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Dielectric Anisotropy of Cobalt Crystals near
K-Absorption Edge Measured by Using an Energy-

Tunable X-Ray Polarimeter with a Phase Retarder
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A new-type x-ray energy-tunable polarimeter based on Siddons-Hart-Amemiva’s
x-ray polarimeter, into which Hirano-Ishikawa-Kikuta's diamond phase retarder was
introduced, has been newly developed. The new x-ray polarimeter consists of
polarizer, analvzer and phase retarder crystals. The polarizer and analyzer are
similar channel-cut silicon crystals giving four consecutive 422 reflections
with Hart-Rodringues offset mechanism, owing to which a high extinction radio
over 10%is achieved in a photon-energy range of about 350 eV in the vicinity of
the cobalt K-absorption edge(7709 eV). The analyzer was rotated around the beam
axis in a range of *2 degree from the crossed nicol position to analyze the
polarization state of x-rays(elliipticity and rotation of polarization). The
third optical device, Hirano-Ishikawa-Kikuta s phase retarder is a diamond
crystal giving 11l asymmetric Laue reflection whose plane of incidence is
incidence is inclined by 45 degree {rom the horizontal plane. The phase retarder
produces elliptically polarized x-ravs from linear polarization in terms of
diffractive birefringence. Energy scan was performed by changing Bragg-reflection
angles of the polarizer, analyzer and phase retarder crystals simultaneously.

Using this x-ray polarimeter, x-ray linear birefringence and linear dichroism
in an hcp cobalt crystal has been detected and quantitatively measured
simultaneously for the first time near the cobalt K-absorption edge.The hcp
cobalt single crystal sample (1120 foil 12 um thick;c-axis lying on the foil
surface)was placed between the phase retarder and the analyzer with it's optic
axis(c-axis) being inclined by 45 degree from the horizontal plane. An anisotropy
of refraction index of hcp cobalt, An(=n.— n., where n. and n. are refractive
indices for polarizations in the directions of c- and a-axes)was obtained from
ellipticity spectrum of polarizétion. while an anisotropy of absorption, Au (=
[ c— f ., where g . and g . are absorption coefficients for polarizations in the
directions of c¢- and a-axes)was obtained from rotation spectrum of polarition.
Not only the magnitude but also the sign of An was obtained from an increase or
decrease of ellipticity of elliptical polarization incident on the sample
crystal.

X -ray anisotropic absorption in uniaxial crystal has been observed by
Templeton and Templeton for the first time using a technique nowadays known as
the polarized XAF S.They detected absorption anisotropy of uniaxial crystals
with their optis axis set parallel and perpendicular to the polarization of
horizontally polarized synchrotron x-radiation.Although this was a extremely
pioneering work and this method is simple and convenient, it has the following
two week points;first, anisotropy of refractive index of sample cannot be

directly measured while only absorption anisotropy is obtained, and seconly,



difference of absorption coefficient A xcannot be precisely discussed because
the identity of crvstal thickness is not exactly guaranteed when the optic axis
being set parallel and perpendicular to the polarization plane of the incident
x-ravs. In the case of the present work, the thickness of sample hcp cobalt
crystal was 12um*= 1l um, that is, the inhomogeneity of the sample thickness was up
to ten percent.In spite of that, we could precisely obtain &n and Zu from spectra
of ellipticity and rotation of polarization, respectively,due to a feature of the
polarimeter as a polarization interferometer, which is a concept the present
author proposed in [993.

In x-rav polarization interferometry, int and Ap t, wheret is the sample
thickness, are directly measured as difference in phase and in amplitude between
c-axis and a-aixs polarizations interfering with each other heing reflected by
the analyzer, instead of onlyv u .t and u .t being measured seperately as in the
polarized XAFS.

The Bonse-lart x-ray intlerferometer has been regarded as a unique way to obtlain
phase information of wave in the x-rav frequency region for 30years since [965.
[t's typical phase detection limit is about 2z /100. Magnitude of phase
difference due to the linear birefringence of cobalt crystal measured in the
present work did not much exceed 27 /100 at it's extremum. Therefore, it can be
concluded that the birefringence of cobalt crystal could not be detected by
using the Bonse-Hart interferometer.Phase detection limit of hte x-ray
polarization interferometer (the x-ray polarimeter)has been estimated to be
27 /10,000, a hundred times as small as that of the Bonse-Hart interferometer.
This value is an estimation in the present stage using a normal bending magnet
heam line BL 4 A of the Photon Factory. In the main body of the present thesis

it is shown that an increase and decrease in ellipticity spectra corresponding

to phase difference of 27 /1, 000 has been detected as an ezidently significant

signal. Since the wavelength of x-rays near the cobalt K -absorption edge 1is

about 1.6A, this signal corresponds to a wave-front shift of 0.0016A between

¢c-axis and a-axis polarizations.Such a small wave-front shift of electromagneti
cwave has not been measured in any field of metrology.

