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Hyper-Kamiokande Construction

Francesca Di Lodovico for the Hyper-Kamiokande Collaboration




ROy e Physics 1n
e Hyper-Kamiokande,

Proton decay vy
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—Beam physics

\ -PARC neutrino beam

Neutrino Oscillations

Neutrino Oscillations will be
measured based on accelerator
and atmospheric neutrinos

v

IRN 20

Astrophysical Neutrinos

Solar, supernova, and supernova
relic neutrinos will be explored for
astronomical research.
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@Multi-purpose experiment

o BTG —Astrophysical observatory
®52) —Rare (e.g.proton) decays

Rare Decays

Rare processes such as proton decay
or neutron decay processes that
violate baryon number will be searched




How leaning towers compare
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NucIeOn Decay Experlment
Neutrino Detection Experiment

Super-Kamiokande
(1996-)
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Kamiokande
(1983-19906)
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50k(22.5K)ton 260k 8k)t®n

with S0cm EMT 40% coverage ( High-QE 50cm PMTs (20%

with 50cm PMT

Unprecedented scale of underground cavern

IRN 2021



yper—K detector W|t
(190 kiloton) than

Hyper-Kamiokande Detector

e

Water purification
and cir culatnon \

Super-K with

@New (IWCD) and upgraded (@280m)
near detectors to control systematic
error.

@ J-PARC neutrino beam will be
upgraded from 0.5 to 1.3MW (x2.5
higher than current T2K beam power)

J-PARC Main Ring Fast Extraction Power Projection
1600 (L L L A R A R B L SRR PN
Rep. Rate (Hz): ; e ; =
1400 0.40 0.77 () 30 0.83 P 0.86 3.

—NH,8,=0  —-IH,8,=0

New intermediate —NH, 6, =n/2 —-1H,8,,=n/2 -

Hyper-Kamiokande detector (IWCD) J-PARC

Main Rm
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Hyper-K Schedule I
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A7 years construction from year 2020: 5 years excavation + subsequent 2
years detector construction. Data taklng from 2027 .

@We will start water filling and detector commissioning in Dec.-2026.

@ The participating countries need to be ready to start installation of their
components by Dec.-2025 (We have ~5 years for preparation).

FY2020 FY2021 FY2022 FY2023 FY2024 FY2025 FV2026 FY2027 FY2028

Geo Tunnel Cavem ank PMT ® It iS Vital that the
survey const. excavatlon Const. m:i;arl' = COntribUti ons by th e
™% -‘ ‘ 1 94 International partners

PMT producl:uon
to key components

Q/ PMI cases, Mirrors, Electromics etc. operaton are secured as soon
L T as possible and
_____-‘ B e SR certainly by the end of

Power—upgrade of J-PARC and Neutrino Beam-line Sy 2022

Near Detector Facility, R&D, production ND constructlon
- r  r



4 Entrance Yard Constructzon %_

1000%" TtMt lkeno-yama N

= S
—)-

I Maruyama

£ Access tunnel
(~2km)

~ Ji-

5
Tunnel & _

Entrance

water treatment facility at the
entrance yard.

IRN 2021




Access Tunnel Eixcavation has Started!

axy  Hyper-Kamiokande Groundbreaking Cer TEE .
P ik i ———————¢|nstitute for Cosmic Ray Research, The University of Tokyo . B __ | ; : ETE 198 -«‘[". : A
* GayE =2 .

| W

approach tunnel(4)

Courtesy of KAJIMA co.

Main cavern

IRN 2021 14



Hyper-K Collaboration

__ ) — _____ _ __ 7 — __|

20 countries, 95 institutes, ~480 people as of Nov 2021, and growing
Collaborating Institutes

20 countries, 95 institutes, ~480
people as of November 2021, and
growing

Number of Collaborators

Total =Japan -+Oversea

500 481

Francesca Di Lodovico ‘George Thomas Burton Yasuhiro Takemoto Dave Wark steveplayfer

aaaaaaaaaaaaa

450

-El*lhl I-— 400
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Europe 273 members Asia 145 members T 2 LA X AR e 1L D~ 2 Re T LA " { ’9\ : r}’
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France Japan (13 countries) -
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Hyper K Experzment (Far D

Water system: Two components:

Neutrino interactions 1st stage system ‘
2nd stage system for 155)+ 155 m3/hour Inner Detector (|D)

—Quter Detector (OD)

Photosensors: @ Cross section of
PMT Hyper-Kamiokande detector

Photosensors Cover Half of ID PMTs

Light Collection
Coils...

