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The T2K Experiment

Far detector: Super-Kamiokande
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* Exotic searches (HNLs)



https://www.nature.com/articles/s41586-020-2177-0

The T2K ND280 Upgrade project irAs

Replace POD by new
suite of detectors

>100 researchers

22 institu
7 countriés

Insta ed t

2M 1cm3 optically isolated
scintillator cubes
2X fidu:cial mass of current FGDs
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ND280 Upgrade TDR

Instrumented with
resistive Micromegas

150 ps timing
resolution for PID



https://arxiv.org/abs/1901.03750

Physics with the Upgrade — this talk 17 - =<’ UNB
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* New kinematical regions with * Transverse and nuclear variables
upgraded detectors

& 3D Projection v Transverse Plane ly

Top view of ND280 event, June 2024 * Oscillation analysis sensitivity
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https://t2k.org/docs/technotes/480/v3p1
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Transverse and nuclear variables ir
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Phys. Rev. D 105, 032010

Bulk dominated
by CCQE

Tails dominated
by FSI+2p2h

* Probe nuclear effects at high 6pr



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.032010
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* Transverse plane to neutrino * Peak from v,onH
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Phys.Rev.D 101, 092003 (2020)
Phys.Rev.D 110, 3,032019 (2024)

 No nuclear effects

 Thanks to neutron detection



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.092003
https://inspirehep.net/literature/2714256
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* Transverse plane to neutrino .
P * da; = angle between lepton direction

direction and imbalance momentum in final state
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Transverse and nuclear variables

* Calorimetric estimator for neutrino energy B e =l -l
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Oscillation analysis sensitivity

* Preliminary impact on sesitivity to constrain
systematic uncertainties using

Latest T2K interactions uncertainty model

Current ND280 samples binned in lepton kinematics
SFGD samples binned in (E,;, 8 py)

Simplified (conservative) reconstruction effects

No detector systematics
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SuperFGD only Plot for 4.10%' POT =1 year
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SuperFGD only Plot for 4.10?" POT =1 year
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SuperkFGD + current FGDs

* Assume all T2K ND280 POTs to date (3.6

x 1021 POTs), (v:v ratio 1:1)
* Two different 2D binnings:
* (p,, cosd,) binning for FGD samples
* (E,,0p7) binning for SFGD samples

» Spectral Function C-shell parameters

* Big improvement with hadronic
variables, key in oscillation
measurements

O postfit/ O prefit
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https://t2k.org/docs/technotes/480/v3p1

SupertGD + current FGDs ira=’ UnB
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------- FGD1+2

---------------------- SFGD+FGD1+2 p only
 Assume all T2K ND280 POTs to date

(3.6 x 1021 POTs), (v:v ratio 1:1) SFGD+FGD1+2 p+N
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------- FGD1+2

e Assume all T2K ND280 POTs to date SFGD+FGD1+2 p only
(3.6 x 10%! POTs), (v:v ratio 1:1) — SFGD+FGD1+2 p+N

* Two different 2D binnings:

* (p,, cosd,) binning for FGD
samples

* (E s, op7) binning for SFGD samples
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* Being studied quantitative impact on oscillation measurements

* Key elements:

e Error parametrization of kinematical variables — need to introduce error exclusive
variables.

* Extrapolation of carbon constraints to oxygen
* Crucial correlation between Cand O

* Close collaboration with nuclear physicists
* More data with WAGASCI

* Understancing v./v, differences
 Complementarity with IWCD
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Conclusions iras’ UnB
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* The upgraded ND280 detector opens a big window of new, interesting
physics measurements

* Everything in place to have excellent results on neutrino oscillations from
* increase acceptance in kinematical variables
* access to new low momentum protons

* measure neutrons from secondary interactions - Nobel prize 2002

— Prof. Koshiba, Kamiokande
- Nobel prize 2015

o — Prof. Kajita, SuperKamiokande

* A discovery at some point? ...

 If so, ND280 will be there
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CP - violation sensitivities

* Sensitivity to exclude CP conservation as a function of &, for sin?6,3=0.60
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Contours for (sin2623,Am§z)
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* 90% CL contours in (sin®#,3,Am3,) for normal ordering (Set A22, Set B22)
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Detector details for Set A22
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* Predicted rate in each of the six far detector simples for Set A22.

Sample 2022 2023 2024 2025 2026 2027
FHC 1Ru 301.18 383.89 474.26 575.35 701.71 837.26
RHC 1Ru 124.68 165.86 210.86 261.20 324.13 391.63
FHC 1Re 79.53 101.37 125.24 151.93 185.30 221.09
RHC 1Re 15.47 20.58 26.17 32.42 40.23 48.60
FHC 1Relde 10.87 13.85 17.11 20.76 25.32 30.21
FHC multi-Ru 116.25 148.17 183.05 222.07 270.84 323.16

Table 6. Predicted event rate in each of the six far detector samples at the Asimov Set A22

with the additional POT per year as shown in Table 1.
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Detector details for Set B22
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* Predicted rate in each of the six far detector simples for Set B22.

Sample 2022 2023 2024 2025 2026 2027
FHC 1Ru 305.92 389.93 481.72 584.39 712.74 850.42
RHC 1Ru 125.49 166.95 212.25 262.92 326.26 394.20
FHC 1Re 57.97 73.89 91.28 110.74 135.06 161.15
RHC 1Re 15.42 20.52 26.08 32.31 40.09 48.44
FHC 1Relde 8.12 10.34 12.78 15.50 18.91 22.56
FHC multi-Ru 116.52 148.51 183.47 222.58 271.47 323.91

Table 7. Predicted event rate in each of the six far detector samples at the Asimov Set B22

with the additional POT per year as shown in Table 1.
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