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Experiment T2K

T2K collects data since 2010
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Main T2K Results

Measurements of
oscillation parameters
sin? (#23) and Am?,,

Discovery
of v, - v, oscillations

T T T T T

O g =T =
F--- TotPred, 5= 5 Vo Vo B0

Constraints on CP violating
parameter oqp

20}.....

Tot. Pred., 5.,=+5
ala
T
T
H ]
P i
: |
'
¥

) 4

arXiv:2405.02163

S S Normal Ordering 20% C.L.
— 9 3.2
A P(VM_)VG) P(V“ Ve) ind NOVA 2022 -—— MINOS + 2020
j— ~
CP = p g SINO¢p | -—— T2K 2023 lceCube 2024
P(VM—)Ve)+P(Vu—)Ve) 30 Superk 2018 - (this result)
™
> i
2 2.8
T
o p
= 26
N
244
S
<
0.2 04 0.6 0.8 1 2.2+
Reconstructed Energy (GeV)
T2K Run 1-10 Preliminary T2K Run 1-10 Preliminary 2.04
o 3 F T ._4"1.'4 T - :l T T T T T I: T T T T T T T
= N ) Il Rescor Conssio T of TR - 035 040 045 050 055 060 065 0.70
2 —— T2K only 90% = 10;_ it | 5in? (Ba3)
1 e T2K only 68% = “F v ]
1 20% CL -
R wa ]
C»a .

Constraint on 0,
from reactor

s T2K only Best Fit

—— T2K+Reactor 90%

35% of O.p values excluded at 3¢ marginalized over hierarchies

experiments LT [ (] | — s £ ‘ 1|CP conserving values (Ocp = 0, ) excluded at >90%
Daya Bay’ ‘ . '1:‘.‘K+Rcacluchsl }-Il —: E.\)‘N g | l I li
RENO, T, R 'l Normal mass ordering is
- ferred at 80% CL
o ’ e 6 ’ s referred at
Indication of maximal CP violation in neutrino oscillations 6, ~ -1r/2 P ?
Yury Kudenko INR RAS 4

18 February 2025




Pi-zero
Detector

V interaction
in ND280
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T2K Near Detector ND280

* Placed at 280 m from the target
* Measures the flux, flavor content, energy spectrum
of the neutrino beam, studies neutrino-nucleus interactions

Muons in ND280:
- forward direction

v.detection in Superk:
- 41t acceptance

é: 180
ND280 < ™§ ND280
Tracker
(] 200 400 600 800 1000 12::) [Ml::;c] 00 - — — - o Mo:nemum p:?a%v) o
Current ND280 :
- Momentum threshold for protons _EOBE 4 TOTAL
450 MeV/c (100 MeV kinetic energy); 5| +::;
- Non-CCQE interaction (2p2h, FSI) observed as CCQE; 08 4 Harwp
- Acceptance for tracks in forward direction, 0.4f = MABWD 1
SuperKamiokande - 4rt acceptance; g 1
- Larger oscillation systematic uncertainties due to oh o e P
tracks not measured by TPCs "1-08-06-04-02 0 02040608 1

- No capability to detect neutrons

Yury Kudenko INR RAS




Features of upgraded ND280 ‘;LZR\

Current ND280 = Upgraded ND280
* SuperFGD and HA-TPC improve acceptance for high angle and backward tracks

e SuperFGD provides a high precision probe of the nuclear effects responsible for some of the dominant
systematics in neutrino oscillation analyses - reduced systematics

* High granularity of SuperFGD -> detection of short proton tracks which is very important for T2K analysis
* SuperFGD provides reconstruction of the neutrino energy by time-of-flight

* TOF Detector separates background from outside SuperFGD and HA-TPC

i - Neutron detection by SuperFGD
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New upstream detectors
- 3D fine-grained
arXiv:1901.03750 scintillator target/detector SuperFGD
- Two Horizontal TPCs
- TOF system around new tracker

Current ND280 complex

New detectors Current detectors
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ey P2 PG
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POD replaced by
New Detectors

