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Intermediate Water Cherenkov Detector Capabilities (IWCD)

Intermediate Water Cherenkov Detector designed to directly measure ’
flux & cross -section of un-oscillated beam with high event rate across

range of energy spectra, 1km from JPARC site

Neutrino Flux

s |

N
Hyper- Kamiokande

Pit spans 1.7 - 4 degree off-axis
neutrino flux: sampling different
neutrino energy
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IWCD design S\
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Water syste Electronics

AC Tent

Calibration DAQ Rack
deployment system ie
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N Floatation device
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E = purification Chiller Water System Water Monitor Pipe
S 3% Light injector (16 total)

Multi-PMT (360 total)
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IWCD Detector InstrumentatiomPMTs

19 x 8cm diameter PMTs(Hamamatsu
R14374) in each muliPMT modules

(MPMT) P

A Improved granularity and timing [Aorgidrse|
compared to larger PMTs -

A <1 ns timing resolution

A HV generated at each PMTbase b
with Cockroft-Walton circuit

A In-module digitizer mainboar d with 1 | l [riiossSoe iers
power cable and communication - Eiliess Sist Backrich|
over single PoE cable —

A Integrated LED calibration systems

mPMTsbeing installed in WCTE Ex-situ

A 1stSet used for photogrammetry

In-situ

—

W e N

Hyper-Kamiokande

PVC Cylinder

PMT

PU Foam Matrix

|Stalnless Steel Plllarsl

lStainIess Steel Backplatel

A Diffuse: used to characterize the PMT charge response and HV tunin

beacons (continous) A Collimated: for calibrating the reflections off mPMTsand black sheet.

A 2nd set with sub-ns pulse width: A The LEDs used for monitoring changes in the detectors
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IWCD Detector InstrumentatiomPMTs - Hyper-Kamiokande

19 x 8cm diameter PMTs(Hamamatsu
R14374) in each muliPMT modules

mPMTsbeing installed in WCTE Ex-situ In-situ

(MPMT) P N o
A Improved granularity and timing 3 o LT

compared to larger PMTs ~
= Much more information in KrzysztoDygnarowicz and

A <1 ns timing resolution ~YORt ¢W~¢l It Kt WGV r

PMT

A HV generated at each PMTbase

with Cockroft-Walton circuit Including showmPMT
- _
- m - |Stainless Steel Pillars| |Stainless Steel Pillars|

A In-module digitizer mainboar d with jp
power cable and communication
over single PoE cable

[Stainless Steel Backplate] 1 I IStainless Steel Backplatel

A Integrated LED calibration systems
A Diffuse: used to characterize the PMT charge response and HV tunin
A 1stSet used for photogrammetry
beacons (continous) A Collimated: for calibrating the reflections off mPMTsand black sheet.

A 2nd set with sub-ns pulse width: A The LEDs used for monitoring changes in the detectors
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IWCD calibration

Absolute energy scale

A Cosmic muons

Neutron tagging efficiency

crystals
diameter, 2cm
+ 2cm height)

AmBe + BGO source

Photogrammetry cameras

PMT response

PMT gain & charge distribution
PMT relative timing

) | Timing vs. charge
(A R Charge linearity
Laser diffuser

Angular response
Relative QE

A

A

NiCf source

L. Anthony

EmbeddedmPMTLEDSs

Water properties
Transparency

Light scattering and attenuation

Jc Hyper-Kamiokande

SREE
Diffuser

Collimator

£
et

Collimated and diffuse light sources
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The Water Cherenkov Test Experiment 3 axis calibration system

5 U HR - o
100 g = g T

WCTE is a 46ton water Cherenkov detector which operated at CERN

A October 9t Y T Y X 103 HOY 105 1J IJtYHE eY FOHGHD3 HG@OD TYXOs 1]
A 93 IWCD stylenPMTs

A 4 HyperK stylemPMTs : 3
A 8 cameras use to image the detector .

