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The T2K Experiment

T2K is a state-of-the-art long-baseline neutrino oscillation experiment.
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Off-Axis Near Detector Complex ND280 (Classic)

Refurbished UA1 magnet providing
0.2 T magnetic field surrounding

UA1 Magnet Yoke

o NDZ280 Tracking detector :
- Two Fine Grained Detectors (FGDs) —
FGD1 consists of layers of 10x10 mm plastic scintillator
bars instrumented with Multi-Pixel Photon Counters (MPPCs). S gasirean

- Three Time Projection Chambers (TPCs) filled mainly with
Ar gas provide particle ID based on dE/dx and momentum
measurement. Zellelzee)

O

o EM Calorimeters

o m detector (POD)

LSS
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The T2K Experiment — Latest Results

Super-Kamiokande
Mt.Noguchi-Goro Dake

Near Detector \\
\

Mt.lkenoyama

\
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Beam

T2K is a long-baseline neutrino oscillation experiment:

: — _ Measurements of neutrino cross
Measurement of the neutrino oscillation parameters: ; .
sections in the near detector:

Measurements of neutrino oscillation parameters from the :
: . New cross section measurements
T2K experiment using 3.6E21 protons on target

LSS Lepton-Phaton, 2025
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T2K Beam Power

accumulated POT for physics analysis (total)

accumulated POT for physics analysis (v-mode) TOt a I P OT 4 6 X 1 021

accumulated POT for physics analysis (V-mode)
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Peak Power: 829kW
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Neutrino Interactions at T2K

w— CC Inclusive NC Inclusive
—— CC Quasi-elastic CC 2p2h
——— (CC Resonant 17 —  (CC Multi-m + DIS

o A mix of interaction channels in the region of ~1GeV
o Nuclear targets, O and C, complicate the final state

o Fermi Motion

o Interacting target nucleons 2p-2h

Final State
Interactions

o Final State Interactions
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'ion Production

o Leads to a bias and smearing in neutrino energy reconstruction

The neutrino interaction model is the largest systematic uncertainty for neutrino oscillation measurements.

LSS
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T2K Neutrino Cross Sections Measurements

T2K has been at the forefront of both neutrino cross section measurements and
neutrino interactions modeling.
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Neutral Current =™ Production

T2K/HK v-mode

o Important background for muon disappearance
o Due to particle mis-ID
o Modifies the depth of the disappearance
maximum

o Signature in ND280 is a positive minimum ionizing track.

o v,CC events are the largest background for this channel 0. 0.5 1.0 1.5
Energy (GeV)

o Measurement phase space: 0.2 < p_+ < 1.0 GeV/c, and
cosd + > 0.5, p, < 0.2 GeV/c

30000

o Differential measurement in pion kinematics. 5

800
600
400
200

Submitted for publication to PRL and PRD Ly TV T
release (arXiv:2503.06843v3 and arXiv:2503.06849v3) Angle (cos 6)

LSS

Momentum (MeV/c)
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Submitted for publication to PRL and PRD
release (arXiv:2503.06843v3 and arXiv:2503.06849v3)

LSS
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o Sizable variations in FSI models.
o Data prefers higher cross section.
o When compared to models:

For NEUT 5.6.2: y? is 5.48/9 dof
For GENIE v3 AR23 20i: y* is 6.18/9 dof

Madison, WI, USA Martin Tzanov
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Charged-Current ™ Production in v.-Carbon Interactions

o Important as a signal channel for v, appearance.
o 2-rings
o sub-dominant signal channel ~10%
o Accounts for a ~3% systematic on 6.p

o Signatures in ND280:
- electron track along with a positive minimum ionizing track.
- electron track (TPC) and FGD Michel tag from t - u* - e*

o Measurement phase space: pr:< 1.5 GeV/c; 0.35<pe- <30 GeV/c, and

S
cos Ue-> 0.7 2
= T2K FHC 11.6 x 10*° POT
. . . . S 4 Data 115
o Differential measurements in electron kinematics and pion < Ty 6as
momentum. g 30 @ v.CCon  5.6%
i= B v.CC-other 5.1%
s 2 ! Oy 16.1%
7.0%
o v,CCy control sample E(pf}ther 4.1%

