




NIST Atomic Spectra database:

https.//www.nist.gov/pml/atomic-spectra-database

Wavelength range: 5000 - 5010 A

Wavelength in: vacuum below 2000 A, air between 2000 and 20000 A, vacuum above 20000 A
Highest relative intensity: 41700

Sarme data for neutral and singly-charged jons are available in the Handboak of Basic Momic Spectroseopic Data

Query MIST Bibliographic Databases for
Fe | (new window)

Primary data sources

Energy MNawe The wavenumber mezsurements in Nave et al 1984 were calibrated with respect to Ar 11 lines measured by [Norlén 1973 , which were re-measured later by Fe I Energy Levels
Levels: otal. Whaling et al. 1395 and found to be systematically too small. To account for this calibration emor, the original measured wavenumbers and energy level values
1994 from Mave et al. 1994 have been increasad here by 6.7 pants in 10°. The ionization energy is from Schoenfeld et al. 1995 , adjusted by the same scaling factor.
Lines: Mave Ohbserved wavenumbers have been increased by 6.7 parts in 10%, similar to the energy levels. Fe I Line Wavelengths and Classification
et al.
1934
Transition Fuhr Fe I Transition Probabilities
Probabilities: and
Wiese
2006
5 Bee.218 o.004 5 00@.2189 | @.0086 &5 37 409.355 =~ 57 403.134 3d5(5D)454pitP") y ipe 1 3d%4s(*D)5d p 2
5 @81.8633 | 0.0008 5 BBL.8621 | @.e00d | 20000 | 32.7e+87 D+ | 31 387.245 = 51 294.220 3d%(5D ) 454p (3p=) z If° 4 3d%(°D)4s (*D)5s e p 3
5 882.581 0.085 5 B02.5829 | ©._0006 Fabl* 33 765.386 — 533 T749.485 3q® c IF 2 3d5(3G) 454p(3P*) x IF® 2
5 882.581 0.085 5 B02.5860 | ©.0006 Fabl* 38 995.736 — 5B 979.823 3d7 (*F)4p y D° 1 3d%4s(*D) 4d *p 2
5 BB2.7924 | 6.0008 5 B02.7920 | @._0004 2570 | B_8e+85 ¥] 27 394.891 = 47 377.955 3d5(5D)454pi3P*) z 9= 3 3d7(*F}5s e 5F 4
5 084.8440 | 00008 5 004.8433 | 0.0004 468 | 3. 7etBb E 33 946.933 - 53 925.200 3d%(5D ) 454p(3P=) z Ipe 2 3d7 (*F)4d f Sp 1
5 8084.341 o.004 5 804.3399 | @._0004 105 26 B23.735 -~ 46 600.818 347 (?D2)4s a o 2 3d5(3P2) 4s4p (3P} z 3g° 1
5 B85.71268 | 6.0068 5 805.7120 | @.0084 | 15800 31 322.613 - 51 294.228 3d5(5D)454pi3P*) z o 3 3d%(°D)4s (*D}5s e 3
5 P@&.1188 | @.0068 5 806.1184 | @.coa4 [ 41700 | 5.87e+06 B+ | 22 845.869 = 42 B815.855 3d5(5D)454pi3P") z TF® 5 3d%(°D)4s (®D)5s e D 5

T2491n

T257Bn

T2578n

T3728

L1le31

L1163l

L1le31

L1le31

L1le31

L1163l

L1le31

L1le31

L1le31l



NIST Atomic Spectra database:

https.//www.nist.gov/pml/atomic-spectra-database

JaHHbIe: N0 IMHUAM, MO YPOBHAM, 3HEPTNAM NOHU3aUMW, ...

L[ OCTOMHCTBA.

[MpoBepeHHble gaHHble, Hasinvme hopMbl 3anpoca

HepnocTtaTku:
* OTHOCUTE/NbHO HEBO/bLLIOE KOMNYECTBO AaHHbIX. Fe II: 1136 fIMHUI VS
124654 B Kurucz DB.
* Masio gaHHbIX ANns TSXKeNblX 3/IEMEHTOB
* He ansg Bcex NMMHUIA AaHbl KO3dodonumeHTbl A
* Mano pyHkumin dhopmbl 3anpoca




VALD - Vienna Atomic Line database

http://vald.astro.uu.se/~vald/php/vald.php
http://vald.inasan.ru/~vald3/php/vald.php

Selected and retrieved 9 abstracts. Total citations: 2575

# Bibcode Cites Date List of Links
Authors Title Access Control Help
1 1999A&AS..138.. 119K 1235.000 07/1999 A EF

Kupka, F.; Piskunov, N.; Ryabchikova, T. A.;
Stempels, H. C.; Weiss, W. W.

VALD-2: Progress of the Vienna Atomic Line Data Base

2

1995A&AS..112..525P

Piskunov, N. E.; Kupka, F.; Ryabchikova, T. A.;
Weiss, W. W.; Jeffery, C. S.

761.000 09/1995 A F G
VALD: The Vienna Atomic Line Data Base.

3

2000BaltA...9..500K

Kupka, F. G.; Ryabchikova, T. A.; Piskunov, N. E.;
Stempels, H. C.; Weiss, W. W.

345.000 00/2000 A F G
VALD-2 —- The New Vienna Atomic Line Database

4

2015Phys5...90e4005R

Ryabchikova, T.; Piskunov, N.; Kurucz, R. L_;
Stempels, H. C.; Heiter, U.; Pakhomov, Yu;
Barklem, P. S.

