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Abstract

At present, KEK, Nihon University and TOYAMA CO., Ltd. have been developing Energy Recovery Linac with
coherent X-ray sources. This accelerator is the machine that generates parametric X-ray radiation (PXR) when a bunch
of energy is 75 MeV collides with a single crystal. The bunch passes through the crystal is transported into the
decelerator cavity and then decelerated to 3 MeV there. To get the high Q-value, the accelerator and decelerator cavities
are operated under low temperature. For getting rid of the radiation which generally occurred when the high energy
beam is damped, we attempt to reduce it in our system. Therefore, the accelerator that can generate PXR without shield
is proposed in this paper. For achieving it, the optics of transport and emittance growth in our accelerator are calculated

and simulated.
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Figure 1: Crystal thickness vs scattering angle. Red
is diamond crystal and blue is Si crystal.
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Figure 2: Crystal thickness vs energy loss. Red is
diamond crystal and blue is Si crystal.
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Figure 4: Layout of the injector.
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Table 1: Parameters of the Accelerator and
Decelerator
Cavity structure Constant Gradient
Frequence 5712MHz
2a 16-13 mm
2b 43-42 mm
Thickness of disk 2.5 mm
Cavity length 1.2m
Mode 2n/3
Q ~74000
Input klystron power 45 MW
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Figure 5: Accelerating and decelerating cavities in
the cryostat.
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Table 2: Parameters of the Quadrupole Magnet

length K dB/dx
Type 1
[mm] [m’] [T/m]
triplet QFL 0| 40 481 20.56
(exit of buncher) QD1 0 40 8.54 0.72
riplet QDI 1| 45 2.53 ~14.06
QFI1 1 70 5.01 17.89
doublet QF2 1 90 2.31 6.42
(arc section) QD3 1 45 -0.85 -4.71
doublet QF4 1 45 2.90 16.11
(after arc section) QD4 1 45 -2.00 -11.11
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Figure 6: (a) Beta function, (b) Dispersion function and
(c) Beam size. Blue and red lines indicate x-direction, y-
direction. Aqua part is the decelerator cavity, green parts
are the quadruple magnet and yellow parts are bending
magnet. Arrows show the collision point.
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Figure 7: (a) Beta function, (b) Dispersion function and
(c) Beam size. Blue and red lines indicate x-direction,
y-direction. Aqua part is the decelerator cavity, green
parts are the quadruple magnet and yellow parts are
bending magnet. Start is the collision point.

Table 3: Parameters of Transport Line at the Buncher
Exit

Beam Energy at exit of buncher 3 MeV
Beam Energy at exit of accelerator 75 MeV
Frequence 5712 MHz

Normalized emittance 20 mm-mrad

bunch length (100) 1 mm
Dispersion *0.3%
ox, Bx, nx 0, 03, 0
ay, By, Ny 0, 0.3, 0
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Table 4: Parameters of the Quadrupole Magnet

length K dB/dx

Type 1
[mm] [m] [T/m]
. QF1_2 45 4.30 23.89
triplt QDI 2| 9% 782 2172
doublet QF3 2 45 2.90 16.11
(arc section) QD3 2 70 -1.86 -6.64
triplet QF4 2 90 6.10 16.94
(after arc section) QD4 2 45 -2.67 -14.83
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Figure 8: (a) Beta function, (b) Dispersion function and
(c) Beam size. Blue and red lines indicate x-direction,
y-direction. Aqua part is the decelerator cavity, green
parts are the quadruple magnet and yellow parts are
bending magnet.
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Figure 9: Longitudinal bunch length. (a): exit of the
buncher (b):collision point, (c): entrance of
decelerator.
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Figure 10: Layout of the coherent X-ray source.
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