1000

Proof of concept and demonstration of technologies being developed for
IWCD and HyperK and other future detectors

‘ © Muon tagger

Access to a well understood and characterized beam of sub -GeV

particles

L Suite of beamline monitor detectors:
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Demonstrating calibration techniques

A 8 Photogrammetry Cameras mounted inside the detector

A 3D detector geometry reconstruction  from each mPMT
LEDs visible to multiple cameras

A < 1cm position resolution  expected to observe any

deformation of mMPMT support structure after filling
|

target LEDs

Photogrammetry

A Demonstrated timing calibration with

A Example of LED 26 flashing

runcalc_hv_nom_check 20250316215904_flashing_26.parquet

Uncalibrated Hit Times for Beam Event

120

100 4 Each entry is a single
PMT hit time

04
1000 2000 3000 4000 5000
Hit Time (ns)

L. Anthony

Calibrated Hit Times

mPMT LEDs

Gaussian std: 1.196ns

= Gaussian fit

04
1680 1685 1690 1695 1700 1705 1710 1715 1720
Hit Time (ns)
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Calibration Deployment System

Interchangeable sources

A To deploy the calibration sources\WCTE has a mounted 3c CTis] A Ni/Cf source for PMT quantum efficiency calibration

axis central deployment system (CDS)
A The CDS for WCTE is a prototype for IWCD

A AmBe + BGO source for neutron detection efficiency
calibration e

A Diffuser ball for gain and timing calibration

- == A Prototype for IWCD and HypeK
/] . o, g"’k Encapsulated BGO crystals
5 b= ! i . source (5 cm diameter, 2cm
a Z 7 + 1cm + 2cm height)
< o i3 ) oo —
w a i 2 i i
g e { A N
o 5
al 82 8
= - o
= o 1 <
- = d -
n £ A It 2
LIGHT TIGHT ENCLOSURE ~ ) \
~ ' 1
4 —
o |
uw
2 I
s:(! . a4
8 i
o - ot : o
N PPz = = AACANANA B B
Wi couret tovon. wouvwnay erscs | APP)
SUPPORT FRAME
8-
20.0
&l 175
i 15.0
o
WATER LEVEL 22

0 2 4 6 8 10 12 14 16




WCTE physics run 2: 14/086/06/2025

A Array of physics measurements to inform HypeK physics
A Directly measure Cherenkov detector response to charged particles

A Pure control samples of charged particle and photon interactions : validation
of improvement of models

A Predominantly ran in ultrapure water mode
A Gd loaded mode for 1.5 weeks

Reco. capabilities, pion 200-1200 MeV/c Pure Charged Particle
scattering
Muon/electron scattering 800 MeV/c Pure Charged Particle
Gamma ldentification 500-1000 MeV/c Pure Tagged Gamma
Neutron Production 200-1200 MeV/c Gd Charged Particle
Photonuclear with n 500-1000 MeV/c Gd Tagged Gamma
tagging

L. Anthony

250 MeV electron

250 MeV muon

Pion (two- '
ring) L8

I )

0 2 - 6 8 10 12 14 16
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Detector response to charged particles

A

A

(MC-Data)/Data(%)

WCTE will help reduce detector uncertainties by directly
measuring the detector response to charged particles

WCTE measures g/ Hobserved PMT charge ratio
momenta

Super-K shows 1.9% discrepancy in energy scale

Reduction to < 0.5% uncertainty is necessary for
Hyper-Kamiokande (including] CP measurements)

4
—&— Decay Electron

—#&— Neutral current n°
¥— Sub-GeV stopping n
#— Multi-GeV stopping n

3
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' measurements at @ |/ SKDetSim e s S

1.0F
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cosO

A PMT angular response modelling and water property
uncertainties

A Discrepancies in Cherenkov production models limit
ability to use backward-going Cherenkov light to
enhance reconstruction

A WCTE measures emission profile
from Qand * of known momenta
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ACT3-5QDC

Charged particle configuration

A Triggers identify particles in beamline while hole counters  veto particles that shower
before reaching WCTE

A Aerogel Cherenkov Threshold — detectors use aerogel produced at Chiba university
with n =1.006to 1.15

18000

16000

14000

12000

10000

8000

6000

4000

2000

A Low index aerogel used to

A Higher index aerogels are matched to beam momentum for
“|* separation

L=}

L L1 -
12

Run 1538
hist_clone

C Entries 221308
- Mean x 13.99
- .+ .| Meany 1.273e+04
C Sa + | Std Dev x 0.3111
— - ) Std Dev y 2322
- o 0 0 0
— ! 164 [200865| 279
C 0 0 0
E 20
i 15
— 10i
[ #e:209319
- #u:6643 50
O #n: 2577 .
C | I B R R 0

0
0
0

- - Muon tagge!

