ange

A
"-'...'x'.‘ .-

i’

amioK.

P —

Ihe Hyper-

- e e—— e

/

1 Inter
Neutr

(NPB\ZJE4) ok

] - - :
Francesca Di Lo RoE . |
- 4\ - : .:.
- : H 3
] %77 3 2%
) & : 3 3
ing’s College London |
st 1 H
UST - 19-21 February 202
i 3
H 3
i 3 i
“"“::EEEE :ﬁ
L 33333
/ i NN:E:~~'
_4—-’—>7,, : oM 3 § : 1; ;
] G .ib i § 1224 : jqk s K | :
i %E: § i : <3L§~; INTERNATIQNAL S}’MPOSIUM'ON ‘
Oor the nyper-namiokanae : TEO PSS

Topics v *

Neutrino Oscillations ¢

Neutrino Interactions -

Neutrino Mass Measurements s

Neutrinoless Double Beta Dewys.'““‘ b
>

Collaboration

5 'As1rophyx~cél Neutrinos L.
New Pnysncs’beyn.md the SM
Theory of Neutrino Masses 5

{ Lepton, Flavor Violation ¢

\ Neutrino Cosmology . >

. Matter-antimatter Asymmetry . .
Datk Matter Physics e & s

* High-energy Gamma/Cosmic Rays
Multi-messenger Astronomy

] : ' . }qi

Venue w'e L5 e

HKUST Jockey Club Institute for Advanced Study,

Lo Ka Chung Builsing, Lee Shau Kee Campus *

The Hong Kong University of Science and Technology
+ Clear \t'Vate' Bay, Kowloon, Hong Kong

Welcome to register
https/findico.thep ac.cn/event/20514/
Emaik npb2024@ihep.ac.cn |
Fax; +86-10-88233105

ING'S
College
LLONDON

b i L

'Organizfﬁg Con(nittee

Jun Cao
Andrew G. Cohen (Co-chair)
Marcos Dracos o

YiWang T 2
Yi-Fang Wang (Co.chair) * ™™
Liang-Jian Wen

Shun Zhou

Conference Secretaries

« Ms. Anita Yeung (HKUST)

Phone: +852-2356-5963
E-mail: iasanita@usthk

Ms, Ying-Hua Jia (IHEP)
Phone; +86-10-8823 5008

Email: jayh@ihep.ac.cn * ¢
° 2 p X

HEP
HKUST

IPHCANZP3 -
IHEP

“HKUST
. INR

ucl

" INFN-Miano

RWTH Aachen
HKUST

IHEP ¥

IHEP

JHEP .

NIKKEN SEKKEI



>-

50 (22.5) kton @i

o \. .' p'..c f“' “A

Kamiokande
(1983-1995)

.

- Inner counter: 2140 to
R | | 948 20-inch PMTs

Hyper-Kamiokande
(2027-)

I

/=
Efge

et

'..

B s s s s OO HE g e
RN PR R OB T

: -t
......
T e

.....
it

Takayama (1998)
SN1997A

S v
/ [ O ) g S S L e 7 6
Zenith ang(e dependence ‘ . b83m.. s
(Multi-GeV) ———
_ ® Kam-Il (11 evts.) %90;,,3 Doan oin v :
b o |IMB-3 (8 evts.) 100 T b
,\40 gﬁl’u o |A Baksan (5 evts.) @ o b %_# Wz(sh;;e)
> 24 events total s Ol am g | 28/ 4dof
230} 5 4 o == 1 S
; i % D. f § 2} fﬁc tat 370“’“—'0‘?3 —of2
g ISCovery O ol it
20 + y o i (b) FC wlike + PC X *(shape
% + . T 200 ( P
& } neutrino AE = | =30/eus
10} + + . . %100F+ ‘-W-—me_f_=o‘54_+o.06
A oscillations Bl P
. PO Y S O O [ O L O . 0-11 L] L 61 (6.20',"’
0 2 4 6 8 10 12 U cos ,
o X p/Doum syst. error jor /u-hke b
Time (sec) o (Hlux calculation - £ 1 S i
?nadl(.hoﬂ( N i T ) 13 ia l/fa/ll/{.,{[/ﬂz» e

Birth of neutrino e[ Energy b e 14 a7
. \ Non v Background -----< 2/
ni{astrophysics

S — —

217,

CP, astrophysics, rare decays >




Collaboration

0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

« 22 countries, 104 institutes, ~580 people as of February 2024, and growing
*~25% Japanese/~75% non-Japanese.

