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Abstract

In the Japanese Spallation Neutron Source (JSNS) of Japanese Proton Accelerator Research Complex (J-PARC), proton
beam with a high power such as 1 MW is induced to the target consisted of mercury. As increasing in the beam power,
the damage of the target becomes serious. Especially for a target for high power short pulse spallation neutron source, the
damage due to the proton beam on the target vessel for liquid metal target such as mercury is reported to be proportional
of 4th power of the peak intensity of the proton beam. Reduction of the peak current density at the target is a key for
a constant beam operation. For reduction of the peak current density, a non-linear beam optics using octupole magnets
has been developed. In order to achieve completely flat distribution, higher order magnets than the octupole are required.
It was found that a considerable flat distribution can be obtained by only using octupole magnets with reduction of the
magnetic field. By using the present beam expander system, the peak current density can be reduced as much as 40 %,

which mitigates 90 % of the pitting damage at the target.
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Figure 1: Plan of Rapid Cycling Synchrotron (RCS) and
Materials and Life Science Experimental Facility (MLF) at
J-PARC.
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Figure 2: Flat beam distribution at the mercury target ex-
panded with octupole magnets without beam scattering ef-
fect at the muon production target.
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Figure 3: Beam optics and beta function for beam flat ex-
pander with the octupole magnets.
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Figure 4: Plan of octupole magnets for beam expander sys-
tem, where is placed upstream of the muon production tar-
get.
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Figure 5: Fabricated octupole magnet with field gradient of
800 T/m?.
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Figure 6: Beam profile obtained by the MWPM (dots) compared with the calculations of DECAY-TURTLE (lines) for
the result without excitation of octupole (black), with excitation of octupole (cyan) and with excitation of octupole and

irradiation on the muon production target (red).
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Figure 7: Comparison of beam profile with linear optics
(line) and with nonlinear optics with octupole magnets (red
circle).
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