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 Hyper-Kamiokande: the next-generation

* Expectations for some DM searches

* Expectations for Nucleon Decay searches
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neutrino physics in Japan: A most successful experimental program

Kamiokande > Super-Kamiokande [ K2K , T2K ] =9

* maximizes available resources 2 minimizes time, useless efforts ...
* maximizes experience & know-how = minimizes risks, delays, failures

=» Hyper-Kamiokande [ T2HK ]

e uses Water-Cherenkov:
* unique technique to achieve huge amount of instrument matter
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* precise rec. of particle’s energy, position, direction, type ... <J



The key of HK: very large mass and excellent photosensitivity
#638-talk Y. Nishimura “New 50 cm Photo-Detectors for HK”

e current baseline: high-QE Box&Line PMT Hamamatsu R12860
* R&D since 2011

Super-K PMT 50 cm HQE
Venetian Blind Box&Line PMT

r Box
8% & Line

3 o Dynode
* also new bulb shape with higher
pressure tolerance ( > 100 m)

* now ready for mass production
° = 80k 50 cm PMTS at inner deteCtor Exterior view of the new Building No. 10 at the Toyooka Factory




Kamiokande = Super-Kamiokande [ K2K, T2K ] =

the Hyper-Kamiokande [ T2HK ] experimental physics program

v oscillation physics
e determination of v Mass Hierarchy (atmospheric & beam)
* determination of 6,; octant (atm. & beam) “
 measurement of CP Violation in leptonic sector (atm. & beam)
* reveal exotic scenarios o]
#1036-talk M. Gonin “HK’s neutrino
Solar v physics oscillation physics sensitivity ”
* precision measurement of Am?,,
* measurement of energy spectrum up-turn |#63s-posterL. Labarga
. . “Astrophysics Potential of HK” ]
* discovery & measurement of hep neutrino |
v Astrophysics
* energy spectrum of Diffuse Supernova Neutrino Background ||
e galactic Supernova, high statistics, energy, time evolution ... }
* indirect Dark Matter search from GC, Sun, Earth™
Grand Unification physics
e p>e'n’ p->vK*t & all visible modes
* reach 103 sensitivity

---> this talk



particularly relevant for the stuff of this talk:

main characteristics
high-QE Box&Line PMT
Hamamatsu R12860

Quantum Efficiency

— High-QE R12860
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DM WIMP induced v, searches at the Sun

e XX~ T'1T, bb, WW > vX
search for v “excess” from the sun

— 90% CL limits on WIMP nucleon scattering cross-section:
spin dependent

WIMP-proton SD Cross Section [ cm?]

assume on WIMPs capture and annihilations
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DM WIMP-induced v, searches at the Galaxy

DM induced v event excess from xx = bb > v X

SENSITIVITY 99% CL (DM annihilation, NFW profile)
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an Hyper-Kamiokande primary goal: nucleon decay

status & next generation expectations (10 y exposure), most important modes:

Soudan Frejus IMB Super-K Hyper-K
p—etn®| o g B ——
s minimal SU(5) ~ minimal SUSY SU(5)
redicons ~ Meped SU(S)
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design emphasizes p < e*n®, p = v K* while keeping sensitivity to many other



p->vK*

Number of hits

Number of hits

» feature of super-symmetric GUTs

rather interesting but difficult to reconstruct

at decay p(K*)= 340 MeV,

K* ch-light threshold: 749 MeV/| 2

SUSY SU(5) model

reconstruct K* from its decay products

Kt=> vyt (64%), K> n'n®(21%)

2-body decays = monochromatic particles: p(ut)= 236 MeV,
p(rt)= p(m® )= 205 MeV

T(K*) = 12ns 2> possible to observe prompt 6 MeV 7 from 0 de-excitation
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u proton decay MC o

. 16

Michel e 2 1

from p deca g,

0 200 400 600 qé 10

F T T T H 8 8

15

3 3Z 6

i 2
3 ty E

_ L ’_ﬂ_lJ-LIL torlJrl JH om choofll nﬂn.—_r 0
-50 -25 25 50

T- TOF (nsec)

ufrom K> vt

v o
+ ]
H+ / K ]
12
{ C
1 O
9 >
1 ©
1%®
15
Jd Qo
1 €
] 3
1 2
+ % atmospheric ]
v background

250 300 350
Pu (MeV/c)

