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Scope of Research

We are studying particle beam science which includes particle beam generation, acceleration and manipulation for fun-
damental sciences as well as for practical applications, such as new materials and cancer therapy. We also concentrate on 
electromagnetics design such as Neutron Optics, including neutron beam focusing to highly enhance their efficiency for 
advanced measurements. We are the first in the world to demonstrate active neutron acceleration in order to seek the neu-
tron Electric Dipole Moment. In addition, we contribute to advanced 
fault detection techniques for the International Linear Collider proj-
ect superconducting accelerating cavities.
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Topics

Measurement of Thermal Cross Section of
14N(n,p)14C Using Cold Neutron Beam at J-PARC

The cross section of the 14N(n,p)14C reaction is one of the 
key parameters in the slow-neutron capture process of stel-
lar nucleosynthesis occurring in the helium burning shells 
whose typical temperature is ~25 keV. In late 1980s, the 
14N(n,p)14C reaction cross section at around 30 keV have 
been measured by two groups, and their results deviated 
from each other by a factor of more than two. One of them 
has been supported by later measurements, but the extrap-
olated cross section of their results assuming the 1/v law 
differs from the recent evaluated cross section with the 
deviation of more than 1.6 σ. 

To improve the reliability of the evaluated cross sec-
tion data, we measured the thermal cross section of the 
14N(n,p)14C reaction using a pulsed cold neutron beam at 
J-PARC (Japan Proton Accelerator Research Complex). 
Our experiment has a feature that the 14N(n,p)14C and 
3He(n,p)3H reactions are measured simultaneously by Time 
Projection Chamber (TPC), where the cross section of the 
latter reaction has been measured within the error of 0.13% 
as 5333(7) barn. The TPC, which was originally developed 
for a neutron lifetime measurement by the NOP (Neutron 
Optics and Physics) collaborators at J-PARC (Figure 1), 
consisted of a drift cage with a multi-wire proportion-
al chamber (MWPC) inside the seal-off vacuum vessel 
(Figure 2). An operational gas was the mixture of 80 kPa 
4He, 20 kPa N2, and a few Pa 3He, where the partial pres-
sures were measured by the gas injection system. 

 Pulsed cold neutron beams in the energy range of 1~20 
meV are produced by the nuclear spallation reaction of 
Hg target using a 3 GeV pulsed proton beam at MLF (the 
Materials and Life Science Facility). Since the length of 
a neutron bunch is 40 cm which is shorter than the length 
of the TPC sensitive volume, background events caused 
by neutron capture reactions in materials of inner walls or 

frames of the TPC could be reduced by selecting only the 
events whose particle tracks were fully contained in the 
sensitive volume. Since the Q-values of the 14N(n,p)14C and 
3He(n,p)3H reactions are 626 keV and 764 keV, respective-
ly, they were able to be separately detected by the deposit 
energy difference of the reactions (Figure 3). Thus we could 
deduce the thermal cross section of 14N(n,p)14C relative to 
the thermal cross section of 3He(n,p)3H by using the known 
ratios of the target densities of 14N and 3He and the detec-
tion efficiencies for (n,p) reactions on those nuclei. 

To check the quality of the separation between the 
14N(n,p)14C and 3He(n,p)3H reactions in the energy spec-
trum, we made measurements using the operational gases 
with three different partial pressures of 3He, and obtained 
a preliminary result on the thermal cross section of the 
14N(n,p)14C reaction as 1.864(3) barn with the world best 
accuracy of 0.3%. 

The method of our experiment is in principle applica-
ble to the measurements of other (n,p) and (n,α) reaction 
cross sections, for example, 10B(n,p)10Be, which is also one 
of the important reactions in astrophysics. We are consid-
ering a measurement of the thermal cross section of the 
10B(n,p)10Be reaction in a near future.

Figure 1. Experimental set up at J-PARC/MLF Beam Line 05.

Figure 2. Schematic drawing of the Time Projection Chamber (TPC). 
Electrons ionized by a charged particle in the operational gas drift to the 
multi-wire proportional counter (MWPC). Deposit energy in the TPC is 
determined by measuring an amount of the electrons detected by MWPC.

Figure 3. Deposit energy distribution in the measurement with the 3He 
partial pressure of 9 Pa. The peaks corresponding to the 14N(n,p)14C and 
3He(n,p)3H reactions are found in the energy regions of 520~700 keV and 
700~880 keV, respectively, and are well separated with the threshold level 
of 700 keV (blue line).


