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Abstract

Preliminary designs of new bending magnets have been considered for the second target station (TS2) of Materials and
Life Science Experimental Facility (MLF), J-PARC. To give a design approach for the bending magnets, several examples
of bending magnets, such as a pulse bending magnet and a septum magnet were reviewed. The reviewed magnet
specifications compared with requirements for the new bending magnets indicate that the new pulse bending magnet
requires a new design idea, while the new septum magnet can be designed based on the previous design of an extraction
septum magnet for the 3-GeV synchrotron in J-PARC. The new design idea for the pulse bending magnet and the septum

magnet design idea based on the previous one are presented.
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Figure 1: Plan view of 3 GeV rapid cycling synchrotron
(RCS) to Neutron facility Beam Transport (3NBT) line.
The 3NBT line delivers the pulsed proton beam to
Materials and Life Science Experimental Facility (MLF)
passing over the main ring (MR) tunnel.

# yamaguchi.yuji@jaea.go.jp

BT, J-PARC (SRS A— 2V P ENLHFSERTD 2 %
DL ETH R — L7225 TB[5],

J-PARC TIEA %O YET ., @ E LG —ok
L CMLF % 2 % —%7 v hAT — a2 /(TS2) DRt 3D
I TVWA[6], TS2 DEFEIL, BEfFD MLF(TSI)’C [Ee=3
B CEIRWEEBRIIMF L D R BLE 2 PEZEIZ 1T HF)
FAYERZHETHOLENTEY, a4y, fitEFE—
LOFRE B TS1 LV RS HEAHZENE ZHIL T
Bo D7D TS2 1% TS1 LR oA JREFIET
R — IR LT L /e o TND,

TS2 DIEHERIZIX TS1 EfFAlkE, RCS 760 3 GeV B+

E— A HWSIL, BE— A% 3NBT D /K AR 136
TRV T HNDEH I LR TND, ZOHA, B — AR
DNFICE> T TSI T 28572 ~M>Hjjm>/ﬁw
LTCLEH-8. RCS 60— A H &R S E 5 3
b, D7l 1.5 MW £ TORIRMN HIAFN TS
[4]o KA A C TS2 IRV 0 D8 — LDk T A

. BHI
e 2 QHl gy

.'.,a:? ;
]

S

.a‘:.}. » to TS1

- & :"f"v.l
Shielding plugs — < to TS2

Figure 2: Horizontal bend section of 3NBT line. Bending
magnets, quadrupole magnets, and steering magnets are
shown in blue, orange, and green, respectively. The beam
duct for the TS2 is drawn from a bending magnet BH1 to
shielding plugs.
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Table 1: Main Requirements for Pulse Bending Magnet

Parameter Value
Bending angle [degree] 7.5
Magnetic field [T] 1.11
Pole length [mm] 1500
Pole gap [mm] 160
Pole width [mm] 580
Repetition rate of pulse operation [Hz] 25
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Table 2: Main Parameters of Pulse Bending Magnet for
MR [10]

Parameter Value
Maximum magnetic field [T] 1.21
Pole length [mm] 1500
Pole gap [mm] 142
Repetition rate of pulse operation [Hz] 03-1
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Table 3: Main Parameters of RCS Pulse Bending Magnet
[12]

Parameter Value
Magnetic field [T] 0.06
Pole length [mm] 200
Pole gap [mm] 160
Repetition rate of pulse operation [Hz] 25
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Figure 3: Design idea of new pulse bending magnet for
beam separation at horizontal bend section of 3NBT line.
The top half of the magnet is shown in the figure. The top
drawing is a top view of the magnet. The bottom left and
right drawings are a beam view and a side view,
respectively.
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Table 4: Main Parameters of New Pulse Bending Magnet

Parameter Value
Bending angle [degree] 7.5
Peak magnetic field [T] 1
Pole length [mm] 1500
Pole gap [mm)] 180
Pole width [mm)] 500
Repetition rate of pulse operation [Hz] 25
Number of turns per coil 24
Peak excitation current [A] 3000
Inductance [mH] 30
40 ms
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Figure 4: Excitation current waveform of new pulse
bending magnet. The pulse current waveform is a half-sine
wave with a time width of 10 ms. The time interval
between pulses is 40 ms. The pulse peak is at the TS1 beam
timing indicated by the down arrow with the label TS1.
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Table 5: Main Requirements for Bending Magnet to Avoid
Overlap with Beam Transport Line for TS2

Parameter Value
Bending angle [degree] 7.5
Magnetic field [T] 1.11
Pole length [mm] 1500
Pole gap [mm] 160
Pole width [mm] 580
Allowable range between center of 3NBT 440

beam duct and TS2 beam duct [mm]
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Table 6: Main Parameters of KEK-PS Bending Magnet
[13]

Parameter Value
Magnetic field for 12-GeV proton [T] 1.73
Pole length [mm] 32607
Pole gap [mm] 56

Calculated value using the bending angle of 7.5° and curvature
radius of 24.9 m.
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Table 7: Main Parameters of Injection Septum Magnet for
MR [14]

Parameter Value
Magnetic field [T] 1.37
Pole length [mm] 2000
Pole gap [mm] 96
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Table 8: Main Parameters of Most Downstream Septum
Magnet at RCS Extraction Section

Parameter Value
Maximum magnetic field [T] 1.91*
Pole length [mm] 900
Pole gap [mm] 167
Magnet width from center of 3NBT beam 150

duct on TS2 beam duct side [mm]

Calculated value using the maximum magnetomotive force of
254000 AT and the pole gap.
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Figure 5: Design idea of new septum magnet for BH2
location of 3NBT line. The top and bottom drawings are
top and beam views of the magnet, respectively.
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Table 9: Main Parameters of New Septum Magnet

Parameter Value
Bending angle [degree] 7.5
Magnetic field [T] 1.2
Pole length [mm] 1500
Pole gap [mm)] 160
Pole width [mm)] 580
Magnet width from center of 3NBT beam 356
duct on TS2 beam duct side [mm)]
N
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Figure 6: Horizontal bend section of 3NBT line with new
septum magnet. The new septum magnet is shown at the
BH2 location without the overlap with the beam transport
line for the TS2.
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