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Abstract

The Compact ERL (cERL) at KEK is a test accelerator to develop ERL technologies and its possible applications. The
first target of injector operation to demonstrate IR-FEL was to generate high bunch charge electron beams with low
longitudinal emittance and short bunch length. In 2020, the injector was operated with the bunch charge of 60 pC, the DC
gun voltage of 480 kV, the injector energy of 5 MeV and the bunch length of 2 ps rms, and the required beam quality for
the IR-FEL has been achieved for a single-pass operation mode. The next target is to demonstrate IR-FEL generation for
recirculation mode. The injector energy is decreased to 3.5 MeV due to a limitation of energy ratio between injection and
recirculation beams. Moreover, the DC gun voltage decreases to 390 kV due to troubles of the DC gun. Therefore, control
of the space charge effect is more important to design and optimize the beam transport condition of the injector. In this
report, a strategy of the injector optimization together with its realization results and future prospects are summarized.
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Figure 2: Layout of cERL injector line.
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Figure 3: Comparison of temporal evolutions of Twiss
parameters through the injector (480 kV gun, 5 MeV
injection vs 390 kV gun, 3.5 MeV injection).
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Table 2: Beam Parameters at the Main Linac Exit!

Single-pass FEL  Recirculation
Design mode

Beam parameters
Hor. beam size 0.69 mm 0.72 mm
Ver. beam size 0.35 mm 0.38 mm
Energy spread 0.25% 0.34%
Bunch length 1.8 ps 3.5ps
Hor. emittance 1.74 nt 261w

mm mrad mm mrad
Ver. emittance 192w 2391

mm mrad mm mrad
Long. emittance 8.4 keV ps 10.47 keV ps
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Figure 4: Buncher cavity phase response.
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Figure 5: Designed and measured horizontal and vertical
beam sizes after optics matching.

4. L&

FEL DAk ET 3L —[alL O] 5 %[RRI AT EEIZ
THANK R G AL LTz, D AT 7 ELT, K
BRI T —ROET MIEDRE T RTA—4%
SHEELUI-, ROAT 1%, Z0O®y 77T FEL Jt%
AR D702 m B (60 pC) TiEfZL T, CW-FEL %
EHTDH-OICE NN T OMYIKLEE FIFH2LT
HD,

HiEE

cERL F—ALDFT _RTDALN—TEHLTZ, ZD
I, NEDO Yy =7 b & M« Eh Rk AL
L — AN BHSE ) OB AT T2,

S5 3

[1] M. Akemoto et al., “Construction and commissioning of the
compact energy recovery linac at KEK”, Nucl. Instrum. Meth.
A, vol. 877, pp. 197-219, 2018.

[2] R. Kato et al., “Construction of an Infrared FEL at the
Compact ERL”, in Proc. IPAC'21, Campinas, SP, Brazil, May
2021, pp. 1608-1611.

[3] O. A. Tanaka, N. Higashi, and T. Miyajima, “Injector
Optimization for the IR-FEL Operation at the Compact ERL
at KEK”, in Proc. IPAC'21, Campinas, SP, Brazil, May 2021,
pp. 4531-4534.

[4] Y. Honda et al., “Construction and commissioning of mid-
infrared self-amplified spontaneous emission free-electron
laser at compact energy recovery linac”, Rev. Sci. Instrum.,
vol. 92, p. 113101, Nov. 2021.

[5] General Particle Tracer; http://www.pulsar.nl/gpt/

[6] S. B. van der Geer, M. J. de Loos and B. D. Muratori, “Multi-
objective Genetic Optimization with the General Particle
Tracer (GPT) Code”, in Proc. IPAC'l5, Richmond, USA,
May 2015, pp. 492-494.

[7] O. A. Tanaka, N. Nakamura, T. Miyajima, and T. Tanikawa,
“Injector design towards ERL-based EUV-FEL for
lithography”, in Proc. IPAC’22, Bangkok, Thailand, June
2022, pp. 2296-2298.

- 879 -



Proceedings of the 19th Annual Meeting of Particle Accelerator Society of Japan
October 18 - 21, 2022, Online (Kyushu University)
PASJ2022 THP057

[8] R. Kato, private communications, Jan. 2021.

[9] T. Miyajima, “Injector Development at KEK”, presented at
the 63rd ICFA Advanced Beam Dynamics Workshop on
Energy Recovery Linacs (ERL'19), Berlin, Germany, Sep.
2019, paper THCOZBS04, unpublished.

- 880 -



