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HYPER-KAMIOKANDE ND280 (2.5° off-axi)

Intermediate Water
Cherenkov Detector (IWCD)

870 m from target | e e
(1.50-40° off-axis) = | | — s R TR SoLthieo Nt

Hyper-Kamiokande

Mt. Noguchi-Goro
2,924 m

Mt. Nijyugo
~600 m overburden

Arturo Fiorentini’s talk, T1-8

1,700 m below sea level
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Neutrino Beam
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HYPER-KAMIOKANDE

» Over a thousand v, and v,

events after 10 years of
operation

» Systematic uncertainties will
soon surpass statistical
uncertainty
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» Systematic uncertainties limit
Ocp sensitivity
» v,/U, cross section ratio

» Detector systematic
uncertainties
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INTERMEDIATE WATER CHERENKOV DETECTOR (IWCD)

Floatation
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» IWCD can measure the 1% intrinsic beam v, / v,

» Self-shield against entering gammas, a dominant
background for ND280 v, / U, measurement

» IWCD can improve the constraint on
(6, /0,)/(0; /65 ), which is currently estimated by
U e U e
theory at ~5%
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INTERMEDIATE WATER CHERENKOV DETECTOR (IWCD)

R(X) =’¢(E,,) X &l E;s x) X ¢(X) xP(va — vg) o P
Neutrino i Neutrino  Neutrino ! . Detector  Oscillation ) Slastio

Scattering

rate at far | flux Cross | efficiency probability
detector section - J o
E ___________________________________ \an-.“‘-._____,———‘——' H !
W+
Reconstructed energy spectrum of v, atFD o @ . Absorption
BRI W N T L
& - 0 MeV < E, <300 MeV .
EEEEE 300 MeV < E, <500 MeV
L.5 T 500 MeV < E, <700 MeV

7777 700 MeV < E, <900 MeV » The way in which neutrino energy is reconstructed leads to
900 MeV < E| < 1100 MeV

N 1100 MeV < E, <1700 MeV _ “teed-down” effect

1 L1 1

1700 MeV < E,

» Known incoming neutrino direction + lepton kinematics =
neutrino energy (assuming two-body interaction with a
single nucleon)

etc. tend to lower reconstructed neutrino energy

» Multi-nucleon interaction, pion production, nuclear effect,
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INTERMEDIATE WATER CHERENKOV DETECTOR (IWCD)
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» The way in which neutrino energy is reconstructed in leads to
“feed-down” effect

» IWCD can probe this effect with measurements at different off-
axis angles and make flux@xsec measurement more robust

» This means understanding the detector is ever more crucial

» Best if can be tested with control samples
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» Water Cherenkov Test Experiment (WCTE) acts as
prototype for IWCD

» 93 IWCD mPMTs and 4 Hyper-K mPMTs installed

» Testbed for water Cherenkov detector systems and
new calibration techniques

» Detector height/diameter is ~1/2 of IWCD

» Operated in CERN T9 (East Hall) beam line from Oct.
2024 to Jun. 2025

» Pure water and Gd-doped operations

» Data collected for 7™, p, e*, u™, y at 0.08 ~ 1.8 GeV/c

» Also opportunity for important reconstruction and
physics studies that will benefit IWCD and Hyper-K and
help reduce systematic uncertainties
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WCTE TIMELINE

1st detector
commissioning
Oct. - Nov.
2024

Detector assembly
and installation
July 2024 - Oct.
2024
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20 "bad” mPMTs (ADC corruption problem) in 2024 run are

WCT E TI M E LI N E recovered by firmware update —> 83 working IWCD mPMTs

Data taking in Data taking in
pure water Gd water
April - May (0.03%), May
2025 2025

2nd detector
commissioning,
Mar. 2025

Ring structures clearly seen in the small water Cherenkov detector with small distance from detector wall!
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WCTE TIMELINE

Decommissioning
and disassembly,

June 2025
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WCTE BEAM MONITORS

