
•We performed a comparison between the E525 
data and Geant4-based simulation with the 
different hadron inelastic interaction models. 
- χ2 test shows INCL++ has the “better” 
agreement in both 30 and 250 MeV.
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A comparison of n-16O inelastic scattering 
between the experiment and simulations towards 
understanding neutrino reaction
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n-O scattering in DSNB Search

where gvtx and gdir are the vertex and direction fit
quality parameters, respectively [56]. Cuts on these
parameters are optimized for five regions between
3.49 and 5.99 MeV with each 0.5 MeV bin width.

The optimization is performed separately for each
T2K run period because the detector condition and
the beam power differ from run to run. A figure-of-
merit (FOM) designed to maximize sensitivity to the
NCQE signal is defined as:

FOM ¼
Nsigffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

Nsig þ Nbkg
p ; ð3Þ

where Nsig is the number of signal events predicted
by the MC (ν-NCQE for FHC and ν̄-NCQE for
RHC) and Nbkg is the total number of background
events. The latter is composed of two components,
NMC

bkg and Nbeam-unrelated
bkg , which represent nonsignal

neutrino events such as NC-other and CC inter-
actions, and beam-unrelated events from the off-
timing data sample, respectively. Cuts on the three
parameters above are chosen to maximize the FOM
in each energy region. As an illustration the opti-
mized values of dwall, effwall, and ovaQ for one of
the FHC mode runs (T2K Run 8) are shown in
Fig. 3. A linear function is fit to each distribution to
obtain the final cut criteria and is denoted by the red
line in the figure. For the dwall and effwall distri-
butions, if the optimized value is 200 cm (the FV cut
criterion) in two successive energy bins, the second
and later bins are removed and the fit is repeated. In
the end, each of these three parameters is required to
be larger than the obtained line. That is, events with
values in the upper right portion of the plots in the
figure are kept. Note that at higher energies the
optimum dwall and effwall values fall below 200 cm,
but such events are already removed by the initial FV
cut. Figure 4 shows the ovaQ distributions after the
cuts described in (1), the FV cut, the optimized dwall
cut, and the optmized effwall cut. There is clear
separation between signal and background. Further
descriptions of the variables used in this selection are
given in Refs. [20,56].

 [MeV]recE
5 10 15 20 25

E
ve

nt
s/

M
eV

2−10

1−10

1

10

210

310

410
T2K Run 1-9 FHC

Beam-unrelated (before FV cut)

Beam-unrelated (after all cuts)

MC (before FV cut)

MC (after all cuts)

 [MeV]recE
5 10 15 20 25

E
ve

nt
s/

M
eV

2−10

1−10

1

10

210

310

410

T2K Run 1-9 RHC

Beam-unrelated (before FV cut)

Beam-unrelated (after all cuts)

MC (before FV cut)

MC (after all cuts)

FIG. 6. Reconstructed energy distributions of MC and beam-
unrelated events before the FV cut and after all cuts for FHC (top)
and RHC (bottom).
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• Atm.ν-NCQE: 30 - 60% uncertainty 
due to secondary interaction in water.

Secondary interaction in water

•Atmospheric neutrino induced neutral 
current quasi-elastic (NCQE) reaction mimics 
DSNB signal topology in SK-Gd. 
•limits the sensitivity in the major search 
region due to the reaction uncertainty. 

•NCQE XS measurement using the T2K beam. 
- Observed discrepancy b/w data and MC 
in the large Cherenkov angle region. 

-> indicated bad prediction using 
inappropriate neutron-nucleus interaction 
model [2].
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Results -Cascade Models-
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Model χ2/ndf @30 MeV χ2/ndf @250 MeV
INCL++ 1933.4 / 750 122.4 / 120
BIC 2405.5 / 750 133.0 / 120
BERT 4632.9 / 750 238.6 / 120

E525 Data 
INCL + HP 
BIC   + HP 
BERT + HP

30 MeV 250 MeV

• Added a nuisance par. for syst.  
• Both dataset prefer INCL++ model. 
• 30 MeV data show more significance.

