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Sylvie Sahal-Bréchot 
Observatoire de Paris, LERMA CNRS UMR 8112, France 

Subject:“Stark” broadening and shifting of spectral “isolated” lines of neutral 
and ionized atoms in the “impact” approximation 
Calculations using the semiclassical-perturbation theory(1969, thesis, A&A), 
and Fortran “SCP” code of S.Sahal-Bréchot, updated and exploited. 
Results: More than 150 publications and the STARK-B database 



The birth of the cooperation: 1978 

Exchange of letters with 
P. Grujić, H. Van Regemorter, and S. Sahal-Bréchot 
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The beginning of the cooperation: 
the end of the seventies 

2 visits of Milan to our laboratory: 
Paris Observatory, DAMAP, CNRS GR24 

And first paper in J.Phys.B: 1981, 14, 2559-2568 
The first one of a long series! 
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The eighties: 
development of the cooperation 

•  International context: great expansion of Stark broadening researches, 
theoretical and experimental 

•  Needs for many theoretical results for comparison with experiments, and 
vice-versa 

•  Growing of the interest in astrophysics for many spectral lines and many 
elements, neutral and ionized, and for regularities. 

•  I gave all my computer codes to Milan. 
•  He coupled them to the Bates and Damgaard method for obtaining an 

atomic structure subroutine, coupled to many levels taken from the existing 
literature. He introduced in the code a test for verifying that the line studied is 
isolated. 

•  This permitted to obtain many results of Stark spectral lines widths and 
shifts for various temperatures and various electron and ion densities. 
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The two founding papers: 
JQSRT, 31, 301-313, 1984 

and A&A, 136, 289-298, 1984 
Density: 1016 cm-3 
T= 104 to 2 105 K, and 5000 to 
80000 K 
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Density: 1013 cm-3, 4 ≤n ≤10, 
T= 104 to 2 105 K, and 5000 
to 80000 K. 



1984 : first  ICSLS participation 
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Eighties: following years 

 •  Scientific context on line broadening of spectral lines: many 
experiments, and continuation the development  of the theories born 
in the sixties, study of regularities, systematic trends… 

•  Several visits of Milan  
(1 or 2 months per year to Meudon, supports from Paris Obs., 
exchange Agreements CNRS-French Foreign Ministry, Serbian 
Academy of Science and Arts…) 

•  Results for neutral and low-ionized atoms of astrophysical and 
experimental laboratory plasma research and industrial interest 

•  Study of regularities, behaviors as functions of T, N, n for obtaining 
new data and discussing the experimental results 

•  Several publications: Phys Rev A, JQSRT, AAS, BOAB: Na I, K I, Li I 
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End of the eighties and Nineties 
Scientific context:  

 
 

•  Considerable development of the study of stellar interiors, 
subphotospheric envelopes and stellar atmopheres:  

Progresses in observations: ground-based telescopes and space-
born missions.all domains of wavelengths from XUV to infrared 

development of powerful computers stimulated the development of 
atomic data on a large scale; e.g. Phoenix code for stellar 
modeling 

•  Development of plasma research: laboratory, magnetic fusion, 
inertial confinement fusion, technological  

•  ⇒ Needs of extensive sets of atomic data, Stark broadening among 
others.  A great number of data needs a simple,fast and enough 
accurate method: ⇒ interest of the SCP code 

•  Birth of the interest for databases (IAU General Assembly 1994) 
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End of the eighties and Nineties 

Several visits of Milan at the end of the eighties and in the beginning of 
the nineties, then  pursuit of  the cooperation through e-mail and Fax 

 
 

•  Extension of the data entries in the SCP code for obtaining results for 
several densities in a same run, with a check of the impact and isolated line 
approximations in the tables of results 

•  Extension of the code (Mg I) for infrared lines issued of high levels of  
neutral atoms, the colliding ions being neither H+ nor He+ 

•  New effort for highly charged ions and lines originating from high levels, 
with an improvement of the codes (cooperation with V. Bommier for that). 