Halbach array
permanent magnet

Muon
Tagger

Aerogel Cherenkov Threshold (ACT) l A
Time-of-flight
Hole counter
Trigger scintillator

WCTE tank

» Charge particles identified by beam monitors event-by-event based on time of flight and charge measured by
Aerogel Cherenkov Threshold (ACT) detectors

» Beam momentum calculated from time of flight
» Tagged gamma beam using permanent magnet and hodoscope for gamma energy determination

» Three beam papers in preparation
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BEAM DETECTORS - CHARGED PARTICLE .t G
N

TOFO ... F MuTR

TOOR T10R

Trigger scintillator
T4R ACTOR ACTIR ACT2R ACT3R ACT4R ACTS5R TR

Aerogel Cherenkov Threshold detector TO T4 ACTO | ACT1 | ACT2 || ACT3 || ACT4 || ACTS T
TOOL T4l ACTOL ACTIL ACT2L ACT3L ACT4L ACTSL T10L MuTL
TO1L T1L

» ACT refractive index of ACTs
ranges from 1.01to 115
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BEAM DETECTORS - CHARGED PARTICLE
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BEAM DETECTORS - TAGGED PHOTON & | 4
» Electrons that undergo Bremsstrahlung emit gammas |T_A_ \\,, B e oci s "f’/_\' '
. . . |'\,' " (i
along beam direction; gamma energy inferred from ' |
electron trajectory after it is bent by permanent \
magnet ,,
» Beam momentum is calibrated using time-of-flight
measurements 50C 1 Beam Momentum
» M hod i S | omene »
agnet/hodoscope spectrometer response is > || 3 e >
. . ® eVic g
calibrated with beam € wo{ & 1000 mevic "
> o
o ’/
Som
] &
I.l=J 300 ",
< /I
-
v &
g «* PRELIMINARY
= % 4
; 100 /,6/..
“ &
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MULTI PMT (MPMT)

Ex-situ gelling

Acrylic dome

- F

Optical Gel
3D Printed Cup
b PMT
@ 3D Printed Matrix

] ] - Stainless Steel Pillars

-

-
-

& _& Stainless Steel Backplate

T

MPMT construction paper

In-situ gelling

Clamp ring

Acrylic dome

Optical Gel

PVC Cylinder

PMT

PU Foam Matrix

Stainless Steel Pillars

Stainless Steel Backplate

15
Acrylic Dome PMT
Optical gel PMT cup
PMT support matri
PP High Voltage &

Control board

Electronics s ' ~e— Water-tight

—

/
Mainboard i[] feedthrough

» Multi-PMT photosensors with good spatial
and timing resolution (<1 ns) containing 19
8-cm diameter PMTs and integrated
electronics

» Power and communication on a single
PoE cable

» Onboard FPGA for readout control,
digital pulse processing and hit packing

» In-situ gelling method will be used for

IWCD mPMTs

Rob Collister’s talk on far detector mPMT


https://arxiv.org/pdf/2504.07216
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MPMT TRIGGERING

» Three different modes of mPMT readout triggering were used

» “Software trigger”: mPMTs are instructed to read out data at a specified time in the future

N repetitions

= 8

l !

' Window . .

" interval K ' '

l( )l |

I I I

: Window ' : :

Start L widthMm | : :
time T € », : ,
Sampling l Sampling | | Sampling |

Time in clock cycles

\4

16
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MPMT TRIGGERING

17

» Three different modes of mPMT readout triggering were used

» “Software trigger”: mPMTs are instructed to read out data at a specified time in the future

» Self trigger: each PMT channel is read out when it goes over a pre-defined threshold

pre samples

\/

" “Event building” is done online
riggpr leve S " Beam events with long read-
out window

" Cosmic muon and radioactive

| o - calibration source
\ —_

hit time
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MPMT TRIGGERING

» Three different modes of mPMT readout triggering were used
» “Software trigger”: mPMTs are instructed to read out data at a specified time in the future

» Self trigger: each PMT channel is read out when it goes over a pre-defined threshold

