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Abstract

Beam commissioning for the newly constructed Superconducting RIKEN Heavy-ion Linac (SRILAC) has been suc-
cessfully completed. Presently, the SRILAC is in operation for promoting super-heavy element searches and radioactive
isotope production for medical use. For the stable operation of the SRILAC, non-destructive and highly sensitive mea-
surement by the beam energy and position monitor (BEPM) system is essentially important. Even if the beam intensity is
very weak, we can measure the beam position and energy accurately. These measurements and controls are programmed
with LabVIEW. On the other hand, by sharing these measured values such as beam positions and beam energies with a
large-scale EPICS control system, it became easy to obtain the correlation of each relevant machine parameters in time

series.

1. RBLHIC

HYLZERFTRTIC RV T, BEER O R N# AR RILAC
(RIKEN Heavy-ion Linac) [1]%27 v 727'L—F3 57
DIz, HEEEREMNESS (SRILAC) [2] 2#i7zi1ck
FHL, 2O —Lra3Ivya=yZREHLE 3l 2
D7y T —FOHNE. REIAV—-TDRAL. 7
P7ITmAEINI I3 FHTLE T=F=v 4] [4]1
Flakid BEITLROERY., PABEH LTHEEZA
TV EHERNMITE 2 At 0RLE [5] 2EET 2 2 &
THb, TIZT, RBEES AV —L2LEHHET
572121, ¥ — AZWEMNImD TEEIZ/Z > TL 5,
PERPSAVWSNTWAER Y — A= X —% T
G, E—o0BFIC X A R RE L, BRES
FEBEMEZER O Q - REMYIE., BmE D EREZ i
32z ed, REMOMEIICRWTHREICKR S, Zh
SOEENIS, IR —AZILF— - fBEE=X—
(Beam Energy and Position Monitor: BEPM) ¥ A7 4%
BAFE L 7= [6,7], BifE. KEREEA 4 ¥ ¥ — L DRERM
HDT=DIT, Y= o%EE - IFETHE L TV 5,

2. SRILAC ICiRI3% BEPM > X7 Ln
21 BEPMOEv 7y~

RILAC #%F& ¥ SRILAC O fin# 85 #E. 7t 8 T 65
RErHIETHEBEE (GAs-filled Recoil Ion Separator :
GAMSM)X#A G RI #HEREE D ER % Fig. 1
WRT, BT SEFMIE T T, 3HHD BEPM (Type
I. I, ) 2&EFL. 11 5@ BEPM Z8{EL 7= [8,9],
Figure 1 12773 & 512, BEPM i {735 = A B 22

*

wtamaki@riken.jp

MOMEMERANOHFDICHREZIN TV, Figure 2
12 3% o BEPM & ZOWiHRKEZ RS, 7 KIH

Hy FENZ4BMEHANSEZ2ITLoT, Eﬂ&t—
LB DEEEFEL DD, HANZYNEME—X > b2
Bond [10l, 22T, 0 ZHREEBERICRITZAE, v
ZHETMORE T 5 L EBMOFIRIEZ y = (L/2) cos 20
TRINB, zh2ho BEPM &, z #li5HIC 4 O, y
WA 8 DORMERELFDL, ZNLHIFHKEDTDHD
<y BV HIEREAL VAN —NLEDT T4 X Micfl
MA&Eihiz, 4 BEOHPLEEYL LT, ZhbDREERED
MM 72 /8 DY £0.05 mm 1. O FTIE £0.1 mm 12

INE 2 LS ICBEEnTV3
| To RRC (Plan) J—
RO TP p fl ‘ TT:D
«~ SRILAC

d CM3E= M3
s -

’ = @”Productlon of—

\ med|cal RI # Quadrhipole
; .+ Magnet
@mlu..ﬁéw I
Flgure 1:  Schematic drawmg of the RIKEN Heavy-

ion Linac (RILAC), the upgraded Superconducting Linac
(SRILAC), and the installation locations of the 3 types of
BEPM [6].
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Figure 2: Photographs of the 3 types of BEPM: (a) Type I,
(b) Type I, and (c) Type III. (d) Cross section drawing of a
BEPM. (e) Schematic drawing of Type I [6].
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Figure 3: Block diagram of the BEPMs and DAQ.
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Figure 4: An example of the displayed measurement panel
programed with CSS on EPIC when the ®*V13+ beam was
accelerated. From left to right, the beam signal wave-
forms, beam positions, beam energies, vacuums, and duty
of chopped beam are shown.
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Figure 5: Measured results showing the relationship be-
tween the beam position at the BEPM 1 and the vacuum

between CM1 and CM2 (see Fig. 1).
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Figure 6: Measured results showing the relationship be-
tween the beam position at the BEPM 1 and the air dose of
X-ray near CM1 (see Fig. 1).

