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Abstract

The compact ERL (cERL) is a superconducting accelerator which is aimed at demonstrating technologies for the
future ERL-based light source. Production and recirculation of low emittance (< 1| mm-mrad) and high-average-current
(= 10 mA) beams are primarily important. In March of 2016, we successfully transported the beam having an average
current of approximately 1 mA to the beam dump. Due to careful accelerator tuning and the use of beam collimators,
the beam losses were reduced to very small fractions of less than 0.01%, except for the collimator locations.
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Table 1: Typical Operational Parameters of cERL

Beam energy 19.9 MeV
Injection energy 2.9 MeV
Bunch repetition rate (usual) 1.3 GHz
(for laser-Compton scattering) 162.5 MHz
Maximum average beam current 1 mA

2. E—LEHRIERDER
21 L—HY—HAIT—DRHLETIy I ~DE

2015 4F 6 HETORERIEL (FK 80 pA) Tix,
B — LML E DA~ 1R ORI o<V EET 5
BN BLAIE T, £, REEIEO% T —2A7'1
T ANVIERFRCD DT BIR L H -T2, ZNHDJFRIKE
LT, 74N —RETFRICL —F — WA AT 5720
D8 (T TAREMIZT NIAREELT-H D) BEE
FOEGHIDENEZ SN, 2015 4 9 HiZL—
P A A SR A, FNLE EFED
T3NSy PASQA Sy

NI B Ze iRz % (3.2 MV/m) K0 E W I AR (7
MV/m) Tz, ETHREZROT7T7T — Iy 7%
ERT+5E, BZ2E S DAL ER-P AR
Sz, TORNEL T, 77757 — Ay 7 Ok A v7

-291 -



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

PASJ2016 WEOM15

S S BRZEIR S DR B E T (SR S, HE
L CIET 28403 b=, 2015 4 9 HickI73Iv7
B O N—THE-T-%, ZOBRLBITRONAL
ootz F72 2014 4 6 H O CW &z (B — A E i 1~4
HA) TlE, XTI TR—AMYZRE S B2 2 6
FELT, B — X T e T D72 DB TIv I I
(NIEISK 10 nm JED TIN 2255) OWNHE LoD
RN O E CEI B AL 7= 1%, [REk
OBREITIFITEREI TV, ZNHORERIY . BET
SRARKE — AN RE SN D A REME O H DG ENIE, T
v/ HEHLTREL UIRLRWENFREIC -T2,
22 TFGAREVT VAT LD

cERL OB —AX 7 13K 40 kW FTOE—2LX
T —%Z T HNDM, ZORRIIE — L& EHAE 40 mm 2
EEXTETDHIUNENDD, 2O BT I74 08—
LN EERZTRCTERSEHVAT LA BB ST,
23 E—AQRAE=F—OHEE

Csl LU FL—FLNBFEEE DR EEE — A
nAE=H L, Gt 27 Bl 2hbIicdD,
CW B —ABLUNN—ARE—AIZK LT, B — A8 k%
BHTXD, GMHERAE=H—DIH 16 BEArF—my
THIZHW K 10 pus DL ORFH B CE — A% {5 1k
5, T8I T 7 ANN—a AT —b 0 LT,
Fio, MEER BN PRS- E=4— (L7 e
HAT 4V MAR-782) % 12 BREL THY, FITHEFS
TOMEHELRORAEIZHN, 95 10 BE A Z—y
I (BEERAT=S—D Ry T o7 SRR 1 )
WZHWTWA,
2.4 FESHRROZS B LB A i

CIRTOFBRRGED T T, I KEEIE 80 pA, /T
#0IK L 162.5 MHz, /3T 4720 DFET 0.5 pC TOIE
RS2 ML L B — AR DOGET ER K &2 U 7
HEZEVHEE LTZ[5], 2B & oo/ MR 2R i iR b

A475 BEHC, A OB EEO FRIFFIEATL

RREREZ 1 mA [THEIRT 5 THEEE 2015 K1
17277, 2016 4E 1 A 19 HIZHFEI KGRI,

W HFEERNCRRESN T B IR, AEED
Y A—HLALE AR Y A—Z OJEfERAL . R RS
2B 22 BB AL oM 5 EfRE{L T D, cERL D
RS EBARTIC NG ZRRE L, e K il R A 28 5
L7z, KEK SRR FAEZ OR&EZZ T 5%,
2016 42 A 15 AbE — AEHEEZ R L,

3. REREGBOE—LAZE
3.1 =R —LATOFK

B CW HEEEAITHRNS, AKBIRD/ S—AR (X
JVAF)) B — L% VTR SR OFHEEE1 T, ~ /L
ADMFEMEDIK UL 0.5-1 us, 5 Hz &L, /N F DD
UEWe$ (1.3 GHz £721% 162.5 MHz) &30 F 47200
X B O KR EGEIRREE RS2,

N—ZANE—ROEEE T, TTRAIV—F=H—,
E—AMLEET = — AL T — 20 #LE R LU
TT AT ADPIEEEAT), T D, nAT=F—%f L

T, AR TOE —LMRRB/NSRHIDNTAYA=H
SRS D, TR — AR AN ER ST
CW HEZE—RICEIVEE 2 5, CW IR X, B — A
SREE A B oD BAEEE TR I D, ZOWET,
HAE =4 — LA R = N i =4 — (MAR-782)
PRHWTE — LB LN/ NSWELHIR TS, —HKRE
RECBIELS T B — LB AR i REET
B CHRIEN ) o T,