» External trigger (aka hardware Pre-riger
trigger): a trigger based on the - ;
. . . € I
beam monitor information or ext. - twndow : .
width >! : :

trigger is distributed to all mPMTs,
and the mPMTs send the digitized

pampling :Sampling :Sampling

R
]
]

18

waveform of all PMT around the time —
ime in clock cycles

of the trigger \\ f /

Hardware

» This is the mode in which IWCD trigger
will take beam neutrino data

High-rate beam data and laser ball calibration data
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MPMT TRIGGERING

» Three different modes of mPMT readout triggering were used

» “Software trigger”: mPMTs are instructed to read out data at a specified time in the future
» Self trigger: each PMT channel is read out when it goes over a pre-defined threshold

» External trigger (aka hardware trigger): a trigger based on the beam monitor information
(or ext. trigger) is distributed to all mPMTs, and the mPMTs send the digitized waveform of

all PMT around the time of the trigger

» Separately, 3 repurposed mPMT electronics mainboards are
used in WCTE for beam detectors readout

» This led to the idea of using these digitizer boards for the
IWCD outer detector PMT readout
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DETECTOR CALIBRATION

Central Deployment

» Central deployment system (CDS) System (CDS)

» Laser diffuser ball, Ni/Cf (gamma Wate
pipes
source), AmBe+BGO (nheutron source) . e @
Detector lifting lugs — L i MRS -
» Pulsed LEDs in mPMT L. J“-‘#—%.*JF e ml
» Photogrammetry camera X 8 W
: Calibration source
» Cosmic muon (diffuser ball, Ni ball,
etc.)

» Ex-situ measurement of black sheet
reflectance (not shown) Photogrammetry ‘
cameras and lights

» Water monitoring system (WMS) and
Gadolinium Absorbance Detector L s —ST |
(GA D) (not ShOWﬂ) " —
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PULSED LED

» Three pulsed LEDs at 365 nm, 405 nm, 470
nm in each mMPMT

» Sub-ns pulse width, >107 photons/pulse

» One diffused, two collimated 6 continuous LEDs

» LED mezzanine board inside mPMT with
each LED coupled to a light guide

Deviations

p: 0.0083 ns
Paths: 12753

» Also 6 continuous LEDs per mPMT as

photogrammetry targets —

» Time-of-flight measurements of LED-PMT
pairs are used to calibrate the relative
timing offset of all PMT channels

500 -

-2 0 2
Time (ns)
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PMT ANGULAR RESPONSE

» Diffused LEDs are also used for PMT angular
response measurement

» ldentifies mPMT gel delamination
» Caused by temperature differential

» Fix: overpressure during gelling
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PMT ANGULAR RESPONSE

» Diffused LEDs are also used for PMT angular
response measurement

» ldentifies mPMT gel delamination

» Ni/Cf data and cosmic muon
data are also used to )
measure PMT relative )

detection effiCiency and )4 _______________________

angular response

» Qualitatively similar ) ___________
behaviours, e.g. lower "
efficiency caused by gel )
poisoning

Non-delaminated Delaminated
1.2 — 1.2
> ok
ég 1.0 - 1.0 4 - :
Q@ ik
O o8 P 0.8 - ..j‘. -
t o ® .. Kl . .
u_l e . S ; :‘.:.
e 0.6 3( o 0.6 - .'.:“’:
= ughe o -ls -
E 0.4 '}‘.;d" 0.4 4 .. o : .:\
) e i o. ':'5
m 0.2 o 0.2 4 . :. .:..'
f-:;y\'
0.0 ! ' ' 0.0 ' — '
cosif) cos(@)

Ni/Cf source

\ |/

Cosine Incident Angle

R1769
source = [0.0, 476.0, 1175.8]
« TRl In-situ .
« TRI Ex-situ y . ‘.
to Vg T
PMT angular response \,;r}#‘a-
. R v P AN L
15000 1 measured by Ni/Cf g ey
M.
i P < T
CK: . '... 'A':"":'-:';. &
< 10000 - LT
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PHOTOGRAMMETRY SYSTEM