FER% Fig. 6 IR T, ZOHIEICE D, BEPM 1 O/KFE
P—2fEZH-3.5mm 25 +1.5 mm 2, TEEEY — A
{8 %2 59-3.0 mm 2> 5-1.5 mm IZFHIE L72BE. CM1 ® X
MROZEERREPLTUTIHEALTWE I e hfRs, =
Z T, i BEPM DAIETH B — AH08HMIR S XL 5 il
EEBLTWEN, I 708D O5L kb -DFRR%E
HEBLTWD, R Y 7 =X —TX 2, ZHET
X ROERRBICEADL D 2 Z DR 72D T, BRED
R0 RE=X—EADAHEMICOWTHEI T2 Z 21
ol

HIZ, BEPM ¥ 27 Ak, ¥ — A EEDRIBENRE L
7-RMEZEZ 22, $§<SEFEPICS Fov—4u4 v &—
Oy 7Y ATLMIHMR L., E—L%EIET 22 LAk
ThHhb, DAL rE—uy Z7FERIZIE, ¥D BEPM 2
P— WYl Ry 7y TRRL. 7V TRED
=iz 7 v THERE 2 TEIEL TV,

I, EEUVHYEBEZHOSALF L 7Y DHERETIE.
VL —ER0FEMN 107 [ XhT\W5, BEMIET
AEVWEEDLNZY, #BELTIMC 1 oY hEX %
75 e 116 HTHEMBIKIELTLE S, £ T,
EPICS ET7 7557 —%v 7 (FC) OIREEREEHR L., L
TI3IMEOE—REHEL, ZOE—RIBLUTYDH
ZAAE=FEZEZ TS, IHEBFDIFEIERR L —F—D
R—7"y D ZRFICHEITEIE S 2 E— Fid, IR0
HERARL =X —DFHOEBICHEFS L TWEEEZS
N3,

e Model : BEPM Liiid FC d Enpdi1 D TH A3
= {F1k
e Mode2 : BEPM EJfid£ T FC 234613 T, EEia—
P—DFC B A->TW53
= 2s Y (EEE— R TR
e Mode3 : BEPM LD 2T FC ¥ Efiz—H¥—D
FC BT 3
= 155 Y (KHE — FTER)

4. ERESBORE

FALZER S AT ISR WD TR 3% U F= B S AR
P SRILAC 1F, EA AP —2all#EDaIvya=

YOI L. SRS MR HBETERAS. B
EHABGHRFEIM TR O EE R His LB 2 i) Tw 5,
SRILAC #Z5EICHEE T 27201213, ¥ —L T pLF—-
MEBEE=%— (BEPM) ¥R F AT & % IEMEEC i
REIEBVBBETH 2, ZOTRAT LI BF /77
BOIEF MR EBHROLY — A TH > THHRIEDLAIET
» %, BEPM ¥ R 7 4 OFEIERLHIHIL LabVIEW 12 & -
TFnrS5 I 7N TWABH, KR EPICS fHifH >
ATFAEDTF—RXOFEEICIVEIZER hoTz, Hl
ERER % BEPICS FOV —N—ICEH L THENLT S 2
ik, IEESOEZE, IEZHAONE, BEO O
5. WHAUKOEESE L OB %Z, RRIITHEZ Z L E
GelkhoTW\Wb, ZhoDWPERMD, X5k EET
FOBWREHPAEER Y L THH IR TV B EHER AL
JEE At DELEAETZ 2 2 e 2> TV 5,

SEH
[1] M. Odera et al., Nucl. Instr. Meth. Sec. A, vol. 227, pp. 187
- 195,1984.d0i:10.1016/0168-9002(84)90121-9
[2] N. Sakamoto, Journal of Particle Accelerator Society of
Japan, Vol. 17, No.2, 2020, pp. 70-79.
[3] N. Sakamoto et al., Proc. of the 17th Annual Meeting of
Particle Accelerator Society of Japan, Sept. 2020, Online,
pp- 679-683;
https://www.pasj.jp/web_publish/pasj2020/
proceedings/PDF/FRPP/FRPPO5 . pdf
[4] K. Morita et al., J. Phys. Soc. Jpn. 81 (2012) 103201.
[5] H. Haba, Drug Delivery System 35, No.2, 114-120 (2020).
[6] T. Watanabe et al., Proc. of 2020 International Beam
Instrumentation Conference (IBIC2020), Sept. 2020,
Santos Brazil, Online, pp. 295-302. doi:10.18429/
JACoW-IBIC2020-FRAO0O4
[7] T. Watanabe et al., Proc. of the 17th Annual Meeting of
Particle Accelerator Society of Japan, Sept. 2020, Online,
pp. 718-723;
https://www.pasj.jp/web_publish/pasj2020/
proceedings/PDF/FRPP/FRPP20. pdf
[8] T. Watanabe et al., Proc. of the 15th Annual Meeting of
Particle Accelerator Society of Japan, Aug. 2018, pp.
49-54;
https://www.pasj.jp/web_publish/pasj2018/
proceedings/PDF/WEOL/WEQOLO9 . pdf
[9] http://www.toyama-en.com/
[10] G. Nassibian, CERN/SI/Note EL/70-13 (1970).
[11] http://www.ni.com/

[12] T. Watanabe et al., Proc. of 2019 International
Beam  Instrumentation Conference (IBIC 2019),
Sept. 2019, Malmo, Sweden, pp. 526-529. doi:

10.18429/JACoW-IBIC2019-WEPPOO7

[13] Experimental Physics and Industrial Control System;
http://www.aps.anl.gov/epics/

[14] CA Lab (LabVIEW+EPICS);
https://www.helmholtz-berlin.de/zentrum/
locations/it/software/exsteuer/calab/index_
en.html

[15] Control System Studio;
http://controlsystemstudio.github.io/

- 686 -



