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Water Cherenkov Detector
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Physics with Large Scale WC

Proton Dgcay Neutrinos

Broad physics topics,
wide energy range



Water Cherenkov Technique
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Water Cherenkov Technique

Electron]
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Water Cherenkov Technique

Neutral Pion
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Water Cherenkov Technique

o Excellent PID performance
60F-

"3 Accelerator ve background
301 IS dominated by irreducible
208 iNtrinsic Ve.
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Why Water Cherenkov?

Scalability
Water is cheap, non-toxic, liquid at room temperature
long attenuation length: achievable in pure water
(SK:>-100m at:400nm)
Proven technology
many-years of experience: (eg-super-K 1996 to date)
low Tisk
Excellent performance
for charged particles above Cherenkov threshold
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Why Water Cherenkov?

Blind to particles below Cherenkov threshold
for protons > 1.1 GeV/e:



Neutron Capture on Hydrogen
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Neutron Capture on Gadolinium

arXiv:0811.0735 [hep-ex]
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Neutron Capture on Gadolinium

Cross section for neutron capture: Gd (49,700 b), H (0.3 b)
Neutron Captures on Gd vs. Concentration
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0.1% Gd fraction gives 90% neutrons captured on Gd.
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Application AoVva Relic

A low energy example =

Directly obse%a*ble local
supernova are all too rare
.
Alternative is to measure

diffuse supernova .

background DSNB/SRN _ - .+ No neutron
B 5 | o tagging
Very low rate L SO

| arge backgrounds %0 15 20 25 30 35 40 45 50

arXiv:1109.3262 [hep-ex] Energy (MeV)



Applicatio AoVva Relic

A low energy example =

Directly obsepvable local TR +§RN+BG v.mu 115

supernova are all too rare _
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Removed by requiring

T . A few clean events per year in SK
colncidence with neutron el

~100s per year in HK



Applications: Accelerator based

long baseline neutrino oscillations

A high energy example
12K / T2HK neutrino beam energy ~ 0.6 GeV
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Applications: Accelerator baseo
long baseline neutrino oscillations

Tagging neutron reduces wrong-sign
background in anti-neutrino mode
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FGADS

(Evaluating Gadolinium’s Action on Detector Systems)

200 t instrumented Water Cherenkov detector to test
introduction of a water soluble Gadolinium in a Gd(SO4)3

THE UNIVERSITY OF
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FGADS

(Evaluating Gadolinium’s Action on Detector Systems)
Need a water filtration system that removes impurities but not

Gd(SO4)3
Gd2(804).3
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FGADS

(Evaluating Gadolinium’s Action on Detector Systems)
Light @ 15 meters in the 200-ton tank (Gd water with PMT’s)
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Super Kamiokande

4l

L  + Gd(SO4)a

#"SUPER
JK

In June 2015 the Super-K collaboration approved Gd-loading.
Gd is also an option for Hyper-K.
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(Acce

CC events at ANNIE hall, BNB
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Aim to measure neutron multiplicities for
neutrino interactions on Oxygen in
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the few GeV range
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TITUS

Proposed Intermediate Water Cherenkov Detectorzfor T2HK
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Gadolinium Doped Water
Cherenkov Detectors

Neutron tagging with Gd-doped WC significantly extends the
physics reach of large scale Water Cherenkov detectors.

Technical implementation has been successfully demonstrated
(EGADs etc).
Gd-doping is the future for Super-K (and Hyper-K?).

To tully exploit this new technology, we need to make
measurements of neutron multiplicity for v-Oxygen interactions
and build models that reproduce them.
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Thank you for listening
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Proton Decay Limits with
2_7Neutron Taggmg
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Super-K Measurements of
Neutron Multiplicity
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Events/1E20POT/ton/50MeV

ANNIE Events

CC events at ANNIE hall, BNB
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ANNIE Neutron Transit

net neutron transit distances (inclusive)
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Neutron Capture on GO
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Kamiokande Detectors

=) Sic 7 Super-Kamiokande
B 22.5kt fiducial mass
(33x Kamiokande)

Kamiokande
o030 tonne
fiducial mass
(1983)

ot

Megaton scale Water Cherenkov detector

x25 larger fiducial volume than Super-K.
3 (202X) WARWICK
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Physics with Large Scale WC

Proton Decay Neutrinos

0 — e+ + 710 Solar Supernova
>1.8x1085 years 90% CL SN ~200,000 @ 10kPC

oD =V + K- SN ~30-50 @ M31

>3.2x10%4 years 90% CL 200 solar v per day
Indirect dark matter search

Hyper_K PhySiCS Accelerator Atmospheric

Goals _eptonic CR-violation
Mass Hierarchy determination

>30

B-3 octant determination
30 for sin2 B23 >0.56 or sin2 B3 < 0.46

Broad physics programme.



Near Detector Development

New Intermediate Water Cherenkov Detectors
TITUS Detector </’v<“\ <>

Maximise cancellation of uncertainties
between near and far dete_g:\tor ----------
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match the flux at the far detector

Neutron Capture on Gd
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DSNB at GADZOOKS
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