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Abstract

In the J-PARC Muon g-2/EDM experiment, a Muon beam with a momentum of 300 MeV/c is accumulated in a
solenoid-type superconducting electromagnet (center magnetic flux density 3T) in an orbit with a diameter of 0.66 m. In
order to inject the beam into the static magnetic field which is precisely adjusted storage area inside the storage magnet
of the size of a medical MRI, a channel with an incidence angle of 26 degrees is provided in the iron yoke surrounding
the magnet to allow the beam to pass from the upstream transport line. Since the magnetic flux density in the solenoid
axis direction changes from OT to 2T at the entrance and exit of the iron yoke channel, it must be taken into account that
the beam center trajectory curves gently inside the cylindrical channel. Furthermore, the magnetic field distribution at the
channel exit on the iron yoke side has a complicated shape, and the spread of the beam phase space must be kept within
the range that allows linear approximation.
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Figure 3: First order partial derivatives of the magnetic
field in the channel at Z=145cm.The upper row shows the
partial differential of the y component of B, B,, and B.,
and the lower row shows the partial differential of the x
component.
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Figure 4: First order partial derivatives of the magnetic
field in the channel at Z=95cm. Each plot is aligned same
order as Fig. 3.
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Figure 5: Left: Injection trajectories in vertical component.
Right: Vertical phase space at the end of the vertical kick.
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Figure 6: Phase spaces in the beam coordinates at z=95cm,
point-A as in Fig. 1. Here, the beam coordinate system has
the beam center as the origin and the direction of move-
ment as the Z axis. The figure shows the phase space X-X’,
Y-Y’, X-Y in the horizontal direction (on the X-Y plane)
of the beam coordinate system in the upper row, and the
lower row shows X’-Y’, X-Y’, Y-X".
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Figure 7: Phase spaces in the beam coordinates at

z=145cm, at injection point as in Fig. 1.

Figure 8: Left: differential spatial distribution of beam in
global coordinate respect to the center of the beam (pink).
Right:The same for differential velocity distribution(pink).
Directions of 5 vectors from singular value decomposi-

tion(black, red, green, blue and yellow).
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Figure 9: Five components of the 1st to Sth eigenvectors ¢;,
as well as eigen values in the right bottom plot. To confirm
stability of these eigen vectors of singular value decom-
position, several we tried singular value decomposition in
several sub-sets.
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Figure 10: The results of evaluating the residual of the
black distribution shown in Fig. 5 using the singular vec-
tors corresponding to the fourth and fifth singular values
are shown. If the phase space immediately after the kick
is within the VBO amplitude of 5 cm, the red histogram is
shown, and if it is not, the black histogram is shown. It can
be seen that there is a correlation with the magnitude of the
residual error.
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Figure 11: A comparison of four-dimensional phase spaces
at Z=145cm is shown. Black is ideal for Type-A, the red
color is a model that is generated based on singular vectors.
Green colrled phase space distribution is obtained by the
previous methods [2,3], assuming expected emittance from
the upstream design.

O 655 05605l 06 0 5 e
Yim]

e

Figure 12: The same data set as in Fig. 11 but expressed
differently, in the coordinate system centered on the stor-
age magnet. The radial distance is deviations from the ref-
erence orbit Ar, Az and the angle between the each parti-
cle’s position vector and momentum vector Af.
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Figure 13: Beam phase space at Z=95cm is shown. A
difference introduced in Fig. 12 causes the bigger differ-
ences among black, red and green distribution at z=95cm,
although there is no obvious difference in Fig. 11.

