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Atm. ν-NCQE Reaction
2

ν̄e p
n

e+

Gd

γ ( ∼ 8 MeV)

ν O n

γ

Gd

γ ( ∼ 8 MeV)

ν̄e p
n

e+

Gd

γ ( ∼ 8 MeV)

ν O n

γ

Gd

γ ( ∼ 8 MeV)

IBD (DSNB)

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].
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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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FIG. 7. Distributions of Erec (left), θC (middle), and vertex (right) from the FHC sample. In the right panel, the red arrow indicates the
beam direction and the gray and sky blue regions correspond to the ID and FV, respectively.
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• Atm.ν-NCQE reaction mimics IBD 
reaction in a search for the signal of 
DSNB. 
- 30 - 60% uncertainty assigned due to 
neutron secondary interaction in water.

Secondary interaction in water

•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 n-O interaction model 

=> n-O reaction measurement!

Signal: BG: 



Experiment vs Simulation
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Preliminary

• MC simulation to compare with the result from E525. 
• We used the following models available in Geant4: 
• Liege Intranuclear Cascade (INCL++) 
• Binary Cascade (BIC) 
• Bertini Cascade (BERT)

Experiment: E525@RCNP Simulation Geant4.10.5.1

=> better prediction!

<- Current choice in the SK simulation.
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