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Abstract

At High Energy Accelerator Organization (KEK), the irradiation experiments are started using Compact ERL acceler-
ator (cERL). Now, the production of ??Mo, parent isotope of *™Tc used as medical RI and the life-time prolongation of
asphalt by electron beam irradiation are considered. Last year, a new irradiation beam-line was constructed, branching
from the existing circulation part. This new beam-line is required to acquire the variability of the beam-size and beam
energy, reduce the beam loss and coexist with other studies conducted at cERL. These requirements are satisfied at the
operation in June 2019. The first beam commissioning using this new irradiation beam-line was carried out in April
2019, and cERL passed the facility inspection, acquiring new operation objects of the RI production by electron beam
and the physicochemical study. The maximum beam current is 10 pA for both objects, and the maximum beam energy
is 21 MeV for the RI production and 10 MeV for physicochemical study respectively. The first irradiation experiment
with Mo and asphalt was carried out in June 2019. In the Mo irradiation experiment, the data of the dependence of RI
production efficiency on the beam energy and the distribution of produced RI along the beam direction were acquired,
and those would be the basis for the design of the mass-production machine. In the next operation in October 2019, the
RI production with MBqg-order and the irradiation to the several kinds of asphalt are scheduled, and the improvement of
the operation of the irradiation beam-line is expected.

1. beam-size ® 7] Z& M
2. loss DA%
3. BT R ILF — a2

1. @ELC®IC
BT OV F —NLE SR 7R (KEK) @ 3 > 82 b

ERL (cERL) I%, Photon Factory (PF) (ZH{ - ’Cﬁbé?ﬁ(
AR SEIR O B FEHE & L T 2009 412 BEE% A3
BEN, 2013 Fiza3Iyyas vy @ B E of: [1-
3. &AW, VY IRIBSBEIEIIBWTZ Iy &Y
A 5% 1 nmrad Z8]3% & 5 7 HMBA (hybrid multi bend
achromat) 7 7 1 ANEL I N, KEK 1&Z D & 5 7l
Z#EA, 2016 4£1Z ERL & % [ R GIR A & BEER A
&SR L 72 [4,5).

BifE KEK Tl ERL GO EEMHAEHK E LT, F 8
VY7571 D=HD EUV S [6], daksk FEL [7]

,FLULTERHRITH B 9T 0EHETH 5 Mo
@%Lv EFY— LRSI K BT AT 7V b DEFE W
L& MG L T3 [8,9]. HAE, HERIZ cERL 2fH L T
BT DEATNDEDH, Mo 7 A7 7 )V b ~D IS
%ﬁéﬁﬁpﬁﬁ:ﬂ* FEL TH 5. A TIXHEE EERD /D125

BINTHEH VY —LF1 v, KOFN2F ML 7~ beam
commissioning IZDWTEHET 5.

WY —LT 1 ORI 2018 £ 10 AN SHHA X
N, 201944 HIzlBE Y —ALS5 A vDa3Iyvya=v sy
% BHGR, HERMREIZEH U 72, 6 A O#EEETIEERIA~ DR
HI5EE5R % 17\, beam tuning, K OFRHEL D Hi L D FE %
S U7z, IRD 10 AOEEE T, RI BB O 720D
MBq fRAERER 7 A2 EET 5 TFETH .

L TR G A ¢

* nao.higashi @kek.jp

4. JAlalERE RS & D HAF

PEREIND. 1. ICEALT, Mo ®7 A7 7V MY,
B2 il BHC BRI 2 2 R FEINTE D, ThEh
DBV ]I 36 XS 72 beam-size TiEHIIRGT 2 Z & 230
TWr s 2. ELT, ARHIZ =Ty b - FUN—
THRE TN, HEOWMY HLDDIZIZIDF = v
NWN—IZHHET A2 ENRH B 7280, ©— LIRS E DR IK
FHRERIZFMEL AR TR S W, 3L T, BRa 72
AREHZ IS 972 2 & %, RI AW IR O T 3L ¥ — k{7
MZFARD 7O ITIFBI T RV =D+ It E S
BENH D, £z, T DD energy spread &Zﬁ error H3
BTETVWBERLENRDH B, 4. 1IZHL T, Lz X7z difk
%FEL D7z D study tu:é: 1 H o i T Hg i & 43

BORBENRD L. ZD7DIZ, BEDOY) D HFZ AL —
Z'C?)é &M E?é?’bé.

