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Abstract

Experiments of g-2/EDM precise measurements are under preparation in J-PARC and they use a high field (3.0 T)
muon beam storage magnet (MBSM) with a fiducial volume of cylindrical fiducial volume with 3cm-radial width, 10cm-
vertical (axial) height and 66.6 cm diameter with less than 0.2 ppm peak-to-peak magnetic field homogeneity. Muons will
be injected by the spiral injection from the magnet top through iron-yoke, reducing axial speed by the fringe field and
will be stopped by a kicker radial field. However, there are some error fields and some corrections of muon injection orbit
are necessary. Then, the steering magnets (SMs) are under developments and they will be placed inside and outside of
the MBSM. SMs should have active shield coils to avoid additional error fields from magnetic interactions with structural
metals. Then, they are ASSMs (Active Shield SM). Furthermore, ASSM should have small joule heat generations to avoid
error fields due to temperature change of the iron-yoke. Under these specifications, we have done a trial design ASSMs
using newly developed magnetic design method expanded from MRI gradient field coil design method.
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Figure 1: Schematic explanation of muon beam storage
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Figure 2: Schematic drawing of the ASSM placements.
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Table 1: Target Specifications of ASSMs

Parameter Inside-ASSM Outside-ASSM
BL product (Tm) 1.0E-3 4.0E-3
Magnetic field direction Radial Radial, axial
Control angle Pitch Pitch, rolling

Magnetic shied (UT) <1.0at0.2m <1.0at0.3m

Joule heat QO (W) <1.0 <10.0
Outer diameter (mm®) 42.7 89.1

Beam Wall thickness (mm) 1.5 2.1

duct Material TBD (Temporary SUS)
Eddy current decay time z  0.0575 ms 0.166 ms

Allowable  Diameter (mm) <100 <200

size Length (mm) <200 <400
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Figure 3: Flow of ASSM magnetic design.
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Figure 4: Left shows result of 2D design calculations for
outside-ASSM. Lines: Flux contour lines at every
40uWb/m. Arrows: current magnitudes. Right schematic
coil assemble plan of two dimensional ASSM.

- 808 -



Proceedings of the 17th Annual Meeting of Particle Accelerator Society of Japan
September 2 - 4, 2020, Online

LR CIERE IR IRE T N > TRV, IEMEIZAT
TV T Y (Bst=By=160 Gauss) MFEIN TS,
FRN RTINS T D 8702 2 fHDaA Vst %
NPAZET AR 1 HOBA THDN, 2 FRDATT
Vo T HATHRMEICTH D,

Table 2 (213 2D A RICLDBGEEE FL DT,
AT~ FEIL 25 Hz /\/I/X@%TZ?)ZD SUS #7h&
TH5E . XU RelA TR ENRKEIDHOT, &
FIvIE I REZD Outside-ASSM ¥ CIIER I+ 5045
NHDHZENED, L, BIREE O, FrE A
AR A BRI DIE H 13720, 20 2D AR FCiE
ASSM ViR X35 8 H R 7228 | fEl _n/% ;Uté“b\&
E2D, LidL, B73v X I AT TR E BRI
ML DI BTN S 25,

Table 2: Electro-magnetic Parameters of Outside-ASSM

Parameter ASSM-1 ASSM-2
Small radius side  Large radius side
P/S current (A) 76.0 76.8
Numb. of turns +22/11 +24/13
Conductor (mm) Cu 2.0x2.0 Cu 2.0x2.0
Rough size (mm) 205®-350L
BL products (Tm) 4.0E-3 (effective length 0.25m)
EM M. energy E (J) 0.500 0.572
InducInductance (mH) 1768 203
HOM 1 ductive voltage (V) 134 152
Resistance R (Q) 0.234 0.263
Resistive voltage (V) 17.8 20.2
Joule Joule loss (cont.) O (W) 1352 1551
105 11 cat generation (W) 247(325)  283(3.72)
{SUS (Ceramic) duct} 25Hzpulse 25Hz pulse
Duct Joule loss (W) 41.8 (0: Ceramic duct)
Power Total voltage (V) 152 172
supply Spec. plan 230V, 100A, >10kHz
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Figure 5: Computational model for inside-ASSM 3D
magnetic design. Numbers are diameters of current
carrying surfaces (CCS). Shield CCS is squeezed at edge
to reduce leak field.
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Figure 6: Calculated conductor placements for Inside
ASSM. Small coil is the main coil. Large and squeezed at
edge coil is shield coil. Outer most four turns of the shield
coil are expanded to set off that of the main coil. Transient
windings are not shown.
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Table 3: Electro-magnetic Parameters of inside-ASSM

Parameter 2D cal. 3D cal.
P/S current (A) 25.0 25.0
Numb. of turns +22/12 +25/12
Conductor (mm) Cu 1.0x2.0 Cu 1.0x2.0
Max. current density (A/mm) 21.1 20.8
Rough size (mm) 1000-150L 1000-164L
BL products (Tm) 1.0E-3
EM Magnetic energy (J) 0.0189 0.0322
Inducti Inductance (LH) 60.4 100.3
Inductive voltage (V) 50.3 86.0
Resistance (W) 0.153 0.222
Resistive voltage (V) 3.83 5.55
Joule
loss Joule loss (cont.) (W) 95.8 138.9
Heat generation (W) 0.60 0.87
SUS duct 25Hz 25Hz
Duct Joule loss (W) 1.0 (rough estimation)
Power Total voltage (V) 64.1 91.6
supply Spec. plan 120V, 30A, >10kHz

128 mm
164 mm

L L I 1 1
600 300 00 300 6.00 900 600 300 00 300 6.00 9.00

Figure 7: Expansion plans for ASSM, left: main coil, right:
shield coil. Bottom scale numbers are in cm unit.
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Figure 8: Magnetic field by the designed inside ASSM.
Left: BL product distribution in the beam duct (1.0E-6
Tm/line). Right: By distribution in ASSM axial direction
and at the numbered positions (left).
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Figure 9: Leak magnetic field around the designed inside-
ASSM. Left: on the plane vertical to the steering magnetic
field Bsr. Right: on the plane parallel to Bsr.
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