=

-W-I*Ihl jj—

Europe 344 members Asia 155 members - E- — - - N 7 VA
Armenia 3 India
Czech 8 Korea
NUMBER OF COLLABORATORS
France 43 Japan
——Total -=-Japan -+Overseas
Germany I —
Oceania 7 members
Greece 4 500
' 400
300
Poland 45 Americas 62 members 200
Russia 22 Brazil 100 F,_J—a——-/'M
0
Spain 46 Canada 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Sweden 5 Mexico

Switzerland | 4 USA

Ukraine 3 Africa | | members

UK 92 Morocco

November 2023 Collaboratlon
Meeting at Kamioka
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Hyper-Kamiokande Experimental Configuration
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J-PARC Neutrino Beam

Off-axis at 2.5° neutrino beam to achieve maximum neutrino flux at ¥
oscillation maximum of 0.6 GeV.
Hyper-K

J-PARC (T2K) Super-K !

» Off-axisND il Hyper—K beam R 3s00f
30GeV decay volume . [
proton beam - Y e flux peakS & 20007

e i == etk — T T T 52500

~0.6 GeV |
G moo-
target & 3horns - T %%Ebc Off-axis angle 2.5 deg. eool
beamdump = e e __ : ;
muon monitor - h beanla-x_li s
| On-axis ND (INGRID) - s00 ¢
Normal ordering
v-oscillation LU-oscillation -« Inverted ordering "
0.1 rmRT 7 0.1 g °
h 1 {; -flux L=295km, sin22045=0.1 “ . T-flux L=295km, Sin2205=0.1 Un nown mass

ordering (solid vs
dashed) complicates

O-p Measurement

 Hyper-K can use
atmospheric data to
exclude incorrect MO

changes...

Ey (GeV)
Di Lodovico - NPB, February 2023




Neutrino Oscillation Open Questions

Normal Ordering (NO) Inverted Ordering (10)

“4m Is there a CP violation? Does sin op = (7
Sl i eIs 0,; maximal (= 45°)?

. Ama If not, which octant (< or > 45°)?

E E— e Which mass ordering? Am223<or>0?

3
[\
>

>

JHEP 09 (2020) 178 NuFIT 5.2 (2022) Beam Atmospheric Solar
dcp ~ 200°

913 ~ 9°

023 ~ 40°

+Am3, ~ 2.5 x 1073 eV?
Mass ordering

615 ~ 33°

+Ams; ~ 7.4 x 107> eV?

v Drives sensitivity
O  Enhances sensitivity
X  Negligible sensitivity

X ONSNSKNKS
X \N\N\N0O0
N N\ X X X X X



CP Violation Measurement Prospects with Beam

Sensitivities to exclude sin o-p = 0 for different systematic models obtained for a 1.3MW beam
power and running 1:3 with v : U (best current estimate)

sin o-p = 0 exclusion as a function of true o for

10 HK-years

Statistics only
------------- Improved syst. (v./v, Xsec. error 2.7%)
------------------------- T2K 2020 syst. (v /v, xsec. error 4.9%)
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CP Violation Measurement Prospects with Beam

Sensitivities to exclude sin o-p = 0 for different systematic models. obtained for a 1.3MW beam
power and running 1:3 with v : U (best current estimate)

Proportion of true o, values excluding sin o,p = 0

sin O.p = () exclusion as a function of true o p for _
at 30 and 50 C.L. as a function of HK-years.

for HK-years for improved syst. error at 3¢

14 » Statistics only
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True normal ordering (known)
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o p resolution sensitivity

» How accurately can we measure the value of 0-p, as a function of true op?