-—
o - N w » ()] [e2] ~ o] © o

___m'Ysearch
K'\' 7";
tt 3

s s s IR A :
400 500 600 700

Invariant Kaon mass(MeV/cz)

used t,= 6.6 «10%(SK limit), 10 years exposure



[ 2 VK" penefits from increased photon yield and timing resolution

* search for the prompt 6 MeV ¥ from 1°0 de-excitation:

number of hits within 12 ns wide

time wmdow prior to the u
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/P [years]

90% C.L. limits achievable
if no event is observed

- HK 560 kton LD o 1HDtank  2HDtank
- - HK 186 ktonHD - o T |
| Ardokton s it s S

Partial Lifetime (years)

Run time (year)

[Staging: 2" tank comes into operation after 6 years]

LAr discovery potential computed using numbers from DUNE CDR 2015:
signal efficiency: 97%, background: 1 event Mton/year, no systematic errors



p~>em

» favored by non supersymmetric GUTs
* nearly model independent reaction
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p->em

/P [years]

discovery potential (3 o)
HK 560 kton LD
=== HK 186 kton HD

LAr 40 kton
| —— HK 372 kton HD (staged)

1 036
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[Staging: 2" tank comes into operation after 6 years]

LAr discovery potential computed using numbers from DUNE CDR 2015:
signal efficiency: 97%, background: 1 event Mton/year, no systematic errors
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neutron tagging (veto):
* pdecay: no neutrons // atmospheric v background:

neutrons at (pure) water:

103% —

2.2 MeV v from n(p,d) v

some of the benefits from increased photon yield

neutrons

discovery potential (3 o)
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Super-K, R3600 PMT
— Super-K, B&L PMT
- Hyper-K, B&L PMT

| LI AL N S B N |

| = HK 560 kton LD

.. = HK 372 kton HD (staged)
w/ neutron tagging 20 % eff.
"~ = W/ neutron tagging 70 % eff.

Partial Lifetime (years)

number of hits
SK criterion:
= 18% tagging efficiency

~afactorof=2|

- much better expected '° e

for Hyper-Kamiokande
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other modes

90% C.L. limits achievable if no event is observed
[exposure: 5.6 Mton-year, detector: HK 560 kton LD |

| B-L | conserving

Mode Sensitivity (90% CL) [years]|Current limit [years]

p— etn® 1.2x10% 1.4x 1034 [A(B-L)[=2,]AB]|=2

p— UK+ 92 8% 1034 0.7%10%4 Mode Sensitivity (90% CL) [years]|Current limit [years]
g 0 0x 104 | 1x10% p— etuw 10.2 x10%2 1.7 ><1032} S
g o109 AT R T T 10.7 x10% 2.2 x10%? §_
D utn 3 0% 10 0135 10% —g p— et X 31.1 x10% 7.9 x10%2] §§
p— et g0 1.0x 1034 0.07x 1034 § p—ptX 33.8 x10° 4.1 x10% §- 9
D g 0.37% 1074 0.02x10% | § 0y 23.4 x10%2 5.5 x10%2 § §\
p— etw? 0.84x 1034 0.03x10% | = np — ety 6.2 x1032 2.6 x1032 5 %
p— ptwd 0.88x1034 0.08x1034 éo np — utv 4.2 x1032 2.0 x103? % -
n—etm™ 3.8x1034 0.20x 103 ; np — 17tv 6.0 x1032 3.0 x1032] & -
n—putr 2.9x103 0.10x10%* |

— basically 1 order of magnitude for most of the modes



Summary / Conclusions / Outlook

Hyper-Kamiokande: the very-high mass, high precision, high beam
power, highly reliable next generation M-ton neutrino and nucleon
decay experiment

The photo-sensor is now ready for mass production. It features a 2x
better efficiency, time and charge resolutions.

Unique sensitivity to medium mass DM WIMPS at the Galaxy and Sun

Nucleon decay: partial lifetimes limits (90% C.L., 10 y exposure) of
1.1 - 103> years for p = e'n®, 4 -103* years for p > v K* and basically
one order of magnitude improvement for many other nodes

Thus,
if you want to explore GUTs experimentally in the next decades
you’d better work (within your field) for Hyper-Kamiokande
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Inaugural Symposium of the HK proto-

12 countrles ~25O members and qro

collaboration@Kashiwa, Jan-2015
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Inaugural Symposium of the Hyper-Kamiokande Proto-collaboration
PR27EIAIE (1) WOBH voRELS 3 WA Hza AR N~

W g
* Proto-collaboration formed.

