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Abstract

A harmonic number of J-PARC RCS is two, and when all rf buckets are filled with bunches, the major parts of the beam
Fourier components are the even harmonics. However, the particle tracking simulation suggests that the odd harmonics
promote asymmetry on each bunch shape and they rapidly increase under some conditions. When the asymmetry becomes
larger and larger monotonously, it causes severe beam loss. Furthermore, although the odd harmonics remain small
amplitude, an amplitude modulation of them makes a beam halo and causes small beam loss. We describe the particle
tracking simulation results to investigate the odd harmonics.
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Figure 1: Each harmonic of the beam during the accelera-

tion without the beam loading.

TRBIRDES D10 A 22 B EREIZRDDITHL
T, AHIRIZOWTIERELS TS 03 AFEE L IEFITA
W RN D, ZDdH, KiEY—L%2INET 5
WZH 7> TIMBBIR DR DAZEH L, ThEkF vV
NGB LIZL>TRERY —LINEEFELTEL L
EZONTET,

EZAM, EBIZIMWHYOEY —LIZHUT h =
2,4,6 DA DAL =L —TF 1 V7 ZHMEL TINEZ
THe, HEREY-LBREZREZITZENODL-TE
7zo AP, RO -0 —T 1 V2 X BB R R
FhIvForvIal—yavitkoTHIRG,

2. ZHroOE—LO—FTa VY
2.1 JEANRR—v

400 MeV ASHZT 1 MW FfH4 DY — L %2 IET 5 B
DNRITA—=R—=%FK1IZ, IHESX—=VEF211Z, F
TV —La—TF 1 IR EMERR R VIRFETD T
IVRVAL TNV Ty 2R —%H3IIRT,

Table 1: The Parameters of the RCS

Injection energy 400 MeV
Extraction energy 3 GeV
Harmonic number 2

Number of bunches 2

Number of particles 8.3 x 10'3 ppp
Max. RF voltage 438 kV

RF frequency 1.228~1.672 MHz
Momentum compaction factor 0.0119798
Linac current 44.5 mA
Macro pulse length 500 ps
Chopping width 489 ns
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Figure 2: The acceleration voltage pattern of the RCS.
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Figure 3: The beam emittance and the momentum filling
factor during the acceleration.
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Figure 4: Beam survival rate under the beam loading during
the acceleration.
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Figure 5: Each harmonic of the beam during the accelera-

tion under the beam loading.
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Figure 6: The comparison of the beam survival rate with
respect to the cavity resonant frequency.
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Figure 7: The measurement results of the cavity

impedance.

X4 Dk>iz, MEOHHIDOER TY —LELIE
ZoTWBIZeho, ftBEEERE PV TMEAET
A7-OMHEE U\ VEIEE— N TOEE 2T o7, BFE
EHEHARFDOAZE 120KV ), E—LbB0—F 1 712D
WTCTIEh=30DADPKEIFELTVWSLLT, D
N—F=y Z RS R OZEMERSR D Z@D2 54U Tz,

*7-. FEBEDRCS Tl Linac 5D — A% 306 X —
VHMTTASI LT WABD, ZHIZDWTH TN RE AN
TV F UL —L00% 1 Z—VHICHELT,
TN IR U I RBBT B DI U, WO Y —
LN EB8IZRT, BB 1INV FHTEHEMN 2 NVF
HzRd, ZOUHERAEDRETOZEN—E=y 7 KD
BR2IIRT, BERIZHEARTHBRPNS RETH
BN hb,

MOIZ, h=3DN—FE=_v 7RI TdUTA

JBEDNM ¢, % D BMEITNE LZGED Y — LER
kO A 2 EEDIREDENERT., ¢, = —60ED
A IRIEIXIEE A X TWRWA, ¢, % 60 T
Mo TEIE 2 LIRENEZ TV, 30 EX 60 ED
BETIE Ims IZHELZWRIZABIZHA TWE, %
DEFEIZ L =2 DFEDITHEEHT S 5WIR5,

-

Aplp (%)
(=]
W
g

S

0.5

2300
)

g 250

o
5150

E lﬂﬁt

Z 50

0o
0

-400 -200 0 200 400
Time (ns)

Figure 8: The initial beam distribution.

Table 2: Each Harmonic of the Beam for the Initial Beam
Distribution

Harmonics  Amplitude
h=1 0.05 A
h=2 115A
h=3 0.12 A
h=4 2.83 A
h=5 0.19 A
h=6 0.82 A
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Figure 9: The growth of the h = 3 harmonic under the
various phases of the wake voltage.
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Figure 10: The deformation of the bunches under the h = 3
beam loading.
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Figure 11: The beam emittance and the momentum filling
factor during the acceleration with and without the odd har-
monic beam loading.
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Figure 12: Each harmonics of the beam current during the
acceleration under the beam loading of the odd harmonics
at the resonant frequency of 1.7 MHz.
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Figure 13: The h = 3 harmonic under the ¢, = —60 de-
grees.
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Figure 14: The halo formation under the small amplitude
modulation of h = 3 beam loading.
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Figure 15: No halo formation without the amplitude mod-
ulation of h = 3 beam loading.
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