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Plasma Polarization Spectroscopy: Past,
Present, and Future - A Subjective View

G. Csanak
Los Alamos National Laboratory, Los Alamos, NM, 87545, USA

Abstract

I describe how I got into the field of plasma polarization spectroscopy
(PPS), how the PPS Workshops started, and how the whole field got con-
solidated and strengthened. Subsequently I describe what kind of present
theoretical and experimental activities I am aware of. Finally I explain why
I think that the future of PPS is bright.

1. Introduction

First and foremost, I would like to recall the memory of Professor Douglas H.
Sampson. , '

Professor Sampson, who passed away on December 8, 2002, has made an im-
mense contribution to atomic physics, atomic collision physics, and astrophysics in
general and plasma polarization spectroscopy (PPS) in particular. The codes de-
veloped under his supervision in fact form the backbone of electron-ion collisional-
and PPS calculations [1 — 17]. These codes were used for PPS applications at Penn-
sylvania State University {18 — 21], at Lawrence Livermore National Laboratory
[22 - 63], at the Naval Research Laboratory [64], at Kyoto University and other
places [65, 66]. These codes are now also being incorporated into Los Alamos suite
of atomic data codes. In the person of Professor Sampson the PPS community has
lost a magnificent theoretician but his immense legacy will be with us for a long
time to come.

Here I would like to give an “Overview”: the past, present, and future of PPS
the way I see it now and the way I experienced it in the past.

I heard about PPS before (from Professor Fujimoto), but I really got involved
with PPS during the Sep 1991 - Aug 1992 period when I spent my sabbatical in
Japan. During that time in Japan there was already a group of plasma physicists,
atomic physicists, and atomic collision physicists who had regular meetings and
were discussing issues related to PPS. I attended two of those meetings in Nagoya.
One of the outcomes of those meetings was the report entitled “Atomic Processes
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Relevant to Polarization Plasma Spectroscopy” [67]. As of today this report re-
mains a fundamental compendium on PPS and a great help for a scientist working
in this field.

Simultaneously, I started to work with Professor Fujimoto on PPS which meant
in part reading the manuscript of what later became the report by Fujimoto et al.
[68]. This report formulates the population alignment collisional radiative (PACR)
model based on the impact and the impact parameter approximations and formed
the basis of much future work. I also started work with Professor Fujimoto on
a complete quantum-mechanical formulation of the relaxation rate equations for
cylindrically symmetric baths, based on the work of Fano [69] and Ben-Reuven
[70]. This work still remains unfinished [71]. After having returned from Japan to
Los Alamos I started to read the fundamental review articles of Professor Kazant-
sev and collaborators on PPS [72, 73] and many of the references quoted there.
I learned about the massive amount of experimental work that had already been
done in Professor Kazantsev’s laboratory (mainly on discharge plasmas) and the
significant work in France and Russia on the PPS of the sun (especially solar flares).
Shortly afterwards the first U.S. - Japan Workshop was held at Los Alamos or- -
ganized by D.C. Cartwright and T. Fujimoto. This workshop was attended by
four scientists from Japan, including Professors Fujimoto and Y. Kato, by Pro-
fessors Kazantsev, Cornille, Dubau, and Kieffer, and numerous scientists from the
U.S. This workshop, which was extended to be the International Workshop on
PPS, was held subsequently in Kyoto in 1998 (organized by Fujimoto and Beiers-
dorfer), in Livermore in 2001 (organized by Beiersdorfer and Fujimoto) and now
in Kyoto again (organized by Fujimoto and Iwamae). The PPS workshops, all of
which I had the opportunity to attend, brought together the principal participants,
both theoreticians and experimentalists, working on PPS, from all over the World.
Throughout these years there occurred a consolidation and strengthening of this
field. This was documented by two books published on PPS by Kazantsev and
Henoux [74] and by Kazantsev, Petrashen, and Firstova, [75], as well as by the
joint review of Fujimoto and Kazantsev [76].

Turning now to the recent past and to the present, PPS appears to be teaming
with activities. In the theoretical area (which is my area) I am aware of the
following major activities,

1. The development, testing, and implementation of the population-alignment
collisional- radiative (PACR) model for a variety of systems by Iwamae, Fujimoto
and associates and collaborators. First results from the PACR model were reported
by Iwamae et al. for berrylium-like oxygen [77] . Subsequently detailed calculations
were performed for helium-like carbon [78] and current work deals with helium itself
[79].