176.000 05/2015 A E
A major upgrade of the VALD database



1991 — B Bene (ABcTpus) rpyrrma actpopusnukoB u3s Asctpuu, Poccuu n
[IIBe1 K MPUCTYIIW/IA K CO3/IaHHI0 OTKPBITOM 0a3bl JaHHBIX aTOMHBIX
rapametpoB VALD

OcHoBa VALD — KOMIUIALIMA TaHHBIX U3 Pa3HbIX UCTOYHUKOB,
BK/IrOuUasd NIST u cimcku Kurucz.

1994 - VALD-1 cogepykaja faHHble 1Sl OKOJIO 1 MHW/IJIMOHOB JTMHUU

1999 — VALD-2 6o/1ee 2 MWIIMOHOB JIMHUI Hab/ogaeMbIx U 6os1ee 40
MUJIJIMOHOB PaCCUMTAHHBIX

2012 — VALD-3 oko/i0 250 MUWIJIMOHOB JIMHAM aTOMOB U OKOJI10 1.5
MUJITAAP0B JIMHUU HEKOTOPBIX IBYXaTOMHBIX MoJjieKy/ (TiO, CN,

CH, C,, O,, SiH, FeH, MgH u ap.) 1 BoJpL

Il basa gfaHHBIX CO37aHa TeMH, KTO UCIIO/Ib3YeT 3TU IaHHbIe



VALD

1. Harmmcana ¢ Hynq Ha sg3bikax FORTRAN, C

2. PensitimonHas (TabivyHas)

3. OcHoBaHa Ha ¢aiiax (Kak/abii (paiin COOTBeTCTBYeT KOHKPETHOM paborTe,
CTarThbe, ...)

4. "Hpekcalust TaHHbIX

5. Ucnonb3yeT cxxaTve, OMHapHbIA BHYTPeHHUM (hopMaT

OT1/mmuusna ot cranfgapTHbix CYDbB/l SQL

1. YHUKaIbLHBIM CUUTAETCS 00BLEKT — CIIeKTpasibHasl IMHUS U ee
TlapaMeTpPhl, KOTOPhIE MOT'YT COAEP>KaThCsl B HECKOJILKUX 3aIlUCX U,
TI03TOMY pa3InMyaThCsl.

2. ImeeT MexaHU3M UJeHTU(UKALIUM CIIeKTPalbHOM JTMHUU

3. ImeeT cucTeMy NPHUOPUTETOB [IJII MCII0JIb3yeMbIX (hakiI0B JaHHBIX

4. 3HAaUNTeMbHbBIM BLIUTPHII B CKOPOCTH BbIIOIHEHMS 3alIpOCOB 1
1oTpeb/IsieMbIM PecypcaM: MaMsITh U IIPOLIECCOP

5.BhifiaeT JaHHBIE TOIBKO [0 TEM CIIEKTPA/IbHBIM JTUHUSIM, KOTOPbIE MOTYT
HabO/F0AThCS
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Figure 1.  The elements which spectral lines parameters are presented in VALD.
Elements with available data on isotopic shifts are marked by bold face, and with

data on hyperfine splitting by italic face.
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Showline

Mpumep padoTbl ansa nuHnn Fel 5162.27A

These are the speciral ines found (WVALD ranking is shown in parentheses below each entry):

Database reference Wavelength | Element | log gf Ejow Jow Eup Jup Lande |Lande |Lande| v v ¥ Lower level Upper level Source
for the line [A] lon [em"-1] [em"-1] eff low up Rad | Stark | Vdw coupling coupling Accuracy
electronic configuration electronic configuration Comment
Term designation Term designation
Kurucz obs. energy level: Fe 1 5152‘;#448 Fel _4,1:%]48 408714120 20 60237 6100 20 1-[‘;}?3 148 | 148 7'[53}5” -3&00 7[2}5“ LS 3d8 3P LS 3d6.(5D).4s5.(60).7p 5D* Kuruc:%a;:f:ael 2014
Ee: MBS data 5152{2.??00 Eel D.{Cl-d]zﬂ BSEE[EEﬁDDDD 50 ESDE[JéjDDDD 50 BE{.%DD 5000 | 5900 D.[[;?D D.{Dz?ﬂ D.[[;glﬂ LS - y5F* LS - g5F MWD Fe:mr\]l'E:!.;S data.
Kurucz obs. energy level: Fe 1 51622720 Fel D.S?Z 336553970 5.0 53061 3160 50 1'[331,94 142 | 137 B.[SE?D -S&EU ?[%Zﬂ LS 3d7.(4F).4p y5F* LS 3d7.(4F).4d g5F Kuruc:%aﬁ:ael 2014
Fe 1: exp. data 515%??29 Fel D'(Dﬁ]m 336953950 5.0 530613140 50 99[_%[1[] 142 | 99.00 “‘%’D D'(Dg?ﬂ D'[ngm LS 3p5.3d7.(adF).4p y5F* LS 3pE.3d7.(a4F).4d g5F ND gj' g-EEXF'-
5162.2920 0.000 | 33697.4920 53062 6610 95.000 0.000 | 0.000 | 798.279 Van der Waals da
Kurucz obs. energy level: Fe 1 5152{3??59 Fel _4;5101 2103&58?0 20 4040[43%1,5180 10 D.é}qs 066 | 150 B'[%;SD -5&90 :'F'[-g'r}m LS 3d6.4s2 h3F2 LS 3d6.{50) 45 4p. (1P*) x50 K”'““%afﬁe' e
Kurucz obs. energy level: Fe 1 5152{3]392? Fel _E;S]m 3555[93%1,853[] 3.0 5533[5341,321[] 2.0 1'[63;'5 150 | 133 B'E;SD _3,1:?]40 -?.{jg_}ﬂﬂ LS 3d6.(5D0).4s 4p(1P*) x50* | JK 3d6.4s.(6D=9/2>).5g 2[5/2] K”'“cfgﬁe' 2014
Kurucz obs. energy level: Fe 1 5152{:'1]3930 Fel _8&55 39968.6530 3.0 593353200 30 1'[53%2 150 | 152 B'[%;SD _3&40 —?.[%}BD LS 3d6.(50).45 4p_(1P*) x50* | JK 3d6.4s.(6D=9/2=).5g 2[5/2] K”'““fgfﬁe' 2014
The data above should be combined to the following set of lines (The output in long format skipping Lande factors is displayed).
MNumbers in front of the source keys refer to the line list names below.
Wawvelength | Element | log gf Ejowr Jiow E“p Jup Lande| vy ¥ Y Lower level Upper level Reference for
[A, air] lon [em~-1] [em~-1] Rad | Stark | VdW coupling coupling wavelength
electronic configuration | electronic configuration
Term designation Term designation
5162.2720 0.020 33695.3970 53061.3180 139 |8.380 |-3.960|798.279 | LS 3d7.(4F).4p y5F* LS 3d7.(4F).4d g5F
1wikia  |B1 |2 grrmw|1Kk1a 50 17k14 30 |1k1a [1K14|1K14 |3BEM |1K14 1K14 WL P Ll Re
Key to references:

1 Kurucz obs. energy level: Fe 1

2 Fe 1: exp. data
3 Van der Waals data
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Server: Moscow VALD3

Version: 1599:1601M

Documentation

|nhu ut VALD
|Duc umentation

News

VALD3 Mirror Servers

|W\LD3 Mirror Uppsala
|\MLD3 Mirror Vienna
|\M.LD3 Mirror Moscow

Contact/Registration

|Cnntacl form

“ ™
Welcome to VALD3 -

Flease enteryour registered email address :

| d
Login Reset

About VALD

The Vienna Atomic Line Database (VALD) is a collection of atomic and molecular transition parameters of astronomical interest. VALD offers tools for selecting subsets of lines for typical astrophysical applications: line
identification, preparing for spectroscopic observations, chemical compaosition and radial velocity measurements, model atmosphere calculations etc.

The WALD Electronic Mail Service (WALD-EMS) is the main data transfer protocol for small data sets. For larger data extraction VALD users are advised to use the via ftp' option. This weh portal is the main user interface to
YWALD VALD-EMS. It offers full functionality of the extraction tools and flexibility of data access. An alternative user interface and data transfer protocol are offered via the Virtual Atomic and Molecular Data Center (WVAMDC).
This option allows direct computer access to VALD and many other databases but it lacks some of the functionality that is present in the VALD extraction tools.

Below are the main ideas behind VALD concept that may help you using it in the most efficient way:

& YALD extraction tools are constructed for intelligent selection of data relevant for specific astronomical prablem.

* Bulk data transfervia remote access is highly inefficient. For massive extraction (e.g. for computing opacity tables) you should consider hosting a mirror site. Contact VALD administrator =- link if you are
interested.

# YVALD is regularly updated with critically evaluated data sets. The VALD projectteam experts investigate the statistical properties of the data, extensively compare the results obtained with different data sources,

and establish the guality rating for each new source which is a basis for data selection. This portal offers you a possibility to create and save an alternative ranking table that would also ensures reproducibility of
the extraction.

« VALD data access is free but requires registration. Begistration helps us rejecting spam, collecting statistics and informing you ahout updates. We do not share your registration information with anyone.

If you have any comments about VALD, or would like to register as a client, please contact us through our contact pages.






VALD B HacToOsi1Iee BpeMs

1. ITaTe 3epkait:
1.Uppsala Universitet (ILLIBerus)
2.HCcTuTyT ActpoHomuu PAH (Mocksa)
3.Wien Universitat (ABCTpHsi)
4.Goettingen University (I'epmanus)
5.NASA (CIIIA)
2. COTHM 3aperuCTpupOBaHHbIX MM0JIb30BaTe/ien U3 52 CTpaH MUpa
3. OkoJ10 50 3arpocoB B MeCH1]
4. bonee 2500 cchok Ha ctaTbu 110 VALD B BbICOKOPEUTUHI OBBIX
MeXXIYHapO/IHbIX »KypHa/ax
1. 1006 Ha VALD-1 (42 cChIIKA B TOJ UK 3.5 B MeCsLl)
2. 1235 Ha VALD-2 (65 ccbl1oK B roa uiu >1 B Heziento)
3. 176 Ha VALD-3a (~ 1 cceliKa B HeJlemo)



KopoTtkuin coopmart VALD

IoH
[nvHa BonHbl (A)
SHepPrns HMKHEro ypoBHsa E, (cm™)

KBaHTOBOE 4YK1C/0 me

Cwuna ocuymnnatopa log gf
JlaHOe gbakmop achghekmuBHbIl g
KOHCTaHTb! YLLUMPEHUSA

Ccblnkn

AnuHHbIU chopmaTt VALD

loH

NnuHa BonHbl (A, Bakyym)

NnuHa BonHbl (A, atm)

SHepPrna HMXHero ypoBHs E,_ (cm™)

KBaHTOBOE 4Mcno J,_

-1
SHeprus BepxHero yposHs E (cm™)
KBaHTOBOE 4Yu1Ccno Jup

Cwuna ocuunnatopa log gf
JlaHOe chakmop achgbekmuBHbIU g
JlaHOe hakmop HUXHEe20 ypoBHS g,

JlaHOe ghakmop BEPXHETO YPOBHS 9.

