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The Tokai-to-Kamioka ( T2/K\) experiment
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Neutrino interactions and the OA

‘ | but
The oscillation probability depends on Ey I ‘ The Ey resolution heavily depends on the interaction type I

E  is reconstructed from the outgoing tracks
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Motivation for ND280

We compare data vs MC in the ND280 to improve the modeling and constrain the systematic errors :tjal\'l(vbly )
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The MC modeling uncertainties are common
to many experiments

h

Essential for the OA

Constraint on the matter-antimatter symmetry-

. . . . T e All new cross-section studies also benefit other experiments
violating phase in neutrino oscillations

Nature 580, 339-344(2020) PRD 101, 112001 (2020) v, +7, CCOz
PRD 101, 112004 (2020) v, CCOzx Carbon + Oxygen
T2K measurements of muon neutrino and antineutrino disappearance K
using 3.13 X 10?! protons on target PRD 101, 012007 (2020) Yy CClx
PRD 103, 011101 (2021) ts""F‘fr:;’ad PRD 102, 012007 (2020) 5, CCOlz Water
. JHEP 10(2020)114 (2020) v, & b, CCinclusive
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The current ND280 detector
‘ Current limitations |

Current ND280 sketch
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+ Tracks w/o TPCs (low momentum).
+ Limited timing information.
+ No 3D.
+ No neutrons info.
g 400 CC1" __’BK;S
5 o — iy
Z

IIIIIIIIIII

e L

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

P, (MeV/c)

Sub-optimal purity in some samples

-+~ TOTAL

0.9E |« Fud CC-

0.8F | * Bwd

A
1
1
1
1
1
E | HAFwd | =
O7E | HABwd InC|US!
:
1
1
1

Efficiency

06F |« CS_FGD2
0.5F | - CS_ECAL

, . g l‘ 1 1 | | -
-1 08 -06 -04 02 0 02!04 06 08 1
 eeeecccmccsmcmmmm————= . cos 0,

Efficiency is mainly forward

C. Jesus-Valls | Future neutrino physics using the upgraded ND280 detector of the T2K\ experiment



The upgraded ND280 detector

The POD is now
limited by systematics

+ 2018 — TDR
arXiv:1901.03750

+ 2021/22 final modules
+ 2022 installation

v2.0 = ‘ I
ND280 o - Tty S — Milestones

SuperFGD

new TPC

6 ToF panels

1 SuperFGD

1cms

Drift volume Scintillator cube

MicroMegas

8 ERAM

WLS fibers

\. Module Frame
New read-out concept

Novel detector concept 150 ps time resolution
NIM A 957 163286 (2020) JINST 13, P02006 (2018) JPS Conf. Proc. 27, 011005 (2019)
JINST 15 P12003 (2020)
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A new tracker concept (SuperFGD)

To improve the granularity the new active target will be a novel 3D tracking

FGD concept
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Improvements in tracking for low momentum tracks

SuperFGD 3D Uy MC event

arXiv: 2009.00688

1al

Allows 3D hadronic tracking

transverse variables

> 3D Projection

Physics benefits

>
o
c
Q0
Q
=
jo L
\
183
1D
7.
@ rack

SuperFGD is isotropically finely segmented!

0.6

0.5

0.4

Current ND280 (FGD1)

T ! ! ! ! T

— protons momentumin ...
- ND280 (NEUT) -

g """""" ________ 30% eff

—E— g :

|
illllillllilllllllll

111 I_;-t[-l 11

1000

" o1 ] PR (R B
400 600 800 1200 1400

Better proton capabilities are a fantastic tool for studying

pg“e (MeV)
arXiv 2102.03346

Current ND280

Upgraded ND280 (SuperFGD)

>

(&) - -
s 1 90% eff —
S - i
= Iy .
0.8/ M= = ——=
06:_ | : """""""""" innm ot ;_ ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ "—:
- [+ ~300MeV/c . i
04~ | —— SFGD (All) B
- s SFGD (noYZ) i
0.2} and SFGD (noXZ) —
- — — SFGD (n0XY) 1
0~..E.l.|...|..,|..\|...|...|.\.|.‘.|...H

0 200 400 600 800 1000 1200 1400 1600 1800 2000

True Proton Momentum (MeV/c)

5 February 2021

First T2K measurement of transverse kinematic imbalance in the muon-neutrino

CClnt1n~ enriched
174 events

Signal sample
366 events

charged-current single-1T" production channel containing at least one proton

CC-other-0m° enriched
114 events
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CClatXn® enriched
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Improvements in tracking

___Current FGDs PID is much worse than TPCs

Physics benefits

Charge particles beamtest @CERN (2018)

The SuperFGD Prototype charged particle beam tests

JINST 15 P12003
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Physics benefits

Neutron capabilities

antineutrino CCQE:
U,+p—utin v

No neutron tagging
capabilities in current ND280
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The detection principle is under study with
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neutron energy reconstruction by ToF
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Physics benefits

Improvements in timing
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Michel Electron detection

—
e Due to better electronics

Crucial to separate low momentum p/m

OOFYV rejection

e Current ToF information resolution ~few ns.

e Upgrade ToF information < ns.

Only ~20% OOFV comes from neutrals
(~mainly neutrons)

)

OOFV rejection decrease by up to 80%

Specially important for backward going tracks

+ Better timing information translates
into better purity!

High impact if CC1rt SK samples are added to OA.
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Improvement in the efficiency for high momentum tracks [Baecl — TR

Physics benefits

Muons in TPC or
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good for cross-section studies
especially for multitrack events

e CCOmt + 1 or 2 protons
e CC1mt+ 0 or 1 proton
e CC2m

We can probe many largely unknown channels in
detail with tracks with low and high momentum
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Physics benefits

Example of a CC1m interaction in the upgraded ND280
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Physics benefits

Improvement in statistics

JPARC upgrades to increase beam power

1400 ' @ RF system upgrade

e p—————
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+ 2010-20: ~3-1021 POT
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ND280 upgrade
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0 m m + ~8x more data than so far in ND280.
20 f X2.6 more power + good for OA but alsq a lot o_f data with upgraded
2016 2018 2000 2022 2024 202 2028 2030 modules to StUdy v Interactions
N. Saito, Director of J-PARC ger1Y‘ter, at 27t J-PARC PAC
Improvement in systematics
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_, + Key to rule out CP conservation 3o and beyond!
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Conclusions

* Upgrade in 2022!

* Very exciting neutrino physics possibilities in T2K ahead of us.

e ND280 upgrade will benefit our understanding on neutrino oscillations and neutrino-
nucleus scattering.
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