Electronics:
Digitizer @
Boards :
High Voltage Supply Part of ID Electronic
Network
Waterproof'd box, connectors,
Test Stand | .
cabling...

2x |48 port 1 Gbps Switches
with 4 x 10 Gbps Uplinks)

Water depth 71000

DAQ & Triggering: My N
Data Acquisition and Readout nner etecto%“ |

triggering Event builder e oo

Inner Water Tank

(PMT 20inch) \,

Software Triggers

Calibration: |
Calibration Electron LINAC 0uter-Detect(oerT
o Deployment system _ i som
vartous poart . o Other RI sources, light sources et

vanous positions

IRN 2021




. N —
,, Hyper K Detector Constructwn has Started N

o — e ———— e r_— —_ —

e

PMTs for the Inner Detector

Number of PMTs 11,129 50cm PMTs 20,000 50cm PMTs (JPN)
(+ additional PDs (Oversea))
Photo-sensitive Coverage ‘ 40 %
[ ey |

Dark Rate /PMT ~4 kHz (Typical) 4 kHz (Average)

@300 PMTs by March, 20,000 PMTs in
total by 2026 according to the
Japanese budget profile.

2020/12 First six PMTs delivered to Kamioka

10
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50c | *

PMT Dark
Rooms

Visual
INnspection

12
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500m PMT Covers _ e .

-Ccvers are V|tal components to
protect the PMTs in case of implosion.

One sp-nf (V3.1) at > Nty i ‘
S e , e Several tests being performed

sructure \ to check robustness of design
'H

(material test, fabrication
N\ method full validation under
A ~__ water pressure, etc).

| | ¥

2 - ; .'“vwv‘"‘-
o MR\ e |
= 4 , &_ ;
\? 2 3oonsccutlvo successful
'2#‘& tests to validate a design

’
b

)‘?

:
ds:
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© ¢ 0 0 29 © © © © o O

o o 0 6 0 0 0 66 0 6 ¢ O

e 0.0°0.0°0.0°0.0°0°0°0°0‘

@Far Detector: hybrid © 000 00000 .0.0

: . 3 &

configuration of 20" |J® %% .%:%0%6%6"0 0" 0 o

PMTs and mPMTs ¢€e® © © © 0 0 0 0 0 O ©
O o 0 0 0 0 0 0 0 0 O O

oy ' o 0 ¢ 0 0 0 0 0 0 0 O O
_IWCD will be e L i e

iInstrumented only © © 0 0 0 ¢20 ©0 ©0 ©0 0 ©
o © ¢ ¢ ¢ ¢ ¢ ¢ 0 o o ¢

with mPMTs.
&Draft ‘ B \ \ ‘

@mPMT is a vessel which houses and protts an array
of 19 3" PMTs:

"WF B —improves the granularity and timing;
® S —additional intrinsic directional information.
= D Different constraints on far detector and INCD mPMTs.
@Innovative idea for Water Cherenkov detectors.

y
oy -t

HK FD mPMT Electronics at INFN

IRN 2021
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f* Outetector ( OD) Phatosensmg N

® Photosensing system composed of
- 37 PMTs - | Edinburgh
- Wave-length shifter plate Fure._gudng e
- High-reflective Tyvek ~
®Crucial to reject external background

15
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Electronics

L p— ———— = | _ —— feedthrough

e —
e —
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— CONNector .. feedthrough

@ Critical components which S — FEE,
define the HK detector sT;/VL
performance and itS S = connector == feedthrough i CLK’

systematics. There are many case
technical challenges as

—Mechanical design of a
box for water tightness

—High performance, long
life digitisers, high voltage
PS, communication system,
timing synchronisation
system, and so on.