Tot. Syst. = 10.1% Tot. Syst. = 18.0%

χ2 = ∑ ( Ndata − f × Nmc

σstat. )
2

+ ( 1 − f
σsyst. )

2

Preliminary Preliminary

Experimental Dataset

Signal: inverse beta decay

Background: Atm.ν-NCQE
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Preliminary Preliminary

• E525 experiment: gamma-ray measurement via n+O scattering 
- mono-energy neutron beam (30, 250 MeV) 
- Observed gamma-ray using Ge detector. -> Spectroscopy

Summary
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Intranuclear cascade De-excitation

•MC simulation to compare with the result from E525. 
• Made Geant4-based E525 MC simulation using 
4.10.5.1 (same as G4-based SK detector simulation) 
• We used the following models available in Geant4: 
• Liege Intranuclear Cascade (INCL++) 
• Binary Cascade (BIC) 
• Bertini Cascade (BERT)

•INCL++ 
•BIC 
•Bertini

•G4PreCompound 
•ABLA 
•NucDeEx v1.3 [3] 
•G4cascade unique

• INCL++ compatible w/ some de-excitation models 
-> find out the best cascade-deexcitation pair.

E525 Data 
INCL - G4PreCo 
INCL - ABLA 
INCL - NucDeEx v1.3

Preliminary

INCL - G4PreCo 
INCL - ABLA 
INCL - NucDeEx v1.3

Preliminary

-De-excitation Models-
• Compared each cascade model w/ the E525 data, and computed 
chi-squared for a quantitative evaluation.

• Compared de-excitation models w/ the E525 data (cascade model: INCL++).
True Generated Gamma E @30 MeV

Ebeam = 30 MeV

Observed Energy in Ge detector

• Compared de-excitation models w/ the E525 data (cascade model: INCL++). 
• ABLA predicts a larger contribution in E > 8 MeV than INCL default, which shows 
inconsistency with an agreement in data and G4PreCo, NucDeEx. 
• NucDeEx gives a better agreement in E < 4.5 MeV, while a larger contribution at 
some states, e.g., 6.32 MeV (p_3/2 hole state).

[1] Harada et al., ApJ Let. 951:L27 
[2] Phys. Rev. D 100, 112009 (2019) 
[3] Phys. Rev. D 109, 036009 (2024)
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2D Profile X ProfileScint. Fiber Result

 Collimator, Trig. Counter• KEK ARTBL (Mar. 2 - 5, 2023) 
- electron ~ 3 GeV/c 
 => MIP charge observation, 
beam profile measurement

• The beam profile was investigated 
by several groups  
• V: ~20 mm, H: ~60 mm 

=> reproducing this w/ our setup

Experimental Setup

HSSD only configuration

VSSD only configuration

Double SSD configuration

• Observed ~20 and 60 mm width profiles along each axis in the single SSD config. 
• 2D profiles at some distance points were observed. 
• Reproduced the profile measured by Kyushu & Kobe U. (e.g., beam center shift). 
=> Succeeded to observe the MIP charge events and the beam profile!

• Prototype detector based on  
Hamamatsu S13804 (silicon strip 
sensor) + SRS system (readout). 
- 10 × 10 cm, 320 μm thick 
- 512 strips w/ 0.19 mm pitch 
- 4 APVs (65 fC/mV, 128 ch) 
• ~140 ADC@MIP (3.8 fC) expected [2]

APV0 
APV1 
APV2 
APV3

• Developed the beam profiling detector based on 
Hamamatsu SSD + APVs. 
• Performed MIP charge and beam profile measurement 
in the beam test at KEK ARTBL. 
• Accelerating TOF detector development as well.

[1] Eur. Phys. J. C79, no.2 100 (2019) 
[2] JINST 15 P04027 (2020) 
[3] Phys. Rev. Accel. Beams 22, 061003
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