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Abstract

The beam loss is one of the critical issues in realizing further beam power ramp-up beyond 1 MW in the J-PARC 3 GeV
rapid cycling synchrotron (RCS). The sufficiently wide stability region in the betatron tune space is advantageous in avoiding
the resonance crossing and leads to the reduction of the resonance-induced beam losses. In order to expand the stability region,
we conducted the identification and compensation of the random resonances that exist near the present operating point. In a
low-intensity beam study, we revealed the enhancement of the 2nd-order random resonance (2v, = 13), and the resonance can
be sufficiently compensated by using a trim quadrupole magnet installed in the injection section. In addition, our simulation
confirmed that the leakage field of the septum magnet in the extraction line should be the source of the resonance. However,
this resonance compensation condition concentrating only on the 2nd-order random resonance was found to lead to the increase
in the beam loss in a high-intensity beam study, possibly due to the enhancement of the other higher-order random resonances.
In this paper, we present the beam study and simulation results for the 2nd-order random resonance as a beam loss source. We
also discuss the simultaneous compensation of the 2nd and 3rd-order random resonances for a higher-beam intensity and beam

loss reduction in the RCS.
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Figure 1: Schematic layout of the J-PARC RCS.
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Figure 2: Betatron tune diagram near the present operating
point (6.45,6.36). The orange quadrilateral is a rough de-
scription of the tune footprint. The green dots represent the
amplitude of the tune shift caused by the chromaticity and mo-
mentum spread of 1%.
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Figure 3: Beam injection schemes in (a) the horizontal, (b)
vertical, and (c) longitudinal phase spaces. The right axis of
(c) corresponds to the effective tune calculated with the chro-
maticity and momentum deviation.
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Figure 4: BLM signals with QDT1 (a) off and (b) on. The
excitation current of QDT1 is 10 A.
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Figure 5: The integrated quadrupole strength dependense of
the beam loss. The ordinate is integral of the beam loss signal
measured over 3.2 msec from injection.
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Figure 6: Comparison of 2v, = 13 resonance driving terms

generated by the QDTs and leakage fields of septum magnets,

assuming the integrated quadrupole strength of K1 = —0.004
-1

m-.

(a) Injection section + 1st arc

B Bending magnet
s Quadrupole magnet

1st arc

QDTI

QDT2

0 20 40 60 80 100

(b) Extraction section + 2nd arc

—— Septuml 2nd arc

»»»»»»»» Septum2
== Septum3 QDT3

QDT4

120

(¢) 3rd linear section + 3rd arc

3rd arc

QDTS QDT6

240 260 280 300 320 340
s [m]

Figure 7: The estimated locations of the error source around
the ring are shown in orange.

M EICBIT2HA%2%25 2 L CETFLBTES, &
QDT IZ DWW THREE K7 = —0.004 m~' (30 A D &I HH
%,l) DHIES Z FAE I D G270713 % Fig. 6 12T,
Figure 5 128 W CTHAAEHZ QDTL & 6 [Tl
G270’13 DHEHIZIFEYLTH D L Ut L EE 0
W QDT1,2,4 IZ2 W TE Gag13 DB T & 2357
75)50 Lf:fﬁ‘? /C\ 7 ‘—i% & QDT6 75§5E@ G2,0713 0;&@
FEVWH L OREWAHZEWTWS EPEING, Fi.
Fig. 5 DFEEHH & QDT DIIHEIC X 2 Ga 0,15 DHIZ
g2 227 —BoRAEREZRKY 2L LT
EHEEZT, MIELT, ME K =—-0.004m™ ! Off
IES 2L 72BC =7 —85D Gao13 73 QDT1,2,4 IC
DWTIIAHIE, QDTS,6 I2 oW TIFRE N2 L v
TED T, AW OMEAIZ I L7z, Z DR Z Fig. 7 12
AT, ZITIRIEN K, =—-0004m™! D7 —%
e L. fiHO 7 & FEAERHTIE RCS I 1 fEATo AR E L
7oo T =R ORI FEKICR T X 9 I E S
Fid 223, &0 bIHEHT XSG HHERT LA
THb, TTIWIERCSDE—LFA VIcBEET 2 X9
3HEDOHRERAIREINTE Y, DBz % 1