KOHCTaHTbI YLLINPEHUS
3N1EeKTPOHHAsA KoHUrypauus, Tepm

HIKHETO YPOBHA

3/1EKTPOHHAsA KOHdUrypaums, Tepm

BEPXHEro YPOBHS

Ccblnkn



VALD output

RPRRRPRRPRORRRRR

RPRRRPPRPORRRRER

RPRRRPRPRPORRRRR

5098.0000, 5300.0000, 312, 4875, 0.5, Wavelength region, 1lines selected, lines processed, Vmicro
Damping parameters Lande Central

Elm Ion WL(A) Excit(eV) Vmic log(gf) Rad. Stark Waals factor depth Reference
'"Fe 2', 5160.8390, 5.5690, 0.5, -2.559, 8.490, -6.520, -7.890, 1.140, ©0.146, ' 1 1 2
'Fe 2', 5161.1840, 2.8560, 0.5, -4.573, 8.560, -6.530, -7.893, 0.720, 0.051, ' 1 1 2
'Fe 1', 5162.2729, 4.1780, 0.5, 0.020, 8.380, -3.960, -7.239, 1.390, 0.072, ' 7 7 7
'"Fe 1', 5165.4100, 4.2200, 0.5, -0.003, 8.380, -4.710, -7.510, 1.300, ©0.067, ' 1 1 1
'"Fe 2', 5166.5550, 10.4550, 0.5, -0.045, 8.950, -5.170, -7.570, ©0.730, ©0.136, ' 1 1 2
'Mg 1', 5167.3210, 2.7090, 0.5, -1.030, 7.990, 0.000, -7.267, 99.000, 0.330, ' 19 19 19
'"Fe 1', 5167.4885, 1.4850, 0.5, -1.118, 6.750, -6.150, -7.687, 1.150, ©.149, ' 7 7 7
'"Fe 2', 5167.5310, 10.4800, 0.5, -0.766, 8.950, -5.190, -7.570, 1.190, ©.038, ' 1 1 2
'"Fe 2', 5169.0330, 2.8910, 0.5, -1.250, 8.510, -6.500, -7.887, 1.330, ©0.713, ' 7 7 7
'"Fe 2', 5169.8080, 10.5000, 0.5, -1.198, 8.920, -5.110, -7.570, 1.500, ©0.012, ' 1 1 2
'"Fe 2', 5170.7770, 10.4550, 0.5, -0.330, 8.960, -5.210, -7.570, 1.460, ©0.082, ' 1 1 2
'LL_104009355.krz",
'H : ©0.91','He: -1.05',
'Li:-10.90', 'Be:-10.60','B : -9.34','C : -3.65','N : -4.05','0 : -3.45',
'"F: -7.48','Ne: -3.90','Na: -5.62','Mg: -4.35','Al: -5.89','Si: -4.90"',
'"P : -6.44','S -4,95','Cl: -6.54','Ar: -5.86','K : -6.96','Ca: -5.85",
'Sc: -9.38','Ti: -7.21','Vv : -8.00','Cr: -6.27','Mn: -6.53','Fe: -4.62"',
'Co: -6.85','Ni: -5.71','Cu: -7.83','Zn: -6.95','Ga: -9.16', 'Ge: -8.46"',
, "END'

References:

1. GFIRON obs. energy level: Fe_2007

2. Raassen & Uyling: Fe 2

3. VALD 2: Ni

4. GFIRON obs. energy level: Ni

5. NBS: Nickel

6. VALD 2: VanderWaals_new_corCr

7. VALD 2: Fe

19. NLTE lines: Mg
20. NLTE lines: Si



ACTPOHOMHYECKHH )KYPHAJL, 2019, mom 96, Ne 12, ¢. 984—995

VK 524.3-355.3, 539.1584.26, 004.65

CBEPXTOHKOE PACLIEIJIEHHUE B BA3E [TAPAMETPOB
CNEKTPAJIbHbIX JIHHUH VALD

© 2019 r. HO. B. Naxomos'”, T. A. Pa6uukosa', H. E. [luckynos?

'Hucmumym acmponomuu Poccutickoil akademuu nayx, Mocksa, Poccus

?Uncmumym ¢pusuku u acmpornomuu, ¥ancaaa, [lseyus
[Toctynuna B penakumio 24.06.2019 r.; nocae nopadotkn 05.07.2019 r.; npunsita x nyGaukauun 22.07.2019 .

Benckas 6a3a 1aHubIX aTOMHBIX NapaMeTpoB cnekTpaibHbix Junui VALD pononnsieTcss HOBBIMH JaHHBIMH
M HOBOH (PYHKUMOHAJBLHOCTBIO — BO3MOXKHOCTBIO yueTa s deKkra cepxtonkoro pacuernsenus (HEFS) npu
ananuse npocunen sunui. s storo namu cosnana scnomoratensias SQL 6asa nanHbIX ¢ NOCTOAHHBIMH
CBEPXTOHKOH CTPYKTYpPHI 1151 58 H30TonoB 30 HeHTpabHBLIX H 0IHOKPATHO HOHH30BaHHBIX aToMOB. [[poBenen
anajqu3 MoJHOTHE coOpaHHbIX JaHHBLIX M HOBBIX BO3MOXKHOCTEH MpPH HCCJEI0BAHHH 3Be3]l Pas/H4HbIX
CrneKTpasbHbIX KjaaccoB. basa nanHbiX Mo3BoJseT yuuThiBaTh pacilenenue 10 60% JHHUI ¢ U3MepsieMbIM

shpekToM B yabTpadbrosetosom (A > 1000 A), i 10 100% — B BUIMMOM H HHBPAKPACHOM AMANA30HAX

(A < 25000 A) nns A—M sBesn. B cnekrpax ropsiunx O—B 3Be3n neo6xoaumo npus/iexaTsb JabopatopHble
H3MepeHHs /7151 aTOMOB BTOPOH M Bhlllle CTaIHH HOHU3ALUH.

