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Abstract

The RFQ is the key component which realized modern high-current proton linacs. However, it should be operated with
about two times of empirical Kilpatric’s electric-field limit. Consequently, the RFQ is one of the most troublesome cavity
in the linac. To guarantee the continuity of the stable operation of the linac, a hot spare of this mission critical component
should be prepared. To this end, we fabricated a spare of the J-PARC RFQ. For this RFQ, to obtain more acceleration
efficiency, we adopted the equipartitioning method, which is the defacto standard in linac design. The transmission of
this RFQ was 93%, and the transverse emittance was 0.3 mm mrad. In this paper, the design and result of the beam test

of this J-PARC new RFQ are described.
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Table 1: Requirements for J-PARC RFQ

Beam species H™

Resonant frequency 324 MHz

Injection energy 50 keV

Extraction energy 3 MeV

Peak beam current 50 mA

Transverse normalized rms emittance < 0.257 mm mrad
Repetition rate 50Hz

RF pulse length 600 ps

RF duty factor 3%
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Figure 1: Cell parameters of epRFQ designed with

LINACStfgDES. The W, means the energy of the syn-
chronous particle. The ¢,’s after the transition cell [11]
are not plotted.

Table 2: Design Parameters of epRFQ Obtained with
LINACSrfgDES

Vane length 3073 mm
Number of cells 285
Inter-vane voltage 61.3~143 kV

Maximum surface field 30.3 MV/m (1.70 Kilpatrick)

Average bore radius (1)  2.64~6.24 mm (excluding RMS)

pt /o ratio 0.75
Amin 2.46 mm
Mmax 2.15
bs.max 24.8 deg
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Table 3: Simulation Results of epRFQ

60 mA

0.20m mm mrad, water bag

Input beam current

Input transverse distribution

Input longitudinal distribution
Transmission

Output transverse emittance

50 keV const., uniform phase
99.2%
0.247r mm mrad

Output longitudinal emittance  0.117m MeV deg
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Figure 2: Emittance evolution as functions of the cell num-
bers. The solid line represents the transverse normalized
rms emittance, and the dashed line is the longitudinal one.
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Figure 3: Parameters related to the equipartitioning condi-
tion (EP parameters). When the equipartitioning condition
holds, the solid line should be one.
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Figure 4: Trajectories of the phase-advance ratio and de-
pression of epRFQ on the Hofmann chart. The longitudi-
nal / transverse emittances ratio of this Hofmann chart is
1.2.
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Figure 5: Measured and simulated transmission of the
epRFQ. The red squares and blue diamonds are measured
and simulated transmission of the RFQ, respectively.
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Figure 6: Measured emittance of the epRFQ.

Figure 6 1%, 2 EAV v MILZ I v XV AE=X THll
ELZRFQ HOTOMTI VA VATHS, x KUy
DOHIEMIX. 0.30 &' 0.25r mmmrad TH O, 1 X VK
HIOTORIEMD 0.30 O 0.297 mm mrad TH > 7zD
T, BHERIIVR VA0 —ARENZ BN 5
HEHTI v XU ABRAH LD BN VDI, 14 VR
O CTOMEZEMAEIZHE 0 —EONRFQ 2L 5T
Hlons7-0Th 5,

PASJ2019 WEPI039

5. F&o

EEDV =T Vv IERBFDT 77 I NAR VY RER =T
» 5 equipartitioning B4R % £ FI2) - TEA L 7z RFQ
EHHRETHOTCEHL, ¥—2oilkz2i7-72, TA b
ARV RIZBWTEER, Iy X2 2AOUE%LT
W, #EED OMREETH B I 2R LT, 2D RFQ
I3 J-PARC RFQ O ¥t TH 57, LIESIETF A b
ARV RIZTGERHINS D, K I-PARCY =7 v oD
T TV —=RBTbhb5E101k, EFE LA
NBEFETH 5,

T

AR D RFQ IF=ZFEE T M AT 4 (BR) 1284E
LCWEEEE LR, Z082ED TE#HWZLET,

SE R

[1] R. A. Jameson, “Beam-intensity limatations in linear accel-
erators”, IEEE Trans. Nucl. Sci. NS-28 (1981) 2408-2412.

[2] R. A. Jameson, “RFQ designs and beam-loss distributions
for IFMIF”, Tech. Rep. ORNL/TM-2007/001, Oak Ridge
National Laboratory (January 2007).

[3] R. A. Jameson, “LINACS design and simulation frame-
work”, Tech. Rep. KEK/J-PARC Seminar 6 March 2012,
KEK/J-PARC (March 2012).

[4] K.R. Crandall, R. H. Stokes, T. P. Wangler, “RF quadrupole
beam dynamics design studies”, in: Proceedings of 1979
Linear Accelerator Conference, Montauk, New York, USA,
1979, pp. 205-216.

[5] L. M. Young, “Simulations of the LEDA RFQ 6.7-mev ac-
celerator”, in: Proceedings of PAC97, Vancouver, Canada,
1997, pp. 2752-2754.

[6] M. Comunian, A. Pisent, E. Fagotti, P. A. Posocco, “Beam
dynamics of the IFMIF-EVEDA RFQ”, in: Proceedings of
EPACO8, Genoa, Italy, 2008, pp. 3536-3538.

[7] Y. Kondo, T. Morishita, S. Yamazaki, T. Hori, Y. Sawabe,
E. Chishiro, S. Fukuta, K. Hasegawa, K. Hirano,
N. Kikuzawa, I. Koizumi, A. Miura, H. Oguri, K. Ohkoshi,
F. Sato, S. Shinozaki, A. Ueno, H. Kawamata, T. Sugimura,
A. Takagi, Z. Fang, Y. Fukui, K. Futatsukawa, K. Ikegami,
T. Maruta, T. Miyao, K. Nanmo, “Beam test of a new ra-
dio frequency quadrupole linac for the japan proton ac-
celerator research complex”, Phys. Rev. ST Accel. Beams
17 (120101) (2014) 120101.

[8] Y. Kondo, K. Hasegawa, T. Morishita, R. A. Jame-
son, “Beam dynamics design of a new radio frequency
quadrupole for beam-current upgrade of the japan proton
accelerator research complex linac”, Phys. Rev. ST Accel.
Beams 15 (080101) (2012) 080101.

[9] T. P. Wangler, “Space-charge limits in linear accelerators”,
Tech. Rep. LA-8388, Los Alamos National Laboratory (De-
cember 1980).

[10] K. R. Crandall, “Effects of vane-tip geometry on the elec-
tric fields in Radio-Frequency Quadrupole linacs”, Tech.
Rep. LA-9695-MS, Los Alamos National Laboratory (April
1983).

[11] K. R. Crandall, “Ending RFQ vanetips with quadrupole

- 561 -



Proceedings of the 16th Annual Meeting of Particle Accelerator Society of Japan
July 31 - August 3, 2019, Kyoto, Japan
PASJ2019 WEPI039

symmetry”, in: Proc. of 1994 Linac Conf., Tsukuba, Japan,
1994, pp. 227-229.

[12] 1. Hofmann, G. Franchetti, O. Boine-Frankenheim, J. Qiang,
R. D. Ryne, “Space charge resonances in two and three di-
mensional anisotropic beams”, Phys. Rev. ST Accel. Beams
6 (024202) (2003) 024202.

[13] Y. Kondo er al., “Upgrade of the 3-MeV LINAC for
Testing of Accelerator Components at J-PARC”, in: Pro-
ceedings, 10th International Particle Accelerator Confer-
ence (IPAC2019): Melbourne, Australia, May 19-24, 2019,
2019, pp. 960-963.

- 562 -



