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Abstract

At the J-PARC Main Ring, slow extraction of 30 GeV and 8 GeV proton beams using third-order resonance is being performed
for the Hadron Experimental Facility. User operation at 30 GeV and 92 kW was achieved in May 2025, but further reduction of
beam loss during slow extraction is essential for even higher intensities. Beam loss primarily occurs in the electrostatic septum,
located at the most upstream end of the slow extraction straight section. As a method to reduce this beam loss, we are considering
using a bent silicon crystal. This device uses the channeling effect or volume reflection effect of the bent silicon crystal on
positive charged particles to deflect protons that would otherwise collide with the septum electrode of the electrostatic septum,
thereby reducing beam loss. The amount of crystal deformation when a silicon crystal is bent using anticlastic deformation at
positions that does not interfere with the beam was estimated using the finite element method. The effects of changes in the
bending angle due to vertical position and the transverse displacement of the crystal on the loss reduction effect were evaluated.

The results showed that sufficient beam loss reduction could be expected for both 30 GeV and 8 GeV beams.
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Figure 1: Schematic drawing of the anticlasdtic deformation
of a silicon crystal.
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Figure 2: A conceptual diagram showing the structure of a
silicon crystal and the relationship between the crystal axes
and the X, y, and z axes. The z axis is the incident direction
of the beam, the x axis is the transverse direction to the beam,
and the y axis is the vertical direction.
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Figure 3: Dependence of R, /R on 6.
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Figure 4: Beam loss rate with various dx estimated using
FLUKA. In legends CH stands for channeling and diff1 stands
for diffuser 1. Beam loss without the bent silicon crystal and
the diffuser is set to 100%.
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Table 1: Document Layout

Configuration Beam Loss
No mitigation 1.0
Channeling (300 prad) 0.48 — 0.58
Channeling (200 prad) 0.50 — 0.54
Volume Reflection (100 prad) 0.53 — 0.54
Channeling (300 prad) + diffl 0.23 = 0.28
Channeling (200 prad) + diff1 0.24 — 0.26
Volume Refelection (100 prad) + diffl ~ 0.26 — 0.26
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Figure 5: Dependence of beam loss rate on §z for 8 GeV pro-
tons, estimated using FLUKA, using the volume reflection ef-
fect of a bent silicon crystal. The bending angle of the silicon
crystal is 100 prad.
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