Study of neutral hadron production in 31 GeV/c proton interactions with a T2K replica target

I in the NA61/SHINE experiment to improve the T2R neutrino flux prediction (#: 89)
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Motivation

Sakiko Nishimori (The University of Tokyo) for the NA61/SHINE Collaboration

* Toimprove the precision of the oscillation analysis of T2K, the background neutrino (v,, v,) flux uncertainty from hadron (KLO) production and the v, flux uncertainty need to be reduced.
* Forthe first time NA61/SHINE is measuring neutral hadron production from the T2K replica target: KSO and /1 measurements are being performed to reduce the T2K neutrino flux uncertainties.

1. T2K: Long-baseline neutrino experiment

Search for CP violation in the lepton sector by precision
measurement of neutrino oscillations with accelerator neutrinos.
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Key points to improve the precision

» Increase the beam power.
» Reduce neutrino flux uncertainty.
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Neutrino flux prediction

* Using MC simulations constrained by measured hadron production
Inside the target.

« NA61/SHINE measures the hadron production (7%, K*, p, K¢, A) from
the target (length: 2 cm thin target, 90 cm replica target).
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The intrinsic neutrino (such as v,,) flux uncertainties should be reduced.

Summary

2. NA61/SHINE experlment

31Tm ~13 m
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* Time Projection Chambers (TPCs) for tracking and dE/dx
 2dipole magnets with 1.5 T maximum field (9 T m) at VTPCs MTPC-R

FTPC-2/3

T2K replica target
Data taking with a T2K replica target (2022) I——— ]
* Collected ~¥180 M events. (Data taking in J g

2010: ~ 10 M events.)
* First measurement for K9 and A.

Studied decay channels

3. Event selection

Invariant mass Daughter particles of KJ or A

K?: 0.40 — 0.65 GeV/c?
A: 1.09 —1.215 GeV/c?

Kg—>n++7£‘

AN->p+n

Angle

Kg: —0.9 < cos(f;) < 0.7,
—0.7 <cos(0_) < 0.9

A: —0.7 <cos(0,) < 0.9,
—0.9 <cos(0_.) < 0.7

Lifetime +

Cluster
>12 clusters in TPCs

Armenteros-Podlanski Plot (KSO)

Target surface vertex position TPC
Before selection
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: . p;i,p; -- longitudinal momenta calculated
Remove palr prOdUCtIOI‘I along V, flight direction in lab. frame

K2: pr > 0.05 GeV/c, B .

+ - : -
pr,Pr -- transverse momenta with respect - NAG61/SHINE performance Data
A: pr> 0.03 GeV/c

to V, direction — . . 0
a=(pf —pr)/(i +pi)
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How to estimate K, in NA61?

) 90 cm
« Differential production cross sections of T2K Target g
Protong ™ :
Kg’ In total momentum and polar angle ( il O”% V
bins are measured in NA61. oL u
. 0 . . input to T2K +
K;  production in the T2K beam NAG1 Larget P

simulation is estimated with the result " '\‘Q
from NAG1. o —

4. Expected differential yields of K¢ and A
correction factors
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Fitting in each kinematic bin
K9 invariant mass (0.08<6<0.12 rad, 5.0<p<6.5 GeV/c) Ainvariant mass (0.16<6<0.20 rad, 4.0<p<6.0 GeV/c)

Caluculate

K3 MC true / rec yield
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5. Prospects

* The results based on experimental data will be published after the
systematic uncertainty evaluation is finalized.

* The target longitudinal (z)-binning is planned for more precise
measurements in the future analyses.

* Forimproving the flux prediction of the background neutrinos, replica target measurements of the neutral hadrons (KSQ and A) should be done with high statistics data (T2K 2022 run), which will allow to improve
the precision of the lepton CP-violation search in long-baseline neutrino oscillation experiments.

. KSQ and A measurements with the T2K 2022 run data are in progress, and the first results will be published soon.



