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Abstract

A laser Compton scattering (LCS) gamma-ray source has been developed in the UVSOR-III storage ring to perform
basic research on non-destructive three dimensional isotope imaging. A 1.94-um CW fiber laser with the maximum
average power of 5 W has been installed as the collision laser of the LCS gamma-ray source. As the first step of the
development, the maximum gamma-ray energy and total flux of the LCS gamma-ray source has been measured. The
maximum gamma-ray energy and the total flux were determined as 5403+16 keV and 1X 107 photons/s, respectively.
The energy of electron beam circulating in the storage ring can be estimated from the maximum gamma-ray energy and
has been determined as 746 = 1 MeV. The gamma-ray flux and energy spread after collimators have been investigated
by numerical simulation. The expected gamma-ray flux and energy spread after a 2-mm-diameter collimator are 4x10°
photons/s and 2.9%, respectively. The performance of developed LCS gamma-ray source is enough high for performing
basic research on the non-destructive three dimensional isotope imaging.
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Table 1: Parameters of the UVSOR-III Storage Ring
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Table 2: Main Parameters of the Fiber Laser

Model Name AP-Tm-1950-SM-05-LP

Company AdValue Photonics Inc.

Operation Mode CwW

Operation Wavelength 1944.78 = 0.07 nm
(Energy : 0.6375 eV)

Max. Output Power 5W

Spectral Line Width <1nm

Beam Quality, M* <I1.1

Output Polarization Linearly Polarized

Maximum Energy 750 MeV

Normal operation 300 mA (multi-bunch)
Current (Top-up Mode) 50 mA (single bunch)
Natural Emittance 17.5 nm-rad
Circumference 532m

RF Frequency 90.1 MHz

Harmonic Number 16

Bending Radius 22m

Straight Section (Amx4)+(1.5mx4)
Energy Spread 526 x 10

Natural Bunch Length 128 ps

Figure 1: Schematic diagram of UVSOR-III storage ring.
Black ellipse indicates the straight section used in this
Research.
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Figure 2: Schematic diagram of experimental geometry. QM: Quadrupole Magnet in the storage ring, BM: Bending
magnet in the storage ring, W: Quartz Window, SM: Silver Mirror, PM: Laser Power Meter.
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Figure 3: Measured result of maximum energy of
scattered gamma-ray.
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Figure 4: Measured energy spectrum of gamma-ray beam

with a Lead Absorber whose thickness was 15 cm (black)

and Simulation results with two different total gamma-ray
fluxes, 1.1x107 (red) and 7x10° photons/s (blue).
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Figure 5: Expected gamma-ray spectra with different hole
size of collimators placed 8.5-m downstream from center
of straight section.

Table 3: The Expected Gamma-ray Flux and Energy
Spread behind Collimator

Hole Size of Flu)? after Energy
. Collimator S
Collimator [mm] [photons/s] Spread [%]
w/o collimator 1x107 -
3 8x10° 5.4
2 4x10° 2.9
1 9x10* 1.1

*Calculated in Full Width at Half Maximum (FWHM).
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