2. BRE—LSAVOHE
2.1 ZHETOCERL

Figure 1 |Z cERL D2 {&4 % 9. 500 kV DC B2 fiK
B THINE X N8 T ¥ — A%, buncher TN Y FIE
fE X, BEED 2-cell 3 D 6705 AF2EHTHRA
5MeV ETHIERI NG, ASERZE T 1 > L EEE (b
EARER) (TR B DO ERIZ L > THIEZIRD
FFBEIeNTES. FREIEHE—- T, ETE— 41
1.3 GHz O AR E B E %= KD 9-cell 2 22 (ML1, ML2)

-202 -



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

PASJ2019 FROH09

5 72 % EZ2H (ML: Main Linac) 12 TH A 20 MeV £
T, 8 17— 73, mAlEsE, H2 7 -2
JAY, LERPIZE > TE T, FiE ML IZ ‘Wﬂ‘ﬁflﬁl‘
P (T 3V F —[E[IY) 41, Main Dump IZ CEF Y — A
AT 505 [10].

22 WBHe—L74 DB

A — L5 4 1% 2018 4£ 10 AH 5 B2 FalE X
7, 2019 4E 3 HIZ# T U7z, Figure 2 (24 [ ##E% U 72
WY —LTA4 vERUE LERT 2 BB T — L
%, 581 7 — 7 HOMRMAE#RKAGZMEL 2N 2I2&D
BEEL, SEFHICERINZBHE—L T 1 I AS
T35 BEC—LTA VICAHUEZELFE—L1E,2200
MAERATHIToN, TNETX Y TE2REN T
7-ZEIZE D D . BEREREHEANY D A BRI N T E
MIZHEH AN, HICHEZEF EINEZX =Ty b Fz
VUN—IIERBIN, BT —LBHINE. A= v b -
F o N—=Z M E Be BTHEHZENMINTE D, 5
WZREIERE ORNIZIE GV 2 DFEI N, X—T v b -
FzUN—NOEZENR LR UZGEIZEA vy EZ—ay s
T GV U, BB O, F il EEE AP E
PERNRIZE D LS IR ERHEINTWS, X—=7 v
b FoUNR—DBAIZZE Y THREZTEY, 775
T—=Hhv T (FC) & LTHEH Y —LT1 Y ETHEIN
Y —LBREZET SN TES.

23 HHY—LF 1 2D Optics &t

W FEBRIE CW OB TE 4 10 pA, bunch
charge ¥ U Ti% 0.0077 pC & /N <, 2278 fifh 1%
mylcE s,

IR SEBR D optics g%t i, WL D0 RMD D 5.
|, MW=L T4 VIFE 17— 7 Hme] DR E @?
OAhoERINIHN, MEOX I MZHABEIh TV
V= =7 I34 AV NIV —-LR—=bMEESEE LT
FIHAUZ. ZZRAREE—L51 Y TRV YHET
N—F ¥ —TH D, 30 mm x 10 mm &, vertical Z ik
bm@g3)it”ﬁﬂﬁﬁf®%%%te~Aﬁ4

ZITHEE X =7y OB RO EENEEDBIED S,
lmm < 0,, < 3mm ZHZITKEF LR KFLE
optics % Fig. 4 IZ/R7.

Figure 3: The existing vacuum duct placed at the first
bending magnet of the first arc.
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Figure 4: The beam-size of the irradiation beam-line. At
the outlet of the ML2, s = 0 m. The vacuum duct placed at
the first bending magnet of the first arc (s ~ 18 m) limits
the physical aperture of this beam-line. The beam-size are
calculated using €, 5, = 0.1 mm-mrad.
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Figure 5: The beam profile at the upstream of the sample
capsule. o, ~ 4 mm, o, ~ 3 mm.

Figure 6: The behavior of the loss-reduction due to the
collimator. Blue: The current of the faraday cup of the
irradiation beam-line dump. Red and Green: The level of
the loss monitor placed at the irradiation beam line. Black:
The insertion position of the collimator.
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(a) The screen-equipped capsule.
oy ~ 1.4 mm.
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(b) The beam profile of cam35. o, ~ 1.1 mm,(c) The beam profile of cam34. o ~ 1.0 mm,

oy ~ 1.4 mm.

Figure 7: In the operation of this June, the beam was adjusted to emit the center of the sample using cam35 before the
practical irradiation, and the offset of the beam at cam34 was recorded.

0 RO s Ly A b R b LA nasss Laana RAAAs LaSes Ay Lasa ans nasss nesst s as ans|
13.45 13.46 13.47 13,48 13,49 13,5 13.51 13.52 13,53 13.54 13.55
Measured Momentum [MeV]

Count : 117 Reset \ Upper [1.3B5E1

Lower |1.345E1

Figure 8: The stability of the measured momentum.
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Figure 9: The comparison of the beam profile of cam34
and imaging plate of the irradiated sample. Diskl was
placed at the uppermost stream of the capsule when p =

19.50 MeVl/e.
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Figure 10: The energy dependence of RI production [8].
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