32 E—AREROFEE6]

BEFHPOEZERFERETCOXM (B —AxT3%/L
X—2.9 MeV) Tik, BAEASRCFEBRICHTHRNE—
LIRS E GPT a—RICks3 32— a2 TR
T TRE, FOEMITT ST AINC AT OREEH
KD, B AEIL, YL AR T —ZE ], A
HHER 2SR DO AR O TUNCIE T 2 EE R AL 5, B
IRDOFREIREND DI, TIvF o AR AF L H B
OB T BB T D,

2016 F-OIEHZTIL, AHH CTE — LDk FRiEDs B
SIRDINTAFEROFHEEIToT-, 2 BOMEEKA
(VAR DI FIA F) DRGSR\ R — KR
NENWZ RN, ZNHOEGE D AIETE — A
DO FREN R E T2, TDT20 ., YV I ARDFE
LIZiZmspnz iz,

3HEHD 2 BV ARIRERICOWNTE, B — A% TEEH
FIENZDULAEZ DT TAGFTHE, B —bnm—(F
1T —V) ZEI0 5 WD) T, BEE —L AN E
K LR BT, 7Y —ROREISZEIC L0 F D%
FCRAET DT —NIZEHERIL CTRY[T7], EiEDFET
VIR A BRI K0T — VS F AR vy b &
EZHND, BRI CTOKETIERRTIL, ZOMEEL)
AT EERANTNAR, B —ADRETI v & A% 15
HTOICiF E— AT — LV EE B R TG T LT,
ZDHEERLDDLDNEELY,

JEERRTIL, B — 2B A s G HEIZ T DT 5489
THEELT=, TDEOFEELT, AR 7 &0~y
FTR(Q T AN ERREL, £D Q v HyhEA
) —r = —% Uz waist scan DIGEERITE T D,
JNEERFHEIZI ST 5801, Bt 4 50 Q DiRE%
TREEL T, BRI, EEREFTO R (MP2A) Ty T
EWAHZELIZED, AR —ALFERE LD~y T TR
YEES I, ZNDIZEY B ERS Ok S Ak ES i
7o I EZEMONIEETEZE % T REL .,
IEL7z, B COoiiEEalZir S 2 151,
v — AEREHD T DICHE R Th o7z,

BWEgE b2 o072 O mBMELEEThD,
cERL A DI ITFETITHI<, FRE G2 T
SADBBERREN, FDT-0 | RN L EBR A O
U4l (standardization) Z 1T FHAERIE LT, £72 B\ i
LG RO TR ICODIERE L 2TV B S0
BRI L2MeR LT,

E—AHIEIZ OV TR, FER Q v/ Ry hDiESE
EHL, TR CTOE—LELEEK/NNTDHHE
(beam-based alignment) CE—2A% Q <7 Xy hDH»
W LT, 2O ETHESL U8B 2 B ERLE S L, @
P OOEHE TIIE — MM BT =Z — CHRIEL7- 08 2 5
HEHIE 2T DT A IDITHITET S,

-292 -



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

33 HUTIAANIBITDIE—LDTAKN T
FGAZN T DIBIRNRKENEIE X T T TOE —
LHEEN EF T HEAmBIE RSN, BIRR Ty —
DE T OB (R 2.4 kW) IZFREHE 40 kW (Z%)
LTCEBNHHID, E—bBELOFRHNT, F
FEHTCOENEZ2E 10 mm GUE) | J8 5% 9.99
Hz L7~
3.4 E—LAaUA—HOi
B2\ —ZH| D7D 5 B O A= EFREL T
W5, A A—ZTlE, KRG LI ERE SR ooy N (B
14 mm) % b F/AE4A0BF AT 5 (Figure 1 2#), =2V
A— 5{@5?“%%Fé 20 mm DFT ¥ 7Y NTEN, D

mﬁl TG U A BE A C R L7 [2]. 05D
Z. BRSNS AT T — Aa— AR LTIl
J:@ 7][]1% FEINCTOMBREIMMZHIENHIRD,
= :M e _oo
Chi Left P B Bl (_‘ : L = WR;';;;‘ e
[t - o coLz
s 4 N STOP Slowly
A
STOP Emergency h
coz
e e
= i _won_|@ @

Figure 1: Control panel of beam collimator, COL2.
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Table 2: Beam Collimators

Name Location Dispersion Nx
COL1 Exit of injector 0
COL2 Merger 0.23 m
COL3 North-straight section 0
COL4 First arc -1.28 m
COLS Second arc -1.28 m
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Figure 2: Typical process of collimator adjustment.
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Figure 3: Beam current during high-average-current
operation of cERL. Bunch repetition rate: 162.5 MHz.
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Table 3: Example of Collimator Setting

Collimator Positions of rods (top, bottom, left, right)
COL1 (3.87,3.23, 6.54,2.51) mm
COL2 (2.14,0.26, 4.21, 4.59) mm
COL4 (-,-,11.04,9.03) mm
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Figure 4: Vacuum pressure vs. beam current.
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Figure 6: Estimated beam-loss rate.
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Figure 5: Measured radiation-dose rates (unit: LSv/h) on the top of the cERL accelerator room. Average beam current:

approximately 0.9 mA, bunch repetition rate: 162.5 MHz.
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Figure 7: Energy recovery in main-linac cavities.
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Figure 8: Change in the photocathode QE during a high-
average-current operation of March 29, 2016.
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