UA1 Magnet Yoke

4
SuperFGD | | Horizontal TPC
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SuperkFGD

- Volume ~192 x 184 x 56 cm3

- ~2 x 10° scintillator cubes, each1x1x 1 cm3
- Each cube has 3 orthogonal holes of 1.5 mm diameter
- 3D (x,y,2) WLS readout

- About 60000 readout WLS/MPPC channels
- Total active weight about 2t

Fully active, highly granular,
47t scintillator neutrino detector JINST 13 (2018) 02006
with 3D WLS/MPPC readout -
proposed at INR in 2017

- Cubes produced by
injection molding at
000 Uniplast, Vladimir
- Covered by

chemical reflector
-Tolerance (each side)
about 30 microns

SuperFGD project: about 100 participants from 6 countries
Russia: INR, JINR, LPI

ND280
FGD ™ SuperFGD

1x1x lem?

Scintillator cube

= &% | - 2000000 cubes produced
T 1in 2019-2021

- 56 planes assembled at INR
using fishing lines in 2021-2022
- SFGD delivered to J-PARC

in 2022

WLS fibers

T T T TTT T TIT[ToTyT
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Assembly of SuperFGD at J-PARC

Installation of cube layers

v 2 4
Joolbtony | ‘ = = e daE g

Installation of LED calibration system
: i e T W P-?E

About 6 months
to assembly SFGD:

from installation of 15t layer
to finish cable connection
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SuperFGD Electronics

e MPPC analogue signal digitised by CITIROC (Omega lab. Ecole Polytechnique)

e Peak detector, Low-gain and High-gain signals (2x 12-bit ADCs)
e Constant threshold discriminator — rising edge and falling edge timestamps

v Complementary measurement of charge from time-over-threshold

v FPGA at 400 MHz sampling (single channel 0.7 ns resolution)
— measure the neutron time of flight

v Firmware upgrade will provide 800 MHz, sampling on clock rising/falling edges

N
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Calibration of SuperFGD

Cosmic events: muon tracks

LY per MIP and attenuation of WLS fibers

LED calibration in photoelectrons
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New ND280 detectors in ND280 magnet

o, ) Installation of all detectors
Bl (SuperFGD, HA-TPC, TOF)

e into ND280 magnet
completed in May 2024

= pgrade Detectors before Side TOF Installation
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| - SuperFGD begun
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in November 2023

- Now SuperFGD taking
statistics with all detectors

installed into marnet
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Milestones of SuperFGD

v event 2024

Start

LAY
| R

e\

J-PARC 2022
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Neutrino interactions in SuperFGD

SuperFGD ND280 First run with neutrinos

¥

' November 2023
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T2K muon neutrino beam, CC events
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\ CC interaction event

Run number : 16846 | SubRun number :9 | Event number : 172366 | Spill : 20376 | Time : Fri 2024-06-21 15:50:07 JST | Pastition : 61 [Trigger: Beam Spill

Run = 16846, Subrun = 9, Event = 172366
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Muon neutrino
November 2024 Run

Neutrino interactions in SuperFGD
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Time resolution

Time resolution

of a single cube
CY(t)single channel™ 1.3-1.4 ns
at 1 v distance from MPPC

Precise time calibration
and determination of
the time of event t,

Yury Kudenko INR RAS

Time resolution »
of a long muon track
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Optical cross-talk
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Detection of stopped protons

Fitted energy loss per cube of
protons stopping in SuperFGD

: —180
Protons from TPC E&@.‘iﬁ(@ Work in progress o
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)

Conclusion

(d Reduction of systematic uncertainties — crucial for CP-violation search
and oscillation measurements in T2K and HyperK

O Upgrade of T2K near detector ND280 with a new neutrino
target-detector SuperFGD is completed

O SuperFGD will be a central near neutrino detectorin T2K and HyperK experiments

O SuperFGD begun to accumulate datain T2K neutrino beam in 2024 with 810 kW
proton beam

L Main feature of SuperFGDs: 41 solid angle; good time resolution; excellent identification of e, y, p;
low proton threshold ~300 MeV/c, neutron detection by ToF




Thank you very much for your attention
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