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Kamiokande Detectors

Super-Kamiokande
22.0kt fiducial mass
(33x Kamiokande)
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Kamiokande
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fiducial mass
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Kamiokande Detectors

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

Kamiokande
680 tonne

fiducial mass
(1983)

Megaton scale Water Cherenkov detector
x25 larger fiducial volume than Super-K.
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Physics at Ryper-K

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

Accelerator ~ Atmospheric

Leptonic CP violation
(see following slides)

Mass Hierarchy determination

>30

BO-3 octant determination
30 for sing2 B23 >0.56 or sin2 B23 < 0.46

Broad physics programme.



_eptonic CP Violation

Ve appearance established
28 events observed (4.3 expected background)

15 I : 2 —4— Data arXiv:1502.01550 [hep-ex]
-~ i Vu—)Vc CC o) 7,.1 ] T T T ] | ] I L] L] L] ] ] L] L] L L
o= 5 excluded at 90% C1 .
| - - Background < C -
- B 61
L i : w— Nommal Hicrarchy N
% 5 - Inverted Hicrarchy L
l() - o = —— R 90 % cnitical .\1:47\'}'» -
Qa i E « FC 90 % critical Ax® (IH) GXC|Uded at ;
a4 =
B . - 90% CI_ -
.g = —— - N
: - .
Z 5t 4 F\ | | -_ :
. —— :‘ ~ -
()M 0. T T
0 0.5 1 O,.(T
cp

Reconstructed v energy (GeV)

effect is large, opens the
way to leptonic CP
violation ocp. 7 WARWICK

2K + reactor experiments
First constraints on ocp
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_eptonic CP Violation

arXiv:1409.7469 [hep-ex] arXiv:1409.7469 [hep-ex]
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~2.50 projected significance it maximal CP violation.

to firmly establish CP violation we will need Hyper-K!
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Why Water Cherenkov?

Scalability

Water is-cheap, non-toxic, liquid at room-temperature

we -already know how to build big water WC-detectors
Proven technology

many -years of experience-from Super-K

[low fisk
Excellent performance

based -on real Super-K-and: 12K pertormance




Water Cherenkov Technique
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Water Cherenkov Technique

Electron]

TTTTTTTTTTTTTTT

WARWICK

11



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.

TR RN UR IO AT W THNL i TN [N S N AN YT T A W T I
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JYPER Likelihood THE UNIVERSITY OF
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Hyper-K (In detall
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Ayper-K (In detall

_CONCEPT

(Dead Area) (Dead Area)

Detector geometry Total Water Mass

(Dead Area) (Dead Area) (Dead Area) (Dead Area)

0.99 Megaton
0.74 (0.56) Megaton
0.2 Megaton

Inner Detector (Fiducial) Mass
Outer Detector Mass

Photo-sensors

Inner detector

Outer

detector

99,000 20-inch ¢ PMT's
20% photo-coverage

Hvﬁ

95,000 8-inch ¢ PMTs
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Detector Site

Candidate site: Tochibura Mine i Rock Quallty Survey/ :
680m rock overburden LR T W /
1750m water equivalent (cf SK 2700m) T
"§¥f‘ .1:j? ..... - ::f:i?;f?
yper-K can be constructed with y IBRRREE
= = m ,;,-»,3 | =] o |
existing techniques. Iy B
} _ i > m | | | RS S ‘J - EE
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Stability Analysism = Cavern Excavation and Support
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orldwide R&D

CERN
Neutrino

Trial for communication

Elec. + HV modules in water (RapidiO in FPGA boards)

Power Dats « Control lines  sync. Clock
[48V ~ 100V ?) (=~ Gb/sec) « Counter

Commenication Block
(SITCP? / Rapid YO? )

Signal digitization
( Charge + Timing )  readout computers | DAQ system | readout computers |
Ethernet L T T ,___l, ,,,,,,,,,,,,
<—% I | ! Sort PMT hits
[ < J Hits sorter + Merger|  Hits sorter + Mergerge«s " "%
g - - o 1 1 . sccccccccaas.
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Compact neutron generator
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IEEE TRANSACTIONS ON PLASMA SCIENCE,
1 VOL. 40, NO. 9, SEPTEMBER 2012




Photo sSensors
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Super—K PMT N / /. High QE/CE PMT ‘ - High QE/CE Hybrid PD

QE 22% ' QF 30% Y  QE 30%»
CE 80% "\ CE 93% \ \ " CE 95% \

”

Estabhshed 'Expected low cost

Technology On-going R&D
High Cost |

Avalanche diode.:
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P h OtO S e n SO rS Multi-p.e. charge

. . _ distribution
Time Resolution 1p.e. charge distribution || e skpr
. Super-K PMT | | Super-K PMT | | 2PE
: 50cm HQE B&L| 50cm HQE B&L| |
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e SKPMIT B&LPMT 5ocmHPD(ZOCm)
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FWHM (ns) = 7.3 4.1 3.4 (3.3)
1PE Q resolution o/mean | 53% 35% 16% (12%)
Peak-to-Valley ratio 2.2 4.3 3.9 (5.2)
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Near Detector Development

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

Maximise cancellation of uncertainties
between near and far dete_g:\tor ----------

|dentical target nucleus and : . ®
detector technologies ] 560 9 S | -:;;.‘.’.’

