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Abstract

The Japan Proton Accelerator Research Complex (J-PARC) consists of 400 MeV Linac, 3 GeV RCS and 30 GeV MR.
The RCS aims for a steady-state operation at 1 MW output, while the MR has reached its initial goal of 750 kW output
by reducing the operational cycle and is now adjusting to achieve 1.3 MW output. Minimizing beam loss is critical in J-
PARC to limit equipment radioactivity, necessitating advanced beam loss and beam current monitors (BCMs). The BCMs
are periodically calibrated to meet the specific measurement accuracy required by each facility, although calibration and
operation procedures have not been standardized. This presentation will detail the calibration methods and accuracy for
each beam current monitor and evaluate the overall beam current measurement precision at J-PARC.

1. [XL®IZ

K 58 JE b5 - N 3K %5 i 5% Japan Proton Accelerator
Research Complex (J-PARC)D #4513 400 MeV Linac
(Linac) . 3 GeV Rapid cycling synchrotron (RCS) .
30 GeV Main ring synchrotron (MR) CA#l 41, RCS 1%
I MW ) O # HEERZ LB IZAZL, MR TR )H
HIORAEI L > THBG O BEETHS 750 kW Hi) &
EERRLEDIC 1.3 MW HIICIAT TR DA TS,
J-PARC TIEEEDHIHMLZMADT-DIE —LnA%
FhD TIRL /NI Z D E DR HY | B — LuAE=H L

—LEEEE =4 Beam Current Monitor (BCM)® &
LR LBIAR AR T2, RIS, IR, HHE RO
B2 5 2% BCM ORIEMEITL L HETH

%o TIVENDNEZE TIIER 5 OB RIEE 1%I26¢E
T BCM DEHHIZRBIEM T CTEZAH — A7
BEIE, AT CEIZbi Ty,

52 MR @)\Eﬂtﬁf&;é 3-50BT (T5H K 130 kW %
ZATBD, AR E I THIY A—F LRI NT
— K 2kW THIBESIL T D, fﬁf;@/\"v~%§¥
fli457-21Z Beam loss monitor (BLM)Z{# AL T\ %
M ﬁ&%ﬁ‘?@%ﬁﬁi%ﬁ*X‘Aﬁ%ﬁ%ﬁT&ét&) INT —

OB EICIL BCM 12X A8 — ANEBIEHIE D LB
ThD, \_ODE* ZHRIUTHURD 1% IEREE 1T AR +45

THOFEE DA ERMIET /2> TS,
WRETIFZENENONiR TITHI TS BCM KIE

DOBUR AL EMEEIZDOW T 5, 3 ETIEI MR ~D

E— A AH K THD 3-50BT O Fast current transformer

Table 1: Beam Current Monitors for Each Facility

Facility Name Type N.of TurnN  Core Core size L(H) BW Note
Unit material (din, ¢ ouw, wWidth)
Li FCT Passive 14 1 FT-3M 90,114, 5 3n
SCT Active 7 50 FT-3M 90, 114, 10 15m 10 Hz~
FCT/SCT 13 FT-3M Same case
RCS FCT Passive 4 20 FT-3M 390, 470 >100 MHz
MCT Passive 1 1000 FT-3M 390, 470
SCT Feedback P! 1 - FT-3M 390, 470 ~10 kHz
DCCT DCCT 1 - - DC~10 kHz Bergoz.inc
WCM WCM 3 - FT-3M 390, 470 200>10 MHz
3-50BT FCT Passive 5 25 FT-3M 272,335, 35 18 m ~20 MHz
MR DCCT DCCT 2 - FT-3M [4] [4] DC~20 kHz Parallel
feedback
FCT Passive 3 25 FT-3M 16~180 MHz
WCM WCM 6 - FT-3M >100 MHz
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(FCT)[1]DOKIERESE L2 DRRFUZ DWW TEELSHE T2,

2. RO BCMHRIEDIFK

Table 1 {245 Jiiz% BCM VAR /RT, FRF-O—HBIL5R
EE=#11L<IX Personnel protection system (PPS)H%E
ME=FELTHEHAL TS, =23 03 H 7
T HE— LB AN AUTRIET 2R F 2 H - TnD,
PPS AT LTSI ALEELL TORKH %
L TWRNWZ LA RFET D, SRR TIZREBIZ 1%DHE
FEEARGERSY | Z DA TN O DT DI E MR IE
EIToTND,

APRCBELTIE 2 D=7 v e D5 Tatsills
C T Fact current transformer (FCT) . Slow current
transformer (SCT) & 44 {1 & 4L T ¥ U | Current
transformer (CT)D A 7 HI TXBISHLTNH0T Tldie
W, Linac @ SCT (RIS » M7 % [T D72z
~YRIPG 1~2m OBENIALEICREL TV T 7 %
FIFIL7= Active CT (Fig. 1 /R) TH DA, RCS, 3-50BT
BLU MR O FCT XAV OB E S LSRG C A
B A FRHE LT Passive type @ CT Thd, ZOAt,
Medium-frequency current transformer (MCT) ., Wall
current monitor (WCM) 7% Alternating-current current
transformer (ACCT)&L T FHE41 T3, Direct-current
current transformer (DCCT)[4]4% RCS LT MR Ot —
LIREEE=H LU TR IS TN D, RCSITIZZ DIEDA,
DCCT & ez E 54 9% Feedback CT[3]
% SCT LLTHIHIL T o,