IRN 2021
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ID+OD Electromcs

—  —  — p—

*he electronics package ot cock 0] | [G7S receer
Can be Split in Several bIOCkS Clock, counter and | EW ;tor

Front-end readout control signal

shared by different countries. Softvwrs rigger | | dharbutor §
el ong-term reliability is vital. PE=EE

+ power (copper) V vower
;igles Data processing Synchromzatlon ’ regulators
Underwater + Network I/F Clock + Counter) = —

Low Voltage Power supply

Example) Current designs of the ID underwater vessel and support structures

1 x 24ch board and 2 x 12ch boards are acceptable.
(This shows the 2-board case.)

(+ feedthrough) Slow control

Digiti

PMT cable
Feed through
and
Underwater
connector

IRN 2021 17
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f‘ Suzte ()f Near Detect()rs | # 1

and neutrlno mteractlons

BUGanIst temple ‘Y »

4
Ly
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ﬁ?&ﬂgﬁﬂ

.Historical Budchst‘ &

stemplelforiworshi
| mD‘ | l‘ B P

\ . -
.f_ocatlo A’ |

position

| Qg(ﬁ u“ |

IWCD

INGRID ND280
| Off-axis spanning water On-axis
Cherenkov detector: detector: Off-axis magnetised
intrinsic backgrounds, ' tracker: charge
electron. (anti)neutrino measure beam ’
direction. separation (wrong-

| cross-sections, E vs.
observables, H,O
IRN 2021 target.

sign background),
recoll system

monitor event
rate.

19
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WAGASCI-BabyMIND

Current ND280

FGDs] g

Upgraded ND280

|
\\ .

i
L\

T
XY

|

1
\
R

L)

\
\

X

—
—
=

\
\

\\

detector at ~1km baseline

eDetector can vertically move —
measurement at different off-axis angles

eProgress in site choice and detector
development.
eUsing mMPMTs as Far Detector.

eData taking planned from 2022.

. -
i

-Large angle acceptance.

e
Ve
s e
[ bA\ad_r -,
s v““;-»
R :
ol
g

— //J

,an]/i

eUnder investigation future
upgrade during Hyper-K era.

o S

—High efficiency for short tracks.

20
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uper K Beam Osczllatzon Analyszs

@Based on T2K oscillation method.

Neutrino flux
| Vv

Tune models with Fit models to far
near detectors detector data

le21 POT))

Flux [(50 MeV:cm

Oscillation
parameter
sensitivities

v cross section/ E_ (10 *om? / GeV)

Interaction cross-section
IRN 2021
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v-mode beam

HK 10 years (2.7E22 POT 1:3 v:V) = 10 years (2_7E22 POT),

Sl DU =1:3

il OUse Super-K MC, scaled
o _ to HK volume and

40

s 0 SRS exposure
° DEXxpect approx:

S
o

Number of Events
Number of Events

80

50

v beam 00 0.2 04 0.6 0.8 1 1.2

1-ring e-like + 0 decay e v Reconstructed Energy (GeV)

Vv beam 0 0.2 04 0.6
1-ring e-like + 0 decay e v Reconstructed Energy (GeV)

HK 10 years (2.7E22 POT 1:3 vv)

sogt e —2300 v events
: —1900 v, events
—Assuming sin(d-p) = 0

HK 10 years (2.7E22 POT 1:3 viv)

150

W

o
wn
)

|
n
o
|
n
)

Difference from o, = 0 (events)
-

-100 -100

Difference from 9., = 0 (events)
o

D Difference between
RS Tl  NCU 1IN0 and antineutrino
1-ring e-like + 0 decay e v Reconstructed Energy (GeV) rates gives 5 CP

IRN 2021 22

v beam'ls 00 0.2 0.4 0.6 0.8 1 1.2

1-ring e-like + 0 decay e v Reconstructed Energy (GeV)
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'sin 6-p # 0 Sensitivity

h — ———— —— — ———— e — B — — —— - —

—— ——— ——— — B _— —_ — .

