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outer crust 0.3-0.5 km
ions, electrons

inner crust 1-2 km
electrons, neutrons, nuclei

outer core ~ 9 km
neutron-proton Fermi liquid

few % electron Fermi gas

inner core 0-3 km
quark gluon plasma?
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ASTROPHYSICAL PLASMAS

Stark broadening may be important for
plasma conditions from

NEUTRON STARS T=10(+6)-10(+7)K

Ne=10(+22)-10(+24)cm(-3), white dwarfs,
hot stars, up to other extreme conditions :

FOR RADIO RECOMBINATION LINES

REGIONS Ne =1-1000 cm(-3) :



F. Paerels, 1997, Apd, 476, L47

* A possibility to obtain M and R of a
neutron star from a spectral line profile

* W=163Z"(MR?*) T eV
* Gravitational shift ~ M/R
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Madej, J., 1989, A&A, 209, 226.
Majczyna, A., Madej, J., Joss, P. C., Rozanska, A.,
2005,A&A 430, 643.

Madej
(1989) and Majczyna et al. (2005), in their

models of neutron star atmospheres and iron
rich spectra use for Stark broadening
calculations approximate formula from
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Suleimanov, V. F., Klochkov, D., Pavlov, G. G.,
Werner,K., 2014, ApJS, 210, 13
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Suleimanov et al. (2014) in their modelling of carbon
S

proadening using very approximate Cowley

formula and magnetic field effects are neglected.
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Cottam, J.et al., 2002, Nature 420, 51

Highly ionized iron lines are important for
neutron star atmospheres modelling and
investigation. For example Cottam et al.
(2002) detected X-ray burst spectra of
EXO 0748-676, with a Fe XXV feature (n
= 2-3 transition).
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J.C.A.van Peet 1, E. Costantini1, M. Méndez 2 , F. B.
S. Paerels 3, and J. Cottam 4, Properties of the ionised

plasma in the vicinity of the neutron-star X-ray binary
EXO 0748-676, A&A 497, 805-813 (2009)

They present the spectral analysis of a large set of XMM-
Newton observations of EXO 0748—-676, a bright
dipping low-mass X-ray binary. This is the first time
that evidence of a collisionally ionised absorber has

.



Ne 10'7-10%* cm




STARK BROADENING theory and calculations

based on the founding papers by Baranger (1958) in the impact approximation

Impact approximation
«Collisions between radiators and perturbers I
act independently and are additive

Complete collision approximation

*/solated lines
*Neighbouring levels do not overlap

—> LORENTZ PROFILE: ) v
*width and shift
depend on the medium (density, temperature)

at half maximum)

4 d(shift) wavelength 4




semiclassical results for
"Stark” broadening of isolated lines of atoms and ions
In the iImpact approximation-1
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FeXXV 300000. 0.198 -0.324E-02 0.405E-04 -0.742E-03 0.652E-04 -0.175E-02

1552.8 A 500000. 0.155 -0.167E-02 0.967E-04 -0.131E-02 0.377E-03 -0.115E-01
1000000. 0.112 -0.158E-02 0.384E-03 -0.267E-02 0.205E-02 -0.477E-01
5000000. 0.548E-01 -0.145E-02 0.881E-02 -0.944E-02 0.107 -0.301
10000000. 0.410E-01 -0.126E-02 0.186E-01 -0.130E-01 0.291 -0.470
20000000. 0.311E-01 -0.101E-02 0.318E-01 -0.156E-01 0.521 -0.650
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STARK-B http://stark-b.obspm.fr

DATA DESCRIPTION ACCESS TO THE DATA

STARK-B

Database for "Stark" broadening of isolated lines of atoms and ions in the impact approximation

Lorentz Profile
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[

| width at half maximum)

4, dishift) wavelength 2

The STARK-B database is now fully opened though not yet complete.
Last data update : 2012-03-30
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PADC

Paris Astronomical Date Centre

Astronomical Cflbsler\.fatory. Belgrade




Virtual Atomic and Molecular Data Centre

VAMDC

Virtual Atomic and Molecular Data Centre
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