•  Exploitation of the code (especially Z>3): many publications)  

•  However: difficulties for publishing a great number of results, due to the 
lack of space: only paper existed at that time. 

•  Fortunately, ftp appeared in 1993 (or about),  tables of results could be 
downloaded, only a few results appeared on the journal (paper)  

•  Developments of Internet, reviews on line, tables online 
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The new century: 2000-2010 years 

 
•  Growing of the interdisciplinary research between 

astrophysics and nuclear physics: formation of elements by 
nucleosynthesis, neutron capture for heavy elements (heavier 
than Fe)  

⇒Importance of stellar measurements and needs of accurate 
spectroscopic diagnostics of weak lines  (low abundances 
elements, often neutral). 
 
•  Increasing development of the Virtual Observatories and 

databases 
 
 
2003: Come back of Milan to Paris Obs. (Meudon) 
Numerous visits to Paris Obs. (Meudon) followed 
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The new century: 2005-2015 years 

The Virtual Observatory (International Virtual Observatory Alliance) 
STARK-B (birth fall 2008) http://stark-b.obspm.fr 

 Need to exploit the huge amount of data produced by both ground and 
space based observational programmes 
 
framework for organizing data bases and services:  
standardisation of data structures and access protocoles, interoperability 
Paris Obs.:creation of  Paris Data Centre/OV-Paris 
LERMA: recruitment of engineers and technicians for databases 

Recruitment of a research scientist: Marie-Lise Dubernet 
 
•  2005: Scan of our “old”  published data by a LERMA technician  
•  2007-2008: first implementation (engineer Nicolas MOREAU) of the data. 
•  Fall 2008: STARK-B opened online, though very incomplete!  
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•  Stark-B is a part of the databases of the Paris 
Observatory, with a link to SERVO 

•  End 2012: all our SCP data (more than 150 publications) 
implemented 

•  Since the end of 2013: implementation of the MSE data 
calculated by the AOB team.  



VAMDC (2010-2013) 
VAMDC consortium (since 2013)  

M L Dubernet et al.: J. Phys. B: At. Mol. Opt. Phys. 49 (2016) 074003 

Virtual Atomic and Molecular Data Centre Consortium 
   http://www.vamdc.eu/  resp.M.L.Dubernet 

http://www.vamdc.org/ 
•   worldwide federation consortium 
•   interconnection of atomic and molecular databases  
•  e-science infrastructure  
•  organisation to support this activity.  
•  interpretation and modeling in astrophysics and plasmas. 
•  STARK-B is a part of the connected databases 

•  http://portal.vamdc.org/vamdc_portal/nodes.seam 
•  Resp.scientists: S.Sahal-Bréchot and M.S. Dimitrijević 
•  Resp. technics and website: N. Moreau 
•  Coop with N. Ben Nessib 
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The new century: since 2005 
Cooperation Paris-Tunis-AOB 

Merging of the cooperation Paris-Tunis (S. Sahal-Bréchot and  N. Ben Nessib, 
after N. Ben Nessib thesis, 1995) and of the cooperation AOB-Tunis ( M. 
Dimitrijević and N. Ben Nessib, since 1989).  

•  NBN coupled of the SCP code to TOPbase (R-matrix with innovative 
asymptotic techniques) by NBN. 

Result: C II widths and shifts for white dwarfs (pub MNRAS with N. Larbi-Terzi) 
 
•  The students of N. Ben Nessib joined our  cooperation: 

Besma Zmerli (thesis and SCP paper on Cu I, for technological application) 
Neïla Larbi-Terzi ( CII pub) 
Haykel Elabidi (quantum SST+DW impact Stark widths of ionized atoms, 
thesis and papers) 
Walid Mahmoudi (SCP extension of the quadrupolar potential to very 
complex atoms, thesis and papers) 
 Rafik Hamdi coupled the SCP code to the Cowan’s atomic structure code 
(interest for complex atoms) thesis and papers.  
They used also with Milan the Modified Semiempirical Method(MSE)  for some 
complex atoms  
 

•  NBN for STARK-B: fitting formulae as functions of T (2011) 
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The future 
•  Pursuit of calculations of line widths and shifts for needs in 

modeling and spectroscopic diagnostics, and 
Implementation in STARK-B 

•  Implementation of our quantum results 
•  Creation of other fitting formulae (regularities, systematic 

trends) for STARK-B 
•  Improvement of the calculation of the shift 
•  The SCP code on line? 