Percér?cage of true Op values for which sin(d-p) = 0 can be excluded,
as a function of HK-years. The areas below the curves show the span of
possible values, for varying systematic error models.

Sensitivity to exclude sin(o.p) = 0, as a function of true op value,
for 10 HK-years. knowledge. 2018 systematic error is assumed.

HK 10 years (2.70E22 POT 1:3 v:v)

Statistics only

Improved syst. (v./Vv, xsec. error 2.7%)
T2K 2018 syst. (v,/V, xsec. error 4.9%)
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Statistics only
Improved syst. (v./v, xsec. error 2.7%

T2K 2018 syst. (v./V, xsec. error 4.9%)

$in(0 -p)

Hyper-K preliminary | 5 6 7 8 9 10
- . Hyper-K preliminary -
True normal hierarchy (known) True normal hierarchy (known) HK Years (2.7E21 POT 1:3 viv)

sin“(6,5) = 0.0218 sin(6,;) = 0.528 |Amj)| = 2.509E-3 sin%(0,,) = 0.0218 sin%(®,,) = 0.528 |Am2,| = 2.509E-3
@ Reduction of systematic error has a large impact to the sensitivity.
O ~ 8o for 0-p = — x/2 (favoured by T2K).

@ Good opportunity to make discovery of CP violation in neutrino sector at > 50 ( ~ 60 % fraction of Ocp
values w/ 10years data taking). 23



https://wiki.hyperk.org/do/edit/HyperK/T2K?topicparent=HyperK.OfficialPlot0002;nowysiwyg=1
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@ ~19° for
true dcp = —7T/2 = —00°

@ ~7° for true ocp = 0

~
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Statistics only

Improved syst. (v./v, xsec. error 2.7%)
T2K 2018 syst. (v./v. xsec. error 4.9%)

0 1 2 3 5 6 7 8 9 10
Hyper-K preliminary HK Years (2.7E21 POT 1:3 v¥)

True normal hierarchy (known)
sin®(6,,) = 0.0218 sin’(0,,) = 0.528 |Am3,l = 2.509E-3

error on 6CP|S
~ 19°for 0pp = — /2
~ [° for 0p0p = 0

IRN 2021

' Resolution on 8,p and measurement of sin“ 0,

B —————— —_— ————

— — ———— — e — -— -
e . o —

@For a true value of sin” 6,;, how much can we
exclude the wrong octant? (sin” 0>, < or > 0.5)

2

— Statistics only

Improved syst.
T2K 2018 syst.

P
<
———
-
o
o p—
7]
=
e
Q
P
(D]
E
av]
—
Q
o
oY)
-
o
>

8.4 042 044 046 048 0.5
Hyper-K preliminary

True normal hierarchy (known)
sin®(8,,) = 0.0218 |Amj3,| = 2.509E-3 Ocp = -1.601

052 054 056 058 0.6
. 2
True sin“(0,,)

@The wrong octant can be excluded at 36 for

true sin” 0, < 0.47 and true sin®@,, > 0.55
with the Improved syst. error model

24
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'Adding Atmospherics |

Zenith

Isotropic flux of ;
COSmic rays \ =

¥Neutrinos penetrating the Earth are affected by the mass effect.

—Normal mass ordering : v/, — 1, is enhanced
. . — — .
v~ —Inverted mass ordering: v/, — U, Is enhanced

’
o’
'''' 3
o’
e’ ¥

et

@Comparison between neutrinos
and antineutrinos oscillations can
be used to determine the hierarchy.
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@Can exclude incorrect mass
ordering at 4 — 60 significance
(depending on value of sin“ 6,5)

IRN 2021
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; Adding Atmospherics

‘J

@If mass ordering unknown, @ Sensitivity to exclude sin(d-p) = 0, as a function of true
less sensitive for 5CP value, for 10 HK-years and true normal mass ordering.

some values of op.