» Photo of detector LEDs

PoE Splitter USB Extender

USB + PoE
Power
Feedthru

HDMI
Feedthru

Photogrammetry analysis:
feature labeling

» 8 fixed cameras used detector geometry measurements after
installation

» Camera parameters are calibrated in-water prior to installation

» Each feature (continuous mPMT LED) is photographed by
multiple cameras; simultaneous fit to feature positions in each
camera’s frame results in 3D positions of features
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WATER MONITORING SYSTEM

| Water Pumping and
Filtration System

8m Water Chamber, PMT
and LED systems

p

§ ]
® {

Signal Digitization
and DAQ

» Water monitoring system (WMS) demonstrated <1%
measurement precision of change in water transparency
during WCTE operation

» 255 nm - 410 nm; sensitive to organic contaminants

» Used to track Gd concentration during Gd injection

Fractional Diff. [u]

4 410 nm
0.044 + 365nm
1 ~4— 295 nm

: 4 278 nm
0.02 - ~4- 255 nm

Spikes associated with pump off
I L] Al ]’01 L I ) T o e D! I § P =0, 0 ] | AEEN Frd famt ) ‘ O 8 B0 l LA A B l | DS . 308 l L ) | L) I LJ
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Time Stamp
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| |
I |
I |
| |
I |
I |
| |
| .
: : F IWMS Pump reset
i : ' Gd Injection 410 nm
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—-0.6- : 4~ 295 nm
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I Circulation ~4— 255 nm
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WCTE PHYSICS OBJECTIVES

» Test particle identification and reconstruction algorithms in a small water Cherenkov detector

» ely separation possible with ML-based algorithms
» ML-based algorithms (particularly sensitive to data/MC differences) directly tested on data
» Energy reconstruction and energy scale error
» Constrain neutrino interaction cross section on oxygen through the measurement of lepton scattering
» Multi-nucleon interactions
» Measurement of pion, proton, kaon interactions in water
» Pion final state interaction and secondary interaction crucial for modelling neutrino interactions

» Measurement of neutron multiplicity from hadrons
» Particle identification and v-v separation

» Measurement of °Li production rate from &~

» Background in DSNB search

26
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NEUTRON MULTIPLICITY
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» Number of neutrons in the final state can help separate v and v
Interactions

» Study of neutron production from beam proton and pion

» Look for proton candidates within ~150 ys after primary beam
particle

» Neutron capture on 0.03% Gd with ~75% efficiency and ~65 us
lifetime

800 4
700 1
600 -
500 -
400 1
300 -
200 -
100 -

N40 Cluster Times, Proton
cluster_time_p
o"‘o 035 | | ; | : " Entries 45137
50 C
(&1 - Mean 48.74
= 0.03 ? Std Dev 47.66
E: ® Prob 0.1569
) 025} P2 0.01356 =+ 0.00055
:‘ E p3 71_.58 + 3.68
=~ 0.02 -
5. :
A .0151 =
= : g
© 0.01F =
: Tt~ 71.6 3.7 us :
0.005 T H 5
O:] PV YR (P P Ty St [P VR YT Vil i (LY S Pl hel T YOOl WAkl Y Yy Yl Gor( TR S 1 ;:
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Neutron capture time in 0.03% Gd
measured using protons in beam

Control sample:

Reconstructed
vertex

-1500-1000 =500 O 500 1000

Z[mm]

decay electron
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Atmospheric-v (NCQE)
7 wam Spallation °Li
o _CE) Reactor-v
‘LI PRODUCTION FROM 7 = Accidental coincidence
hd ~~~ DSNB (Horiuchi+09 6-MeV, Max.)
S 10 + HK Toy Data (Horiuchi+09 6-MeV, Max.)
>
v
Inverse Beta Decay (IBD) ——t— |
+y S e
J /
' g = +////, ----- ,
= oA oAt : = A |
< 10%; i e e e
39‘;“,'5‘?;0 . ~— -8Mev e T T Lt ST HK 20 vears
Spallation by cosmic muons 35 = i 52 5% 55 5k % 54

