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Some Excellent News...
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HYPER-KAMIOKANDE EXPERIMENT TO BEGIN
CONSTRUCTION IN APRIL 2020

Posted on SEPTEMEER 19, 2018 5:01 PM by ADMIN

Last week at the 7th Hyper-Kamiokande proto-collaboration meeting, a statement was issued by the
University of Tokyo recognizing the significant scientific discoveries which the planned Hyper-
Kamiokande experiment would enable.

It states that, based on these exciting prospects, the University of Tokyo will ensure that construction
of the experiment will begin in 2020. Hyper-Kamiockande now moves from planning to a real
expariment.

The Hyper-Kamiokande proto-collaboration welcomes this exciting endorsement of the project and
the boost it will give to increasing even further the international contributions and participation in
the experiment. Introducing the statement, Professcr Takaaki Kajita, Director of the Institute for
Cosmic Ray Research at the University of Tokyo and 2015 MNobel Laureate in Physics, pointed out that
the Japanese funding agency MEXT has included seed funding for Hyper-Kamickande in its JFY 2019
budget request. He illustrated with many examples that it is standard in Japan for large projects to
begin with a year of seed funding, and said that in any case the University of Tokyo commitment
meant that Hyper-Kamickande construction will begin in April 2020,

The Hyper-Kamiokande Proto-Collaboration will now work to finalize designs, and is very open to
more international partners to join in this far-reaching new experiment.
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Some Excellent News...
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Hyper-Kamiokande Detector

* Next generation Water Cherenkov detector, building from expertise
and knowledge from Kamiokande and Super-Kamiokande

Super-K Hyper-K (1t Tank)
Site Mozumi Tochibora
ID PMTs 11,129 40,000
Photo-coverage 40% 40% (x2 1PE efficiency)
Mass (Fiducial Mass) | 50kton (22.5kton) | 260kton (187kton)

* Increase in fiducial mass ~x10
* Improved photo-detection
capabilities gives x2 sensitivity
of PMTs
—> x2 effective photocoverage |
 Keeping low background and |
energy threshold

, _ Adrian Pritchard, NNN 2018 >
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Photo-Sensor R&D

* New Hamamatsu box-and-line PMTs with high
QE will be used in HK for half the coverage:
* X2 single photon detection efficiency
relative to SK PMTs
 Improved charge and timing resolutions

* Considering other international contributions
for remainder of PMTs, eg Canadian mPMT
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Many Physics Goals

Sensitive to many sources

of neutrinos

e Search for CP violation,
measurement of &,

* Precision oscillation
parameter measurements

* 6,; octant 2,

* Mass ordering \

e Solar day/night asymmetry

e Supernova detection

e Supernova Relic Neutrinos

air nucleus

Search for proton decay

Adrian Pritchard, NNN 2018 7




Long Baseline Beam Neutrinos

4% Japan
. E138° 30’ . E139% 30;

Tok {’}Tokyou
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Hyper-K site is just 8km from current Super-K site

 L=295km, the same as for Super-K

 Beam has same 2.5° off-axis angle, same narrow band energy
peak as Super-K at E = 600MeV

Adrian Pritchard, NNN 2018
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Long Baseline Beam Neutrinos

1.3MW for HK
* Increase in beam power:

485kW = 1.3MW in time for HK

J-PARC Main ng Fast Extraction Power Projection (upara e plan as of JFY2()17)
1600 ——

* Reduced systematics thanksto = 100 g:,a\;gfs-gpply :§3§ :
* ND280 upgrade (see talk by = - Ve Efp z
E. Noah Messomo) ok Er
* Addition of an Intermediate o ‘E}E
1

\‘I...I..l...l.i\\‘..l..
4 2016 2018 2020 2022 2024 2026 2028

Fiscal Year

Water Cherenkov Detector 20
(see talk by J. Walker)

ND280 Upgrade and INGRID (0.28km) IWC (km)

HK (295km)
8 '-|ma'*|
V Vv ! N-|E'ﬂ'f"!‘r/| um EEEm
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EXpECtEd Eve nts Assuming Normal Hierarchy and sin220,; = 0.1
10 years running (1.3MW x 10%s), viv = 1: 3
signal BG . Realistic BG
ora
Vy Ve V,—V. |1V, CC v, CC p, CC v, CC NC |BG Total EStI mateS
Events -1843 15 7 0 248 11 134 400 2058
v mode based on T2K
Eft.(%) 63.6 47.3 0.1 0.0 24.5 12.6 1.4 1.6 —
B 1 Events 206 1183 2 2 101 216 196 517 1906 | — See talk by I_.
Y mode
Eff. (%) 45.0 70.8 0.03 0.02 13.5 30.8 1.6 1.6 — Kormos for
> F > = —
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Sensitivity To &,
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Significance for exclusion of 6., = 0

