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Abstract

An accelerator-based BNCT (boron neutron capture therapy) has been recently studied by many activities. In BNCT,
a neutron-generation target is a quite important component because an intense neutron flux more than 10° n/cm?/sec is
required to complete a medical treatment within a certainly short time. In the Ibaraki BNCT (iBNCT) project, an
accelerator is consisted of a 3-MeV RFQ and an 8-MeV DTL based on J-PARC linac techniques. As for a neutron-
generation target, beryllium is adopted by the °Be(p, n) reaction with the incident proton energy of 8 MeV. The target has
three-layer structure fabricated by a hot isostatic pressing (HIP) method; 0.5 mm-thick beryllium which is slightly shorter
than the 8-MeV proton range in the beryllium, 0.5 mm-thick palladium selected due to a durability again blistering, and
10 mm-thick copper for water cooling. The thickness of the beryllium must be well controlled because the shortage of
the thickness directly reduces the yield of neutrons, meanwhile excess of the thickness results in damages by stopped
protons by blistering. Despite the importance, its thickness has not been confirmed yet because it is not realistic to measure
the thickness with a destructive way in term of the construction cost of the target, so that non-destructive measurement of
the thickness is desirable. In this contribution, we will report a study for a feasibility of beryllium thickness measurement
with negative muons in non-destructive way.
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Figure 1: Photograph of three-layer neutron-generation
target for the iBNCT project.
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Figure 2: Correlation plot between beryllium thickness and
output energy of 8 MeV proton calculated by GEANT4[6].
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Table 1: Transition Energies of pu-Be and pu-Pd X-rays

Element Transition Energy [keV]
Be 2p - ls 334
3p-1ls 39.6
Pd Sh-4f 134.5
6h -5g 73.5
7i - 6h 44.0
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Figure 3: Stopping distribution of negative muons inside
the iBNCT target with different momenta by GEANT4
simulation. The origin of abscissa is defined as the surface
of the beryllium layer, so 0.5 mm indicates the boundary
of the beryllium and palladium layers. Inset figures are
Monte-Carlo simulation for X-ray signal-to-noise ratio.
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Table 2: Total capture rate and mean lifetime of negative
muons in representative materials taken from [8, 9] and
references therein.

Element Capture rate[/s] Mean lifetime [ns]
H 0.450X103 2197
Be 6.1 X103 2168
C 37.9X103 2028
Al 705X 103 864
Pd 10.0X10° 96
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Figure 4: Simulated timing spectra of decay electrons with
different muon momenta.
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Figure 5: Typical energy spectra with negative muon
momenta of 23.7 MeV/c (top) and 25.5 MeV/c (bottom),
respectively. The ratio of the muonic-beryllium and -
palladium X-rays drastically changes with respect to muon
momentum.
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Figure 6: Preliminary result of the muon stopping ratio
inside the beryllium layer assuming same X-ray emission
probabilities for u-Be (2p-1s) and p-Pd (64-5g) X-rays.
Error bars show the deviation of the results with different
X-ray emission probability of u-Be:u-Pd = 2:1 and 1:2,
respectively. Dotted lines represent GEANT4 simulation
results with different beryllium thickness.
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