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Abstract

As the beam power is increasing, damage to the target becomes serious. Especially for the target of the Japan
Spallation Neutron Source (JSNS), where the damage due to the high-power short-pulse proton beam on the target
vessel of the liquid metal (mercury) target is reported to be proportional to the 4th power of the peak intensity of the
proton beam. Reduction of the peak intensity is important for the beam injection system. At the JSNS, the beam profile
can be described by clear Gaussian functions. To reduce the peak intensity, we have developed a beam transport system
by non-linear beam optics, called beam flatting system, using octupole magnets. Octupole magnets, which are the main
components of the beam flatting system, were required possessing a strong field gradient as high as 800 T/m? and being
downsized for the installation due to space restrictions. In order to realize the requirements, we evaluated the saturation
field of the octupole magnets with a three-dimensional field analysis code (Opera-3d) to optimize the pole and coil

shape.
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Figure 1: Beam transport line from RCS to MLF (3NBT).
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Figure 2: Arrangement of octupole magnets in the beam
transport line.
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Figure 3: Saturated original pole shape.
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Figure 4: Original (left) and 1mproved (right) pole shape.
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Figure 5: Unsaturated improved pole shape.
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Figure 6: x-By curve in the median plane.
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Figure 7: Structure of one octupole element.

Figure 8: Finished products (in NEC Tokin Corp.).

Table 1: Main Parameters of Octupole Magnet

THH Unit Parameter
Bore diameter mm 300
Pole length mm 600
Pole width mm 262
Field gradient T/m’ 800
Conductor cross-section | Hollow Conductor 09-¢6
Insulator Polyimide
Ampere turn A-Turn 13400
Winding number/coil Turn 20
Number of water loop 8
Water loop length m 40
Conductor length/coil m 40
Nominal cross-sectional
area mm? 52.7
Resistance Q 0.121
Flow rate L/min 26.4
Flow velocity m/s 1.95
Current A 671
Voltage \Y 82
Electric power kW 54.7
Temperature rise C 29.7
Pole weight ton 4.85
Coil weight ton 0.15
Total weight (except
base) ton 5.0
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Figure 9: Comparison between calculation and
measurement of the x-By distribution.
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Figure 10: Comparison between calculation and

measurement of the z-By distribution.
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Figure 11: OCTI(left) and OCT2(right) were installed
downstream of 3NBT and upstream of Ml-line,
respectively.
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Figure 12: Horizontal (left) and vertical (right) beam
profiles just before the target.
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