~2 km from beam source D000 ACRRAAR
match the flux at the far detector
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Near Detector Development

New Intermediate Water Cherenkov Detectors

4 m 2m
TITUS Detector <"
Maximise cancellation of uncertainties e '
between near and far detegtor--—4 e
|dentical target nucleus and
detector technologies . | (|

= |

~2 km from beam source
match the flux at the far detector

Magnetised Muon Range Detector .

Measure momentum of = i

escaping muons.  Zawf
35{ \
30 |

In-situ cross-check of sign st Iy
: : |
selection with neutron tagging /
method. lgE E, =03 GeV
0
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Near Detector Development

New Intermediate Water Cherenkov Detectors
TITUS Detector Mv{“\ <>
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between near and far dete_g:\tor ----------
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Near Detector Development

New Intermediate Water Cherenkov Detectors
NUPRISM Detector

arXiv:1412.3086 [hep-ex] v
Instrumented vertical water column —1"
Samples a wide range of off-axis angles

THE UNIVERSITY OF
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Near Detector Development

New Intermediate Water Cherenkov Detectors

NuPRISM Detector
arxiv:1412.3086 [hep-ex] v IR T
Instrumented vertical water column — " ZSHIHRRE

Samples a wide range of off-axis angles
VPRISM Flux Planes

Average neutrino . .
production point Point crossing
the !u Hlurl A

2

2 3 4

Neutrino Energy (GeV)
» » »

Combine data from different angles to
build a dataset corresponding to an v

arbitrary flux.

THE UNIVERSITY OF

WARWICK
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Near Detector Development

New Intermediate Water Cherenkov Detectors
NUPRISM Detector

arXiv:1412.3086 [hep-ex]

Instrumented vertical water column

Samples a wide range of off-axis angles
VPRISM Flux Planes

- ~ 4
Average neutrino . . o
production point Point crossing
~ the flux plane )

Off-axis Angle (

(]

b 1 2 3 4 ”m

Neutrino Energy (I&

160 SK oscillated flux

Combine data from different angles to
build a dataset corresponding to an
arbitrary flux.

Linear combination of
120 by vPRISM off-axis fluxes

Flux/[cm® 100 MEV - 1¢21 POT
=
2

o " i -

......................................

14 02 04 06 08 2 6 18 2
: 2040608 1 1214 16 1.
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Project Timeline

( Construction j

ZJ:):IYZ 2013|2014 | 2015|2016 | 2017 | 2018|2019 |2020 | 2021 | 2022 | 2023 | 2024

—-------*

Sufvey, Ddtailed dpsign  fAccess funnels Tant constrction

! >

Photl-senso‘ produgtion ]

Cavity Fxcavat' n

Operation

J_PA C iner Upgrade IM2K wil accung;ll_ate

appr¢ved P
1-240k 750KkW and beyond

| | | |

2025: Operation

2018: Construction begins

2015: Design report
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Thank you for listening

David Hadley
University of Warwick arXiv:1502.05199
29th May 2015 arXiv:1412.4673

www.hyperk.org
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Near Detector Development

New/Upgraded Detectors in the Existing ND280 Complex

WAGASH| Water based
o 0 B o iquid scintillator

Each cell is filled with
water or hydrocarbon.

Water dominated target
41 acceptance

Front veTo W v beam vt An alternative approach is to
fosm Downstream (x 1) improve knowledge of neutrino-
H,O nucleus interactions
= - e.g. Righ
: Pressure Gas
Io.5m I TPC

THE UNIVERSITY OF
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Measure dcp by comparing data

_eptonic CP Violation

with beam in v-mode with anti-v

mode
> 150_| T T | T T T | T T T
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= 100 (1]
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= ; I
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S -100— R
= e
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Reconstructed Energy Eiec (GeV)

CP violation can be

established at 30 (50) for
/6% (58%) of b¢cp space.

HVPER

Ocp measured to < 200

over entire space

§—6=0

68% CL error of d.p [degree]
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Near Detector Development

arxiv:1409.7469 [hep-ex]

10 :I T | T T | FTTT | FTTT | FTTT | FTTT | T T | FTTT | FTTT | T |:
9E sin’0,,=0.40 30C.L. -
- —— sin®0,,=0.50 ]
8 - —— sin%,,=0.60 - arXiv:1311.4750 [hep-ex]
- —— Stat. Err. Only - = —- _
75 _._. Projected Sys. Errs. i Error source [%] sin“260,3 = 0.1
6 = Beam flux and near detector 2.9
o F - (w/o ND280 constraint) (25.9)
P S = - Uncorrelated v interaction 7.5
4 - -~ Far detector and FSI4+SI+PN 3.5
st S e Total 8.8
2 E
- 11021 :
0 1111 | L1 | L 111 | L1111 | 1111 | L 111 | L1 | 1111 | L 111 | 111 I_x10 —
e P SPaA To fully exploit the Hyper-K

POT accelerator neutrino
statistics, upgraded near
detectors will be needed.
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Megaton scale Water Cherenkov detector

x25 larger fiducial volume than Super-K.
34 WARWICK
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