Beam (Known MH)

Beam (Unknown MH)
Atmospherics (Unknown MH)
Combined (Known MH)
Combined (Unknown MH)

Increases sensitivity
above 5S¢

——
@\
X
<
N
-
@
o v
N
-
et
Q
L
D
-

@The power of the atmospheric
sample improves the sensitivity

to exclude sin(o-p) = 0, as a

function of true op value,

particularly in the unknown
mass ordering case: Hyper-K preliminary

True normal hierarchy, v./V, xsec. error 2.7%
sin*(0,,)=0.0218 sin*(0,,)=0.528 IAm3,|l= 2.509 x 10~ eV?/c*

SIN(Op)

IRN 2021
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‘ Astrophysics Neutrinos at Hyper-

Solar Neutrinos
® Burning processes, modelling of the Sun
® Property of neutrino

Supernova Neutrinos
® SN explosion mechanism
e SN monitor
® Nucleosynthesis

Supernova Relic Neutrinos
® SN mechanism

e Star formation history
e Extraordinary SNe

27
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Solar Neutrinos % o) wiera Vbl
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—Solar neutrinos are the neutrinos originated from
the nuclear reactions in the Sun.

—Large statistics: 130 v ev./day/tank, £ ; >4.5MeV

—Highlights of solar v measurements: | Neutrino Energy [MeV]
Day/Night (D/N) Asymmetry Upturn of the spectrum
- The terrestrial - Upturniis the Tooea e
matter effect Va”a”t'O” Of thises Lo
- OSCi atiOn - | Solar Best Am2,
nr It In 1F © ominate I
BE/‘N esu probability AT
t between the [ S
as}’"‘me y. vacuum and
- This can affect MSW
Am122 dominated
measurement. ehergy region. Upturn not observed yet.

IRN 2021 o8



Assuming SK best Am2 = 6.1x10‘5 eV2 (2020)

— —

J ' So lar Neutrmos

e ——— —

—
(=

—k LT R I N L B I I N I I I T N N

5 ; 3  — Photo-coverage 40%
- - --:Photo-coverage 20%

g .............. ......... *03% Sys err fOI‘ bOth Cases

Sensitivity (sigma)
|

@Large D/N asymmetry is expected to be
observed with > 5o after 10 years of operation

? : . o. " =
E ;_Upfturn Dlscovery Sensitivity
e 'E(Photo-coverage 40%)
- - 1 I L1
2 6 T T ! e T R PR T
% F WP SRR g
- - - " POELL o E
» 5 ¥ i ""' P, '
. i Ee xin Threshold 3.5 MeV
3 @In the upturn analysis, it is

expected that the sensitivity

3 Fexin Threshold 4.5 MeV | exceeds 3(5)o after 10y operation
g BLK: 2019 solar best 8, Am? with the threshold of 3.5(4.5 MeV)
3 RED: 2020 solar best 8, Am?

T S S MNP T TR T T}

IRN 2021 Year
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Supernova Neutrinos

— ——— e ——— - —_— —_—— —
—— — e ———— e — e —. e — ,{ —

| Betelgeuse |

@Supernova neutrino observation:

—54-90k events for SN at 10 kpc (most
sensitive to V)

—Precise Neutrino Time profile

—Precise spectrum measurement

— Investigation of the SN mechanism (SASI/

Antares
| Galactic

10 10

Rotation/Convection) distance(kpc)

@Models by different groups, using various approximations
-> telling models apart can help understand the explosion
mechanism

IRN 2021 30




Hyper—K paper!
@Published by Astrophysical
Journal on April 13, 2021. R A L e S
@arXiv:2101.05269 [astroph.IM]| =+ 0 & o aese
@Hyper-K has the potentialto | =~ 2=

have a large statistics if there is
a supernova burst

@Hyper-K can distinguish
between different explosion
mechanism models.

Event rate In
Hyper-K from
supernova burst
for different
explosion models

H N N W

event rate [a.u.]

200 300 400 500
IRN 2021 Time (ms) 31


https://arxiv.org/abs/2101.05269
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pernova Relic Neutrinos
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—Supernova Relic Neutrino (SRN)

—Diffused neutrinos coming from all
past supernovae.

—Not discovered but promising
extra-galactic v.