TEMEMRIZ OV T RCS @ DCCT (Bergoz #1:8Y) 2 Fx
WCT T, HAar4 @SR FINEMET FT-3M[2]% 1 A
LCW5, BREEDIILSEISE TaA VOB EEE T
BLIEDIT TIIRWZD | BREERISCTA o H 7 H A
DIFLOENIREN, RP DA H T2 AT 72
R IO TRHliL 72b D Th 2,

2.1 Linac BCM O IE

DTL1 #® SCT 2t —2sET =X L FEHAL TV
%o EE=XOKIERY T v 7 % Fig. 1 (TR d, £0D
o> SCT HFAED BT v 7 TR IESH TW5, FCT
[ZOWTIIE — LB A7 H W ETH R CTRE
SN TWD, WIEIF THIL TR0,

Buffer amp: GIGA
65101

ain tuning: Integrator
FG 5V = 50mA
within 1%

Digitizer: WE7111, 7118

______________________

eeeeee

iggerin
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Keysight DSO-X 3054T

Figure 1: Calibration setup for Linac SCT.
BETIE SCT a7 IR ESH TWDIIER 1| #—
AT 15 ps IEOFETEE 2KV E — L2 BT 5, 5
G i3 ERE DI/ TA A r YT —DE — LE=

57275 Function generator (FG): Tektronix AFG3101
EZHWTIREL T\, B EEIXEL - ERA R O
T MEFTELT 100 Q #PigszfEHL Tnd, T
AV DORARHUR Sy % 8 O CREOMB P2 H EL Tk
. EFNICEDPETEG o iAo —F o 2%
101~102 Q IZRREL TW5,

FG 17) 5V e —LEHE 50 mA ([ZHY 35, B fr
F& 3 %D H 771X Program logic controller (PLC)? 14 bit
AD =y NCT UHNVEMREND, FRIE, OV AD B fE
SEDOT HAAED 50 mA FASIZ/RB Iy T 7 —
TUT DA EPEET D, RIEFE I 1 B/ THD,

FEIE#13 100 QKT FG 24 CGEHL TV 720,
E—A 2 RaAAN, T =T NDXX /N L AINAT &
ML THEICHE AL TWAZ IR D, 5B IDm B
HWETDHTETHD,

2.2 RCS BCM DOIZIE

PPS #2531 T 100° beam dump line 33T HO beam
dump line ® FCT (Passive type)7® Linac &R F1ET
1%DHEE TRIESIL T D,

SCT BLUE —LifEE=4ThH% DCCT [IMIES
FUTUWRUHS, Material and life science facility (MLF)Jifi
DL — LGk EE 3NBT @ FCT (Passive type) D E
EICADED 2 WKIEZEL T D,

3NBT FCT 3% 1 LLIZ5E | B E =X DR IR
IZLL DY Th D,

3NBT FCT:
DCCT: 1.036
SCT: 1.039
HESNToE— 23U C ERRAR R E A Y 7 ko
=7 CHIELTEHAL WS,

2.3 3-50BT BCM O IE

3-50BT CliX MR ASHFOERNCHRESNLTND2 A
® FCT % PPS FE#REL T 1 4FIZ 1 MIRIELTD,
Figure 2 |CHIE©Y N v 7 AR,

FRIEIIAR IE A /UIZ | ps RO B 2L T T,
2T O — LM ST 57290 HV DC %
EIEAA YT TV RARITERIE L, KD LA VT
4, 2 WADAE 51X Low pass filter 2L TR S,
# B¥ ™ Processing circuit ¢ Offset subtraction #&HE T2
FURTA L DEBEMIELTZHZ T, FEBEOE — AITAE]
PRNUFE 1.2 ps %, T AN UL AT UL ASES B30
52 us B OMEAEEESIL AD SND, HFEIK O EHITE
ETA TN LEVEELT- BT, 50 Q G EIE
WiKE Ay nra—7CTHRELE T 5,

HV Z 8K 500 V ETNAERZE LT, HIEEEOHH B
%1 WBAEC TR L Ta, JIEEM DS 1%2 1/ NGl
T o6 RIEBEE T T 5281275 TODH, WE
FCEHINTZZ &R0,

2.4 MR BCM DO IE

MR TiI DCCT N — 2GR EE=# L TSI T
W%, Z? DCCT L Parallel feedback 5= [4]DHDT
1%DOMEE TREFESNIZHLOTHY R IEITKIEHaA L
IZ DC &EiftZft 3 ZLIZRl0iThiTnWb, HIBE AT
FEDNLH T30 R B 9528 TH 7 OFELITH

1.000
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Figure 2: Calibration setup for 3-50BT FCT.

