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Abstract

We propose generation of narrow-bandwidth GeV photons, gamma-rays, via Compton scattering of hard X-ray photons
in X-ray free-electron laser oscillators [1]. The gamma-rays have a narrow-bandwidth spectrum with a sharp peak, ~0.1%
(FWHM), due to the nature of Compton scattering in relativistic regime. Such gamma-rays will be a unique probe for
studying hadron physics. In this paper, we discuss design and performance of the gamma-ray source.
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Figure 1: Energy-differential cross-section of laser pho-

tons scattered with 7 GeV electrons: laser photon ener-
gies of 1.2 eV (Thomson regime) and 12 keV (Compton
regime).

- 300 -



Proceedings of the 13th Annual Meeting of Particle Accelerator Society of Japan
August 8-10, 2016, Chiba, Japan

sapphire bending undulator sapphire

B %%

‘ collision point

| ~100m '\

Figure 2: Schematic views of an X-ray FEL Oscillator.

Table 1: Parameters of the XFELO for XFELO-v

electron beam

energy (E.) 7 GeV
bunch charge (Q) 40 pC
rms energy spread (cag) 1.4 MeV
normalized rms emittance (&,,) 0.082 mm-mrad
rms bunch length (7) 2 ps
bunch repetition (f) 3 MHz
undulator

undulator parameter (K) 1.414
pitch (A,) 1.88 cm
the number of periods (V) 3000
FEL

wavelength ()\) 1A
energy (E1) 12.3 keV
cavity length (L.) 100 m
small signal gain 50%
round trip loss 17%

out couple 4%

rms pulse length (7x) 0.85 ps
rms energy spread (oag,) 2.3 meV
Collision parameters

beta function (5*) 10 m
Rayleigh length (ZRr) 10 m
electron beam rms size (o) 7.7 pm
electron beam rms divergence (o)  0.77 urad
X-ray beam rms size (o x) 8.9 ym
X-ray beam rms divergence (o) 0.89 urad
the number of electrons (/V,) 2.5 x 108
the number of X-ray photons (Nx) 2.0 x 101°
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Table 2: Calculated performance of the XFELO-vy with
parameters listed in Table 1

repetition 3 MHz
peak energy 6.9922 GeV
bandwidth (FWHM) 12 MeV
flux (100% BW) 4900 ph/s
flux (1% BW) 1700 ph/s
flux (0.1% BW) 460 ph/s
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Figure 3: ~v-ray spectra of the two-mirror 7-GeV
XFELO-7 calculated by analytical formula with electron
energy spread (red) and numerical simulation by CAIN
(blue).
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Figure 4: ~-ray flux in the XFELO-v as a function of

bunch repetition from 3 MHz to 100 MHz.
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