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DEVELOPMENT OF THE METHODS TO EVALUATE BEAM HALOS
QUANTITATIVELY IN COMPACT ENERGY-RECOVERY LINAC

AT — &), TR A, 1A B BHSEN D), BHEM D), [P B, ok g B)

Kouichi Takifuji **), Atsuko Ichikawa®), Masahiro Yamamoto ®), Miho Shimada ®), Masakazu Kurata®),

Olga Tanaka B) Norio Nakamura

B)

A) Tohoku University

B)

Abstract

High Energy Accelerator Research Organization

Compact Energy-Recovery Linac (cERL), constructed in High Energy Accelerator Research Organization (KEK),
succeeded in 1 mA continuous wave (CW) mode operation of energy recovery, and we are challenging to operate in
10 mA CW mode. In terms of protection of accelerator’s instruments and radiation safety, we must operate safely that
beam loss is reduced. Beam halo, is the one of the source of beam loss, was researched qualitatively in other facilities, but
there is little quantitative studies in cERL. I tried a new quantitative analysis of beam core and halo using stacked multiple
exposure that were generated by setting minimum exposure time of a CCD camera under adjusted gain conditions.
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Figure 1: Compact Energy-Recovery Linac. [4]
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Table 1: Specification of Diagnostic Instruments [5]
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A/D 77 fERE : 12 bit

CCD 71 X Z (Prosilica GC650)

ND 7 4 VX — 4, 8, 20, 100, 1000
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Figure 2: Schematic of the screen monitor system. [3]
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Figure 3: Saturation of counts of beam core.
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Figure 4: Schematic of the pulse of beams.
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(b) Beam Profile of combined 50 profiles of integrated time 10 ps

Figure 6: Comparison of two types of beam profiles.
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Table 2: Comparison of Counts Outer the Ce: YAG Screen
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Figure 7: Schematic of the pulse of beams.
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Figure 8: Schematic of “The leak” from the Pockels cell
and integrated time of CCD camera.
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Figure 9: Ratio between the counts of integrated time 10 ps
and others.

33 EE

Ry FVAEAPSD/IECEIDFEEL TWVWEE—
LB, XA VOOV A LN Z LA TERVWEERR - T
BY., BB EBRNRENIIERGFETH S, ZL
T, FICEBERPERTE RNV FEMBDOEER,
ERMFELETHE SN2 EBIIZEROEMR T E LniFh
WK EAIKEREY -2 BPEENIME D2, ZhdD
B /NS T 5D, BXREEZ ZDA X T TR
D7 —MEX 722 10 ps ICFEE L EREZERELOE
RO DVEEFZ 5,

4. 775 T—hyvTEBVI-ESRET
4.1 FHHIFERE
=R T7 777y THREEINTE
D, BEEINZL—L2DEMEEZAIETE 5, CAM 8
FRNZIE Fig. 10a D X 5% a ) X —&— (COL 1) »iK
BXhTBD, MABIKISLTE—L%2H|2 M T
%%, %[ COL 1 @ L% (TOP) 28 L. Z DD
77 27—y 7 TOFHEZ Fig. 10b 1Z/~3, HIE
B —AX Y TADEES A4~ AHD CAM 31 THlE
IV, B — A% 4 FHERS TOP Day X — XD
Bt (Fig. 10a A L > Y DKET) 23 0.89, 1.86, 2.84, 3.81,
481,5.81,6.79,7.79 mm DX XDV —ATFO 7 7 )L
ZHE L2, CCD B X TDF A4 1% 15 KF&KEL T2,
CAM 31 @ Ce:YAG A2V — Y DERZS50mm TH 5,

42 FER

TOP OB 779 mm D 2D a7 » 4 L%
Fig. 1la IZZ%\F %, a7 0#En e 7 — - ~"a—#n
I B7=ic, |ESE. KEFHNICZFRZENRER L

ouy VEIY ARG, £ 2 00E LAY
APHEFEHALTCIZ 4 v T4 7L, ZRERDH TR
DHDOHFRNS 30 FTOHFMTRY -7, ZhEa7y
WL, 7= "a—#3E7Ta 7 7 L A h o HE
LTEABDOTY 7 TRYI5 7, Figure 11a D ENiHD A
LVYPOERDO A Y Y VOYEEER, h X5 ) A4 XT
R ENERFRAZUEE LT, Y7L TELI W
72 2O EDATED. T NO—FTDH Y ¥

MROAFHEREH L2 25, 221 1.105 x 108,
6.540 x 106 %&b, a 7R3, 77— - ~"a—E
5 DOIREDENEIEH 5.92 % ¥ o Tz,

Figure 11b (32> TOP DAZEIZEI L THeid & Rk
R EITN, a7 7= - "na—oDh v b
BoGiHEr 7755 —Hy 7T L-ERMEE S
Oy bL, —REBMTT7 49747 LD ERL
TW3, 7V Y MIOEFHEY BRTEICIZIEOHBENH
D, 74974 Y7 THRLNEEZOE,S. CAM 31
TIRBHIERT 10 ps. AR FDHF A > 15 DRETE, 1
BT MZOE,

(5.95 +0.14) x 10~8 x 10~ '2[C] x 50
1.60 x 10~ 19[C] (1)
~ 18.6 & 4.38[fH]

DBEBFPRTVBEWVWDS Z 2T B,

43 EE

BREBEAVY MDD T 4 v T4 VI TED y YA
HTETWBEDIE, 7= - "N —RTDEFTERD 3
CERTU I FANADLHELTWSEZEBK VL, —
HMOFHHERLAT—RIERDEBLTLE>TWVB 0,
HBVIERTRAZIVEDOED B RHEYITH D, R7TIC
Na—Ea Rl T LE 57200 2 HEOERNE 2 5
nz,

FleT—L - Nm —E OHIFHE D T\ B EAT I
LTEADHWICERTED, MXTEEELRFEDO L —
LATOa7EsERAEOLY 7 TRAIT 2 22T, &
BT = - N"a—Erb LEFTZEDTLE-TY
2, A7) —2DORERNAT—DXBS EETET N
W, SRR X - CHIFAZ XIS 2 500 d L
iz,

5. ¥ErSEICOWVWT

Y—20aziag. 7= - Na—E5TOHY Vb
BoEEGOELTEL, vy M BEREOMGRNEE
RYFEEERL, LLT—IL - o —E55 i
DREDIBENELHVIRETHELLETH 5,

Fhoa— RT3 0TI R T B
10s YD T r 7 7 4 LEER L TWE A, R T —
ETEBNT 2 D12 50 K ERED, FROEPITER
FARSH TRV, KEICBE L TSR L S5 OFAED
RETH S5,

AWFZEIC0 % % L TIE. KEK @ cERL BAfR#E O &tk
TRV E, BEHR L TR,

- 968 -



Proceedings of the 22nd Annual Meeting of Particle Accelerator Society of Japan
August 6 - 8, 2025, Tokyo
PASJ2025 FRP079

COL1 Inserted

0.0006 1
s 3 v 0.0005 -
679mm s |@ @
1.00 mm r 0@
0degC 0.0004

0.0003 -

o ow

STOP Slowly

Dump FC [A]

ow
coL1
STOP Slowly
\
L 0.0001 1
(==

0.0000 1 @

5 10 15 20 25
Top position [mm]

(a) Schematic view of collimator (COL 1) (b) Relation between COL 1 position (TOP) and beam charge
Figure 10: The condition of beam optics.
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(a) Example of the beam profile (COL 1 TOP 7.79 mm) (b) Relation between the counts of the part of beam and beam charge
Figure 11: Quantitative evaluation of beam profiles.
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