FANQAYN

W IEMEE TN 1% ThD, IR 525 B I}
LTH0.5%% U 7-BRCZ OFE | [FI3847 A L A3 ik
STV,

3. 3-50BT FCT RIEDHEEIZDL\T

BUEDIIEFIED R 2T 572012 LTspice[5]%
FW TR B LD MR 2 FEhE L 7=, Figure 3 124~
FA TR LT JE R R 1 & AT B B8 L LD FH R A
Y, AT TAMNETA AN IVRNCER L 725D T,
FCT HLMZTA ¥ %@L TEM mode ZfEhfc L CHIEL 7=
HLOTHD, KM THEF R LD A% 0dB L THEL T
%, 250 kHz {1 T —27{E—0.03 dB (0.9966)% 7~
RIS A7 JE TSR E LT ATy 7 IS B O R
TERE A BB T DI EL TV,

Figure 3: Frequency response of 3-50BT FCT.

Figure 4: (Left) Gaussian beam response of 3-50BT FCT
and its integration. (Right) Peak current and voltage for
gaussian beam input and FCT output, respectively.
Transfer impedance of beam current to a FCT output is
also shown.

HOAE =LK T 2I5E % Fig. 4 (TRLTWD, /£
XX FCT 1 LM IE a2~ L AR 7 A — 24
O —7EFfE, FCT B EE — 7B L NZFOE
B2 2B R (FWHM) O RIS TR L TVV5, 551D
FERIEIT 1 Q THD, WHUT, B — 2O MK (B3 ks
M) & FCT ORI EFEE KL, LRV DR ERL
TV %, FWHM = 800 ns T KfE 0.996 Q 27~ | SEFE
DB —LfEI THD FWHM = 100~200 ns DO FEI TIX
0.990 Q & 1. 2%FREIRMEAZ/RL TV D, 1, Gt FHE
DOEAFRT 0.001 Q FEEEDIAENHD,

Gaussian double beam with 600 s interval Single square wave

Figure 5: Sensitivities for the charge integration for double
gaussian beam with 600 ns interval and for the single
square wave for calibration. Lower figures illustrate the
AD timing for integrating signals.

REMEEZHERTDT-OICRIETHEALTWS 1 ps
MEHLTE SV ZADFE Sy A R A A LTz, EFRoe —
LT E O IEMENEZ MDD HT-DIZ 600 ns HFED 2
INUFHTAE — BEAEL , Fili 5y B EE L CTHIEN
CFHLDD 1.2 us OB AR A LT, # R4
Fig. 5 DEXIZE —AlEO FWHM fEOBHCRL TV
Bo M5 RIE T L CODH N (B —2a2 3
F oy D) DREZMEORRE THKIZIRL T\ D, 15
SR EEUTHERE OIS ERDNG 2 ps DFE G EL
BHL TS, dEfmf O FAR A2 BLGw oo & THL
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AL REEMREL L L TEL WD, KSR T IOICHIR
D 1 ps DHIEHE T 99.35%DE & FESy TETCND, il
77,2 NUF B —ATiE FWHM = 100~200 ns OFEET
98.65% T 5, HIZIK D EM ITHEA T AT —TT
HEL FCT ANBEMELTEMAT 5720 IERMEE X
I OB A FEYEIZ 0.9865/0.9935=0.9930 L7325, =
DZEND 1 ps TRIEFIE T 1%MHEE O ENFEILTET
WAZEN BB TET,

S5 2 F B — AT FWHM = 100~300 ns O#f
FHC 0.1%LL FOEETEEL TWD, ZHUT BRI IE
WEFE 0.9930 ZAf IE CXAUZELIRD 1%% 0.1%LL FE£T
WETEXHILEERLTND,

4. FEOH

J-PARC NHEE % DSG225 KEREIZ AT, &5
RO T—D—E 2R T 5720 BCM O IE
e DOFAEZ P LT, BMiskEt 1% 242 F H A
(L, TN NIRNEIZFE L TWD, B IETFEOZ 4 M
ZAHA LU ATREZR RO — (b2 X0 . BUIR OB IEHEFE D)
EEBELTWS,

FAEOFE —HEL T, AR TIX 3-50BT @ FCT O
1EFIEIC O W T [E] B2 KD MM 2 i L 7=, figsT
OFE R BEIEMERE 1T 0.9930 % FAAZ: | 1%MeEE I3ERR L
TWAIEDNHER TET, boEHZOFHTIX FCT O J

BB ED Bt R EL TNDIZD | FOMDEETH
% BIEAG B AR = O JE W Bk, A mra—7
ROKLYEE BIEAMEDOR YT R, oY — OB i
BRIREHC LD MERE L LA I LB S T, 2
DOFBIINER A ETLHTETHD,

AFRHTIZE > TECT B — D B 55 fr ik oo 28 )
IR DHZECE ST 0.1%FLE EFTHRIEREE AN H T
HZENFEPEAICHER CEXZZLITEE THD, 5 ER
EFEOEEEZXYERTIHTETHD,

SE Xk
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