\ Neutrinos
~ from past supernova

F‘_‘explosions - msec-sec ,espemally 9L|
10 billion ---'.___. . . o\
years ago

\ 4// 13.8 billion

years ago l(’()

Decay of radio isotopes

best_z [cm]

» Cosmogenic °Li forms an irreducible background in the search
for diffuse supernova neutrino background (DSNB)

» We can search for °Li in a 0.5 s window after the beam —>

. . . _ Preliminary
directly measure °Li production rate from x 20000 s oo o o e o s 200

best_x [cm]



https://indico.global/event/15740/contributions/147459/attachments/71905/139580/dsnb_poster_neutrino2026_Santos.pdf
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» Hyper-Kamkiokande will be a prolific experiment with a broad physics program, including the potential

discovery of leptonic CP violation

» Intermediate Water Cherenkov Detector (IWCD) plays a crucial role

» Systematic uncertainties need to be reduced
» WCTE has been a successful technology prototype of IWCD, which allowed us to test out all important

aspects of IWCD
» Hardware, readout and DAQ), detector

calibration, software tools, ...
» WCTE data analysis is ongoing, the results of
which will benefit existing and future water

Cherenkov experiments

» Hyper-K Canada group is making important

contributions to the project. Join us!

Hyper-K Canada Collaborating Institutes

e

University

Al University i
« TRIUMF of Windsor &) of Victoria
YORK THE UNIVERSITY OF s
I A \@, WINNIPEG == 7
INSTTUTE OF TECHNOLOGY
University
Gareton ’"Regina
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WCTEINTY

Water Monitor System

Water System




WCTE & HYPER-K
CAP CONGRESS, JUNE 2026

PHYSICS DATA

Data Type

Water Type Beam Configuration

Beam Momenta (MeV/

c)

Trigger mode

Statistics

Detector condition

Pion scatter, particle
identification, energy scale, 9Li

Muon Scattering

Electron Scattering

Gamma Particle Identification

High energy proton
reconstruction

Minimum bias data

Kaon Reconstruction

9Li and 2p-2h in 1t quasi-elastic
scattering

Secondary neutron production
from proton

Lepton Scattering

Photonuclear interaction

Pure water

Pure water

Pure water

Pure water

Pure water

Pure water

Pure water,
Gd water

Gd water

Gd water

Gd water

Gd water

Charged particle
(+, -)
Charged particle
(+, -)
Charged particle
(+, -)

Tagged photon

Charged particle (+)

Charged particle (+)

Charged particle
(+’ _)

Charged particle
(+, _)

Charged particle (+)
Charged particle (+)

Tagged photon

200 - 500 (33 points)

/780 - 800

600 - 950

500, 650, 800, 1000

1100 - 1500

80 - 500

1100 - 1150

260 - 360

1200, 1000, 800, 600

1200, 1000, 800

1000, 800, 650, 500

Self trigger

Self trigger, hardware
trigger

Hardware trigger

Self trigger

Hardware trigger

Self trigger, hardware
trigger

Hardware trigger

Self trigger

Self trigger

Self trigger

Self trigger

20k muons, 10k at
mMost momenta

~550Kk in total

~10 M at each
momentum

100k gammas at each
momentum

100k protons at each
momentum

100k positrons

A few thousand K+/-

~5k pions and 10-20k
muons at each
momentum

~100k protons at each
momentum

100k to 200k electrons
each

500k events at each
momentum

Normal

Normal

Bubbles on mPMTs

Normal

Normal

Majority normal, some affected
by bubbles on mPMTs

Bubbles on mPMTs

Bubbles on mPMTs

Bubbles on mPMTs

Bubbles on mPMTs

Bubbles on mPMTs
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WCTE BEAM

CERN TO9 particle flux - Negative polarity
(2% momentum collimator setting)

1053

— —
o o

w =3
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Number of particles per spill