B¥ v 7220 7-%OEREEICET % VBO fRIFDIHE
KIZOBRDBZ BN oTVWEDT, ZDEERHK
B12F/hE L BhE RSV, Tibb, Z=145cm TD
NIAHZER DG BT R R MRS 2 2 FRFIC, Z=95cm
P DREAEBICRWT b AR HEB2RET S
ZrEMELTV5,

42 D5k

3 RICIRHENIE D 72 D DAHEZE DI Z ED TV 5,
$ha— 27 F v VRV OERMN IR RS e, 3
RICHI 2 AEHE 4 DO AHZER TR+ IcRETE T,
5 KITE TR LI REFELPDETH 2 e b o
T&E /e, ATl S RoehifAZEmE2 EFR L. FFRMEY
fRIC X 3 ERD RN il A Tz, Z DGR, Fig. 12 TR
FTHHZEOHEE Y D XL, E-EEEANTO VBO IR
TEOWAKERBLTWS IR0 hoTER, SHKIZ.
7Z=145cm. B & Z=95cm HiS OBEE NI B HiAHFTEL
FEBEZRET 2 2 2RET L. EBO L — AtilHEEE
RS B AAE O PE ICEL D T,

HEF

AFFRIERHAE JP19H00673 & JP20H05625 DB %
RIFTVET,

BE R

[1] M. Abe et al., Progress of Theoretical and Experimental
Physics, Volume 2019, Issue 5, May 2019, 053C02.
doi:10.1093/ptep/ptz030

[2] H. linuma et al., Nucl. Instru. Meth. A 832, 51 - 62, 2016.
do0i:10.1016/j.nima.2016.05.126

[3] H. linuma et al., IEEE Transactions on Applied Supercon-
ductivity, vol. 32, no. 6, pp. 1-5, 2022, Art no. 4004705.
doi:10.1109/TASC.2022.3161889

(4] FIERFE, M, g-2/EDM FEEFHAA I = — 4 VB
ANOHGES I 2L —2> 3 Y 2D BB EMER 1, 5B
19 8] H A I 25 % 2 4F &, WEP035, 2022 4 10 A 18
H, pp. 605-609. https://wuw.pasj.jp/web_publish/
pasj2022/proceedings/PDF/WEPO/WEP035. pdf

[S] M. Abe et al., IEEE Transactions on Applied Superconduc-

- 866 -



(6]

(7]

(8]

Proceedings of the 21st Annual Meeting of Particle Accelerator Society of Japan
July 31 - August 3, 2024, Yamagata

tivity vol. 32 no. 6 pp. 1-5 2022. Art no. 4007505.
doi:10.1109/TASC.2022.3190247

FIERFEAE, fl, g-2/EDM MEEEHHIA I 2 — 4 > ERHS
—HILDRENS I ¥ I ORET | AER (6B 21 HHA
IHERE R R), WEOA06, 2024 £ 8 A 1 H.

BRE M3, ft, TJ-PARC muon g-2/EDM EEH ¥ —
LAE Xy -G EE L, B 19 B H A #E
P RESR, TUPO36, 2022 4 10 A 18 H, pp. 218-
223. https://www.pasj.jp/web_publish/pasj2022/
proceedings/PDF/FROB/FROBO5 . pdf

fRIA M3, ft, TJ-PARC muon g-2/EDM EEiH & —
LA F Yy - DS RRE ), 5 20 [ H A N#E
A4S THPO4, 2023 4 8 A 31 H, pp. 674-
679. https://www.pasj.jp/web_publish/pasj2023/

[9

—

[10]

(11]

- 867 -

PASJ2024 FRP009

proceedings/PDF/THPO/THPO4 . pdf

/NIEA, fti, TJ-PARC muon g-2/EDM FEBRIZ B 1T % K4
B3R —2AFHOLDOERLE —LE=X— ],
55 20 [ H A #E 85 2 4F &, THOAZ2, 2023 4F 8 H 31
H, pp. 136-140. https://wuw.pasj.jp/web_publish/
pasj2023/proceedings/PDF/THOA/THOA2 . pdf

S. Ogawa et al., “Beam storage monitor to achieve 3-D spi-
ral injection in muon g-2/EDM experiment at J-PARC”, in
Proc. IPAC’24, Nashville, TN, May 2024, pp. 2922-2924.
doi:10.18429/JACoW-IPAC2024-THAD1

H. linuma et al., “Beam alignment strategy at the beam
transport line for J-PARC muon g-2/EDM experiment”, in
Proc. IPAC’24, Nashville, TN, May 2024, pp. 2323-2326.
doi:10.18429/JACoW-IPAC2024-WEPG46