2. The development of the magnetic-sublevel population time-dependent col-
lisional radiative atomic kinetics code by Hakel, Mancini and collaborators, and
linking it to hydrodynamics and radiation transport codes and implementing it for



the interpretation of polarization spectra of laser-produced plasmas [80].

3. Development and implementation of a theoretical scheme for the use of X-
ray spectropolarimetry to measure weak magnetic fields by Kazantsev, Petrashen,
Shlyaptseva and collaborators [81, 82].

4. The use of the Zhang-Sampson-Clark code for the interpretation of polar-
ization experiments on the EBIT machine at the Lawrence Livermore National
Laboratory and the study of various physical effects in the polarization by Reed
and M.H. Chen [83], by Smith [84], and by H. Chen {85] and collaborators.

5. Development of a fully relativistic approach for incorporating resonance
contributions to the electron impact induced magnetic sublevel excitation cross
sections of ions by Zhang and Sampson [17].

6. Quantum-mechanical formulation of the problem of alignment creation by
elastic scattering by Csanak, Kilcrease and collaborators [86]

The following major experimental activities came to my attention:

1. Polarization measurements on an ECR Plasma by A. Iwamae, T. Fujimoto
and collaborators [79].

2. PPS on the Large Helical Device by M. Hayakawa, A. Iwamae, and T.
Fujimoto [87]. :

3. PPS of recombining plasmas produced by ultra-short laser pulses, by T.
Kawachi, N. Hasegawa, A. Iwamae, T. Fujimoto and collaborators [88].

4. PPS measurement on the laser-produced recombining Al plasma by D.E.
Kim and J. Kim [89].

5. X-ray line polarization measurements on the EBIT Machine: principal in-
terest was recently L-shell X-ray lines. These include the 2-3 lines in Fe XVII and
in Fe XVII [90]. PPS was also used to diagnose the thermal energy distribution in
the Livermore EBIT machine [91].

6. X-ray spectropolarimetry on the pulsed power Z-pinch device at the Nevada
Terawatt Facility by Shlyaptseva and collaborators [92].

This concludes the list of those theoretical and experimental activities in PPS
in the recent past and currently which I was aware of just before the Workshop.
For updated information the reader should consult the Table of Contents of these
Proceedings and for details the individual articles.

And now to the future!

It is known to be difficult to make predictions for the future, but I see the future
of PPS was bright! :
My optimism is based on the following facts:

1. In astrophysics, especially in the physics of solar flares PPS is a solidly es-
tablished technique. In fact one of the reasons Kazantsev, Petrashen, and Firstova
[75] wrote their book was to give the theoretical foundation of PPS for astrophysi-
cists as well as collect PPS’s successes in astrophysics. Their main interest was
directed to solar physics, but it is known that neutron stars and white dwarfs have
very high magnetic fields on their surfaces and therefore radiation emanating from



their surfaces should be polarized too [93].

2. There are now well established PPS laboratories all over the world (Kyoto
University, NIFS, JAERI-Kansai, Livermore, Reno, Pohang, Lehigh University).

3. There are well established collaborations between various research groups
(Kyoto-Los Alamos-Perth, Livermore-Reno-Meudon-St.Petersburg, Kyoto-Pohang,
Kyoto-Toki, Kyoto-JAERI-Kansai). Professors Vainshtein, Urnov, and Dubau
have collaborated with several experimental groups in the past.

4. There are experimental-theoretical efforts directed at the same problem:
the experimentally obtained data are being interpreted theoretically (Kyoto-Los
Alamos-Perth, Livermore,Reno).

I am sure that in the future the field of PPS will undergo further consolidation
as the most important technical and scientific problems surface and get solved.
Thus we can look forward to the next PPS Workshop with anticipation.

I would like to thank to Drs. A. Iwamae, P. Beiersdorfer, A. Shlyaptseva,
P. Hakel, J. Weisheit, H.L. Zhang and D.P. Kilcrease for providing input to this
“Overview”.

This work was performed under the auspices of the U.S. Department of Energy.
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