DOI: 10.1134/50004629919120065



58 isotopes with HFS data and its 3970 levels in VALD

Elem | N||Elem N || Elem N || Elem N (| Elem N || Elem N
°Lit | 3||*°Sc 11 | 42[°"Fe1 | 57||"'Ga1 5([**°Ba1r| 38)'°°Ho 1 [165
TLit | 3|*"Ti1 | 34||°Co1 [371|["'Ga1r| 8|[*¥"Bam| 38{'"™Lur1 | 17
ZNa1|60(|*"Titr | 80|[°*"Co1r| 4|®Rb1 | 3|[*La1 [108||'Lumx| 4
ZTALT |23 ||*9Ti1 | 34|(|°INi1 6{°Rb1 3[[**Pr1 | 90||*"°Lu1 | 19
ZTAl (44 (|*Tinn | 80(|%3Cu1 | 70((3°Y u | 39|[**'Pr 1 [293 |3 Ta 1 |507
K1 [21]°°V 1 11{|°°Curt | 70(|”’Nb 1| 53||**'Eu 1| 13 |[*®'Ta 1 [210
WK1 | 5(|°'V1 |332(|°Zn1 | 13|"°Mo 11| 21|[**Buir| 13|**T11 2
UK | 51 Vi |116(|°"Zn | 2| Mo 11| 21||'°°Gd 11| 6812°°T11 4
45Sc 1 [45(|°°Mn 1 |144(|%9Ga1 | 5|[*?I1 [107|[**"Gd | 67(?"Bi 1| 5
°°Mn 1 |221|[*?Ga | 8| T | 61| Tb1x| 79




Distribution of number of spectral lines in VALD

i 1) All lines in VALD i
100 1 2) Elements with nonzero —
- magnetic momentum 7
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Distribution of number of spectral lines
with central depth > 0.3 relative continuum level

Only well observed lines

Wavelength, A
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Hyperfine spliting

Spectral line in long VALD format

:

Searching A,B,I for lower and upper levels in SQLite3 database

Not founV \Jound

Calculations:
1) number of components (N)

Output as single line

2) wavelength shifts (AL)
3) relative intensity (log gf)

v

Output N lines




MNMpocTtasa BbIGOPKA TIMHUA NNTUA

6705.00000, 6710.00000, 2, 442, 1.0, Wavelength region, lines selected, lines processed, Vmicro
Damping parameters Lande Central

Spec Ion WL_air(A) Excit(eV) Vmic log gf* Rad. Stark Waals factor depth Reference
"Lio1', 6707.7635, 0.0000, 1.0, -0.036, 7.560,-5.780, 0.000,99.000, 0.012, ' 1 YD,REB 1 YD,
"Li 1', 6707.9145, 0.0000, 1.0, -0.337, 7.560,-5.780, 0.000,99.000, 0.006, ' 1 YD, REB 1 YD,

'sun_kurucz_p00k2_TO05770G44.krz",
'H : ©0.91','He: -1.05"',
'Li:-10.88', 'Be:-10.89','B : -9.44','C : -3.48','N : -3.99','0 : -3.11',
'"F : -7.48','Ne: -3.95','Na: -5.71','Mg: -4.46','Al: -5.57','Si: -4.49"',
'P : -6.59','S : -4.83','Cl: -6.54','Ar: -5.48','K : -6.82','Ca: -5.68"',
'Sc: -8.94','Ti: -7.05','v : -8.04','Cr: -6.37','Mn: -6.65',"'Fe: -4.37',
'Co: -7.12','Ni: -5.79','Cu: -7.83','Zn: -7.44','Ga: -9.16',6'Ge: -8.63',
"As: -9.67','Se: -8.69','Br: -9.41','Kr: -8.81','Rb: -9.44','Sr: -9.14"',
'Y ¢ -9.80',"'Zr: -9.54','Nb:-10.62', 'M0:-10.12"', 'Tc:-20.00"', 'Ru:-10.20",
'Rh:-10.92','Pd:-10.35"', 'Ag:-11.10"', 'Cd:-10.18"', 'In:-10.58"', 'Sn:-10.04"',
'Sb:-11.04"', 'Te: -9.80','TI :-10.53','Xe: -9.81','Cs:-10.92"','Ba: -9.91"',
'La:-10.82"', 'Ce:-10.49"', 'Pr:-11.33', 'Nd:-10.54"', 'Pm:-20.00"', 'Sm:-11.04",
'"Eu:-11.53','Gd:-10.92', 'Tb:-11.94', 'Dy:-10.94"', 'Ho:-11.78", "Er:-11.11",
'Tm:-12.04"', 'Yb:-10.96"', 'Lu:-11.28"', 'Hf:-11.16"', 'Ta:-11.91"','W :-10.93"',
'Re:-11.77','0s:-10.59','Ir:-10.69"', 'Pt:-10.24"', 'Au:-11.03"', 'Hg:-10.95"',
'Tl:-11.14"', 'Pb:-10.219"','Bi:-11.33', 'P0:-20.00"', 'At:-20.00"', 'Rn:-20.00",
'"Fr:-20.00', 'Ra:-20.00"', 'Ac:-20.00', 'Th:-11.92', 'Pa:-20.00"','U :-12.51",
'"Np:-20.00', 'Pu:-20.00', 'Am: -20.00"', 'Cm:-20.00"', 'Bk:-20.00"', 'Cf:-20.00",
'Es:-20.00"', "END'
* oscillator strengths were scaled by the solar isotopic ratios.
References:

1. Li 1 - K 5 Bell



BblOOpKa NMHUW NUTUSA C y4€TOM U30TOMNOB

Lande
Stark Waals factor
.000,99.000,
.000,99.000,
.000,99.000,
.000,99.000,

11,
49",
.68",
37",
.63",
14",
20",
04",
91",
04",
117,
93",
95",
00",
51",
.00,

6705.00000, 6710.00000, 4, 442, 1.0, Wavelength region, lines selected,
Damping parameters

Spec Ion WL_air(A) Excit(eV) Vmic log gf* Rad.
"Li 1", 6707.7635, 0.0000, 1.0, -0.036, 7.560,-5.780, 0
"Li 1", 6707.9145, 0.0000, 1.0, -0.337, 7.560,-5.780, 0
"Li 1", 6707.9215, 0.0000, 1.0, -1.122, 7.560,-5.780, 0
"Li 1", 6708.0725, 0.0000, 1.0, -1.423, 7.560,-5.780, 0
"sun_kurucz_p00k2_T05770G44.krz"',
'H : 0.91','He: -1.05"',
'Li:-10.88', 'Be:-10.89','B -9.44','C : -3.48','N : -3.99','0 : -3
'"F : -7.48','Ne: -3.95','Na: -5.71','Mg: -4.46','Al: -5.57','Si: -4
'P : -6.59','S : -4.83','Cl: -6.54','Ar: -5.48','K : -6.82"',"'Ca: -5
'Sc: -8.94','Ti: -7.05','V : -8.04','Cr: -6.37','Mn: -6.65','Fe: -4
'Co: -7.12','Ni: -5.79','Cu: -7.83','Zn: -7.44','Ga: -9.16','Ge: -8
"As: -9.67','Se: -8.69','Br: -9.41','Kr: -8.81','Rb: -9.44','Sr: -9
'Y ¢ -9.80',"'Zr: -9.54','Nb:-10.62', 'M0:-10.12"', 'Tc:-20.00"', 'Ru:-10
'Rh:-10.92', 'Pd:-10.35"', 'Ag:-11.10','Cd:-10.18"', 'In:-10.58"', 'Sn: -10
'Sb:-11.04','Te: -9.80','I :-10.53','Xe: -9.81','Cs:-10.92','Ba: -9
'La:-10.82','Ce:-10.49', 'Pr:-11.33", 'Nd:-10.54"', 'Pm:-20.00", 'Sm: -11
'"Eu:-11.53','Gd:-10.92', 'Th:-11.94"', 'Dy:-10.94"', 'Ho:-11.78"', "Er:-11
'"Tm:-12.04"', 'Yb:-10.96"', 'Lu:-11.28"', 'Hf:-11.16"', 'Ta:-11.91"','W :-10
'Re:-11.77','0s:-10.59', 'Ir:-10.69', 'Pt:-10.24"', 'Au:-11.03", 'Hg:-10
'Tl:-11.14','Pb:-10.19','Bi:-11.33', 'P0:-20.00"', 'At:-20.00", 'Rn:-20
'"Fr:-20.00', 'Ra:-20.00"', 'Ac:-20.00','Th:-11.92"', 'Pa:-20.00"','U :-12
'"Np:-20.00', 'Pu:-20.00"', 'Am:-20.00', 'Cm:-20.00"', 'Bk:-20.00"', 'Cf:-20
'Es:-20.00', "END'
* oscillator strengths were scaled by the solar isotopic ratios.
References:

1. Li 1 - K 5 Bell

0.012,
0.006,
0.001,
0.001,

lines processed, Vmicro
Central

depth Reference

1 YD, REB
1 YD, REB
1 YD, REB
1 YD, REB

1 YD,
1 YD,
1 YD,
1 YD,



6705.00000, 6710.00000, 19, 442,
Spec Ion WL_air(A) Excit(eV) V
"Li 1', 6707.7558, 0.0000, 1
"Li 1', 6707.7558, 0.0000, 1
"Li 1', 6707.7559, 0.0000, 1
"'Li 1', 6707.7679, 0.0000, 1
"Li 1', 6707.7680, 0.0000, 1
"Li1', 6707.7681, 0.0000, 1
"Li 1', 6707.9064, 0.0000, 1
"'Li 1', 6707.9078, 0.0000, 1
"Li 1', 6707.9185, 0.0000, 1.
"Li1', 6707.9192, 0.0000, 1
"Li 1', 6707.9192, 0.0000, 1
"'Li 1', 6707.9199, 0.0000, 1
"Li1', 6707.9226, 0.0000, 1
"Li1', 6707.9226, 0.0000, 1
"Li 1', 6707.9227, 0.0000, 1
"'Li 1', 6708.0701, 0.0000, 1
"Li 1', 6708.0705, 0.0000, 1
"Li 1', 6708.0735, 0.0000, 1
"Li 1', 6708.0739, 0.0000, 1
'sun_kurucz_p0O0k2_T05770G44.krz",

'H : 0.91','He: -1.05"',

'Li:-10.88', 'Be:-10.89','B -9.44",
'"F : -7.48','Ne: -3.95','Na: -5.71',
'P : -6.59','S : -4.83','Cl: -6.54",
'Sc: -8.94','Ti: -7.05','Vv : -8.04"',
'Co: -7.12','Ni: -5.79','Cu: -7.83',
"As: -9.67','Se: -8.69','Br: -9.41"',
'Y : -9.80','Zr: -9.54','Nb:-10.62",
'Rh:-10.92', 'Pd:-10.35"', 'Ag:-11.10",
'Sb:-11.04"', 'Te: -9.80','I :-10.53',
'La:-10.82"', 'Ce:-10.49"', 'Pr:-11.33"',
"Eu:-11.53"','6d:-10.92', 'Tbh:-11.94",
'"Tm:-12.04"','Yb:-10.96"', 'Lu:-11.28",
'Re:-11.77','0s:-10.59"', 'Ir:-10.69"',
'Tl:-11.14"','Pb:-10.19', 'Bi:-11.33"',
'Fr:-20.00', 'Ra:-20.00"', 'Ac:-20.00",
'Np:-20.00', 'Pu:-20.00"', 'Am:-20.00",
IEc:_20 AN' '"END'

BbIGOpKa NIMHNI NINTUA C YYETOM N30TOMOB U CBEPXTOHKOIO pacLuensieHus

1.0, wWavelength region,

mic log gf* Rad.

