Proceedings of the 16th Annual Meeting of Particle Accelerator Society of Japan
July 31 - August 3, 2019, Kyoto, Japan

PASJ2019 WEPIO019

Compact ERL [ZHITHEHE — LB T TO X MEBEBEEZFEEEDHTRE

LONG-TERM OPERATION WITH BEAM AND CAVITY PERFORMANCE IN
COMPACT-ERL MAIN LINAC AT KEK

B S Y, MEARMERR Y, Ik kIR Y, FFEERER Y, R Y, Qiu FengV, ZifiF 7Y, HEEIIA Y,

AR Y, NESER TN, AT, AJRUHR O, A RE— O, RPERA O, EHEEA C, IHHEER

Hiroshi Sakai **, Kensei Umemori*, Eiji Kako *, Taro Konomi ¥, Takaaki Furuya *, Qiu Feng *,

Takako Miura *, Kota Nakanishi , Teruya Honma *, Yuji Kojima *, Masaru Sawamura ¥,

)

Masaharu Ishihara ©, Shinichi Imada ©, Shunsuke Tainaka ©, Naoto Numata ©, Hiroki Yamada ©,
VKEK, ¥ QST, © NAT

Abstract

We developed ERL main linac cryomodule for Compact ERL (cERL) in KEK. The module consists of two 9-cell 1.3
GHz superconducting cavities. After construction of cERL recirculation loop, beam operation was started in 2013 Dec.
First electron beam of 20 MeV successfully passed the main linac cavities [1]. Beam current increased step by step and
currently reached to 1 mA (CW) [2]. Energy recovery has successfully achieved. However, field emission was one of the
problems for long term operation [3]. Therefore, the performance of the SRF cavities through long term beam operation
has been investigated. In this paper, details of SRF beam operation, degradation, applied recovery methods are described.
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Table 1: Design parameters of the cERL

Nominal beam energy 35 MeV

Nominal injection energy 5 MeV

Beam current 10 mA (initial goal)
100 mA (final goal)

0.1 — 1 mm-mrad
1-3 ps (usual)
100 fs (short bunch)

Normalized emittance
Bunch length
(bunch compressed)
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Figure 1: Schematic view of ERL main linac cryomodule
(left) and the one placed inside the cERL radiation
shielding room (right).
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Figure 2: Measurement of the Q-values of 6, 8.57 and 10
MV cavity voltage during long-term beam operation from
2012 to 2016 including high power test of Main linac 1
(ML1) (left) and 2 (ML2) (right).

2. 2019 FETHOE—LEBEIRKET R
BE
2.1 2017 EH5 2019 FEDOE — LTEix

Table 2 1%, 2017 £~2019 DT 3 FERlOE— A
EHAK LA 7R3, cERL OWFFERIFEIL, 2017 FErDpE
HEHT TV — 2 ATBATUTZN, FRERIN5, 2017 4
I& Table 2 (TR T ITHIZERRE H O+ 372 — L5 A
NIELNL D -T2, 2017 £ L 2018 FRIL, NV T L
ff BB B — NEER D 726D D FEfEE — AFFE[17, 18]% AA
AT T, 2019 4R D1E RI AR IRET HZER D= D
B — AT AL 721 cERL IZEERR S I, EUCED CW

PASJ2019 WEPIO019

B — LD MRS RS BRI — AW SR LRI IZAT D
NDEDNTeo72[8],

Table 2: cERL Beam Operation from 2017 to 2019

Period Energy | Current | Comment
(operation | [MeV] | [mA]
time)
2017/3 (20>) | 60pC/ | Degradation of
7t phase 17.5 bunch | cavity performance.
(3 weeks) Pulse operation for
beam optimization.
2018/3 17.5 60 pC/ | Pulse operation for
8t phase bunch | THz radiation
(2 weeks) experiment
2018/6 17.5 60 pC/ | Pulse operation for
9t phase bunch | beam optimization
(4 weeks) & & THz radiation
1 mA | experiment
(CW) | & CW beam
operation
2019/4 17.5 60 pC/ | Pulse operation for
10" phase bunch | beam optimization
(4 weeks) & THz radiation &
test of RI beam line
2019/6 17.5 60 pC/ | Pulse operation for
11" phase | =19.5 | bunch | beam optimization
(4 weeks) & CW | & THz radiation &
beam | RI production and
(<10 | irradiation
A) experiment at RI
beam line
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Figure 3: ML1 cavity processing trend on 8".Mar.2017
before beam operation. Purple (pink) line shows the cavity
voltage in ML1 (ML2). Green (line blue) line shows the
vacuum inside the cavity of ML1 (ML2). Green (light blue)
line shows the vacuum inside the cavity of ML1 (ML2).
Brown (Gold) line shows the vacuum in warm side of the
input coupler of ML1 (ML2).
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Figure 4: The left (right) figure shows the expanded view
around event (1) and (2) denoted in Figure 4, respectively.
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Figure 5: ML cavity processing trend again on 10", Mar.
2017 after field decreasing event as shown in Figure 4.
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Figure 6: Pulse processing condition for ML2 cavity at 9™
phase. Lower figures shows the trend of the PIN diode
signals set on the both ends of ML2 cavity under the pulse
processing as shown in the upper left figure of this figure.
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Figure 7: Q-value measurement results of ML1(left) and
ML2(right). Horizontal (vertical) axes show the cavity
voltage (Vc) and unloaded-Q values of both cavities.
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Table 3: He Flow Measurement Under 4 MeV & 5MeV
Injector Beam with 17.5 MeV Total Beam Energy

Total beam energy (MeV) 17.5

Injector energy (MeV) 5.0 4.0
ML1 Vc (MV) 5.0 6.0
ML2 Ve (MV) 7.5 7.5
He flow (m*/h) 87.8 78.9
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Table 4: cERL ML Condition with Different Total Beam
Energy Condition Under 3.9 MeV Injector Beam

Total beam energy (MeV) 175 | 19.0 | 195
Injector energy (MeV) 3.9

ML1 Ve (MV) 5.5 6.0 6.0
ML2 Ve (MV) 7.6 8.6 9.1
He pressure (kPa) 3.0 3.5

He flow (m%/h) 71.9
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Figure 8: beam operation with 3.5 kPa condition.
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