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Abstract

At J-PARC Main Ring, efforts are underway to increase the beam power supplied to the neutrino facility (NU). Until
2021, the beam power was 500 kW, but in December 2023, it reached 760 kW. With the increase in beam power, measures
to address beam loss have also become necessary. The beam profile and orbit near the beam loss points were adjusted
with an accuracy of 1-2 mm, successfully reducing the residual dose. High-precision orbit calculations are essential for
making such fine adjustments. However, when the parameters of the septum magnets (SM) were adjusted to pass through
the center of the most upstream beam position monitor (BPM) on the NU line, the orbit calculation using the adjusted
parameters showed that the beam was shifted several millimeters towards the circulating line side, rather than passing
through the center of the BPM. The SM settings used in the orbit calculations reflect the measured magnetic field
distribution and alignment results, and the deviation at the BPM caused by these errors is about 0.1 mm, which cannot
explain the observed difference. The BPM was surveyed using a laser tracker, and the difference from the position
assumed in the orbit calculation was investigated. It was found to be shifted by 1.2 mm on the extraction side, resulting
in a larger difference between the measured beam position and the orbit calculation. Additionally, the extracted beam
passes outside the good field region of the quadrupole magnet (QM). The magnetic field distribution of the QM was
simulated in 3D and compared with the magnetic field distribution used in the orbit calculation. In the simulation, the
integrated magnetic field (BL) in the extraction beam passing area was found to be less than 1% smaller than that used in
the orbit calculation. Reflecting this result in the orbit calculation showed a tendency to reduce the difference with the
measured beam position, but it did not resolve the issue. The investigation of the magnetic field distribution of the QM
will continue, and other potential causes will also be explored.
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Figure 1: Layout of FX section and beam envelopes with aperture.
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Table 1: Residual Dose at Measure Points in Fig. 1

Residual Dose
Measure Measured 6 hours after Beam Stop
Pt plGiokw  rXs0kw s
Operation Operation
A 6.1 mSv/h 3.1 mSv/h -49 %
B 10.0 mSv/h 6.6 mSv/h -34 %
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Figure 2: FX beam spots at downstream end of QDT155.

PASJ2024 THP001

TR E 9~ Abort 74 > i BRI E S~
IWFVR T BT 7ANE=H MRPM23 [6)IZHW\C, 3
e — AN E LHLE FH B A LB U7, ZORER, mE T
—E LR EN Do T2, SM OB ERR ST 74
ARNREOREBTITHHATERWREZDOTNE -T2
72, BIOJREOFRAEEZFR AL 7=, L FICES R E
WET 5,

2. FXHEBOTREFBETEADRER

TyT 7L —RENz 5 50 SM D55, Eddy SM1,
Eddy SM2, SM30, SM31 (XZ AL E AUkl 7a s 510 [ 7-
161 FEHfL7= £ T, 2021 H~2022 FITAAh—/LL
770 SM32 (TaA VIR EARn—ar X 74 —LL R, &
DNEERR[ITINS -T2, aAVIBRRIZEBWT, |
H— TR AER P THOIVTODN, ZOND 1
METCHENIEL . AV OBFRWER{THIZ LT oT-,
SM32 M TEZWHIRE I, fthoo SM O 1% B C
U NU ~OE — MM EER 2 S i T B 72~ 7223,
2022 4 12 A2 SM31 Oakm o 4243 CHeiE[18]73 %
LT, BIRZHAL ., SM30, SM31, SM32 & ThaA
AORaar ANy T Tl A T T T
TEN TN TZZENG Tz 1ZATERT TR E A 2
Di=h | BERFOAM OFZFRE CTHNPITHRENELD,
SM32 Ml TEZ2V Ny, SM30, SM31 1 Z7 7y
(FT)DEEEFZ RO 4,000 A [IZFREL T2,
IEHR CHEBIZE-T2LE 2D, SM30, SM31 D
aA G FRET D,

