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Abstract

Fringe field of a secondary-particle capture solenoid magnet with three coils has been experimentally investigated
placed at muon science facility in materials and life science experimental facility (MLF), J-PARC. To clarify relationship
between the fringe field and excitation current of each coil and interference of fields by the coils, proton beam position
changes in vertical direction were measured for 125(= 5%) combinations of excitation currents using a multi-wire profile
monitor located in front of the final target of MLF. The measured position changes show that the field by the most
upstream coil is non-linear with its current while the fields by other coils are linear and that the field can be enhanced by
excitation of multiple coils. The non-linearity of the filed by the most upstream coil has been introduced to the proton

beam orbit correction, which has been demonstrated.
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Figure 1: Plan view of beamline from 3-GeV Rapid
Cycling Synchrotron (RCS) to Materials and Life Science
Experimental Facility (MLF).
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Figure 2: Plan view of secondary beamlines around
graphite target and primary beamline to mercury target.
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Figure 3: Schematic diagram of large-aperture capture

solenoid HS1 placed at most upstream of H-line. The
entrance of HS1 is left side in this figure.
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Figure 4: Proton beam orbit calculation using SAD. The
horizontal axis is orbit length and vertical is deviation of
the orbit in vertical direction from the central orbit. The
orbits changed by fringe fields of HS1-1, 1-2, 1-3, and total
of them are shown with blue, cyan, purple, and black
dashed lines, respectively. The excitation current of the
coils is assumed to be 1 kA in this calculation. The orbits
corrected by the steering magnets of Y22 and Y23 are also
shown with solid lines.
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Figure 5: Excitation pattern of HS1 in the measurement.
Arrows show the procedure. Excitation starts from
(L1-1, Li2, 113) = (0, 0, 0) and ends at (2.5, 2.5, 2.4) via the
excitation patterns in planes /;.; = 0 (black), 0.625 (cyan),
1.25, 1.875, and 2.5 (red). Planes /1.1 = 1.25 and 1.875 are
not shown in this figure for visibility.
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Figure 6: Proton beam profile measured using multi-wire
profile monitor at /1., = 1o = I3 = 0. Black circles,
observed data; red line, fitted result by Gauss function.
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Figure 7: Proton beam position change in vertical direction
Ay as function of /1.; (top), /i (middle), and /;_3 (bottom).
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Figure 8: Proton beam position change in vertical direction
Ay as function of /1., with /1.1 = 0.625, 1.25 kA. Observed
data are shown with black circles. Green circles are sum of
single operation data plotted in Fig. 7.
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Figure 9: Proton beam position change in vertical direction
Ay as function of /1.3 with 1. = 0.625, 1.25 kA. Black
circles, observed data; green circles, sum of single
operation data.
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Figure 10: Proton beam position change in vertical
direction Ay as function of /.3 with /1, = 1.875, 2.5 kKA.
Black circles, observed data; green circles, sum of single
operation data.

oob-—-4H—— 1 X
’ Observed data  ®
Sum of single operation
05 b | RERRRRN NSRS [ ]
N S R HS.J....I_&._1___3__35_‘7@.91?@?1?_
d *
_]5 S S SUSSS L SN SRR -
-
20 [l 1 1 1
0.0 0.5 1.0 1.5 2.0 25
1, 5 [kA]
Figure 11: Proton beam position change in vertical

direction Ay as function of /;.3 with I;.; = I;, = 0.625 kA.
Black circles, observed data; green circles, sum of single
operation data.
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Figure 12: HS1 excitation pattern region where Ay is

different from sum of that in single operation. The region
is inside the three-dimensional shape.
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Figure 13: Vertical proton beam position corrected with
considering non-linearity of HS1-1 (solid step line) and
without that (dashed step line) in increasing HS1 currents.
Currents of HS1-1, 1-2, and 1-3 are shown with blue, cyan,
and purple solid lines, respectively. The dotted line is
predicted beam position by Eq. (7) for the dashed step line
case. The beam position of 0 mm is the center position.
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Figure 14: Proton beam position change in vertical
direction Ay as function of /;.;. Circles, measured data;
solid line, fitted curve; dashed line, linear function for
operation current of 2.05 kA.
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