Suite of beamline monitor
detectors:

Time-of-flight

Halbach array () o

@ Water Cherenkov

detector
Adjustable height table 15



Charged particle detection

A WCTE successfully observed Cherenkov rings from charged particles!

A With the mPMTs we achieved great charge and timing resolution

A We can match beam monitor data to water Cherenkov data and tag

events

A Example 280 MeV charged particle events

Electron Event

74

Run 1890 VME Selection: electron Event Number 2

C 103

102

Muon Event

2000

0
130

TOF (TO minus T1) distribution

»
R
2949
353

102

Pion Event

103 A

102




Summary

A The IWCD will measure the neutrino beam from JPARC at a range ofafis angles
A Better understanding of beam at production with same technology as far
detector
A Measure neutrinonucleus cross section ratios

A Predict neutrino spectra after oscillations at HK

A Many components tested at WCTE: Operated at CERN from 09/10/2024
06/06/2025
A mPMToperation and readout
A DAQ usingtoolDAQ
A Calibration sources & techniques

A Machine learning andfiTQunreconstruction for small detectors

A Water system & Water monitoring system

A Charged particle beam data for particle interactions

17






Measurement uncertainties: Hypier

Detector model uncertainties
APrecision understanding requir
Al nteraotipasticles propagating
ACherenkov | i ghtf prhadwoetdi arti c
APropagati otnhrodudh gwater vol ume
scattering)
APhotosensortowes$pghseincluding
angul ar response

A Reconstruction of complex and
topol aqi éosot h si gnal and backg _
|l nteraction model uncertaintiess?
ACritical to CP violation meas *~
A’. & . producttoi ounn d € rbsetaamm dfyl u x ,
contami naiwn a@mgdabsaicgkngr ound
A’interact iscernctdromsss foomr waGC@E S i o
CC signal channel s and wi de al
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— Statistics only
------ e-..... Improved syst. (v /v, xsec. error 2.7%)
wnaunnnn T 2K syst. Ref.[4] (v /v, Xxsec. error 4.9%)
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Neutrino Events

Hyper-K Years of Operation
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Measurement uncertainties: Hypier

Detector
APrecision
Al nteraot

A Ch
APr
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The WCTE detector WCTE is instrumented with

A 93 IWCD stylemPMTs
A 4 HyperK stylemPMTs

A 8 cameras use to image the detector

3D map of mounted detector components

—1000 g

| ;

|
R |
‘L .
o A

I

4 (cDs)

3 axis calibration
deployment system

0 SHTSTIS 82X 08 S
e i L
& @
1000 : 82 InnermPMTsupport
e DB M | RPNV e Structure
s @B SR Wy figwUrg . ?21GOY! ¢ HO IJWH
" b Yel AIO
| 5 1’ 0 ~1000
e el e
~1000 = L 5 S Black sheet
1500 . 3
0 Photogrammetry cameras
€T ‘
—1000 —1000 . . ‘ Y
0 Stainless skinTt 6mm :
1000 >
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Subterraneo”
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Beam window
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Water monitoring system

A Important for water transparency and long Cherenkov
light attenuation length

A For WCTET horizontal water pipe and measure water
guality relative to filtered water by filtering system

A 8 mlength pipe with UV-sensitive PMTs and 245t
470nm LEDs with < 1ns pulse width

A Water filtration system to selectively filter out
contaminants

% To cut costs, SiPMs will take the place of PMTs. A NSULWI ~EWRt Wedt YWHIRUDLWI 132
Semi-Transparent tue ¢ Rq! WRU lWa RUI
Parabolic Mirror Mirror Air-Vent Parabolic Mirror

Water Chambe! o P R A . a~ o
\ | A l¢TVYiRURzGWeEH YI AcURIIWI WUaq

Water Injection

Light Sensor (SiPM)

i A Demonstrated a 1% measurement precision in
detecting a change in the water quality, which
translates to PPB level of detection sensitivity to

WY ey Gd.

s L. Anthony 24
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