.0, -1.240, 7.560, -5
.0, -0.842, 7.560, -5
.0, -0.842, 7.560, -5
.0, -1.541, 7.560,-5
.0, -0.842, 7.560, -5
.0, -0.395, 7.560, -5
.0, -0.842, 7.560, -5
.0, -1.541, 7.560,-5
0, -0.842, 7.560, -5
.0, -1.951, 7.560, -5
.0, -1.854, 7.560,-5
.0, -0.842, 7.560, -5
.0, -2.854, 7.560, -5
.0, -1.951, 7.560, -5
.0, -1.423, 7.560, -5
.0, -1.951, 7.560,-5
.0, -2.854, 7.560, -5
.0, -1.854, 7.560,-5
.0, -1.951, 7.560, -5
'C : -3.48','N : -3
'Mg: -4.46','Al: -5
"Ar: -5.48','K : -6
'Cr: -6.37','Mn: -6
'Zn: -7.44"',"'Ga: -9
'"Kr: -8.81"', 'Rb: -9
'"Mo:-10.12"', 'Tc:-20
'Cd:-10.18"', 'In:-10
'Xe: -9.81','Cs:-10
'Nd:-10.54"', 'Pm: -20
'Dy:-10.94', 'Ho:-11
'"Hf:-11.16"', 'Ta:-11
'Pt:-10.24"', 'Au:-11
'P0:-20.00"', 'At:-20
'"Th:-11.92"', 'Pa: -20
'Cm:-20.00"', 'Bk:-20

lines selected,
Damping parameters

Lande

lines processed, Vmicro

Stark Waals factor
. 780,
.780,
. 780,
.780,
. 780,
. 780,
. 780,
.780,
. 780,
. 780,
. 780,
.780,
. 780,
. 780,
. 780,
.780,
. 780,
.780,
. 780,

.99,
57",
.82",
.65,
16",
44",
00",
58",
92",
.00,
78",
91",
.03,
.00,
.00,
.00,

'0

'Si:
'Ca:
'Fe:
'Ge:
'Sr:
'Ru:
'Sn:
'Ba:
'Sm:
'"Er:

"W

"Hg:
'Rn:

"U

'Cf

[ocNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNO]

117,
49",
.68",
37",
.63,
14",
20",
04",
91",
04",
117,
93",
.95,
.00,
51",
-20.00',

.000, 99.
.000,99.
.000, 99.
.000, 99.
.000, 99.
.000, 99.
.000, 99.
.000,99.
.000, 99.
.000, 99.
.000, 99.
.000,99.
.000, 99.
.000, 99.
.000, 99.
.000,99.
.000, 99.
.000, 99.
.000, 99.

Central

depth
000, 0.012,
000, 0.012,
000, 0.012,
000, 0.012,
000, 0.012,
000, 0.012,
000, 0.006,
000, 0.006,
000, 0.006,
000, 0.001,
000, 0.001,
000, 0.006,
000, 0.001,
000, 0.001,
000, 0.001,
000, 0.001,
000, 0.001,
000, 0.001,
000, 0.001,

Reference

RRRRPRRRPRRPRRRPRPRRRPRPRRRR

YD, REB
YD, REB
YD, REB
YD, REB
YD, REB
YD, REB
YD, REB
YD, REB
YD, REB
YD, REB
YD, REB
YD, REB
YD, REB
YD, REB
YD, REB
YD, REB
YD, REB
YD, REB
YD, REB

RRRRPRRRPRRPRRRPRPRRRPRPBRRR
D D D D I D D D D D D D D D L D D L
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NMpobonema

DataBase ’

A,C,G,F

DataBase DataBase DataBase

A,B,C A,D,E A,B.EF,G



PelwleHue

Registry
DBL: AB,C
DB2:ADE — User Portal

DB3: A,B,E,F,G

Node Software Node Software MNode Software

DataBase DataBase DataBase




YYaCTHUKMN NPoeKTa

University Coll

L L Lo oo
7 Istituto Nazionale di

- i \_H_'_f—-/x/’ D
Curporm/i@que tecnologico de Merida 7



Ba3bl AAaHHbIX

Ba3a [JaHHbIX CopepxxaHue NMpnmeHeHune
CDMS Atoms interstellar or circumstellar
Cologne Database for Molecular molecules medium or in planetary
Spectroscopy atmospheres.
ICB Dijon Methane “CH, *CH, *CH,D
VALD atoms Spectroscopy

