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The T2K experiment and motivation
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T2 K Measures neutrinascillations
g fu disappearanc&ndu fu appearancethe oscillation
parameters| [ hand

T2K s sensitive to the mass hierarchy ¥ ) through
matter effect.
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Super-Kamiokande

Mt. Noguchi-Goro
2,924 m

Mt. Ikeno-Yama
1,360 m
1,700 m below sea level

Neutrino Beam

295 km

Measure unroscillated spectrum

Are used to constrain the flux and cross section parameters reducing the systematics
errors in the T2K oscillation analyses.
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Super-Kamiokande

Mt. Noguchi-Goro
2,924 m

Mt. Ikeno-Yama
1,360 m

1,700 m below sea level

Neutrino Beam

: 295 km

Off-axis (2.5 degrees) ND280 PGDs

A A Detector (P D): neutral pion detector, optimized for NC interactions. :
Neutrino

. .. : e Barrel ECal T
A Time Projection Chambers (TPCs): energy, angle and identification et POD ECal

A Fine grained detector (FGDs): active target

A FGD1: Hydrocarbon and FGD2: Hydrocarbon + Water

A Electromagnetic Calorimeters (ECals): separate tracks from showers and as veto.

TPCs YA
A Side Muon Range Detector (SMRD): energy of muons based on the range and as veto.

A Magnet: charge of the particles and momentum.
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Why we look at ND280

Differentflux, target and solid anglecceptance.

solid angle acceptance?
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Why measure the  A’A  cross -section?

Number of events/(125 MeV)

Neutrino oscillation parameters require a precise knowledge of the interaction cross s 1-Ring 1
and the systematic errors are currently dominated by cross section and flux uncertaint Error source FHC RHC
A Cross sections are used to: SK Detector 24 20
_ _ _ SK FSI+SI+PN 2.2 2.0
- understand how neutrinos interact with matter. Flux + Xsec (ND unconstrained) 14.3  11.8
[Flux + Xsec (ND constrained) 3.3 2.9
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- reduce uncertainties on the event rate at Suggaamiokande NC Other 03 03
sin” 623 + Am3, 0.0 0.0
sin” ;3 PDG2018 0.0 0.0
_||||||||||||||||||||||||||||_ , . . All = 1 4
50 - ~4— Data 1 A’ # #n events constitute the main Systematics 2 2
[ 2] vy ESSEH'QE - background for thé disappearance
- vu _—
40 - o v, CC non-QE . measurement.
- [V, CCQE i T
JF ] v.: and V. CC 1 A# #n events Rrings) is a new signal atz $ I
- [ ] Neutral Current SK. C:EJ 08— T2K flux
B i — CC Total
ol A Pion production is dominated by resona@ o T OecE
- interactions in the 2K energy range. w T Cttio
B o T — CCDIS
o L Single pion production issues 041
i A Missing models of nuclear effects. ool
%0 so0 1000 1500 2000 2500 3000 A NoO consistent way to model RES/DIS :

QE
ERec

(MeV) transition. ’

& UNIVERSITY OF

7 D. Vargas | NulNT 2022 | CC1 + at ND280 with 4° solid angle acg:;erggoqw@mct



Neutrino -nucleus interactions

Charge Exchange ° Interaction Interaction
™  Elastic Modes Topologies
” Scattering
(nucleon level) (nucleus level)
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Pion Production

As consequence, the kinematics and/or

%

g

%

interaction topologycan be altered. v CCDIS | v CCOther; g

a

~ 0 — =) E

# # 10% | O ¢ b }A P %

O hadrons adrons 5’

2 %3 P t P A Nuclear Effects e i
b | © i | A and Final State

Interactions
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Selection
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general event quality
multiplicity

ND280
Events

time of flight
fiducial volume

Preliminary

H ~93%

Selection steps

direction of the main track
apply PID for muons
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