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Prompt fission neutrons are detected using a plastic scintillation detector, EJ276D.

A total of 8 detectors were placed around the sample : test setup (Oct. 2025)
— Final setup will involve up to 35 detectors.

EJ276D manufactured by Eljen
‘ ' Neutron detection via recoll protons
~ * Sensitivity >1MeV
Sample

Pulsed Background separation

Neutron beam _
ission neutron Gamma-ray
& Pulse shape discrimination (PSD) technique
Scattered neutron
Neutron Detectors '

Not sensitive to low energy (<1 MeV) neutron



J-PARCMLF

Japan Proton Accelerator Research Complex (J PARC) Material and Life Science
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The pulsed neutron beam enables precise energy determination using the time-of-flight method.

Detector system was installed at Beamline No.4 (ANNRI)



ANNRI (Accurate Neutron-Nucleus Reaction Measurement Instrument)
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In this test experiment, the coaxial-type Ge detectors
were removed and replaced with neutron detectors.
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Measurement Am-241 measurements :
Samples _ . .
time Validation of the experimental method
Am-241 35 h >99% Am-24 1 (957MBC{)
Sample : (2.37+£0.03)x10-° at/b
Cm-245 336 h /.47 mg, 10mm diam.
Cm-245 measurements :
Am dummy 0.0 h Main target of this project Cm-244| 42 3%
cCm dummy 56 h Sample | 2.4% Cm-245 (]78 GBQ) Cm-245| 2.49%
- é)BéBSiO.g?)x];). at/b Cr246| 6.4%
.6 mg, bmm diam.
Boron 4.7 h J Pu-240 | 49.0%
Boron measurement:
Carbon 13.1h Determination of the beam intensity
Blank 170 h Carbon and Blank me_asurements .
Background subtraction for the boron measurement




Neutrons and y -rays can be separated based on the detector signal using PSD.
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_Analysis: packground by pile

At high event rates, pile-up effects become important.

When pile-up events occur, Qong Value increases, — PSD value also increases.
— y-ray background events contaminate the neutron region in PSD.

> . .
‘B At resonances, intense gamma-ray emission from
- L
[ the (n, 7 ) reaction increases the event rate and
k= b ap - Qiong - Qshort ~ consequently the pile-up probability.
c - Qiong — The pile-up correction is crucial for
G-1 suppressing gamma-ray contamination and
< Qshort == Single event isolating fission events.

Qiong == Pile-up event

Monte Carlo (MC) simulations were conducted to estimate the
contribution from 7 -rays in the neutron PSD region.



The detector waveform was modeled using exponential functions.

aexp(—t/t) bexp(— (t—1)/7) |+ t, was randomly sampled from a Poisson distribution based

\ \ on an event rate.
- The pulse amplitudes, a and b, were randomly sampled

A .
Qshort according to the measured gamma-ray energy spectrum.
! 10° 241 . .

0 Qiong 3 - AM  _ simulation
t=37.3ns, t, =60 NS, t; =300 ns (fix) 10° & — Experiment
Qiong and Qshort Were calculated by integrating the 2 103%‘ .

o 4 J J S Neutron PSD region
simulated waveform generated from the randomly Catae /
sampled parameters. ?
10 E
- |
—PSD values were calculated for each MC event.  f *tnﬁ( r" AR
Gamma-ray leakage background can be estimated. llllm . j IH' L "
O 01 02 03 04 05 06 07 08 09 1

PSD



Analy3|s Gamma- -ray background subtraction "

The I\/lonte Carlo SImulatlon prawdes the probablllty of gamma ray events Rth Ieaklng lnto the 'e

neutron PSD region for an event rate, 4,,.

Assuming that the leakage is proportional to the event rate, the leakage contribution, Y?(tof),

and the gamma-ray count, Y (tof), satisty the following relationship:

l R el
YES(tof ) = YX(tof )——2 O |
At Ay, = 241Am TOF spectrum
At - bin width E-IO_S
Ez |

The gamma-ray leakage calculated for each
TOF bin using the above equation is shown.

- 10_6;.

In 241Am case, the background effect is up to 107" ¢
about 5% even in the resonance region. '

Es’cima’ced| gamma-ray leakage B.G.
| R | |

10° 10%

TOF(us)



Results: Capture and Fission cross section of 241Am"

Yields were extracted separately from the neutron PSD region and the y-ray PSD region.
The two spectra were normalized in the thermal-neutron region with JENDL-5 for comparison.

10* E
~ 10° & .
% E {} % *PHWT was not applied.
‘Q?/ 10 ;— I : :
- : The relative heights of the two resonances
3= ol . (D and @) are consistent with those
P = : :
D - | expected from the JENDL cross sections.
BN ki i |
e = | —— JENDL-5 Fission
@ - | —— Neutron Region
107 E [ ----- JENDL-5 Capture . .
" | Gamma region This demonstrates that PSD analysis can
B ] | ] ] ] ] ] ] ] |

successfully isolates the fission
Neutron Energy %eV) contribution from the measured data.

107!
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The experimental data were normalized to reproduce the JENDL-5 cross section in the thermal-

neutron region.
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- Overall, good agreement Is observed Iin the energy dependence.
- In the resonance region, differences in resonance heights are observed, such as 1.25 eV.
— The origin of this discrepancy is currently under investigation. (Maybe dead time?)
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Results 245Cm flSSIOh Cross sectlon~

The 245Cm flSSlon Cross sectlon Was determlned using the normallzatlon factor obtalned from

the 241 Am measurements.
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- A slight discrepancy is observed in the spectral shape in the thermal-neutron region.
- The current measurement precision is still Imited to draw a definitive conclusion.
- A significant improvement in the S/N ratio is expected with the full 35-detector array.
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Future Plan

To Improve S/N ratio, many detectors WI|| be placed N ANNRI

Frame for detectors

Final setup (total 35 detectors)—

Latest preliminary results of 24°Cm
with 20 detectors (June 2026)
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- To improve the fission cross section of MAs, fission cross section measurements
using prompt neutron detection were conducted at J-PARC MLF ANNRI.

- PSD analysis enabled clear separation of capture and fission components.
- To estimate the gamma-ray background caused by pile-up, MC simulation was performed.

 Preliminary results for the 241 Am and 245Cm fission cross sections were obtained
from the experiment performed with the 8-detector configuration in October 2025.

- The full 35-detector system will further improve the S/N ratio and allow more precise
Investigation of resonance structures.
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Counts(/shot/us)

Counts(/shot/us)

- Gamma-ray background correction
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MC simulation

PSD
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Cross section (barn)
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