- 129 -



Proceedings of the 20th Annual Meeting of Particle Accelerator Society of Japan
August 29 - September 1, 2023, Funabashi

PASJ2023 WEOBI16

WD 6 EIZ Septum1,2,3 & WFFR %, Figure 6 12789 K
91 Septuml1,2,3 DIMIUELIG D34 Go 9,15 13 QDT6 D
D LR RO P EFEL 2w, Dk D HEE
WA DORNBEISIZMEE 2o TE D, Zhds 2 ZIEH
WSO JHK T H 2 AlREEDNE W [5].

3. 3RIFBEHE

2 RIEMGE IR X QDTL % 30 A THIfE 4udHIE
TEL I EPEIEINA—H T, FAEREICE T
I MW D REEE — LR ZTo 2BicE —2a 1 2%
BEDITHER U 72, 2 20, BifERAhE i 2 ftho Ik
GG 3y, = 19 MW v, + 20, = 19 1CEHL 7, =
S —BOFRAEITIMATQDT 2L 722 itk h _—
% b a RENAEAR DG 5 2L L, 3 KIEREE
KBz EPHENE, 22T BEED
QDT % v tuf 2 RIEME LIS OMIE & MRtz 3 XIE
HEEHIE S HIETE 3 L& 2 1,

2L FARRIC R 94 © v 7% — a5 3 RIERE
BIZOWTHEmT %, 3 ROIEMBL 2 EET 5 L
STV TCEZo N5,

b & Jo
H2(¢£U?¢y,JI7Jy;S) ==+ Ty
By

V2 (s) [ (2.5.) e, @

3

1
2

3 (15)) ot

L7755 L IZHESSEORT RBICR1Ic LD
BEMHED S B L 7287 X =2 12id " 2T, HdFE=
HITIERIE Sy OSIRES) 2R L. ko D32 DEREE DT
BREKEETHZ, FEDNIN T VD525 3
RIFHEIS 3, =19 RO v, + 20, =19 D FFA E
v 757 — AL G370’19, G172’19 GiDJ\_FOD J: 3) &:%U’ %c

1 ~
G = ¢ ds B3k
3,0,19 12\/§W% By “ka

w eliB%e—(3ra—19)0)]

1 PN
G = ds BY2B k
1,2,19 4\@77% B3 “Byka
% eli(Xat2xy—(va+2vy—19)0)]

)

RCS 12 & 1T % /N S; D T 70 i 3 1) i A & 7S
BHEATH D, ZNoRTOEITHHDIEAD 1F~—
8 BB D ZALRAAHER & LTI/ S v ERE
LNIA V7Y — %DM T %,

1 23/2
12\/§7T2n:ﬂ$ (SH)KQ,YL

X e[j(?’f(m(sn)_(?’ya:_19)971,)]

G319 =

(6)
G12,19 %ﬁ Z B;/2(Sn)6y(sn)K2,n

% eli (X (s0)+2%y (5n) = (va+20y —19)0,)]

— QDT1 — QDT4 Septum1
— QDT2 QDTS5 e Septum?2
QDT3 — QDT6 ——= Septum3
(a) (b)
. 0.0024 _
B 50011
£ £
> =
= 0.000 4 & 0.004
S S
0 )
g g 0011
= ~0.0021 -

—0.01 0.00 0.01
Real(G1,2,19) [m~"?]

70.‘002 0.(;00 0.(;02
Real(Gs,0,19) [m™2]
Figure 8: Comparison of (a) 3v, = 19 and (b) v, +2v, = 19
resonance driving terms generated by the QDTs and leakage
fields of septum magnets, assuming the integrated quadrupole
strength of K; = —0.004 m~*.
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Figure 9: Comparison of the sum of (a) 2v, = 13, (b) 3v, = 19, and (c) v, + 21, = 19 resonance driving terms generated by
the quadrupole error and QDTs before (gray dashed lines) and after compensation (red crosses). The error source of the leakage

field from Septum1 whose integrated quadrupole strength is K1 = —0.004 m~!

driving terms generated by each QDT.
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