10! -

WCTE preliminary == lAQecccccccsccccscs e —®— Positrons

&~ Positrons, Pions & Muons
@~ Muons

-8 Pions

-8 Antiprotons

=== Total Flux

200

400 600 800 1000 1200 1400 1600
Momentum (MeV/c)

Run 2038 (440 MeV/c, negative polarity)
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Number of events
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o
[
1

L1 TO
Mean bunch spacing: 331.74 = 3.26 ns
~ Bunch std: 25.17 + 3.18 ns

WCTé preliminary
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CERN T09 beam momentum - Negative Polarity
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GD LOADING

» Gd loading to 0.03% was achieved after four Gd injections on May 21-23
» ~75% neutron capture on Gd, ~64 us neutron lifetime
» Gd concentration increase is tracked using GAD

» Short of the 0.2% target (>90% neutron capture efficiency) due to delay in the
shipment of Gd removal resins

» Pressure test of the water system prior to obtaining authorization to start Gd loading
on May 12 may have created air leak, which persisted for the rest of the 2025 run

» ~9 days of data taking with Gd

A ’ — ; —— Predicted
sorption relative to pure water T ———
i ——— —
) \ /\\/
i
265 270 275 280 285

Wavelength (nm) Gd is mixed using motorized mixer in Gd-mixing tank
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PHOTOGRAMMETRY

» Photo of detector LEDs

Detected poims
Checkerboard origin

1

Calibration | , Optics
photos calibration

-

Photos of. .P U'n'diétbrted

detector iImages

§
Feature detection

l

Feature matching

l

3D stereoscopic
reconstruction

27. 28m: 15C:NE31:

Super-K detector survey using ROV

35

May 2020 Demo

'.9020-02-17 10:39:51
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- Transparency dropped when water
circulation was stopped and water
was stagnant inside the chamber

- Formaldehyde leaching from
acrylic

- 1% drop in transparency
amounts to ~8 PPB

WATER MONITORING SYSTEM

Relative Transmission

0.2- ' |
A I I I
I I |
I I |
" |
0.0- '- - ,
7 | 1 A AR g0
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4 | 1 4
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Time Stamp

- WMS was used to track
Gadolinium concentration in
WCTE

- 40ppm Gd [Gd2(S04)3]

- Increased absorption in UV

- Gd gradually dissolved over
a few hours

Fractional Diff. [u]

. 410 nm
0.04 - 365 nm
T —+— 295 nm
: 4 278 nm
0.02_+255nm
0.00-
~0.02-
—0.04 -
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- WCTE detector water quality is
stable
- Water transparency measured by
the WMS is stable within 1%
- Spikes are known periods
where water circulation was
paused
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DETECTOR CALIBRATION

» Individual PMT response LEDs in mPMTs

» PMT relative timing

Laser light injectors

» SPE gain, charge distribution «=

» Relative QE -

» Charge nonlinearity 47 Ni/Cf source
» Timing v.s. charge (TQ)

» Angular response AmBe source
> Neutron tagging Photogrammetry
» Detector geometry <«

q

» Reflectance from PMT and black sheet*— _ _
; eeeseee s

» Light scattering and attenuation in water

» Absolute energy scale <
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WCTE PHYSICS GOALS (1)

» Study pion interactions in water

» Absorption, charge exchange, quasi-elastic scattering

» Study e/u/x PID in a water Cherenkov detector

WCTE IWCD
wn . ‘_U_). [
120 120"
: J‘ In(Le/Ly) $ 130 In(Le/L,)
100/ ‘5100
g h —— Electron 08)100. —— Electron
£ 80 ——  Muon £ 80 ——  Muon
S —— Pion > [ —— Pion
Z 60/ Z
40~ q
20
: | [
. — l i ST T NLL - { ,
0 -200 0 200 400 600 800 —QOO -200 0 200 400 600 800

ln(Ee/E,,) ln(Ee/ﬁ,,)

A-y Truev CC1rt*

v Events ~500 MeV/c pions

produced by
neutrino interactions

0 200 400 600 800 1000 1200 1400 1600 1800 2000

nt momentum (MeV/c)

