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Neutrino Cross-Section 
Results From T2K
Daniel Cherdack, University of Houston
    on behalf of the T2K Collaboration
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THE T2K Collaboration

~ 500 Members, 74 Institutions, 15 countries
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Near Detector Complex
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● ND280 Upgrade Complete
● Cross Section Program
● Flux and Cross Section Constraints for Oscillation Analyses 

Magnetized 

Magnetized 
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Near Detector: ND280 Design
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Near Detector: ND280 Upgrade
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Near Detector: ND280 Upgrade

ND280 Upgrade Talks
● 1062. A Novel Highly-Segmented Neutrino Detector SuperFGD for the T2K Experiment

 Thomas Jan Kutter (Louisiana State University (US))
 18/07/2024, 09:55, Detectors for Future Facilities, R&D, Novel Techniques

● 182. Characterization of Charge Spreading and Gain of Encapsulated Resistive 
Micromegas Detectors for the Upgrade of the T2K Near Detector Time Projection 
Chambers
 Samira Hassani (Université Paris-Saclay (FR))
 19/07/2024, 11:36, Detectors for Future Facilities, R&D, Novel Techniques

● 950. The ND280 Upgrade of the T2K Experiment
 Shivam Ashish Joshi (Université Paris-Saclay (FR))
 19/07/2024, 17:45, Neutrino Physics

● 1378. The DAQ System Development for the T2K New Near Detector Super-FGD
 Shunta Arimoto (Kyoto University)
 19/07/2024, 19:00, Poster
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Flux Tuning & Uncertainty

Impact of flux tuning

Based on replica target 
hadron production data
from NA61/SHINE

Oscillation region

n mode

n̅ mode

New NA61/SHINE Replica Target Data
– Improved (2020 → 2022) flux 

uncertainties
–     π± data improvements
–     Cooling water
–     K± data improvements
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X-Section Models & Uncertainties
75 Cross Section Parameters

● Mostly related to QE
● Separate C & O parameters
● Fermi motion
● Binding/removal energy
● 2D Spectral Function 

(12 parameters)
● Pauli Blocking
● FSI: lepton kinematics
● 2p2h: nn vs np pairs
● NC/CC π production ratios

CC-QE

CC-Res

CC-DIS

New work emphasizes Ereco impacts

Plausible ranges  
from e-scattering 

The NEUT MC Generator
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Cross Section Difficulties
Nucleon -Level Physics Interaction Channels

Nuclear Effects

Topologically Defined Observed States
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CCνμ 0π: CH vs H20 in μ Kinematics

Phys.Rev.D 101 (2020) 11, 112004
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Transverse Kinematic Imbalance

Phys.Rev.D 98 (2018) 3, 032003

A new analysis 
with (almost) 
double POT and 
updated models, 
reconstruction, 
and systematics 
is underway.

CC νμ 0π

SF improves agreement Double FSI strength to 
improve agreement
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Transverse Kinematic Imbalance

Phys.Rev.D 103 (2021) 11, 112009

CC νμ 1π+
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Multi-Detector Analyses

● Andrew and John

ND280 results w/ INGRID and higher CCνμ stats (black)
vs. w/ CCνμ data included (orange)

Model comparisons

Phys.Rev.D 108 (2023) 11, 112009

ND280 & INGRID

highest cosθμ bins shown

Phys. Rev. D 101, 112001 (2020)
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Multi-Detector Analyses

● Andrew and John Different fluxes 
and acceptances

ND280, INGRID,
& WAGASCI

PTEP 2021 (2021) 4, 043C01
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CC νe Inclusive and 1π+

JHEP 10 (2020) 114

CC νe/νe Cross Section

CC νe 1π+ Cross Section

CC νe 1π+ Excess in SK

Reconstruct and 
Select Low E π+s

 Phys. Rev. D 103, 112008 

T2K Preliminary
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Coherent Pion production



Daniel Cherdack   |   T2K   |   ICHEP 2024   |    Prague   |   July 17 – 24, 2024 17

Most Recent Result: NC 1π+

Bertini
Cascade

0.20 < pμ < 1.0 GeV

cosθμ  > 0.5 GeV

T2K Preliminary

T2K Preliminary
T2K PreliminaryT2K Preliminary

T2K Preliminary
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Coming Soon: CC νμ 1K+ 

Phase Space Restrictions
● pμ > 0.25 GeV
● cosθμ > 0.6 (θμ < 53°)
● 0.4 < pK < 0.95 GeV
● cosθK > 0.65 (θK < 49°)

Flat efficiencies in μ kin.