Submitted for publication https://doi.org/10.48550/arXiv.2505.00516
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Reconstructed p_(MeV/c)
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Charged-Current ™ Production in v.-Carbon Interactions

cos0, > 0.7, p < 1.5 GeV/c 0.35<p_<30GeVlc, p_<15 GeVl/c 0.35<p_<30 GeV/e, c0s0,>0.7
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o Data prefers lower total cross section and lower cross section at high

pion momentum. (Not covered by models) Total cross section

Generator o (1073 em? nucl™1)
o Systematics uncertainty is dominated by the interaction model NEUT 5.4.0 3.51

uncertainty. GENIE 3.4.2 3.25
NuWRro 21.9.2 2.84

Submitted for publication https://doi.org/10.48550/arXiv.2505.00516 Data 2.52 + 0.60

LSS
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New Measurements in the Pipeline

o Transverse kinematic imbalance (TKI) variables — T2K concept described in Phys.
Rev. C 94, 015503 (2016).

Image credit: LU Xianguo

dpr - probes Fermi motion at the event peak and 2p2h at the tail.
dap - probes the FSI

LSS
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TKI Cross Section Measurement v,CCOnNp

o Important handle on nuclear effects. FGEEMDZY

ECAL + SMRD ECAL + SMRD ECAL + SMRD : ECAL + SMRD ECAL + SMRD

o Signal is a muon track with any number of proton 5
TPC FGD TPC FGD, TPC H FGD TPC _ TPC
U _ Ty p | H jZ
H F e at
p E '0‘ P p

tracks
o Carbon and oxygen joint analysis st
TPC u + TPC p TPC i + FGD p FGD y + TPCp CCprotonME CCprotonlz™
+Np +Np
o An improved particle identification (PID) Signal Samples Control Samples

o Phase space:

0.225 <p, <10.0 GeV/c; cos 6,>-0.6
0.525 < p, < 1.1 GeV/c; cos6,>0.3

o 2D differential TKI cross section in
Opr:Sar and in py:cos 6,

LSS
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Limitations of the Classic ND280 Detector

UA1 Magnet Yoke

1cm x 1cm
Scintillation bars

Current ND280 detector

Detector response:

O

O
O
O

LSS

Limited timing information —

no direction information

No neutron info

High detection threshold

Poor electron/photon separation

Lepton-Photon, 2025

Geometrical acceptance:

o Mostly forward acceptance

o Tracks w/o TPCs (high-angle)

o Tracks w/o TPCs (low-momentum)

Kinematic regions with low efficiency

-+ TOTAL

+ Fwd
Bwd

+ HAFwd
HABwd

+ CS_FGD2
CS_ECAL

Efficiency

_ _'.__ e - [ o : I : :
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Drift volume

MicroMegas

Module Frame

NIM A 957, 163286 (2020)

ND280 Detector Upgrade

JINST 13, P02006 (2018)
JINST 15, P12003 (2020)

Lepton-Photon, 2025 Madison, WI, USA

ND280 Upgrade TDR:
arXiv:1901.03750

Installed and taking data since
June 2024
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JPS Conf. Proc. 27, 011005 (2019)
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ND280 Upgrade — Expected Performance

Improved kinematic range e

stopping in SuperFGD
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o Reduce neutrino energy bias
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Much More to Come from T2K
Exciting time for the T2K collaboration with the new ND280 upgrade data.

Event number : 382775 | Run number : 16847 | Spill : 32817 | Time : Fri 2024-06-07 19:58:53 JST |Trigger: Beam Spill
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First results from T2K's upgrade near detector are presented in a poster by Carrie Davis.

LSS
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Lepton-Photon, 2025 Madison, WI, USA

Martin Tzanov

19



T2K Collaboration

Martin Tzanov

Madison, WI, USA
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