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Elliptical - Polarization Analyses in the VUV and Soft
X-ray Regions: Determination of the Stokes
Parameters with a Reflection Polarimeter

Tsuneharu KOIDE
Photon Factory, National Laboratory for High Energy Physics

The results of polarization analyses in the 5~80- eV region are presented together with the
theoretical background with special attention paid on the production and characterization of circularly
polarized radiation. The Stokes parameters were measured for synchrotron - radiation beams on the
VUV ~ soft X - ray beamlines at the Photon Factory by using a polarimeter comprising two triple -
reflection polarizers. Deflecting the incoming beam vertically with respect to the entrance slit of the
monochromator by a beamline premirror resulted in a change in the polarization state from
predominantly horizontal linear polarization to elliptical polarization. This procedure could produce
circular polarization with |Pc|= 80% in the energy range 60~80 eV. Unpolarized light could clearly
be distinguished from circularly polarized light. A triple - reflection circular polarizer with
synchrotron radiation has been verified for the first time at 30 eV by measuring the Stokes parameters
of the emerging beam with the polarimeter. The results show that a degree of circular polarization of
up to ~ + 82% was attained at ~ = 25° rotation angles, respectively, between the incidence plane for
the polarizer and the horizontal plane, being in good agreement with a calculation.
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Fig. 1 The parameters that define the polarization
ellipse for the electric vector of an elliptically
polarized wave propagating along the z axis.

tany = =E,./E,, (2)

&k o THMSRA - sy s D AEHT 5. 1
i, EHEHOR LEEARERL, (2 RO
THORAEZRENAED, LR D ICKET
Bo L AW, x=O0RERMRY, 1= HEY
RS, x=— AR D B, T3,
BEBEEHKFIEHTEIA M= 227 ML
S={Ss S1 So S} DB (R b= 285 4 —
=) i, KRTEHINS,

SOZEX§+Ey§=IO=I(éx)+I(éy)=I(é~L)+I(é~L)
4 4

=1(@)+1(,) 3. 1)
S=EEi=16)-16) 3. 2)
S=2E.E,ocos8=16 . )-16 . ) 3. 3)
S=2E,E,sind=1@) 1) 3. 4)

T, LIZ2endiE, 1@ 3 mXE~X2 b (v
a—YANT MLENDEBFOHED 2T (Gt
B) 2&d, icEiE B 4) 0lE), 16)iEE
FREEEBEREENY MUICBAK & 040
v, KR AREADEETH %,

MEt EAEE2S (19914)

Fig. 2 The Poincaré - sphere representation of polari—
zation of light (from ref. 6). Completely polarized
radiation is represented by a point on the
sphere, while partially polarized radiation is by a
point within the sphere.
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Fig. 3 Principle arrangement to measure the Stokes parameters of light using a

reflection polarimeter. The xyz, sip:z, and sqp.z systems are fixed to the

- laboratory, first polarizer P,, and second polarizer P,, respectively, with z

being the direction of light propagation and simultaneously coincident

with the rotation axes of P, and P.. The light path in the polarizers are

abbreviated as straight lines for simplicity. The p,z and p.z planes are the

incidence planes for the polarizer mirrors. The rotation angles of two
polarizers are denoted by a and 3. (ref. 8)
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Fig. 4 Schematic drawing of the present reflection polarimeter. P,: phase
shifter; P2: linear- polarization analyzer; D: GaAsP photodiode; FH: fixed
pinhole diaphragm; MH,, MH. removable pinhole diaphragms; LMF.
linear~ motion feedthrough; DPRF: differentially ~ pumped rotary feed -
through; VP: viewing port; TMP: turbo- molecular pump. (ref. 8)
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03/(1+ p?, with o =1,/ 1. and phase

shift, A = §,- & ., and (b) calculated transmittance, T,=t. and T,=t.?, of a
triple - reflection polarizer for two combinations of incidence angles.
Optical constants for Au from ref. 23 have been used. (ref. 8)
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Fig. 6 Typical raw data of the detected light intensities
at 60 eV as a function of the rotation angle of the
second polarizer, 8 . The solid line is a guide to
the eye. (ref. 8)
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Fig. 8 Optical layout of BL- 11D, showing the method to produce various states
of polarization. The SR beam was deflected vertically by a first premirror,
Mo, thus, off - plane SR was extracted with the entrance slit of the

monochromator, ES. (ref. 8)
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Fig. 9 Stokes parameters measured for the emerging
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Fig. 10 (a) The degree of circular polarization, S4/S.,
and that of horizontal linear polarization, S./S,,
measured at 60 eV as a function of the beam -
deflection angle.

(b) Azimuthal angle, ¢ , at 60 eV, deduced from
the measured S,/S, and S,/S,. (ref. 8)
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Fig. 11 Polarizing properties of polarizers P, and P, at
60eV,determined together with the Stokes
parameters in Fig.10.

(a) Ratios of transmittances for p and s
polarizations, 0 *=(fu/fs)?and 0 o °=(rulr)

(b) Phase shift of the first polarizer, A= § 5 -
0si. The horizontal arrows denote the
calculated values using the optical constants of
Au. (ref. 8)
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S¢/Se and S4/S., at 30 eV for the

emerging beam from CP, as a function of its rotation angle, 8. The inset denotes the
definition of @, with the reader looking at the source.
(b) Measured and calculated azimuthal angles of the palarization ellipse, ¢ . (ref. 19)
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Fig. 14 Measured and calculated transmittance of CP,
at 30 eV as a function of its rotation angle, 6 .
The arrows denote the angles where the
maxium degree of circular polarization wads
attained. (ref. 19)
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