T2K PreliminaryT2K Preliminary
T2K Preliminary

T2K Preliminary

T2K Preliminary

NEUT vs. GENIE
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Conclusions
● The primary physics mission is the measurement of νe-appearance and νμ-disappearance  in the 

Super-Kamiokande detector to constrain the parameters of the PMNS matrix.
● A robust program of systematic uncertainty estimation and constraint is performed using a Near 

Detector complex.
● The Near Detector complex also has a rich physics program of ν cross section physics.
● This program supports model and systematic development in T2K and other experiments.
● A set of T2K cross section physics measurements was presented:

– Measurements of μ kinematics on CH and H20 for CC νμ 0π interactions.
– Explorations of the hadronic system using Transverse Kinematic Imbalance (CC νμ 0π and 1π+)
– The use of multiple detector exposed to different fluxes to elucidate energy dependence.
– The CC νe inclusive and 1π+ cross sections.
– The CC νμ/νμ coherent 1π+ cross section.
– The NC 1π+ cross section.
– The CC νμ 1K+ cross section.

● We continue to make progress on understanding the nuclear effects and their impacts energy reconstruction.
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Thank you for your attention.
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Backup Slides
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The T2K Experiment

Super‐Kamiokande J‐PARCNear Detectors

Neutrino Beam

295 km

Mt. Noguchi‐Goro
2,924 m

Mt. Ikeno‐Yama
1,360 m

1,700 m below sea level
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The T2K Experiment

Super‐Kamiokande J‐PARCNear Detectors

Neutrino Beam

295 km

Mt. Noguchi‐Goro
2,924 m

Mt. Ikeno‐Yama
1,360 m

1,700 m below sea level

T2K Oscillation Analysis and Super-Kamiokande, Talks and Poster
● 948. T2K Neutrino Oscillation Analysis

 Denis CARABADJAC
 18/07/2024, 11:00, Neutrino Physics

● 688. Neutrino Oscillation Analysis with Combined Data from Super-Kamiokande and T2K
 Jianrun HU (Kyoto University)
 18/07/2024, 11:15, Neutrino Physics 

● 953. T2K+NOvA Joint Measurement of Neutrino Oscillation Parameters
 Tomas Nosek (National Centre for Nuclear Research (PL))
 18/07/2024, 11:45, Neutrino Physics

● 928. Improved Event Selection of Charged-Current Single Pion Production Interactions at 
T2K Far Detector
 Yashwanth Sanjeev Prabhu (National Centre for Nuclear Research (PL))
 18/07/2024, 19:00, Poster Session
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T2K Beamline and POT

● Relatively pure νμ / νμ beam
– Intrinsic νe / νe < 1%
– νμ → νμ: invert horn current
– FHC: νμ dominant
– RHC: νμ dominant 

● Beam closely monitored
● NA61/SHINE Hadron 

production 
measurement program

● Recent power upgrade

Beam 
Power & 
ND280

Upgrade
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Far Detector: Super-Kamiokande

Sub-% e±/μ± 
mis-ID rate

No ν̅/ν ID
(event-by-event)

● Particle detection above Cherenkov threshold
● Wide angular acceptance
● Relatively high energy threshold

● Measure Eν from charge lepton kinematics

Motivation 
for original 
ND280 design
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Flux Tuning & Uncertainty

Impact of flux tuning

Based on replica target 
hadron production data
from NA61/SHINE

Oscillation region

n mode

n̅ mode

New NA61/SHINE Replica Target Data
– Improved (2020 → 2022) flux 

uncertainties
–     π± data improvements
–     Cooling water
–     K± data improvementsFlux Systematics

● 1097. Neutrino Flux Simulation for T2K Using GEANT4
 Pingal Dasgupta (Eötvös Loránd University, Department of Atomic Physics, 
Budapest, Hungary)
 19/07/2024, 19:00, Poster
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CC0π: CH vs H20 in μ Kinematics

Phys.Rev.D 98 (2018) 3, 032003
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