Ring 1 Ring 2
Quasi-elastic 9

Scatter
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WCT E P HYS I C S G OA LS (2) IWCD Gamma Rejection with ML

e efficiency when rejecting 80% of y

s ResNet
2. 50
> 9
3
i A
’ 5
a) fi
Q 30 iTQun
‘ g
. . o \\
» Study e/,u/no energy reconstruction in a water Cherenkov detector E . o e
O
8L,
» Tagged gamma measurements S ol | | | | |
0 200 400 600 800 1000
: . True momentum
» ely separation in INCD -
Cherenkov photon angle distribution
» Pion photoproduction in water | = Wesm L=k €
S Error source FHC RHC [Y¢ FHC/RHuC
”é_ SK Detector 2.8 3.8 13.2 1.5
: SK FSI+SI+PN 30 23 114 1.6
"E Flux + Xsec (ND unconstrained) 15.1 12.2 12.0 1.2
R Y Flux + Xsec (ND constrained) 3.2 3.1 4.1 2.7
7 O T TG e TTOR Y RORR o 0 \ Nucleon Removal Energy f 4 | 3.7 3.0 3.6
L |1 wesim M""‘\ s « 675 : i }
© || skpetsim NClvy 3 ] 2.6 0.3
= B 1 NU Other U. U. 89 ;
! Vi sin® 023 + Am3, 0.5 0.3 0.5 2.0
- . : sin® 013 PDG2018 2.6 2.4 2.6 1.1
Dlscrepancy between MCin i All Systematics 8.8 7.1 18.4 6.0

i 1 A L ' L A L I
-1 -08 -06 04 -0.2 o 02 04 06 08 1

the backward direction
cosB
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WCTE PHYSICS GOALS (3)

Neutrino-nucleus Electron/muon-
scattering nucleus scattering

4

» Study e/,u/izo energy reconstruction in a water Cherenkov detector

P(v, —v.), NH

SEIEVGIMN? 2-body 7 decay BR=0.7%:

probability | k& _ _
bu —v: [ - K™+,

o 06 3.4 events in the current
-0.5\ 0.5

s SKdata, 10-20 events for
0.3 HK

0.2

» Tagged gamma measurements

» e/y separation in IWCD

.cos.(zenith)

» Pion photoproduction in water

» High momentum measurements

» e/u scattering on oxygen

v 8 8

I o  Protondecayp — K*v
1 2 3456 10 20 30 10? .
E [GeV] 1.1GeV K™ stops in the tank

» GeV proton detection for dark matter search

» Kaon measurements for proton decay and atmospheric v_ appearance
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WCTE PHYSICS GOALS (4)
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Neutron production in CCQE interactions in T2K
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Number of neutrons (MC truth)

s
| go.s:f{% Before FSI _ g.o.g After FSI _ §08
» Gd-phase physics : / = N 5 |
;’0‘6_ "% |V, CCQE ' ;0-65:,‘, - ;0.6 =
» Neutron tagging for neutrino/antineutrino éox@;@% // { Zod : 204%
SeparatiOn go.;?:é %Vu CCQE ] '-230.2: - .g?aozz
. . 0 7/ I Ougl,;,, O B D
» Secondary neutron production in water ANAL RIE LR B ALY AR %2 S
— +
from proton, stopped 1~ and 7~
102: . —¢— Observed data
. . . - | s i B b Inverse Beta Decay (IBD)
» Neutron production from 2p-2h in quasi- £ "7 e el
| i : s 0
elaStIC Scatterlng q6 Target! I?Atuon szallationc(:gi.i)
. . TS BN SE— _-— eaptor neutrino
» Photonuclear reaction with gamma beam & fF ™ 1 ——5e
: v
P

» 9Li production from 7z~

» Cosmogenic 9Li are a significant
background for DSNB search

e bea Lo e Lo o beas Ly b bagald

Spallation by cosmic muons
Decay of radio isotopes
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M.Harada, Neutrino 2024
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