N
N

N

HAL

open science

DICHROISM OF POLARIZED MOSSBAUER RAYS
D. Barb, M. Rogalski

» To cite this version:

D. Barb, M. Rogalski. DICHROISM OF POLARIZED MOSSBAUER RAYS. Journal de Physique
Colloques, 1979, 40 (C2), pp.C2-11-C2-13. 10.1051/jphyscol:1979202 . jpa-00218460

HAL Id: jpa-00218460
https://hal.science/jpa-00218460
Submitted on 4 Feb 2008

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/jpa-00218460
https://hal.archives-ouvertes.fr

JOURNAL DE PHYSIQUE Colloque C2, supplément au n° 3, Tome 40, mars 1979, page  C2-11

DICHROISM OF POLARIZED MOSSBAUER RAYS

D. Barb and M. Rogalski

National Center for Physies, P.0.B. 5207, Bucharest, Romania

Résumé.~ On obtient, dans le formalisme de 1l'op&rateur densité, une expression du dichroisme du rayon—
nement MOssbauer polarisé dans un absorbeur &pais. On met en é&vidence l'influence réciproque entre le
dichroisme et les effets dispersifs, en bon accord avec les résultats expérimentaux existants /1/.

Abstract.— We derive, in the density matrix formalism, an expression of the polarized Mossbauer rays
dichroism in a finite thickness absorber. The reciprocal influence between the dichroism and the dis-—
persive effects is evidenced, in good agreement with the existing experimental results /1/.

The present investigation.was prompted by the
fact that the dispersive effects of the polarized
Mossbauer rays, measured in finite thickness absor-
bers /1/, /2/, was theoretically explained /3/ taking
into consideration crystals having negligible dich-—
roism (i.e. absorption is isotropic). Because an
unisotropic absorption was found in the studied ab-
sorbers /1/, it is desired a closer examination of
this effect.

We propose ourself to obtain an expression for
the dichroism associated with the dispersive effects,
assuming an arbitrary polarization state Io, Eo, ¢0
of the incident MSssbauer ray, done by a density
matrix p /3/, and an absorber described by the matrix

n of his refractive index /4/, in a typical polari-

metric experiment (Fig. 12‘:
i ij
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1 By 2k i ezl 3l (x-xij) + i
where x = 2E/T is connected with the ray energy, and

Xij and the pij matrices correspond to the energies
and the polarization patterns of the MOssbauer nu-

cleus absorption lines. Using the notation :

L exp(iv,;)

- L;, exp(iy,,)

L= exp(inkz) = (2)

Ly, exp(iv,,) Ly, exp(iv,,)

.
we obtain the following expression for the dichroism,
defined as the difference of the emergent intensities

of two orthogonally polarized beams :
- : 2 r2 _
D=1P {sin 2f (L], Ly, 3
- 2L,, cos Z«EOEL11 cos(2a +Y,; = Y,,) *
+ L
22

cos (20, *Y,," yzzzl} exp{-Im(n11+n22)}

Now we proceed to analyse the dichroism varia-

tion as a function of the polarization plane direc~

tion o and the wave vector direction 6, making ob—
vious the reciprocal influence between the dichroism

and the dispersive effects.

Fig. 1 : Schematic representation of the experiment:
S - polarized source, M - transmitter, A - analyser,
D - detector.

1.~ We first consider the a-dependence of the linear
dichroism, which has a simple expression obtained
from (3) taking Eo = 0. The connection between the
dichroism and the birefringence is illustrated in
the case of an iron foil absorber (z = 9.4mg/cm?),
92.87 enriched in 37Fe /1/, in an external magnetic
field. In figure 2 is represented the c-dependence
of the linear dichroism, for the right half of the
Mossbauer spectrum. We have the same dichroism for
the 10 MHz and 62 MHz lines, which prove that the
absorption is saturated, due to the large thickness
of the sample. If the incident ray has an energy
corresponding to the absorption lines, a significant
o~-dependence of the dichroism, which influence the
birefringence values is observed in figure 2a. Con-
sequently, in the birefringence experiments are used
energies corresponding to a negligible dichroism
17.5 MHz /1/).

The connection between the linear dichroism

(as an example we considered E =

and the Faraday rotation can be putted in evidence
for the experiments using an iron foil absorber
(z = 1.94 mg/cm?), 91.2% enriched in *7Fe, making

an angle 6= 25° with the wave vector % /1/.
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Fig. 2 : Linear dichroism and birefringence (6=90°):
a) linear dichroism for the right half of the spec-
trum; b) o~dependence of the linear dichroism for
different energies of the incident beam; O - experi-
mental points /1/.

Although the 10 MHz, 36 MHz and 62 MHz spectrum li-
nes have the same intensities (i.e. the absorption
is saturated), we obtain a negligible linear dich-

roism for the 10 MHz and 62 MHz lines (Fig. 3).

T 3 T Nl
0 3 ez EM
=0
o
o =20°
@ -0
£l
7 o =30°
>0
g
é{’ o 23140
80
24
@ o, = 45¢°
§to
Y

Intensity

Fig. 3 : Linear dichroism and Faraday rotation

(8=25°) a) linear dichroism for the right half of
the spectrum; b) the Malus curve : O-experimental
points.

This can be explained by the absorption line polari-
zation patterns, which are nearly circular, for the-
se two lines. The dichroism of the 36 MHz line di-
sappears when 0 = 31.4°, which corresponds to a
Faraday rotation F = 13,6°, in good agreement with

/1/.
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As it is expected, the circular dichroism, done

by (3) for Eo =
2.- The 6-dependence of the absorption was studied

T/4 is o-independent.

for the circularly and linearly polarized beams. Re-
presenting this dependence in the case of a circu-
larly polarized ray absorption (Fig. 4) a saturation
effect can be observed : the 10 MHz right circularly
polarized beam is still completely absorbed by an

ellipticaly polarized liné (8 = 30°), in the iron

foil (z = 1.94 mg/cm®) previously considered.
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Fig. 4 : The 6-dependence of the 10 MHz right circu~
larly polarized ray intensity.

The O-dependence study of the absorption evi-
denced the influence of the dispersion on the linear
dichroism. In figure 5 are represented the I, and
1, intensities of the 36 MHz rays, linearly polarized
parallel and perpendicular to the magnetic field di-~

rection in the absorber.
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Fig. 5 : The 6-dependence of the 36 MHz linearly
polarized ray intengities : I, - perpendicular to
the*magnetic field H in the absorber; I;; -~ parallel

to H. Solid line : thick absorber, dotted line :
thin absorber.

Because the 36 MHz absorption line is perpendicular
linearly polarized, for any 6, we expect a constant
I, . But a significant absorption, for small 0, was

obtained. This can be explained observing that the



parallel linearly polarized ray acquires, for this
range of angles, an excentricity £ # O and a Faraday
rotation of 30 — 60°, which makes possible the ab-

sorption. For thin absorbers, this effect disappears.
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