NU ffl> SM32 1% 2023 4R4&1Z, Abort Il X[FI4EE I,
a7 OFRWEIA NV EFAHT 2, 2 TOaA LA
M58 T LTSRS E[19]% EhE L 7=, SM30, SM31
DA /VERET 2025 FEEFTICREKTET, TNE
TIHIATEAT DAV TIEHERT Do 1ZATAHTER
XFIPNIE NI ECEETH— )7, FT #EE
W4 3,200A FRECICHNZ T, AL TWD, iz,
HEDIH-7- NU Mo SM31 1%, 4 30 Z—rDHb Al
U 2 Z—r & /AL 28 Z— TR T\ 5,
451X Opera 3D [20] CY =l —ar L, EHAIED
FEhi L7, MA T FIE T2, IEFEED 93.3 %225
DOELTHEFRIZK ML TS,

2023 4= 11 H LRI FX #§ 2 2 COEHIE T —%
DI, ZNDEE- THLUEH R TEAI0 /o7, 18
SrREEBL FE)OMERZENT 0.1 NERENIAEND,
U2 0.1 %DFEENRH TG D ESM0O1 TOE — AL
B ~DE% Table 2 [ZELD D, HEITHIEFHE TR
DTN, FEF N NSNZENDND,

SM DAL AR— /I W TEL —HF—FF v 1 —(API
Radian R-50)%{EHL CTT T4 AR TWD, Il &
1££0.05 mm THD, ZENMEIL, E—LH MR
TARFER T (X)DREEAESEL, 0.5 mm KD 7
nEUTz, T|E T E(Y)ITEABMRALEICHL T 1 mm
BRETNTCWLETINSHD, s TN OWTIE, KRS
SM 23 JE PO E DT D= 9 6 mm L IIZER
BEENT, T | mm RGOREETHD, fluEE~D
PEEFFIRAIIL s FHDOHREIT>TEY, lmm KET
L TUVD, s AN 1 mm T TV 28 L Th 22880
Table 2 IZEEH=-TND 1/10 FRETHY, BH TXS,

-533 -



Proceedings of the 21st Annual Meeting of Particle Accelerator Society of Japan
July 31 - August 3, 2024, Yamagata

PASJ2024 THPO001

X, Y FRIOTIUL, BUEFFEIZKBLL TN, B
B ~OEEIT 0.1 %R THHILEND, ZNHIE
tHTxD,

Table 2: Beam Position Deviation with Setting Value
+0.1 %

Setting Value +0.1 %

Jun. 2024 Deviation at ESM01
Item FX to NU .
Setting Value POSE::}?EJ(X) An[g;rllia(c]l)]X)
KM1 12kV -0.00 0.001
KM2 33kV 0.03 0.001
KM3 33kV 0.04 0.002
KMm4 33kV 0.04 0.002
KMS5 33kV 0.03 0.002
Eddy SM1 2.045 kV 0.09 0.006
Eddy SM2 2.075kV 0.07 0.005
SM30 3,214A 0.11 0.011
SM31 3,200 A 0.12 0.016
SM32 3,003 A 0.08 0.013
SM33 3,003 A 0.09 0.022
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Table 3: Difference between Measured and Calculated
Position

NU ESMO01 Abort MRPM23
Study 1.82 m from QFP156 14.85 m from QFP156
No. Difference [mm)] Difference [mm]
(Calc. — Data) (Calc. — Data)
(1) 2.7 -11.9
2) -0.6 -9.4
3) -1.4 93
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Figure 3: ESMO1 on NU line.
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Table 4: Survey Results

Distance (X) from Angle (DX) to

Item Circulating Line Circulating Line
[mm] [mrad]
NU SAD:  685.6 SAD: 7722
ESMO1 Survey: 686.7 Survey: 77.38
§: +1.2 5. +0.16
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Figure 5: K value fluctuation due to eddy current in the
duct.
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Figure 7: Difference in integrated field between used by
SAD and simulated by Opera 3D.
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Table 5: Difference between Measured and Calculated
Position Reflecting the Investigation

NU ESM01 Abort MRPM23
Stud Difference [mm] Difference [mm)]
Noy (Calc. — Data) (Calc. — Data)

' iy QM s Q
Position BL Position BL
1) 27 — -39 - 20 -11.9 — -129 — -9.0
2) -0.6 — -1.8 — +0.5 94 — -104 — -6.6
3) -14 - 2.6 - 04 93 — -103 — -64
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