* International steering group

* International conveners

* International chair for international
board of representative (IBR)
*International Advisory Committee
(HKAC)

KEK-IPNS and
UTokyo-ICRR
signed a MoU for
cooperation

on the Hyper-

Kamiokande project.
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F. Di Luduvico @ NEUTRINO 2016

The Hyper-Kamiokande Timeline

FY 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026
2015

Operation

Cavity excavation Tank clonstrugtion
A— ‘
Accesstunnels nsor

installation
Photo hotosensor production ater
filling

Beamup to 1.3MW

2018 - 2025 HK construction.

2026 onwards CPV study, Atmospherics v, Solar v, Supernova
v, Proton decay searches, ...

The 2"d identical tank starts operation 6yrs after the first one.

6/July/2016 The Hyper-Kamiokande Experiment 15
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Neutrinos from WIMP annihilations obtained using a full three-flavor Monte Carlo approach
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Figure 1. The neutrino yields for electron and tau neutrinos as functions of
z = E,/m, for six different WIMP annihilation channels at production in the
center of the Sun and the Earth. Note that the muon neutrino yields are the
same as the electron neutrino yields and are therefore not shown separately.
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- neutron veto

number of events
N
o
o
o

p>e*n® MC
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| After proton mom & mass cut
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Reconstructed muon momentum distributions for muons found in the prompt ~ search for

p — K. The hatched histograms show the atmospheric neutrino background and the solid crosses denote

the sum of the background and proton decay signal. Here the proton lifetime is assumed to be, 6.6 X 1

033

years, just beyond current Super-K limits. The plots on the left and right show the expectation for the

1TankHD and 3TankLD designs, respectively, after a 10 year run. In the latter a second tank is assumed to

come online six years after the start of the experiment.
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FIG. 144. Reconstructed kaon mass based on the reconstructed final in the p — VK modes 7+ 7° search

. The hatched histograms show the atmospheric neutrino background and the solid crosses denote the sum

of the background and proton decay signal. Here the proton lifetime is assumed to be, 6.6 x 1033 years, just

beyond current Super-K limits and all cuts except for the cut on visible energy opposite the 7% candidate

have been applied. The plots on the left and right show the expectation for the 1TankHD and 3TankLLD

designs, respectively, after a 10 year run. In the latter a second tank is assumed to come online six years

after the start of the experiment.
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FIG. 138. Reconstructed invariant mass distribution of events passing all steps of the p — et 7 event

selection except the invariant mass cut. The hatched histograms show the atmospheric neutrino background

and the solid crosses denote the sum of the background and proton decay signal. Here the proton lifetime

is assumed to be, 1.7 x 1034 years, just beyond current Super-K limits. The plots on the left and right show

the expectation for the 1TankHD and 3TankLLD designs, respectively, after a 10 year run. For the former an

additional tank is assumed to come online six years after the start of the experiment. In each configuration

the free (bound) proton enhanced bin appears in the upper (lower) panel of each figure.



0 < pro; < 100MeV /c 100 < pror < 250MeV /c
Design |€sig [%] |0 [%]||Bkg [/Mton-yr||opry [%]||€sig (%] |0 [%]||Bkg [/Mton-yr]|opkg [%]
1TankHD | 18.7 6.5 0.06 32.8 19.4 | 14.9 0.62 31.9
3TankLLD | 18.8 5.3 0.27 29.0 204 | 15.2 2.17 31.3

TABLE XXXVIII. Signal efficiency and background rates as well as estimated systematic uncertainties for

the analysis p — eT7° at Hyper-K.

Prompt ~ atm0 P, Spectrum
Design  |€sig [%0]|0c (%] ||Bkg|0oBrg [%0]||€sig [%0]|0c [%0]||Bkg|oBRg [%0] | €519 [Y0]| Bkg ||0fit [%0]
1TankHD| 12.7 | 19.0 |{ 0.9 27.0 10.8 10.0 || 0.7 31.0 31.0 |1916.0 8.0
3TankLD | 7.4 19.0 || 2.7 25.0 6.7 10.0 || 3.4 29.0 31.0 [1916.0 8.0

TABLE XXXIX. Signal efficiency and background rates as well as estimated systematic uncertainties for

the analysis p — 7K™ at Hyper-K. Background rates are listed as events per Mton-yr.



