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Abstract

An experimental program is underway at J-PARC to simultaneously measure the muon anomalous magnetic moment (g — 2)
and electric dipole moment (EDM) with high precision. For these measurements, muon beams accelerated up to 300 MeV /¢
need to be injected and accumulated in a solenoidal magnetic field, with a strength of 3 T and a diameter of 66 cm, guaranteed
to have a uniformity better than 0.1 ppm. We employ a new technique called Three-dimensional spiral injection to achieve this.
To demonstrate beam accumulation using this method, validation experiments with low-energy electron beams are ongoing
at KEK. In JFY 2022, it was reported that the signals indicating beam accumulation had been measured. To obtain concrete
evidence of beam accumulation, we measured the stored beam distribution using detectors with scintillation fiber (SciFi) and

report these results.
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Figure 1: Overview of three-dimensional spiral injection
scheme.
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Table 1: Comparison with E34 and This Demonstration Ex-
periment
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Figure 2: Overview of demonstration experiment beamline.
(a) Injected beam cross-section measured at the end of the
straight section. The beam phase-space is adjusted by three
rotatable quadrupole magnets.
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Figure 3: (a): Picture of SciFi probe. (b): SciFi probe is con-
nected with linear feedthrough inside the vacuum chamber and
linear feedthrough is moved by the actuator.
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Figure 4: (a): Time slice of Z — Z' phase-space of accu-
mulated particles at the kick end timing. Accumulated parti-
cles rotate within this phase space as time evolves. This rota-
tionin Z — Z' phase-space means vertical betatron oscillation
(VBO). (b): Accumulated particles are scraped off by the SciFi
probe.
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Figure 5: An expected waveform by simulation at Z =
10mm. An integral of the waveform calculates the amount
of signal at each measurement point.

# ZMETHEINS PMTESIZZD Z MiEET
DR FEERKBL T3, #lE LT, Z=10mm TD
HEWHDS T 2L —> 3 v % Fig. 5128 T, E—24
ASHERIC SciFi 70— 7Y a6 F 1k, EE3Nns
HOEEEINLZVLDONREI > TEIAREES N
RO T OWRERPERT 2720, Ao oA
h, EREEBOWG I HPEFEIRELE R X v I —
BIEDS 0A IS5 7% 4 2 v 7 (t = 560ns) MIEDE
FERES L, WESNEEFRLT S, E—LBEKS
NTuHEVLELS, AFE—ALD,90 Z1E 100ns. 0K
L% 25Hz TH D, A4 7v ba v E 5ns T
F—vDH)LICERBBAD ETFHEICHEELEDNTL
FIHIDT, ZORHBIEBETZIZFEALEEI W, Z
D& 9 RWE%R SciFi 7u—70 Z fiiEz & Z T
7oy 22l —vavhlE Fig 6 1SR Y, T 2T, Ml
SciFi 7R —7 O N Z i, fitdld Lido ks
BMOLAESFEMCYIal—raryinTl I Tk
BTH) CTH %, Figure 6 IE T, ERILMEFLHTH
% Z=0mm £TIREBE — 2D Z HIanoiz Kk L
72bDTHs, Z=0mm TSciFi 70—72 27— 7
R AHZEIN oD TR A S 4, DI 3 2 Ekr
TFDENEDLS WS Z = 0mm LUFIZ 7o F—I2
RoT\w5b,

¥/ E L7k 9T, SciFi 7u—7offARICE -
THET 2 Z — Z' futl 2N o#EiHz2 £ 2 5N 3 7
&, Z > 0mm DHEIPHT Fig. 6 D Z 534 I12OWT 1 K%
FEEET S L, Fig 78T &) ICERATD VBO
IRIE AR 2 R T 2 Z L3 ECH 2, 22T, i
i3 BRI D VBO RIFD K E X #F L. bk v
BThd, BMOEAN T ILIEMCYIaL—va

v E— A OM#ENR I 300keV/e TH D, Y FL—FHT
DIEHEDS 100 pm BEED 72 8 SciFi 7’0r— 717 % LI
13 100% DHERTILE %,

PASJ2024 THPO15

x10°  Expected Z-scan distribution

MC

n
o

45
40
35
30
25
20
15
10

5
80 0" 0.01 0.02 0.03 0.04 0.05 [2.106
Figure 6: Expected distribution of Z-scan measurement with
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Figure 7: Simulation of VBO amplitude reconstruction by Z-
scan data. Blue-histogram: VBO amplitude distribution from
MC simulation. Red-point: 1st derivative of expected distri-
bution of Z-scan measurement with n = 1.6 x 10~2 (Fig. 6).
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Figure 8: Measured waveform at Z = 10 mm. This is 1000
shots averaged waveform. BG waveform is subtracted.
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Figure 9: Result of Z-scan measurement with n = 1.6 X

10~2. Black-point: Measured data calculated by an integral of
the measured signal in each position. Error bars are statistical
errors only. Red-point: Expected distribution (Fig. 6) scaled
by the value of Z = 0 mm in Measured data.
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Figure 10: Reconstruction of VBO amplitude distribution.
Blue-histogram: Scaled VBO amplitude distribution by MC
simulation (scaled Fig. 7). Red-point: Reconstructed by us-
ing expected Z-scan distribution (scaled Fig. 7). Black-point:
Reconstructed by using measured Z-scan distribution.
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Figure 12: Result of Z-scan measurement with different con-
ditions of n-index of weak focusing field. Each colour repre-
sents the respective n-index condition. Error bars are statisti-
cal errors only.
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Figure 13: Result of Z-scan measurement with different con-
ditions of XY-coupling of injected beam. Black-dot shows
the result of measurement with designed XY-coupling. An-
other color shows the result with different from designed XY-
coupling. Each error bars are statistical errors only.
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