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Abstract

Energy-tunable and quasi-monochromatic polarized gamma rays are generated by scattering of a high-energy electron
beam and a polarized laser. The spatial distribution and polarization characteristics of gamma rays generated by linearly
and circularly polarized lasers have been investigated by theory and experiment. The polarization state of these lasers is
uniform in the beam cross section. On the other hand, it is possible to generate lasers with spatially variant polarization.
A laser whose polarization is radially distributed is called a radially polarized laser, and one whose polarization is
azimuthally distributed is called an azimuthally polarized laser. These polarization states are called axially symmetric
polarization because they are symmetric about the central axis. In this paper, I report on measurements of the spatial
distribution of gamma rays generated by scattering of an axially symmetric polarized laser and electron beam.
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Figure 1: Measured spatial distribution of gamma rays
generated by (a) horizontally linearly, (b) circularly, and
(c) radially polarized lasers. The polarization axis of a
linearly polarized laser is horizontal direction.

ZRET D, BRI, B 1 mm D) A—4%
WCZBRAMIC IR ST <D —H 2T L, F0
Ho=fpa B —7y MR T 5, T~ O E
BRE DA 2 TR BEL o~ ROy BT
FEIZ AL A J7 10 CHERE R R T, LT=3» T &2 —~
YN CHELEND T L~ RO 554 B E D f H g
ZHWCHIETSHE T, 2V A—FEBIB LI >~ o
R ICEZ R E T HENTED, SHIT, aVA—HE 2 K
TEAX Y LI NBEEED R EZITHE T, T ~<HrD
ZeMR A A E T HZENTED,

HEE

BEEY 7 OERIZBEIL T, UVSOR JEKEK, X
FHEC(BL JASRI), AREG, IR I35, F72, L—
P —DIRSFEBRIZ-DUVN T UVSOR [ B B 12845,

P

[11 H. W. Wang et al., “Commissioning of laser electron
gamma beamline SLEGS at SSRF”, Nuclear Science and
Techniques, 33, 87 (2022).

[2] T. Ari-Izumi et al., “Spatial profiles of collimated laser
Compton-scattering gamma-ray beams ~ , Journal of
Instrumentation, 18, T06005 (2023).

[3] J. Yan et al., “Precision control of gamma-ray polarization
using a crossed helical undulator free-electron laser 7
Nature Photonics, 13, 629 (2019).

[4] T.Omori et al., “Efficient propagation of polarization from
laser photons to positrons through Compton scattering and
electron positron pair creation” , Phys. Rev. Lett., 96,
114801 (2006).

- 1001 -



Proceedings of the 21st Annual Meeting of Particle Accelerator Society of Japan
July 31 - August 3, 2024, Yamagata

PASJ2024 FRP063

(3]

(6]

[7]

(8]

(91

Y. Taira et al., “Development of gamma-ray-induced
positron age-momentum correlation measurement”, Rev.
Sci. Instrum., 93, 113304 (2022).

Q. Zhan et al., “ Cylindrical vector beams: from
mathematical concepts to applications”, Adv. Opt. Photon.,
1,1 (2009).

S. H. Park et al., “Spatial distribution and polarization of
gamma-rays generated via Compton backscattering in the

Duke/OK- 4 storage ring FEL,”, Nuclear Instruments and
Methods in Physics Research Section A, 475,425 (2001).

C. Sun et al., “Theoretical and simulation studies of
characteristics of a Compton light source”, Phys. Rev. ST
Accel. Beams, 14, 044701 (2011).

V. Petrillo et al., “Polarization of x-gamma radiation
produced by a Thomson and Compton inverse scattering,”,
Phys. Rev. ST Accel. Beams, 18, 110701 (2015).

[10]

(11]

[12]

[13]

- 1002 -

Z. Chi, “Polarization transfer from a laser to x rays via
Thomson scattering with relativistic electrons: A dipole
radiation perspective”, Journal of Applied Physics, 128,
244904 (2020).

S.Miyamoto, “Laser Compton scattering gamma-ray beam
source at NewSUBARU storage ring ~ , International
Workshop of Laser Compton Scatter Gamma Rays at
Electron Storage Rings (2014).

Y. Taira et al., “Measurement of the spatial polarization
distribution of circularly polarized gamma rays produced by
inverse Compton scattering ”, Physical Review A, 107,
063503 (2023).

A. Matijosius et al., “Formation of optical vortices with
topological charge lll = 1 and Ill = 1/2 by use of the S-
waveplate”, Optics Communications, 324, 1 (2014).



