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Abstract

A magnet design method for magneto-motive forces (coil blocks (CBs) and iron yoke) placements for g-2/EDM
measurements is presented. CBs and pole placements are determined by tuning SVD (singular value decomposition)
eigenmode strengths. SVD is applied on a response matrix from currents to the magnetic field strengths in the muon
storage region and 2D placements of magneto-motive forces are designed by tuning the eigenmode strengths of magnetic
field by CBs and an iron yoke. The tuning is performed iteratively for CB placements and iron placement. Magnetic field
ripples in azimuthal direction are designed to be minimized. A candidate of the g-2/EDM magnet has 5 CBs with iron
yoke and center iron poles. The candidate satisfies the specifications of homogeneity {0.2 ppm PP in 2D and less than
1.0 ppm ripples in a ring muon storage area (31.8 cm <R <34.8 cm and -5.0 < Z < 5.0 cm) with 3.0 T strength and little
Br at R > 0.0 cm, where R and Z are radial and axial positions, respectively}.
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Table 1: Basic Parameters for g-2/EDM Experiments

Parameters BNLES21 FNAL J-PARC g-2/EDM
Beam  momentum 3.09GeV/c 0.30 GeV
v . 3.0
Storage flux 1.45T 30T
ring
Radius 7.0m 0.333
Current drive Power supply, Persistent mode

(<0.1ppm stability with Filed FB)
5200A 4254
Electric quadruple Weak focus
5.0E+09 1.8E+11 1.5E+12
0.46 ppm 0.1 ppm 0.1 ppm
The values in italic letters are planned values.

Conductor current
Beam focus
Number of u*
Statistical uncertainty
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Figure 1: Schematic magnetic force lines, muon orbit and
radial magnetic field component.
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Table 2: Specifications of a Static Magnetic Field

Parameters Values
Magnetic field strength 30T
Homogeneity (B7) <1.0 ppm (0.2 ppm 2D)

R:0.318 m to 0.348m
Z:-0.05 mto +0.05 m
0.0to 3.0E-4
Bg>-1.0E-4 T
Possible to be shimmed

Area with Homogeneous magnetic field

n-index of Gradient field
Magnetic field radial component By
External error field
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Figure 2: Schematic draw of the strategy for CB
determinations. Step-1 gives approximated CB positions
and step-2 and step-3 give accurate CB placements with
continuous currents (step-2) and integerized winding
turns (step3). Arrows denote FL current magnitudes (step-
1), tuning directions for side (step-2) and for positions
(step-3). Crosses denote sides without tunings.
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Figure 3: FL currents placements to discuss a magnetic
field distribution concept. FLs are circular currents and
their positions are indicated as crosses imitating
continuously distributed currents. The rectangles indicate
the beam storage and the ellipses indicate the magnetic
field evaluation surface (MFES) on which magnetic field
evaluation points (MFEPs) are placed. (a) Solenoid only
type, (b) solenoid + iron-yoke type.
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Figure 4: Candidate magnetic field distributions. (a) and
(b) are for solenoid type. (b) and (c) are for solenoid-+iron
yoke type. (a), (b) Magnetic field distribution with
contour lines of equi-fluxes and magnetic field strengths.
Lines running top to bottom are equi-flux (magnetic
force) lines at every 0.1 Wb. Radiative lines are equi-
strength lines of magnetic field at 3.0 T and 3.0 T£0.3 ,
+3.0 uT, £30.0 uT. (c).(d) Br distribution along beam
orbits.
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Figure 5: Homogeneity and SVD eigenmodes for Fig. 4
magnetic field. (a) Relations of homogeneity and the
truncation eigenmode number for the two magnetic field
candidates. (b) Eigenmodes of magnetic field and FL
current distribution for Fig. 2(b) solenoid+iron yoke type.
Dotted areas are positive strong magnetic field areas. The
numbers in each frame are singular value, rms magnetic
field strength necessary for 3.0 T, and peak-to-peak
magnetic field strength for 3.0 T. For the latter 2 numbers,
Bz strengths are evaluated on the elliptic surface.
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Figure 6: Target magnetic field distribution for the g-
2/EDM magnet design. Magnetic field strength
distribution at zoomed center area with contour lines of
30 T, £0.1, =1.0, £10.0 ppm. The elliptic line is
MFES and rectangle shows the beam storage area.

4. BENHGEZTzERY LIEMNOEE

H R 5340 (Figure 6)725, 15 Rl DM 570 &
725 L0, BERICECE L7z CBs &8k yoke DL
EIR & H*kﬁ“éﬁfﬁ%%ﬁﬁﬁ“éo

4.1 RS OHEB

Figure 5 % EHl4 % FL Efi/4nl%. Figure 7(a)T
B D, AHEITIX Figure 2 TF 9 Step-2 Zikin 9 Do
Z O AT FL Bz, BEBRIICEEST S &, T
LA Figure 7(b) TH 5, Z OELEIZATFICE D FL

112.‘ (b) 'Aﬁ

90 |
.60
.30

00 [

-.30

Vertical position Z (m)
Vertical position Z (m)

60 |-

e
-90 |

120 LL o=
.00 30 60

N
90 1.20

Radial position R (m)
Radial position R (m)

Figure 7: FL currents (Fig. 5 left) are replaced by iron-
yoke and coil blocks. The number of CBs are 4 in left (a)
and 5 in right (b). Residual loop currents (arrows) exist in
right and they are positive when they are in outside
direction from beam storage volume. The lines running
vertical direction are the contour lines of magnetic fluxes
at 0.1 Whb. Lines in radial manners are contour lines at
3.0T and £0.1, £1.0, £10.0 ppm. In the dotted area,
magnetic field is stronger than 3.0 T.
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Figure 8: FL currents (arrows in left) are replaced by iron-
yoke and coil blocks (right). Residual loop currents
(arrows) exist in right and they are positive when they are
in outside direction. The lines running vertical direction
are the contour lines of magnetic fluxes at 0.1 Wb. Lines
in radial manners are contour lines at 3.0T and +£0.1, £1.0,
+10.0 ppm. In the dotted area, magnetic field is stronger
than 3.0 T.
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Figure 9: Homogeneities during iterative calculation. A
line with black circles are for homogeneities of 7 cm wide
25 cm height area and a line with squares are for 5 cm side
and 10cm rectangle beam storage area.
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Figure 10: Obtained 5 CBs, iron yoke placements and
magnetic field. Left is the magnetic field distribution.
Right top plots Br at orbit radius as a function of axial
position. Right bottom shows the zoomed magnetic field
distribution.
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