8—

L Normal mass hierarchy HK 1tank 10years
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Running time (year)

Expected significance for
exclusion of CP conservation,
10 years running (1.3MW x
108s), v:v = 1: 3

50 observation of CP
Violation for 58% of
&, parameter space

Precision of 6., measurement:

~22° for 6., = £90°
~7° for 6. =0°
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Atmospheric Neutrinos

e Earth Matter Effect modifies energy spectrum
of atmospheric neutrino oscillations as they
pass through core

Sensitive to mass hierarchy, 6.,, and 6,; octant

1 cos®,=-0.8  NH, sin’f,,=0.4, sin°4,,=0.025, 5=40° cosQ =08 NH sin®0 =06 sin’o,.=0.025, 3p40a
— solar term * a2 — 9 7
‘L 0.8 (a) interference term sin 623 - 0.4 0-6

o 0. 7 e
z ’ '
Aq’ 0
< 0.2
> 0.4
E
10 1
c0s©_=-0.8 _ NH, sin’0,.=0.6, sin®0,,=0.025, 5=220° cos0 =-0.8 IH, sin?,,=0.6, sin®0,,=0.025, 540
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Hierarchy and Octant Sensitivities

 Combining 1 HK tank beam and atmospheric samples for joint
analysis

Wrong Hierarchy Rejection Wrong Octant Rejection
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|
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Solar Neutrinos: Day-nght Asymmetry

yoedoNight 37 ST, iR wesemesom

Regenerat|0n of Ve (;2 iz SIN%(6,,)=0.308:0.013  Am3,=(7.50%3}%) 10%6V?
due to Earth ig
matter effect ﬁ

g .-Z%forl

S -3.8% forSelar—— o it

. . 4 :

* Higher flux at night when solar 3

1

neutrinos must pass through Earth o1 on o0s o4 os
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-
o
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[++]
|

[=2]
Illll
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KamLAND reactor results N4
. : : Ten5|on W|th L
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Solar Neutrinos: Spectrum Up-turn

0.8 T TT Ll L A ! L

3.5MeV 4.5MeV
I

* Up-turnin survival probability at
low energies due to MSW effect

0.7

0.6
2

=

~ 05

* Spectrum depends on details of
MSW effect — probe for Non- &

Y ] =
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Sensitivity (sigma)

M. Maltoni et al., Phys. Eur. Phys. J. A52, 87 (2016)

* Requires similar low energy
performance to SK
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Supernova Neutrinos g At10kpe - o
> i e
. , S 10 3L S W
HK will collect many events in the case g 10 S NG
of a galactic supernova S [ Svie o N\ e
. . . = + 1< 2| [ e N\
Primary reaction: (v, +p — e" +n §10 S1E NG et

* Core collapse supernova physics, i
oscillation physics, early warning, etc 44 |

%g éﬁ O — j
8% 38 3 = | NP/ T M BN
S 10°F " (AL B 1 0O 10 20 30 40 50 60
"é :g : e visible energy (MeV)
Q
E 10 : : D : ;
St N Predicted number of events:
*2 103E OO\ At 10kpc (Galactic Centre) = 50k — 80k
o NG i .
3 132 LMC (location of SN1987a) = 2k — 3k
g Bl vl NN M31 (extended range of HK!) =~10
10" 1 10 10° 10°
T distance(kpc)
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Supernova Relic Neutrinos | wW/r——F———

1 O Constant SN rate (Totani et al., 1996

g

S.n6
) s
=405 " Hartmann, Woosley, 1997
. <107} + o~ Reactor v (v,) ’ v
* SK-Gd will detect SRN thanksto g, 4 *
w0 Ando et al., 2005

improved neutron capture ¢ 102_ ""-.._ Fukuta, Kawasaki, 2003(dashed
efficiency of Gd (see talk by SO
M.Smy)

 HK will collect enough events to
measure the spectrum

SRN predictions
(v, fluxes)

—_
_L_LO
|

Neutrino Flux
5.0,.0,.0.0.

. Atmospheric Ve |

3D O AW N =
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{

JUNO e S -~ 0O 10 20 3 40 50 60 70 &0
Neutrino Energy (MeV)
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(o)) o
o o
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——JUNO(BH30%) | ~.~

a
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e Star formation history, heavy
; elements
3 N T 4 D * Black hole formation

N N W W A
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o
o

T

Number of SRN events in FV
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Proton Decay

