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Abstract

An AVF cyclotron, which accelerates ultra-slow muons generated by laser ionizing muonium from 30 keV to 5 MeV
at J-PARC MLF, is under construction. In December 2020, we performed magnetic field measurements using a rotating
coil before installing a vacuum vessel and resonators. From the magnetic field measurement results, we adjusted the
thickness of the iron shims on the sides of the magnetic pole sectors to generate the high accurate isochronous magnetic
field. As a result, we successfully obtained the isochronous magnetic field in which the phase change of the beam during
acceleration is as small as = 2° with respect to the RF phase. When we calculated the acceleration orbit using the measured
magnetic field map, it was found that the outer acceleration orbit was eccentric due to the magnetic channel for extraction
(dummy side), and it was difficult to extract the beam. After some simulation calculations we found that the influence on
the orbit can be avoided by moving the dummy magnetic channel toward the outside by 2.7 mm. Using the partially
modified magnetic field map, we conducted tracking simulations from 0.8 m upstream of the injection point to the exit
port of the cyclotron. The beam emittances at the starting point are 1 Tmmmrad (16) in horizontal and vertical directions,
and a pulse length is 200 ps, which are the design values. As a result, the beam emittances and the energy dispersion were
calculated to be 0.27 mmmmrad (H), 0.10 tmmmrad(V), and 6 x 107 (106), respectively, which were the same as the
design.
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Table 1: Parameters of Muon Cyclotron

Magnet  Extraction radius 0.26 m
Central magnetic field 04T
No. of sectors 4
RF Harmonic number 2
Frequency of main cavity 108 MHz
Dee voltage 50 kV (Max.)
Frequency of flattop cavity 324 MHz
Injection  Spiral inflector +4.5kV
Extraction Deflector 7.5 kV/mm

Magneti channel passive type

AR S (108 MHZ) 12X > TIT9, 74— BEITH K 50
kV TH— %0 60-70 ThHD, £-, B —LbDT RV
F— S WE/NELT D0 3 [EFEEE D77y Ny
(FT)HARZFEFRE L T D[4], 2020 4= 12 A IZHGHIE
AT % BZ255 4% RF AR ER 2 #7237 T T 2021 4F
8 H DB 5T RF O THD,

2. WEAIE
2.1 JEFIE
W E IR R U —T —T v a L &

Step
motor

ry Rotating coil (~5rps)

hector

Integration Amp

™
V
controller

Figure 1: Magnetic field measurement system.
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Figure 2: Magnetic field map.
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Figure 3: Difference between measured and Opera3d
calculated magnetic field map.
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Figure 4: Difference between measured and Opera3d
calculated magnetic field on the circumference of a radius
of 250 mm. “Meas1207” and “Meas1214” indicate the
measurements before and after the shim adjustment,
respectively.

Figure 5: (a) Iron shims mounted on the sides of the pole
sectors. (b) Position of the sides of the sectors to mount
shims.
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Figure 6: Average magnetic field generated by shims with
a thickness of 1 mm mounted in each radial position.
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Figure 7: Ratio of the averaged magnetic fields on the
closed orbit to the isochronous magnetic field.
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Figure 8: Adjusted thicknesses of the iron shims. The
position number is assigned from the inside.
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Figure 9: Beam orbit calculated using measured magnetic
field map. Extraction orbit shifts inside from the exit port.
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(b) With correction for X and Y directions.

Figure 10: Eccentricity of the center of the acceleration
orbit in the turn number.
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Figure 11: Cross-section of the magnetic channel made of
iron bars and flux lines.
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Figure 12: Ratio of the averaged magnetic fields on the
closed orbit to the isochronous magnetic field.
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Figure 13: Energy spread of extraction beams.
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Table 2: Beam Parameters at the Exit Port Obtained by
Tracking Calculation

Tran§m1ss1on 98.6%
efficiency
dE/E be-3

H \Y
rms emittance 0.27 0.10
(mmmmrad)
beta (m) 115 34
alfa -167 -55

THAED 60 Z—2T 0.3 keV (6x10%) FEHE (2> TW
Do SEEINIFRIE-3° AFET 00D T AT AS, AL
FIZX % FT (AEZFRE LRIz xL
X —1E D e/ MI7R o7, Figure 13 (ZHIFE A @fiﬂ‘ﬁfhi))
(N TFR) Z2Brl U TN (FRRHE) 22 2 7255
BONMEBLDOE — LD T RLX—LZDIRNBNERT,
RGO TIvZ AT X, Y 21 1 nammmrad(16)
Thbd, ZOFITRENDINHHIM AR IZ L > T=x1
X —LZDIRNITEBIZRESE T D2, AFTE—
DN FINELIRDET VX — RN T HZ N
D035, Figure 12 13, =R/AF— AR/ NEL72589
(T (£4°) DA% Fig. 13 OYIHINIARE 82005
16°1Z B> CRIAE L1 D TH D, Table 2 12 Fig. 12 D5
WX 7R LIS GOV A 7atar HOR—h
TOE—LD/NTAY—%mR-T, FArubay EioOH
FE DO IBIR A RIL 98.6% CTdroT-, TIv XL ALY
ArubarOJ7m (H)  filidim (V) Zn£i 0.27x,
0.10 Tmmmrad(rms), TR/ —1g 6x10° Loz, &
AUX Opera3d Wi~ 7 CREA LT GHE LI ZIZ R AL
Bllpotz,

PASJ2021 THPO19

6. #Eim

n—7—7 47 afVE RN Rat A rakay
DS~ TRIEEITV., Wit 72 —FE 28k A
TIIEA A2 LTI 104 LIV O B kS FE O SR YRGS
EAERK T DT LN TET, PE LT~y 7 % O
LB A SR LS R, 0.3 mT BRED IR AN—F=v/
W3 D= JH [m#EE MR- LT X I— IR T v
JL (MC) OFAZERESZ IR H LEE 23 1 AR — ks
ST NAZEN S Do, a2l — gl 3 EOM R, &
I—MC % 2.7 mm SMUNZRBEITHZEI28D, RREY

DRI LD D ARIL €. R EHELE TO R H LA
A[RELIRD L DINoTo, TIVH L A O —AIZD
WY Ar7abay BB HE AR —NETOIN v
HE I To7, TORR, BVHLE —2ADZIy X R
R R F —IiEIE Opera3d I L A% FHEIFIZFIT T
BHHZEN OIS TZ,

HHiEF
AL
<7

SE X

[1] Y. Miyake et al., "Ultra Slow Muon Project at J-PARC
MUSE", JPS Conf. Proc. 2, 010101 (2014).

[2] J. Ohnishi ef al., “S=F VA 7vbu O akERAE,
Proceedings of the 17th Annual Meeting of Partlcle
Accelerator Society of Japan, Kyoto, Japan, Sep. 2-4, 2020,
pp. 669-673.

[3] https://www.3ds.com/product-services/

[4] T.Yamazaki et al., "S=A4 > ~A70E —LERDTZHDT
Zv 7 RF 22O BA%E”, Proceedings of the 17th Annual
Meeting of Particle Accelerator Society of Japan, Kyoto,
Japan, Sep. 2-4, 2020, pp. 885-887.

JSPS By 17H06126 DR~ D

- 849 -



