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Abstract

In the J-PARC Muon g-2/EDM experiment, we plan to accumulate a 300 MeV/c Muon beam in an orbit with
a diameter of 0.66 m and perform ultra precise measurement of the anomalous magnetic moment (g-2) and electric
dipole moment (EDM). One of technical challenges is to inject the beam into the precisely-tuned storage region in the
storage magnet without disturbing the static magnetic field. Combination of a radial pulsed magnetic field near the
storage region and weak focusing field will control the vertical beam motion along with the solenoid axis. Optimal
calculation to determine requirements of spatial and time distribution of the pulse magnetic field is discussed based on
the beam injection trajectory. Specific shape of the vertical beam phase space int the strage region at the end of the
kick is discussed and how to control such beam phase space shape by the kicker coil position is also introduced. Back
trajectories are studied to understand correlation between “ideal” beam phase space at the storage vs. “required” beam
phase space at the kick poit. We find a strong correlation between the two beam phase spaces, and an eigen-vector of the
smallest eigen value may be useful to treat such 5-dimensional phase space control.
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Figure 1: Beam trajectory inside the storage magnet by the
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Figure 2: Reference beam trajectory as a function of time,
as well as effective kicker field. Vertical position of Upper
kicker coil is also indicated.
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Figure 3: Correlation of vertical position and pitch angle of
the reference trajectory. Kink-shape by upper kicker coil’s
field is a key to control beam motion.
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Figure 4: Static and dynamic radial fields along the refer-
ence trajectory are introduced. Partical diferentiation act
as vertical focusing quadrupole field at the heights of 0.8m
and 0.3m. Uppere plots are of Type-(A), and lower plots
are of Type-(B).
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Figure 6: Four dlmenswnal beam phase space at
(1) LINAC’s end point, (2) Injection point, and (3) Point-A
along the reference trajectory.
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Figure 7: Beam injection trajectories with Type-(B).
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Figure 8:  z-z’ shape study by changmg kicker field spa-
tial distribuions. Lower kicker coil field controls the lower

edge of z-z’ shape.
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Figure 9: Four different positions of upper kicker coils are
shown. Depends on the field shape, the upper edge of z-z’
shape is changed.
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Table 1: Kicker Coils’ Parameters

Type ID  Upper Center Lower Center Tk Ipeak
[m] [m] [ns]  [kA]

A 0.25 -0.10 120 0.9

B 0.25 -0.10 73 2.7

C 0.25 — 120 0.90

D 0.25 -0.15 120 0.9

E 0.25 -0.15 81 2.450
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Figure 10: A snap shot views of stored trajectories of Type-
(A) at the end of the kick.
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Figure 11: Initial data set for reverse trajectory calcula-
tions.
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Figure 12: Reverse trajectories of Type-(A) kicker. Beam
shape at the Point-A corresponding is also shown in the
right. This beam shape indicate required beam parameters
for the ideal beam injection.
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Figure 13: Zoom up view of the right picture of Fig. 12.
Purple data points, indicate beam phase space as in the
right plot in Fig. 6, is superimposed for comparison.

Figure 14, 15 i1 Type-(D) B & Uf Type-(E) DiLHEID
MREZTRT, 2L EEREBEBICBT % 222 HEDTR

PASJ2023 THP04

WIS OH TR FEIC 2 5 & 5 ICHBE L 72, Fig. 8 1<
Y Type-(D) B & O Type-(E) DG EOFETH
%, EHEERD z-2> A DO AREMHEANC E — A 2L
B3 EDBAFOT L, R Tikam S % WHLEE
OMFHT & b AGHSHEYIZ z-2> MAHZER DR IEAE M
BRI FIHEET 3 DT TR L JBENLT 2 EHA 2
DI ehbh b, T, 2O LS REYIZNHZER OH
IDERICE — LB ED BT, F v h—I & BHEVENE
HHEIRDBESTH % Z &5, Type-(E) 2% Type-(D) i
HART 2222 THAPHDICEE L e LR TE 5,

£ 5§85 & g
(an)

NS
7
Bk
e .'ig\.;
SREENS

N ey e
) fm)

gy et
/
apir

L

_0.05n
— M
—— TN ety A
Pifijozoq g iy Moy ’#).Pu 1&“ e e

Figure 14: Kicker field spatial distribution by five type
coils.
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Figure 15: Single particle tracking for four-types of coils.
Shorter T will give a stronger kink-shape.
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Figure 18: Left: Topside view of channel in the yoke and
trajectories (OPERA-3D). Right: Magnetic field along the
trajectories. Nonlinear magnetic field effects need to be
considered.
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