Statistics only
...... ------- Improved syst. (v /v, Xsec. error 2.7%)
------ ------. Improved syst. (v /v, Xsec. error 4.9%)
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sin“(6,,) = 0.5 exclusion sensitivity

. For a true value of sin“(6,,), how much can we exclude sin“(6,;) = 0.5?

sin°0,,=0.5 3o exclusion
(:)..(E; B I I I I I I I I I | I I I | I I I
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Adding Atmospheric Neutrinos

* Propagation of atmospheric neutrinos through varying matter density profile of
Earth. Enhancement of P(yﬂ — v,) for NO and P(17M — U,) for 1O

 Adding atmospherics can resolve mass ordering degeneraces.

-0.5

sin 0-p = 0 exclusion as a function of
true o-p for 10 HK-years and true NO

sin O.p = () exclusion as a function of
true op for 10 HK-years and true 10

HK 10 years (2.70E22 POT 1:3 v:v)
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Hyper-K preliminary

True normal ordering, improved syst. (v./V, xsec. error 2.7%)
sin’(0,,)=0.0218 sin’*(6,,)=0.528 IAm3,l= 2.509 x 10~ eV7/c*
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Hyper-K preliminary

True inverted ordering, improved syst. (v./V, xsec. error 2.7%)
sin’(0,,)=0.0218 sin(6,,)=0.528 IAm3,|= 2.509 x 10 eV*/c*
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Super-K, Phys. Rev. D 97, 072001
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Matter effects appear in the
antineutrino figure for |O.
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Astrophysical Neutrinos: Supernova Neutrinos

Hyper-Kamiokande is sensitive to neutrinos from core-collapse supernova bursts and from
integrated relic supernova neutrino background.

Di Lc

For a supernova at 10 kpc, many neutrino events above 7 MeV would be detected within a few

Events/2MeV/0.187Mton/10years

SRN with 67% neutron tag (10y)
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udy explosion mechanism and black hole/neutron star formation, model discrimination.
udying Supernova Relic neutrinos (SRN) provides information on stellar collapse, nucleosynthesis

Supernova model discrimination with Hyper-
Kamiokande: five supernova models were
considered (K. Abe et al., Ap. J. 916 15 (2021))
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- T
olar Neutrinos | 2A Day/Night Asymmetry Sensitvty
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Sensitivity to new physics in transition region

* Hyper-Kamiokande will search for the up-turn
and day-night asymmetry
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Proton Decay

Proton decay is evidence of Beyond Standard Model (BSM) and Grand Unified Theories (GUT).
Examples of proton decay sensitivity in two modes:

S e e eeernnne e et - ﬂ ............................................................. — . :
e e p—>e+n° p =en S 2 p_)VK+ p = VK+
@ - SEE RN SO S 5| =——e— JUNO20kton,3c
g _ —— HK186konHD, 30 .% 10° ~. ——e— HK 186 kton HD , 3¢ BSOSO SOOI
- - - DUNE 40 kton, staged , 30 i - — ——e— DUNE 40 kton, staged , 3c S S
\‘_, . SK+SKGd 27 kton , 3 b - SK+SKGd 27 kton , 3s ..............................
1035 : :
L L Year 0 35 Year
Only realistic chance of achieving t(p — e¢* + ) > 107 years.

Similarly to Super-Kamiokande, Hyper-Kamiokande can study meson and leptonic final
states.
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Hyper-K Physics Summary

* “Multi-purpose experiment” sensitive to different neutrino physics.
* \Wide energy span.

+ new physics?

. Supern ova |

g s T Atmospheric neutrinos |
- neutrinos

n-H capture

Astro neutrinos, dark matter

The Sun in Neutrinos

£\
A

Solar neutrinoss:-

MeV GeV TeV Energy
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Cavern excavation

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

* Access tunnel excavation completed.
e Approach & circular tunnel excavation completed.
 Main cavern excavation has started on-time!

Mt. [keno-yama .’
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— -October 3, 202 |
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e 69Mm. diameter, 21m helght
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Cavern excavation

* Access tunnel excavation completed.
e Approach & circular tunnel excavation completed.
 Main cavern excavation has started on-time!

