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Abstract

Residual gas analysis in the J-PARC MR synchrotron ring during high-intensity beam operations has been hindered by
radiation-induced failure concerns. This study presents a novel approach to overcome these challenges. In October 2023, a
commercial quadrupole mass spectrometer (QMS) with an integrated controller was directly connected to the ring. Initial mea-
surements using a standard notebook PC were successful but short-lived due to radiation damage. Subsequently, a radiation-
hardened PC was employed for intermittent measurements, enabling data collection over six months without failure. The
spectra obtained were consistent with those from initial baking procedures. Despite lacking specific radiation countermeasures,
the QMS controller functioned with minimal malfunctions, providing insights for instrument operation in high-intensity accel-
erators. This method demonstrates a viable approach for long-term residual gas analysis in high-intensity particle accelerators,
potentially applicable except for the collimator area.
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Figure 1: (left)Trend of beam power and total pressure, (right)
vacuum pumping curve.
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Figure 2: (upper)QMS location in MR ring and (lower) more
detailed layout.
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Figure 3: (left)The QMS head is attached to the pumping
port by an angle valve and 45 degree upward orientation.
(right)The photo shows the positioning of the QMS head and
controller in relation to the ring-side equipment and the con-
trol PC in the initial setup.
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Figure 4: Example of anomalous signal obtained from instru-
ment on 11/29.
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Figure 5: An anomaly occurred in which the spectrum gradu-
ally shifted to the left due to missing one mass data at random
timing during the measurement.
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Figure 6: Radlatlon resistant PC setup. A small PC and smart
outlet were placed inside a kamakura dome made of polyethy-
lene blocks, a lead block wall was built in front, and the whole
thing was moved to the far side of the depression.
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Figure 7: Pressure and beam power during the MR beam study
and the first neutrino continuous operation in November 2023.
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Figure 8: (upper) QMS during 460kW 6 shots(shot/1.36s)
and next period scans and (lower) the total pressure and beam
power at about 2 QMS scan periods.

HEFIZRIE U 7250 (R Hy, C, CHy, CO, Ar, CO,) @
AR TES, £/, Y- LEEFOREE LT,
BER EATZIZOoN, JaFVERD, AT ML
KHEELTWR W f ZEEFBHlTh TS, 20
A REEE, MOKBHEA RV b TE SIZHDRIR
58V A, WO THRFENDO TRIZERT S

32 370kW 19 F& L 0F 23 T RF Trip 12 & W {E1k

IZ 370kW DA E 4, 19 FB LU 2 [HH 23 FTRF
Trip HFE L TEIE L 72, Z OKFD REEFEDOETEIXH
I H EAYD 1 x 1072 Pa i3S EH LR SRS 1

TWDT, BHIETH 25 RF ZEHKX 2 b Tk 1 #i
UEBWELIZR Y IEF v v T THES L A
IRE ERMNEELZEBbNS, B QMS D
B LOEEWFE % Fig. 9 IZmRT, £ED EFITHIGT
HIBHOTRERDEE, 100 XX THRELTDODEEDE
B FREIRIKZBREDFDI Ty F T RX=)
MifRENTWS, H,C 0, TDHMAEDLENHED TS
W, F7z. 490kW RHZE R oz, 2F EFIZSL
TERTZ/7aFX V) A XESIZESICHAKIZRD,
Urd &R 2izik, &ED 2 NXEDA < #HinRE
%K@<ﬁ%bfh&wo

3.3 260kW HifE L

Y — LGEERD FIZ T DBRTHEOD D, %%WT
HEEIZIZBIT L, RFETOBSE» S 6 KifEEI
DBETIET 7 M HADBNE > 727 D58E % 410kW/\

B, & 512 6 IEIRIC 550 kW A~ BV TG 12 ) &
RIS CI05, . QNS ORGEIS (le 7

ﬂ%ﬁ&bf@#ot;tkm\%@@%wwwﬁ
fe B EEBAAAEE 43 43T PC OMFEIZ & v HIEHME L L T
L¥Eor, 2FET1I5x10°PaBETERALZDLE
RPIZIEAZEE U 7ZEDETH B, 260 kW H i E L FH
FRIERT A S JERERT F T % Fig. 10 12mR 3, Eifiz)/&
o/ ax )/ 4 PR EHERELICEFD
EREBRERITVWS, AXRZ MVAKITZ 4 FTDOEAHOD
EANRZITWES,

PASJ2024 FRP084

2023/11/24 03:08:07
el
“U ml | |
1 A A A S
2023/11/24 03:08:37
.
| — K
5\‘ e e G ' |
el A L ey L e
: LWMJ*'\WV“ i ‘ P
shofl — 5~ 9 12 15 19’
( 2023/11/24 03:09:06
| \
| ‘ ‘ “
| w |
| A
| ‘ it M‘\
| | il /o (ina it
Tulhrng Vi Wl T mrm g '”'T”""F'HW
2023/11/24 03:09:37
I|
o
H ‘\M L I
“\““w I gl
PRTAPLLL 1 LA ¥ A P Y e o s o

QMS scan periods

wre(raw) [Pa] Power (kW]

55 oEEs

Pressur

T T T T 1
sssssssss 00 308:30 300:00 309:30 3:10:00
222222222

Figure 9: (upper) QMS during 370 kW 19 shots and (lower)

the total pressure and beam power at about 5 QMS scan peri-
ods.
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Figure 10: QMS during 260 kW continuous beam operation.
(upper) At the beginning of operation, (lower) just before the
PC died.
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Figure 11: S-scans-averaged QMS during (upper) FX
710 kW operation(2023/12/21) and (lower) SX 81 kW opera-
tion(2024/4/22). The total pressure (rise, too) is almost identi-
cal, and therefore the partial pressure spectra are very similar,
except for the pulse noise in SX.
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