The Kramers-Kronig relation between An and Aux has been clearly confirmed in
the absolute scale. This is the first experimental confimation of the Kramers-
Kronig relation between linear birefringence and linear dichroism in the X-ray
frequency region.On the other hand, this established theory guarantees the
precision of the present experiment.

The original motive of the present experiment was an unexpected peak found in a
spectrum of ellipticity obtained by using an hcp cobalt polycrystalline sample
[t has been confirmed, with incidence of elliptically polarized x-rays with plus

and minushelicity, that the peak of ‘ellipticity’ for an hcp cobalt



polvcrystallie sample was not real ellipticity but a partially random state of
polarization.

Furthermore, a-, b- and c-plate crystals were prepared cut from an identical
cobalt compound crystal. This crystal belongs to the monoclinic crystal systenm
and therefore has a biaxial asymmetry.Polarization analyses were performed for
the a-,b- and c-plate samples in the same way as was done for the hcp cobalt
single crvstal. Completely different spectra of ellipticity and rotation of
polarization have been obtained for a-,b- and c-plates. This is the first
observation of triple refraction and triple absorption in the x-ray frequency
region. The Kramers-Kronig relation for each pair of spectra of ellipticity and
rotation of polarization was confirmed in the absolute scale for the a-,b- and

c-plate crystals respectively.
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MEREEOBLHRNONTOENEBLUTOBY TH B,

1) XBEXFEXBRAEFLOAIIAVF-ARBXBRRS VA - ILYA TV EY
FRBLOLHUIBHFEEAL. XBROBRLRBEFSEEDL TERKENTEILODT
3, IRANF-AEBXBRERABITEELZMAELAL, OB, WEHPEEHT S X
BOFEBERLEXKPRELOMEZLZ IAHO 1 FFO 1l OKETBRETE2HEEZETS
HROXBTHHOINEOBEITHNT 5,

2) HUCKHMELALZANF - AEZRXBRLBHEEZA T, XBREHOBHMEKIC
HUTHENRATEREERSER_BRL. A, DO, EEMICHET A LICHR
THHTEID UL, BRBELTEI/ NV MNEEROSHFREIER O, KRG TOER
BRITARI M EEBRZBHEIRS PVORMEZIT» 12,

3) LROEREBFCER _BHOMKEI/ISv—2 - 702y L OBBRVEENIC
BROMDIExPOoNMI L, XBEBETHEI/IIT—R - 702y EDOBBENKDIL-T
WBRIEAEBRBMICERELLOE. ChADXMATHDHTTH S,

4) X5, 2HIBAUEFSEMRZOOINNV MEKDPEZEEBR EZAEERT S
EEFAL. EBIZ. WP KBRREEF TREINS EER L, . ThoD=
BB EZRUOBMIKLITIT—R - 702y EOHBRIEEBNIKKIILDOILERL
A

ULrOWEAZFFTTHLET. WBEBEIHAFONERCESCBHEFOEHTM. B
BEOEEHELT -/, Flo. VY I VEHEETHELSNTH S XBRFELFEXRBLF
KHETARBERGOMELAMMBT 272010, FORFH/EDIVZZ 2RIy T(TY) v F
Ty TIDERET- e IS5 BB EREBICTHOALDOV 7 b7 7 —OHFEDL B
BTk BIBERRT MM LBOLNLINLIABOBERFRHICOWTHEREZM
ATWWb, Flo, HROBAREXAFSKHLULTARETHELALFENENTL S A
DWTEEMITEML TS, ol BATEHEZOSOBMETIOMEEEZTZEEL. X
DXBRTHHEOHEGIT->T 5,

HERBOMRIT. BHXOHETHE., KRE - EhEk - BaH - Fthkokitzs
MIFMUZZH LOWEFLEOMBETH O, KU NXFREICE T 2 RMEOHBDORBETH %
DT, TOEHFRIBHTKRE L,

FROLHDEHBEOMAIEYHERAB U AR ZEYR OB FEMAH/XELTOR
B+ EL. BEFPNICLRANIKIESFTTIMREERTHL EHE L,
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