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Opacity is a quantity which determines the transport of radiation through matter, and is of 
importance for many problems in physics and Astronomy. In order to calculate opacities 
one requires atomic data for a large number of processes involving absortion and scattering 
of radiation.“   (M.J. Seaton, J.Phys.B. 1987, 20 6363)

 

Opacities

A quantitative comparison of opacities calculated using 

the distorted-wave and R-Matrix methods
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2011 OPAS (CEA) 

 New Rosseland mean opacities for solar mixture

      

 2005 – Badnell N.R., Bautista M.A. et al. 
MNRAS 360, Issue 2, 458 

 Including inner-shells

      

The Opacity Project for Stellar Opacities – 2 Releases

Atomic data & Opacities – Theory

Rogers & Iglesias, 1995, ApJ 443, 460
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_
Rosseland mean: OP vs OPAL vs OPAS                                                   Success or Failure on Solar abundances?

What is the composition of the Sun?
The solar problem is 14 yrs old !

Delahaye, Pinsonneault, Pinsonneault & Zeippen 2010

Blancard et al. 2012

New Composition => Solar models Fail≠Observation: Compensate drop in [CNO] = increase κ
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_
    Success or Failure on Solar abundances?

 The IPOPv2 - Results and New challenges 
 ...
 

Delahaye, Pinsonneault, Pinsonneault & Zeippen 2010
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Experiments

Fe experiment at Sandia – Bailey et al. 2015, Nature (doi:10.1038/nature14048)

Comparisons of iron opacity spectra with multiple models at the solar radiation/convection 
zone boundary temperature. Fe  at Te=182eV or 2.11x106 K, ne=3.1 x1022 cm-3

Bailey et al. 2015



+ Radiative accelerations
 

Opacities and radiative accelerations

Stellar Structure                       Micro-diffusion

Radiative equation 

 Rosseland
 mean 

Radiative Acceleration 

Absorption due 
to the element k

 κ
tot
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bb
(ν)ν)) + κ
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ff
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tot=total – bf=Bound-Free 
ff=Free-Free  bb=Bound-Bound 



+ Radiative accelerations
 

Semi-analytic approximations  « SVP »
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Radiative Accelerations – SVP vs OP

SVP vs OP : need new Atomic data!

Radiative acceleration from SVP(dash line) method compared to The Opacity Project results 
(solid) for a 2M

sun
 star depending on depth (log T) for 3 different content (0.1, 1 and 1 Solar 

content) for Ar on left and Fe on Fe
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Atomic Calculations – FAC vs AS

New atomic data
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Atomic Calculations – FAC vs AS

New atomic data
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SVP

Interiors: recent improvement of SVP tables

SVP methods can be implemented in existing numerical codes for stellar 
evolution: already done for TGEC  (Theado et al, 2009), and CESTAM (Deal 
et al. 2018).
• Details of the method & data may be found online:

– See the website http://gradsvp.obspm.fr (significant update by the beginning of 
2020)

– New SVP tables for a large number of stellar masses (1 to 10 solar mass stars) 
will be available shortly (in collaboration with F. LeBlanc, Moncton, Canada)

– Source codes (fortran) will also be available (possibly next year)

http://gradsvp.obspm.fr/
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Where are we heading?

Experiment – Theory - Application

● New set of atomic data FAC vs AS for Fe and Ni
● New The Opacity set of data (atomic, opacities and radiatives accelerations)
● OP routines for opacities and radiative accelerations already parallelized need to 

implement them now
● Implementation of ‘on the fly’ opacities and radiative acceleration in YREC (Yale 

Rotational Evolutionary Code)
● New implementation/improvement of SVP  
● New experiments to confirm or contest SANDIA results – (GEKKO laser-PI F. Delahaye) 
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Open L-shell

What Next: new experiment

At 180 eV (SANDIA exp.) Cr and Fe are in open L-shell configuration while Ni is closed

 - NIF working on Fe at 180 eV

Our Proposal: Same iso-electronic sequence at lower T (30 to 80 eV) Si
Can we model O-like, F-like and Ne-like opacities?

- Test our hability to model O-like, F-like and Ne-like ions using the different approaches 
(Rmatrix and Distorted Wave)

- Get confirmation or not on the SANDIA experiment

- Get new opacity measurements at different T and for different Element
→ New data point to improve theory

Measure opacities for light ions
- LULI / ILE proposal  Opacities at T in [30 – 80 eV] – Ne in [10 19 – 10 22 cm -3 ] for light Elem. up 
to Ni
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Fe experiment at Sandia – Nagayama et al. Phys. Rev. 2019

New Challenges for Opacities

Reasons behind such differences.

- missing BF ?

- Broadening ? 

- EOS ?

- Experiment ?
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Fe experiment at Sandia – Nagayama et al. Phys. Rev. 2019

New Challenges for Opacities

Reasons behind such differences.

- missing BF ?

- Broadening ? 

- EOS ?

- Experiment ?
Fig 3
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Fe experiment at Sandia – Nagayama et al. Phys. Rev. 2019

New Challenges for Opacities

New Fe SANDIA experimental 
results 2019?

Reasons behind such 

- missing BF ?

- Broadening ? 

- EOS ?

- Experiment ?
Fig 3
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