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The T2K experiment

* Long-baseline neutrino oscillation experiment
* Generate neutrino at J-PARC and detect them at Near Detectors and Super-Kamiokande.

* Search CP violation by measuring the difference between
« P(v, > v,)
* P(V, - V)

* Main systematic uncertainty: neutrino interaction uncertainties

Super-Kamiokande

Mt. lkeno-Yama
1,360 m
1,700 m below sea level

Neutrino Beam

295 km




WAGASCI-BabyMIND detector 2

* One of near neutrino detector

* Goal: Precise measurement of
neutrino interactions on water target

WAGASCI| module

* Target: Water
* Water-to-CH mass ratio: 4:1

Muon Range Detector

&\

WAGASCI module

Proton module
* Target: CH

e Measure neutrino interaction on CH
target to extract this from WAGASCI
measurement.

Muon Range Detector
* |[ron-scintillator sandwich structure

Proton Module

\ 4

* Measures muon momentum and angle.



WAGASCI-BabyMIND detector .

* Data taking started in 2019.

* v,CCOm cross section on water %, BRI I
and hydrocarbon target was EE B
measured. (Phys. Rev. D 112, | o 1 38
112020) E
« Used 2019~2021 data, 2.96x102%° T
POT. e O ot B T
» Stat. error was dominant. ko e T4
CERRE 1 =
* Data acquisition has been ongoing ]
to date. " 1 T I\j[uoni/fome:tum ;CfeV/c)S Cosine of Muon Angle
* Aim to measure cross section Phys. Rev. D 112, 112020

more precisely using a larger
number of statistics.



2022-2026 operation status

Accumulated POT

Only neutrino mode
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Delivered POT (11.53x102°POT)
WAGASCI Upstream (7.21x10%)
WAGASCI Downstream (9.59x10%°
WallMRD North (9.59x10%°)
WallMRD South (9.49x10%)

Proton Module (11.37x10%)
BabyMIND (10.37x10%)
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* Acquired neutrino beam data
from 2022 to 2026.

* The amount of data to be
newly added to the physics
analysis is expected to be
approximately 9.0x10%°POT

- Next measurement will be
done using ~12x102%° POT

* WAGASCI's DAQ experienced a
long period of instability,
resulting in low data acquisition
efficiency.

* |Inrecentyears, stable operation
has been achieved.



Prospects

 Approximately 12x102%° POTs data are available for physics analysis. This is about 4
times larger than previous measurement.

* This will likely allow for the measurement of the v,CCOn double differential cross-
section.

d?c
dp,do,
* First measurement of v,CC1m on H,0 and CH target is also planned.
* Enough signal events for measurement is predicted.

Water target

369

CH target

414

. Total events:
Predicted number of
CC1mt events

Total events:
2,248
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WAGASCI timing calibration using laser



J-PARC neutrino beam 7

 One spillis delivered Pre-beam  Beam Pre-beam  Beam
trigger trigger trigger trigger
every1.28 s >
 Abeam trigger is issued
30 ps before the neutrino 100 ms :
beam and distributed to : Spill cycle: 1.28 s :
each detector — > :
- Neutrino detector 30 hs: L
acquires data for one ”HH Neutrino beam ”HHH
spill per one trigger > Ti
pPILLp g8 » Time

. . 580 ns 60 ns
* One spill contains 8 bunches. —— ;

The interval between bunches _‘ _‘ H H H H H H
is 580 ns.




WAGASCI timing issue ;

° When the deteCtOI‘ receives a beam 2021 data (Normal) . 2024 data (Abnormal) —
trigger, a signal is issued within the L R e e

detector to begin data acquisition. “

* This signal fluctuates about 1 ps event-

1500 400,

by-event. ot
* 8-bunch structure is smeared by this E L S P T B
fluctuation. .
O 4p| 777 Delivered POT (11.53X102°P(.2;I')
% ————— WAGASCI Upstream (7.21x10 )20
§o] ———— WAGASCI Downstream (9.59x 10
o ] é 10| — WalMRD gom;\ (%i%xug:o))
 This issue started with data from June 2024. 8 | Proonmosle im0 ]
» Afundamental solution has yet to be found. Aproblemhas [ B
arisen (June 2024) I
* Physics analysis is possible, but the [ oas | FJ/J: /
probability of incorrect connection of tracks 412 Run2) oot oo
: § = t tot
between each sub-detectors increases. 3 f At
o:.l S oY S ae
1680 1700 1720 1740 1760 1780



Laser-based timing calibration

* A countermeasure for timing issue is proposed.

* Install a picosecond pulse laser and emit lights in synchronization with the beam
trigger so that the laser beam can be detected by the detector.

* The detection time of the laser pulse is used as the reference for the time
information in each spill.

Laser llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
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aser installation
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As a commissioning test, laser light was injected only into the north Wall MRD

The end of an optical fiber guiding the laser was installed inside the top electronics box
Laser light was directed toward wavelength-shifting fibers embedded in the scintillator
The signal was detected by two MPPCs located at the top and bottom

Laser generator

Optical fiber

Top

&+ | MPPC, a semiconductor

> photon detector

(7 ]
— | Wavelength Shift fiber
D)
. o
D) Laser light is detected by
Cj two MPPCs connected to
C> top and bottom readout.
—
D)
C) “—— Scintillator
—
D)

MPPC, a semiconductor
photon detector




aser installation 1

<View inside the electronics box at the top of WallMRD>
The tip of optical fiber is close to MPPC (light
detector.)

== To |aser generator



Timing correction

12

e 8-bunchis restored.
<Problem>

* The WAGASCI DAQ has periodic dead times where the TDC cannot be recorded.
* When the laser signal enters this period, time correction is not possible in that spill.
* As aresult, this time calibration is not be applicable to approximately 25% of spills.

- Possible countermeasure: Inject the light 3 or 4 times in one spill. It is unlikely that all pulse enter a

dead time.
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Summary 13

* WAGASCI-BabyMIND is one of T2K near neutrino detector.
* Goalis precise measurement of cross section on water target.

* The previous measurement lacked sufficient statistics, so we continued to collect
data. Acquired approximately 12x10%° POT so far.

* Double differential cross section measurement of v, CCOmtand v, CC1mis planned.

* A hardware issue that occurred in June 2024 is causing timing jitter, making bunch
identification impossible.

* By using laser time information as a reference, 8 bunches could be recovered.
* |f the laser hit time could not be recorded, time correction was not possible.

— Possible countermeasure: Inject the light 3 or 4 times in one spill. It is unlikely
that all pulse enter a dead time.