Fundamental prediction of GUT theories:
e Supersymmetric GUT theories —
X boson mediated GUT theories=

x :
IglLly %8 /\(?}

. . 0
HK will extend search to 10% years, covering many |« .«
more theoretical models than present
Soudan Frejus IMB Super-K Hyper-K
p—etn® ¢ B e
B nmalisth) minimal SUSY SU(5)
é)r eE?chnZ flipped SU(5)
SUSY SO(10)
non-SUSY SO(10) G224p B0 Se e .l.:a I k by
| S. Mine for
p— etK® ¢ e— =
p— ut KO  eea— s
Pyt K o —— BT current limits
p— KT # ¢ L —ﬁ -
minimal SUSY SU(5) Hypst-R set by Su per K
p— K+ non-minimal SUSY SU(5)
predictions
SUSY SO(10)
1 1 lllllll 1 1 lllllll 1 1 1 lIlIII 1 1 11 1111
10" 10 10% 10t 1%
il U /B (years)
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Proton Decay: p — e*nt’

‘Golden Mode’ for WC detectors

* Practically background-free (0.06
events/Mt-year)

 Atmospheric neutrino background
greatly reduced by neutron tagging

\Y
30 discovery sensitivity:
t/BR = 103> years for 20

) Hyper—Kamlokande

% P DUNE 40 kton, staged , 30 ...l yea r Operatlon
2 SK 22.5 kton , 30
= HK 372 kton HD staged , 30 N 7 I r . . I .
= —e— HK 186 kton HD , 30 ]
10% E o ‘ch-; 6 -;
I e S u>J 5 Atmospheric p decay signal 4
e B . 4 background E
: /
o 2 E
£ 1 3
33 - L]
10 ............. 1
...................................................................................................................................... Z %p T 1000 1200
2020 2030 2040 Vear Total mass (MeV/c?)
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Cop—VK
[~ ——e—— DUNE 40 kton, staged , 30
[ ——e— JUNO 20 kton, 30

SK 22.5 kton, 30 1
. HK 372 kton HD, staged , 3o e
——e— HK 186 kton HD , 30 ‘

Identify K by decay products: S
1) Kt - utv (64%) - 236MeV/c

muon + decay e, prompt y from °O*
de-excitation

2) Kt -» mttn® (21%) — 205MeV/c
ntt and m° back to back

Proton Decay:p » vV K™

1B [years]

10% _

Year

30 discovery sensitivity:
t/BR = 3 x 1034 years ST T

. °r1)
for 20 year operation i
vV \\ K : +
—0 LT

de-excitation y

"
from 150* / M

Number of Events
=

Number of events
—_ (8] w S w (] ~ o] ({e]

P %"'"‘“"” cho e P e U
200 230 300 0. 0 400 500 600 700
vV Pu (MeV/c) Invariant Kaon mass(MeV/c?)
:’:Mlt:&,;’fi:.:"
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Second Tank in Korea| pjantoadda second, identical, HK

0.10 tank in future — likely in South Korea
= o0.08
T 0.06
= 004 Benefits of locating in Korea:
a 00 » Access to second oscillation
. oW maximum — measure parameters in
* 0.08 .
; s a different way
= 0.04 * Improved sensitivities for all HK
g 002 . .
e | : physics studies

0.0 1.0 . 2.0 3.0 40 50
Neutrino Enerqy (GeV)
"L L | DAB
eoul 1 7 '
= Dk 20/ J-PARC

-
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Second Tank in Korea

g5 ()

»

»

For 10 years running (1.3MW x 20
108s), v:iv = 1: 3

........

Locating second detector in

o — JD+KD at 2.0°

— JD+KD at 2.5°

L — JD+KD at 1.5° /

D . 5
Korea gives improved sensitivity
l | TR B | Lo |
compared to 2x Japanese % 2 3 4 5 6
detectors o O (r2d)
S I -
: ) 0.8 —
Uncertainty on 6., up to 3 g :
. . Q L i
smaller with second tank in g 06l .
Korea compared with Japan i ]
04 ) 5 -
e : i — JD+KD at 2.5° |
Increase sensitivity to hierarchy 02 KD at20r -
. B —— JD+KD at 1.5° ]
due to increased matter effects o P ]
0 10 15 20 25
0, ()
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Further Material

 Hyper-Kamiokande Website:
www.hyperk.org

 Hyper-Kamiokande Design Report:
K. Abe et al (Hyper-Kamiokande
Collaboration)
arXiv:1805.0416

* Physics Potentials with the Second Hyper-
Kamiokande Detector in Korea:
K. Abe et al (Hyper-Kamiokande
Collaboration)
PTEP 2018(2018) 6, 063C01

* Technical Report coming soon!

Adrian Pritchard, NNN 2018
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Design Report
(Dated: May 9, 2018

Physics potentials with the second Hyper-
Kamiokande detector in Korea 3
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Summary

 HK will cover a broad range of physics topics, and will make many
leading measurements in fields of neutrino oscillations, proton
decay, astroparticle physics research

* Funding for first Hyper-Kamiokande tank is secured:
e Excavation will begin in 2020
* Operation will begin in ~2027

* Lots of exciting years ahead for the collaboration
* A great time to get involved!

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027

Tunnel excavation
Cavern detailed design Cavern excavation
Tank detailed design  Tank construction
Water filling

));
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