•  And, after us, I hope that the new generation will continue, 
modernize and update the methods and the codes… 
•  Andjelka Kovacević, Zoran Simić, Nenad Milovanović, Haykel 

Elabidi, Rafik Hamdi, Walid Mahmoudi, Magdalena Christova…, 
 and students, present and to come… 
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Happy Birthday, Milan! 
Thank you for this so fruitful cooperation, 

and 
Many returns of the day! 

 
 

And acknowledgements to the official agencies who 
support this cooperation 
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Thank you for your attention 
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Additional slides  
(if questions or comments) 
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STARK-B: Access to the data (2008) 
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STARK-B: Access to the data (2017) 
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Autumn 2008 - Autumn 2013: SCP published data inserted  
for 123 neutral and ionized atoms  

(more than 150 publications) 
current stage: insertion of new or updated data as son as they are published 

Ag I, 
Al I, Al III, Al XI 
Ar I, Ar II, Ar III, Ar VIII 
Au I 
B II, B III 
Ba I, Ba II 
Be I, Be II, Be III 
Br I 
C II, C III, C IV, C V 
Ca I, Ca II, Ca V, Ca IX, Ca X 
Cd I, Cd II 
Cl I, Cl VII 
Cr I, Cr II, Cu I 
F I, F II, F III ,F IV, F V, F VI, F VII 
Fe II 
Ga I 
Ge I, Ge IV 
He I 
Hg II 
I I 
In II, In III 
K I, K VIII, K IX 
Kr I, Kr II, Kr VIII 
Li I, Li II 

Mg I, Mg II, Mg XI 
Mn II 
N I, N II, N III, N IV, N V 
Na I, Na X 
Ne I, Ne II, Ne II, Ne III, Ne IV, Ne V, Ne VIII 
Ni II 
O I, O II, O III , O IV, O V, O VI; O VII 
P IV, P V 
Pb IV 
Pd I 
Rb I 
S III, S IV, S V, S VI 
Sc III, Sc X, Sc XI 
Se I 
Si I, Si II, Si IV, Si IV, Si V, Si VI, Si XI, Si XII, Si XIII 
Sr I 
Te I 
Ti IV, Ti XII, Ti XIII 
Tl III 
V V, V XIII 
Y III 
Xe VI, Xe VIII 
Zn I 
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Since end 2013:  
Current stage : insertion of MSE data 

 about 90 neutral and ionized atoms  
(about 70 publications) 

Ag II 
Al III, Al V 
Ar II, Ar III, Ar IV 
As II, As III 
Au II 
B III, B IV 
Ba II 
Be III 
Bi II, Bi III 
Br II 
C III, C IV, C V 
Ca II  
Cd II, Cd III 
Cl III, Cl IV,  Cl VI 
Co II, Co III 
Cu III, Cu IV 
 

O II, O III, O IV, O V 
P III, P IV, P VI 
Pt II 
Ra II 
S II, S III, S IV 
Sb II 
Sc II 
Se III 
Si II, Si III, Si IV, Si V, Si VI, Si XI 
Sn III 
Sr II, Sr III 
Ti II, Ti III 
V II, V III, V IV 
Xe II 
Y II 
Zn II, Zn III  
Zr II, Zr III 

Eu II, Eu III 
F III, F V, F VI 
Fe II 
Ga II, Ga III 
Ge III, Ge IV 
I II 
Kr II, Kr III 
La II, La III 
Lu III 
Mg II, Mg III, Mg IV 
Mn II, Mn III 
N II, N III, N IV, N VI 
Na III, Na VI 
Nb III 
Nd II 
Ne III, Ne IV, Ne V, Ne VI,  
Ne VII, Ne VIII 
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