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INTRODUCTION: The p process, which
synthesizes the neutron-deficient nuclei, proceeds via
photo-disintegration, » process, and rapid proton
capture process, rp process, on existing heavy seed
nuclei in the temperature of Ty = 2-3 x 10° K. The high
temperature can be achieved in explosive environments,
such as the O/Ne layers of Type Il supernovae and
deflagration flame fronts in Type | supernovae.
Production rate by the photo-disintegration is expressed
by the product of cross section and photon flux based
on Plank's black body spectrum. Thus, cross section at
the vicinity of threshold is of great importance for
quantitative understanding of the p process. We have
performed Cross section measurement  of
YSm(y,n)***sm and *’Sm(y,p)***Pm using low energy
bremsstrahlung, focusing on **°*Sm which abundance at
the time solar system has been known [1].

EXPERIMENTS: Oxide of isotopically enriched
samarium-147 and gold foil as a flux monitor were
irradiated using bremsstrahlung which generated from
bombardment of electron to a platinum plate. Activity
of *Pm in the samples were measured using a HPGe
detector after the irradiation. The sample, which ***Pm
gamma-ray peak was scarcely detected, was measured
at Ogoya Underground Laboratory. Spectrum of
bremsstrahlung was calculated with GEANT4 code [2].

RESULTS: Photoactivation yield of *’Sm(y,p)***Pm
reaction in the bremsstrahlung is shown in Fig. 1 together
with a theoretical calculation. Product of bremsstrahlung
spectrum by GEANT4 and cross section by TALYS,
which incorporates Hauser-Freshbach model [3], were
considered for the theoretical calculation. Photoactivation
experiments with the bremsstrahlung have the limitation
that the data need to be unfolded to obtain a cross section.
The cross section was extracted using the product of
Breit-Wigner distribution and collection factor which
depends on energy. Parameters of 15 MeV for median
and 4.3 MeV for natural width of were used for the
Breit-Wigner distribution, based on a giant dipole
resonance of A=147. The extracted cross section by the
unfolding and TALYS calculation are shown in Fig. 2. As
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Fig. 1. Photoactivation yield of **’Sm(y,p)***Pm
reaction in bremsstrahlung.
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Fig. 2. Cross section of **'Sm(y,p)**®Pm reac-
tion.

a future plan, ***Sm/**’Sm atom ratio will be determined
with an accelerator mass spectrometry at Argonne
National Laboratory [4].
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INTRODUCTION: Precise determination of epithermal
neutron fluence is important in various studies such as
characterization of a thermal neutron reference field and
irradiation dose evaluation in a boron neutron capture
therapy [1]. Epitherma neutrons mixed in the thermal
neutron reference field have an effect on calibration of
neutron detectors. In the present study, we have devel-
oped a new calibration method for neutron detectors us-
ing a white neutron source with the epithermal energy
range. In this calibration method, precise efficiency
curves are experimentally determined by
two-dimensional simultaneous measurements of the pulse
height of detector outputs with the flight time. We aso
developed an epithermal neutron spectrometer for neu-
trons up to 10 keV.

EXPERIMENTS: Epithermal neutrons were produced
by a photo-neutron reaction using a water-cooled tanta-
lum target at the KURRI Linac [2]. At first, alead sha
dow bar was set near the target to reduce effects of
“gamma flash” from the neutron source. The position
of the shadow bar was adjusted and optimized by remote
control.  Figure 1 shows output pulses observed with a
total-absorption-type BGO scintillation detector before
and after setting a shadow bar. The BGO detector
counts neutrons by the °B(n,ay) reaction and the refer-
ence neutron spectrum from the neutron source was ob-
tained in a energy range up to 10 keV by the
time-of-flight (TOF) method.  Fast neutrons with energy
above 10 keV from the neutron source can disturb cali-
bration focusing on the epithermal region for detectors
with a neutron moderator, because the fast neutrons ap-
pear in epithermal neutron region on the TOF spectrum
due to a slowing-down time of a few microsecondsin the
moderator. A 2"x2" NE213 liquid scintillation detector
was used to measure the fast neutrons with the TOF me-
thod.

The epithermal neutron spectrometer is composed of a
®He proportional counter, a polyethylene moderator and
filters made of Ag, Co, W, Mo and Mn having severa
absorption resonances. Response functions of the spec-
trometer were measured by the TOF method. The epi-
thermal neutron spectrum was determined by an unfold-
ing method using the response functions.

RESULTS: Figure 2 shows the TOF spectrum meas-
ured with the liquid scintillation detector, indicating that

the gamma flash component is rejected by the pulse
shape discrimination with the liquid scintillation detector.
Linac-produced noise signals were found on the TOF
spectrum which should be suppressed by improving the
signal processing method.

The epithermal neutron spectrometer gave the response
functions in Figure 3(a) and the epithermal neutron spec-
trum in Figure 3(b) obtained by being unfolded with
SAND-II code. Figure 3(b) also shows the neutron
spectrum obtained from the TOF measurement with the
BGO detector. The two spectra are in good agreement
except in the thermal energy region.
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Fig. 2. TOF spectrum measured with the liquid scintilla-
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Fig. 3. (8) Response functions of the epithermal spectro-
meter for the Ag, Co and Mo filters, (b) epithermal neu-
tron spectra obtained with the unfoilding method and the
TOF method.
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