Vienna Atomic Line Database

CDSD carbon dixoide molecule Earth's atmosphere
Carbon Dioxide Spectroscopic

Databank

BASECOL molecules Collision with atoms, ions,

molecules or electrons

TOPbase astrophysically abundant Opacity Project
lons (Z=1,14; Z=16;
Z=18; Z=20; Z=26)



ba3a [laHHbIX

The Cagliari/Toulouse PAH

Chianti
TIPbase

GSMA Reims S&MPO

GSMA Reims Ethylene

GhoSST database

Lund laboratory spectroscopy
database

CopepxaHue

polycyclic aromatic
hydrocarbons

atomic data

Fe isonuclear sequence

160 160180160 180
3’ ! 3

12C2H4

grains

atoms

NMpumeHeHune

Astrochemistry

astrophysical plasma

Iron Project

Atmosphere

Planetology Solid
Spectroscopy

Experimental data for
transitions and lifetimes



Bba3a [laHHbIX

Stark-b
Spectr-W3

Water

HITRAN

KIDA

CopepxaHue

atoms and ions
atoms and ions

H,%0, HDO, D,0, H,"0,
H, 0

molecular absorption

Interstellar and planetary
atoms and moleculas

NMpumeHeHune

Broadening in the impact
approximation

spectral properties of
multicharged ions

Atmosphere

Physics of Atmosphere

astrochemical



Virtual Atomic and Molecular Data Cenire}

portal.vamdc.eu

Home VAMDC databases Query Saved queries Help
Query by...

Species Atoms Clear Remove
Processes Atom symbol | Fa |
Ervironment I Mass number | to | |
Advanced Muclear charge | to | |
lon charge | to | |

InChiKey

y
State energy | to | | | Licm|> |
Equivalent to to Liem

Radiative Clear Remove
s (A )
Equivalent Wavelength 5000.0 1o 5001.0A
Upper state energy | | ] | | | licm |' |
Equivalent to to Liem
Lower state energy | | ] | | | 1fcm |v |
Equivalent 1o to Liem
Probability, A o | | Us

v
%
arwmae
e, )

i
. P T »
i SEVENTH FRAMEWORE ® =
e-infrastructure PRIAG RAMME e
L

@,,'..f

@

Login

_Find data ) Save query )

Legend

available, can answer
available, don't support query
unsupported keywoard

v [ Cologne Database for Molecular Spectroscopy: VAMDC-TAP senice
v [ ICE Dijon Methane

v [ VALD (atoms)

» [ Carbon Dioxide Spectroscopic Databank (MAMDC-TAP)

v [ BASECOL: WAMDC-TAP interface

v [ TOPbhase : VAMDC-TAP interface

v [ Theoretical spectral database of polycyclic aromatic hydrocarbons
v [0 Chianti

v [ TIPbase : VAMDC-TAP interface

v [ GSMAReims SEMPOD

v [ GSMAReims Ethylene

v [ TAP-XSAMS for GhoSST database

v [ Lund laboratory spectroscopy database

v [ Stark-b

v [ Spectr-w3

v [ Water internet Accessible Distributed Information System

v [ HITRAM-UCL resource

v [ VALD sub-setin Moscow (obs)

v [ KIDA WAMDC-TAP interface
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VAMDC _5

Virtual Afomic and Molecular Data Centre

Home VAMDC databases Query Saved queries Help Login  Register

& o oV > > > a XSAMS processors

Process
) BihTeX from XSAMS

) Table views of XSAMS

| Modify querny | | Stop waiting | | Save guery

select * where (RadTransWavelength == 5000.0 AMD RadTransWavelength == 5001.0) AND ((AtomSymbal = 'Fe?)

Comments
) Xsams2SME
A
Hame Response Download Species States Processes Radiative Collisions Non Radiative
[1yaLD (atoms) OK. KSAMS 7 2265 1331 1331 0 0
[ yaLD sub-setin Moscow (ohs) Ok KSAMS 4 24 12 12 ] ]
[] chianti QK KSAMS 1 G 3 3 0 0
[ TOPbase : VAMDC-TAP interface 0K KSAMS 1 2 1 1 0 0
] Lund l1aboratory spectroscopy database OK ASAMS 0 0 0 0 0 0
Spectr-W3 EMPTY 0 I I ] 0 ]
Stark-h EMPTY 0 0 0 0 0 0
- e ( ] ii prm i) ﬁ ' f5 wiiversita
ko fug Universital zu b Parups Tacnol i N e e wien
i Q= —= Qi e @) .

o i \ T s EBUNIVERSITYOF  UPPSALA INAF

# . ; , CAMBRIDGE univERSITET -




Ao |

TAP — Transport Access Protocol

select * where (RadTransWavelength >= 5000.0 AND A |
RadTransWavelength <= 5001.0) AND ((AtomSymbol = 'Fe")) |
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Ctpykpypa XSAMS

<XSAMSData
Xxsi:schemaLocation="http://vamdc.org/xml/xsam
s/1.0 http://vamdc.org/xml/xsams/1.0">
<Sources>bunonunorpapna</sources>
<Methods>0nncaHune meTtoaoB</Methods>
<Environments>lapameTpbl BHelWHeN
cpeabl</Environments>
<Speciles>/laHHble MO 4YacTuuam, aTomam, WOHam
n Monekynam</Species>
<Processes>/laHHble NO npoueccam (nepexoasl,
CTO/IKHOBEeHUA, ...)</Processes>
</XSAMSData>



CnekTpasibHada NnHnA

* ATOM
* Ha3sBaHune, 0603Ha4YeHune, 3apsag aapa
* V3oTon
* Macca
e PaanaTuBHbIN Nepexoa
e [INnHa BOJHbI
« A,cm, nm, cm?, Hz, eV
* Bakyym, BO34yXx
e DKCcnepumMmeHTanbHas, pacyeTtHas, Ritz
* BepoAaTHOCTL nepexoaa
* Cunna ocymnnartopa
* Bpems Xn3Hu
e KoaghdpuumeHTbl SHLIITENHA
* Ywunpsawuwme napameTpsbl
* YpoBeHb 3Heprum 1 un 2
* DHeprud
* KBaHTOBbIE YMCnIa
* Tnn cBA3N
* Tepm
* KoHdourypauus
e CBoWcTBa cpenpbl
*T,P,n
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