— Access tum)el (~2km)
= " e
— -October 3, 2023 Mine
' 5 g 1 ¥ entrance
* fhe excavation of s domes s

/. section was Completed e ~§&; !
¢ *69m diameter, 21m helght et
" Barrel sectlon is ongoing (71m).

Widened section w/
‘turn around’ space

’I’op approach tunnel
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(1st~4th rings)
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Barrel section
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Vertical shaft
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Far Detector

Size of the water tank.
P68 m X H72 m

Tank size

Water height

/1 m

ID volume

216.9 kt

Fiducial volume

188.4 kt

|D surface

OD=Quter Detector

Back-fil concrete
50 cm

Stainless steel
lining

4 mm (barrel)
3 mm (bottom)

OD thickness: 1 m(barrel)
2 m(top/bottom)

1m
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60 cm(dead)

m?2

Inner Detector

PMTs

PMT support
structure

Construction of the water tank, PMT support

structure, and infrastructures by Japan

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

258 kton volume water Cherenkov detector
- 216 kton inner detector (~188 kton fiducial volume)

- 1 m thick outer detector used as.a veto region

- Optically separated usmg hlgh reflectlwty Tyvek sheets
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Outer Detector (OD)

Inner Detector (ID)

Water height: 71m

ID diameter: 64.8m
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' tests ongoing
4 to choose

p . PMT cover.

Underwater
vessels with
electronics
boards (ID,
ID+0OD)

Full OD system
iIncludes 3~
PMTs, WLS plate

and high
reflective Tyvek.

MPMTs provide
improved timing
and direction
resolutions 21
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Hyper-Kamiokande Electronics

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

* Front-end electronics placed in underwater vessels
* [wo types of underwater electronics vessels
ID vessels: 24 |ID channels read out by two PCBs
Hybrid ID + OD vessels: 20 ID + 12 OD channels

Custom design of Digitizers, DPB, OD HV/signal HV and LV
splitter, timing boards will be finalised power supplies 21D front-end boards

* Module assembly planned at CERN (~2025-2026) Data processing and timing boards

lllll

| e— -

ID 12 Channel OD 6-channel FE
front-end board. board.

Di Lodovico - NPB, February 2024

2 OD front-end boards




Hyper-Kamiokande Calibration
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* An extensive program of calibration g LINAC Beam Simulation

. Photosensor test facilit
sources to determine detector  —— -
parameters and measure systematics. %, Gy

* Pre-calibration of photosensors.
 Photogrammetry.
* Light injection.

e Diffusers and collimators.

* mMPMT system.

» OD injections. w « DT Generator
. Operations

* Electron LINAC. N

e 3-24 MeV electrons. -l oo i |
 Radioactive sources

. DT source -1°N gy

AmBe + BGO - tagged neutrons. NI/CF Source
* NIi/Cf -9 MeV y cascade. : b1 |
Light Injector ' ~ L oy

Di Lodovico - NPB, February 2024




UAI| Magnet

Near Detectors
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Critical components to precisely understand
J-PARC beam and neutrino interactions.

On-axis detectol
INGRID

At 280m: ) ] 'g M'uons n TPQ)C or’ i —
* On-axis detector: measure beam direction, monitor event rate. - e
: : : Improved performance B
» Off-axis magnetised tracker: charge separation (measurement  on'ND280 upgrade. e -
of wrong-sign background), study of the recoil system. e et
* sFDG, High-Angle TPCs and TOF. Improved: R T e
* low-energy particles and neutrons reconstruction e 1
 angular acceptance e o @i

IWCD (~900m):
* Due to pion decay properties, neutrino spectrum varies with
offaxis angle

* change off-axis angle ~1° — ~40 to change mean neutrino
energy and constrain: (o(v,)/ G(I/ﬂ))/ (o(w,)/ 0(17,))
* ~400 mPMTs (high-granularity and time resolution)

Di Lodovico - NPB, February 2024 Ty
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