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Abstract

Synchrotron Light in Tohoku, Japan (SLiT-J) is the next generation high-brilliance light source and is designed
compactly for energy saving. The energy is 3 GeV with the circumference 354 m. The natural emittance is 0.92 nm [1].
SLiT-J is proposed to be constructed in Miyagi-prefecture aiming to finish the construction by 2020. Full energy injection
scheme by Linac is employed considering energy saving. We designed a compact and stable Linac based on the C-band
(5712 MHz) accelerator developed by SACLA at RIKEN, and employed the ITC (Independently Tunable Cells)
thermionic cathode RF gun as electron source developed by ELPH at TOHOKU University. We report this Linac.
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Table 1: Specifications of Injector

Item Specifications
Beam energy E 3 GeV
Energy spread F/E  <0.1% (lo)
Energy stability SE <0.1% (1o)
Beam charge Q 0.3 nC/sec
Charge stability 5Q ~1%
Normalized Emittance Bye <5 mmm *mrad
Un-normalized emittance ~ E <1 nmrad
Bunch length oz <5 ps
Repetition rate frep 25 Hz (max)
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Figure 1: Schematic layout of the injector linac.
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Figure 2: Layout of the C-band unit.

Table 2: Main Parameters of the C-band Unit

Component  Item Specification
Klystron Operating frequency 5712 MHz
Output power 50 MW
Output pulse width 2.5 us
Repetition rate Max. 25 Hz
RF pulse Q 180000
COMPIeSSOr  ytput pulse width 0.5 ps
(SLED)
Voltage enhanced 2.07
Ratio V/Vo
Accelerating  Acceleration mode 2n/3 mode, traveling
structure wave Disc-loaded

Number of cells 112+2 coupler cells

Effective 1.994 m
acceleration length

Attenuation constant  0.604

T

Filling time tr 299.8 ns

Shunt impedance r 64 MQ/m

Q 8900
Acceleration Max. 45 MV/m
gradient
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Figure 3: ITC thermionic cathode RF gun.
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Table 3: Specifications of the ITC RF Electron Guns

Table 4: Beam Chopper Specifications

item Tohoku SLIT-J item RIKEN SLIT-J
University SACLA
Input RF pulse width 3 s 0.4 ps Injection beam energy 500 keV 1.9 MeV
Output beam pulse width 2 ps 1ns Applied voltage V 3kV —
18 Max. cathode 25 MV/m — Parallel plate interval d 15 mm —
cavity  electric field Parallel plate length L; 150 mm 300 mm
Coupling pe 426 15 Drift distance L» 150 mm 250 mm
Qo 8232 . Vertical displacement y 8.96 mm 10.4 mm
Filling time tr~ 0.17 ps 0.057 ps Beam segmentation time 1 ns -
Input power Po 92 kW 332 kW Pulse charge time 0.5 ns 1 ns
i;l\(/iity le\;ljc)(t;ﬂiixfi‘?ell d 70 MV/m - Beam passage time 0.58 ns 1.02 ns
Coupling Be 459 15 Pulsar pulse width 2.1 ns 3 ns
Qo 12653 —
Filling time tr 0.25 pis 0.088 pis 5. N FaAUTLyH—
Input power Py 2.4 MW 6.2 MW ITC B4 RF EFERLVHHF L, =X —T V5 —%
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Figure 4: Beam chopper Schematic view.
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Figure 5: Beam chopper Schematic view.
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Table 5: Specifications of the Accelerating Structure for
Energy Modulation

item Specification

Operating frequency 2856 MHz

Acceleration mode 21/3 mode, traveling wave

Number of cells 57+2 Coupler cell
Attenuation constant t 0.25

Filling time tr 0.377 ps
Diameter of entrance 26.330 mm
aperture

Diameter of exit aperture ~ 22.866 mm

Input power 27 MW
Acceleration voltage 349 MV
Acceleration phase 24°

Table 6: Specifications of the Bunch Compressor

item Specification

Bending magnet length Ls 300 mm

Bending magnet interval I m

Deflection angle 7.8°

Dipole field 520 Gauss
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Figure 6: Electron beam distribution in the longitudinal
phase space after ITCRFgun.
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Figure 7: Electron beam distribution in the longitudinal
phase space after energy filter.
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Figure 8: Electron beam distribution in the longitudinal
phase space after bunch compressor.
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Figure 9: Electron beam distribution in the longitudinal
phase space at exit of Linac.
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Figure 10: Electron beam distribution in the transversel
phase space at exit of Linac.

Table 7: Simulation Result at Exit of the Linac

Item Specifications
Beam energy E 3 GeV
Energy spread yas 3MeV (0.1% full width)
Beam charge Q 0.02 nCx3 bunchx5 Hz
=0.3 nC/sec
Normalized Emittance  Pyex 1.5 amm*mrad
Byey 2.9 amm - mrad
Bunch length oz 1 ps
Repetition rate frep 5 Hz (max)
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