—SRN can be observed by HK in
10y with events. Itis >~ 4o for

SRN signal.
Signa \\\\%\\\\}\\

SRN 4MeV 100%

e = SRN 4MeV 70% + BH 30%
SRN 6MeV 100%

- —— SRN 6MeV 70% + BH 30%
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—The number of detected SRN events is
predicted for various neutron-tagging
configurations.

—In the case of 70% efficiency, ~70
events will be observed within 10

operation years. This corresponds to 4o

sensitivity

1sof.Neutran tag efficiency of 70%, .

(40%) is assumed for photo- | I| |
Ill

ntag eff. 70%, mis ID 10%
ntag eff. 50%, mis ID 10%
ntag eff. 40%, mis ID 10%
ntag eff. 30%, mis ID 10%

N of candidates

coverage 40% (20%).

L HTH

10 12 14 16 18 20 22
Year
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@Two major modes predicted by many models

p—-vK'
1035 e JUNO 20 kton , 3o
. w—n— HK 186 kton HD , 30
- DUNE 40 kton, staged , 30
SK+SKGd 27 kton , 3o

@ Hyper-K is able to pursue these and other final
states with the highest precision.
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Conclusion |

@A groundbreaking experiment is being built in Japan.
@Major progress in the last year in the construction of the experiment.

@It will address major open questions in science! Multipurpose
experiment!

DIt will start to take data in 2027!!

e Underwater components
ready to be installed in the Far
Detector by ~December 2025.

e R&D completion in 2022,
mass production to start in
2022-2023.

Calibration

IRN 2021
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Backup Slides

-

@Additional slides for perusal
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LNew Resear Buzldmg in Kamwka |
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New research buildin at Kamioka

® |t is now being constructed. It will be completed by
next summer.

® |t has 4 floors and 3,050 m? total floor area.

Many physicists and engineers will come
Dormitory rooms. | to Kamioka during the HK construction.
They can use this research building

Dinning rooms.

Image of new research buuldung

Many visiting researcher’s
Rooms in 2"¢ and 3" floors.

Lab. Rooms to construct
detector components.

Big hall to accommodate
about 150 people on the
15t floor.
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Model Discrimination with Hyper—Kamlokande
[astro-ph.IM] dentied, for 00 events pe dataset

vartanyan fotani famborra Nakazato Normal mass ordering. Reconstructed Model
| iw| ] o . Normal | Couch Nakazato Tamborra Totani Vartanyan
Couch : 0.2 1.6 0.0
Nakazato : 99.9 0.0 0.0
Tamborra : 0.0 98.0 0.2

Totani . 0.0 0.0 100.0
Vartanyan : 0.0 0.0 0.0

Couch
True Model

Nakazato

Inverted mass ordering. Reconstructed Model

Histograms showing the distribution Inverted | Couch Nakazato Tamborra Totani Vartanyan
of AL = Lblack — Lred for all pairs
of supernova models considered
here, for 300 events per data set and
normal mass ordering. The purple

vertical line in each panel indicates
AL =0.

Couch
Nakazato

Tamborra

«
<
<
o
Q
5
H

Totani

True Model

Totani

Vartanyan

events corresponding to SN at 60- 100 kpc >97%
identification Is reallzed.

IRN 2021
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Major Milestones

—— — - e ———————————————

R&D completion

Production
50 cm PMTs, covers 3/21-9/26, 7/22-8/26
mMPMTs module parts (/23-12/25
OD PMTs, plates 7/23-12/25, 11/23-12/25

Electronics final prototypes [9/23-5/24

Electronics mass production |6/24

Calibration Linac 8/23-8/25

Calibration light injection 4/24-5/25

Installation

All systems 1-11/26

50 cm PMT covers 2/22

mPMTs /22

OD PMTs, Plates 2/22, 12/22

Electronics 6/22

Calibration systems 12/22
Assembly

50 cm PMTs+ covers 12/25-9/26

MPMTs @ 5 sites 5/24-5/26

OD PMTs + Plates 2/24-5/26

Electronics module 5 /o5

assembly start

Calibration systems 6-12/25

IRN 2021

oR&D (i.e. baseline design) will finish in 2022.
eProduction will start in 2022-2023.
|t Is essential to keep timely contributions.
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