
Measurement of neutron-oxygen interaction cross section using neutron beam

1. Introduction

2. E525 experiment

3. Analysis
Diffuse Supernova Neutrino Background (DSNB)

•NCQE cross section is measured at SK using T2K 
neutrino beam. 

•Cherenkov angle distribution has differences between 
the data at high angles and MC expected 
‣Cherenkov angle of multiple gamma-rays cannot be 
reconstructed well and it will be high angles. 
‣Caused by gamma-rays from neutron-16O reactions 

•Uncertainty from nuclear interaction accounts for about 
36% of total error.

Oct. 18th and Dec. 16th, 2018. at Research Center for NuclearPhysics, Osaka Univ.

Super-Kamiokande (SK) 
•Searching Inverse Beta Decay events 
( ) by DSNB 

•Most stringent upper limit for DSNB [1] 
•Using Gd loaded water (SK-Gd) 
‣Neutron signal is enhanced. 
‣Coincidence with e+ and n 

• Hyper-K, whose fiducial volume is 
ten times larger than SK, will start 
taking data in 2027.
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Neutral Current Quasielastic Scattering (NCQE) 
•One of the main background for DSNB search in SK-Gd at 
low energy region [1]

IBD (DSNB)

NCQE (atmospheric ν )

Motivation 
Understand gamma-rays emitted from 
neutron-16O interaction 

• Not only neutron, but also gamma-rays entered  LqS. 
• Pulse Shape Discrimination (PSD) method

Neutron flux
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4. Summary and Outlook
• Understanding neutron-16O interaction leads to reduce the NCQE uncertainty in DSNB search 
• E525 experiment was conducted at RCNP and we analyzed 250 MeV data 

‣ Neutron flux was estimated. Its peak region is 220-250 MeV, and flux = 5.46 × 109 /sr/µC 
‣ Gamma-ray spectrum was extracted. Some typical peaks from 16O were seen, and first fit trial was conducted. 

• Cross section for each gamma-ray will be calculated from neutron flux and fit result.Detectors 
   Liquid Scintillator : neutron 
   High Purity Ge     : gamma-rays

Setup (RCNP N0 course) Spectrum of 30 MeV experiment

• 30 MeV experiment have already analyzed.[2] 
• 6.13 MeV from 16O(3-) is the strongest peak. 
• Cross sections for each reaction were calculated. 
• In this study, 250 MeV proton beam data is 

analyzed.

16O(3-)：6.13 MeV & S.E & D.E

Black line : data 
Red line : best fit

Gamma-rays by nuclear reaction 
•After NCQE, Neutrons interacts with 16O and gamma-
rays are emitted. 

•Data base of gamma-rays emitted by neutron-16O 
reaction is not enough.
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Energy [MeV] Interaction

4.44
16O(n, n’)16O* 
16O(n, nα)12C*

5.27
16O(n, n’)16O* 
16O(n, np)15N 
16O(n, d)15N

6.13 16O(n, n’)16O*

6.32 16O(n, n’p)15N

6.92 16O(n, n’)16O*

•Neutrinos from all of the supernova 
in the past 
‣Universe expansion history 
‣Nucleosynthesis
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Measurement of NCQE cross section
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Linearity is confirmed to  
8 MeV within 1%

Timing cut
• Neutron flux peak region is 220 - 250 MeV 
‣ Picking up interaction of 16O-neutron with the energy 

of this region. 
• We conducted timing cut based on ToF distribution
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Flux = 5.46 × 109/sr/μC

Particle discrimination

Estimating neutron flux, we conducted particle 
discrimination, energy reconstruction and detection 
efficiency correction.

Energy reconstruction

• Using ToF difference btw 
neutron and flash 
gamma, neutron energy 
can be reconstructed 

• Detection efficiency is 
calculated by simulation

Peak region 
220 - 250 MeV

• First fit trial in the same method of 30 MeV case 
‣ χ2/ndf = 1.2


