
 

Accepted Manuscript

A note on the contribution of multi-photon processes to radiative
opacity

Jean-Christophe Pain

PII: S1574-1818(17)30088-5
DOI: 10.1016/j.hedp.2017.11.004
Reference: HEDP 640

To appear in: High Energy Density Physics

Received date: 11 September 2017
Revised date: 26 November 2017
Accepted date: 30 November 2017

Please cite this article as: Jean-Christophe Pain, A note on the contribution of multi-photon processes
to radiative opacity, High Energy Density Physics (2017), doi: 10.1016/j.hedp.2017.11.004

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service
to our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and
all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.hedp.2017.11.004
https://doi.org/10.1016/j.hedp.2017.11.004


ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

A note on the contribution of multi-photon

processes to radiative opacity

Jean-Christophe Pain

CEA, DAM, DIF, F-91297 Arpajon, France

Abstract

Recently, Bailey et al. performed iron opacity measurements on the Z machine at
Sandia National Laboratory in conditions close to the ones of the base of the con-
vective zone of the Sun. Such experiments have raised questions about the physical
models commonly used in opacity codes. To understand the discrepancy between
experiment and theory, More et al. investigated the role of two-photon processes. In
the present work we show, by a simple estimate and using hydrogenic formulas, that
due to the intensity of the backlight radiation seen by the sample, such processes
are likely to play an important role only for highly excited states.
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Two-photon absorption opacity was calculated by More and Rose in 1991 [1]
using a semi-classical method. Recently, More et al. presented a tentative study
of such processes [2] in order to quantify their contribution to the opacity in
the conditions of the recent opacity measurement on the Z machine by Bailey
et al. at T=182 eV and ne=3.1×1022 cm−3, conditions close to the ones of
the frontier between the radiative and convective zones of the Sun [3]. In the
latter experiment, the inferred opacity was found to be 30 to 400 % higher
than all the calculations, which represents a puzzling enigma for theorists.
The preliminary numerical calculations published in Ref. [2] give substantial
cross-sections comparable to the extra opacity observed in experiments on
the Sandia Z-machine, but without yielding agreement with the experimental
data.

We also believe that multi-photon absorption deserves scrutiny. In the present
note, we show that the radiation from the backlighter source, due to its bright-
ness temperature, ensures that electric-dipole two-photon processes are of the
same order of magnitude as one-photon ones for highly excited states, which
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