Using proton information to
constrain T2K fit
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T2K Experiment

Super-Kamiokande
T2K is a long baseline experiment studying M. Noguchi-Goro

2,924 m

neutrino oscillations.

Mt. lkeno-Yama
1,360 m

! 1,700 m below sea level

Neutrino Beam

Beam production — J-PARC. | 295 km

Near Detector —

Far Detector — Super-Kamiokande. TPC

*  Momentum measurement.
* particle identification

(dE/dx measurement).
constrains cross-section and flux models

which allow to obtain more precise measurements of

s FGD
oscillation parameters.

* target mass
* recoil proton detection.

Barrel ECAL
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ND280 Fit

is important part of T2K oscillation

analysis.

ND280 fit uses various samples (from FGD1
and FGD2), based on pion multiplicity. v

Each sample has different physical properties
and allows to probe different neutrino

interactions. . RG] o ™ S
3 = z ™ 3 IR SR SR
= 4000 - =:(- S 700 =:§ E 400
g = g w =H g w
A i - ==
Muon kinematics (momentum and emission - 5 - &
angle) iS used for fitting MC to data. 00 200 400 600 800 1000 1200 1400 1600 1800 2000 ll): GI] 200 400 600  S00 1000 1200 1400 1600 1800 2000
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ND280 Fit - New Samples

is important part of T2K oscillation

analysis.

ND280 fit uses various samples (from FGD1
and FGD2), based on pion multiplicity. ‘

Each sample has different physical properties U plo
and allows to probe different neutrino
interactions.

. . .. UPI1-0p 0z 0
Muon kinematics (momentum and emission

0 proto 0 proto
angle) is used for fitting MC to data.
ECAL+SMRD ECAL+SMRD
Proton samples: CCOPi-Op and CCOPi-Np F?/JTPC F%ﬂuTPC
originate from split of CCOPi based on proton I —>p
multiplicity (TPC and FGD PID). ECAL+SMRD ECAL+SMRD
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Properties of Proton Samples
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Energy and momentum transfer (2p2h)

Nieves et. al. model [1] describing 2p2h interactions

has two peak structure.
CCOPi-Op - mostly lower q,/q; regi

CCOPi-Np - higher q,/q; region.

on.

We can probe different regions of 2p2h phase-space.
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Energy transfer:
qo = Ey — Eu

true q (GeV)

—
=]

Momentum transfer:
q3 = Pv — Pu 00

[1] Phys. Lett., B

707:72-75, 2012. e e
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Probing low Q2 region with Proton Samples (CCQE)

Since 2020 T2K uses Spectral Function (SF) to
describe state of initial nucleon in nucleus.

Spectral Function model overpredicts CCQE
interaction for lower values of Q2.

Proton samples have distinctive distributions
of Q? and can help to better probe lower and
higher regions of Q2.
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Summary

Proton samples: CCOPi-Op and CCOPi-Np

CCOPi-Op - lower muon momentum, mostly forward going muons. Better
purity for CCQE.

CCOPi-Np - higher muon momentum, more muons going at higher angle.

: . : CCOPi-0 i-
Better purity for non-CCQE contributions. P Sl
* (0 protons * >0 protons
ECAL+SMRD ECAL+SMRD
Proton samples can help probe two peaks of 2p2h Nieves et. al. model.
P PP P P FGD | 5TPC FGD<ﬂuTPC
e
Better constrain low Q2 region of CCQE. H —>pP
ECAL+SMRD ECAL+SMRD

T2K is also considering adding proton kinematics into ND280 fit in future.

T2
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Backup



Relativistic Fermi Gas

Spectral Funciton
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Reconstruction Threshold for Protons
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Effects of ND280 fit

Before ND280 fit After ND280 fit

Table 20: Uncertainty on the number of event in each SK sample broken by error source after
the BANFF fit. To obtain error rates comparable with the “Flux+Xsec (ND constrained)”

Table 21: Uncertainty on the number of event in each SK sample broken by error source before presented by MaCh3 [22], square sum the “Flux+Xsec (ND constr)”, “o(ve), a(7)”, “NC v”.
the BANFF fit.
1Ru 1Re
H 1Ry ‘ 1Re Error source FHC RHC || FHC RHC FHC CClnr" | FHC/RHC
Error source FHC RHC | FHC RHC FHC CClx* | FHC/RHC
Flux 51% 4.7% || 48% 4.7% 1.9% 2.7% ki i R e T i i
Cross-section (all) || 10.1% 10.1% || 11.9% 10.3% 12.0% 10.4% Xsec (ND constr) 31 30 32 3l 4.2 1.5
SK+SI+PN 2.9% 2.5% || 3.3% 4.4% 13.4% 1.4% Flux+Xsec (ND constr) || 2.1 2.3 20 Il l2s 4.1 1.7
Total | 111% 11.3% || 13.0% 121%  187% | 10.7% 2p2h Edep 04 04 || 02 0.2 0.0 0.2
BGHES low-p, 0 (1 41 itsy | (o f i 2 0.1 2.1
o(ve), o(ve) 00 | |00 2361 Il 111 s 2ug 3.0
NC ~ 00! 1 oLl | L f 1 2L 0.0 1.0
NC Other 0.2 0.2 0.2 0.4 0.8 0.2
SK e flmto gl il iis0 13.4 1.2
Total 301 da 1Al a8 14.3 L8
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Used samples for 2020 analysis.

vin FHE €ECOm CClm CENn | CEOm | GElm | CENI
VInRHE €EOmx C€Cln CENm CCOn CEIm CCNmi
VinRHE €CEOx €ECln | CENmw | CCOm [CEAm ('CENRn

FHC — Neutrino mode
RHC — Antineutrino mode




Oscillation Analysis - OA
ND280 Data (
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ND280 Constrains on
Flux and Xsec

Predictions
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Oscillation Parameters
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