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2 Hyper-Kamiokande Physics

atmospheric v solar v supernova v astronomical v
4

* 188kton (fid.) water Cherenkov
- 8 times larger than SuperK
- 2.6 times intense J-PARC beam
* Physics goal
- precision v oscillation
* long baseline neutrinos
dark matter - . » atmospheric neutrinos
Oscillogram s o - neutrino astronomy
with earth ‘ ’ - A < » supernova & solar neutrino
- new physics
* nucleon decays
* dark matter
» non-standard v interaction (NSI)
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e Construction to start in 2020
- in the MEXT FY2020 budget




MEXT budget announcemnt (Aug.29, 2019)
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Funding process in Japan

* Hyper-Kamiokande is on the MEXT budget

* “In addition to the ongoing 13 large-scale projects,
the next-generation neutrino research project Hyper-
Kamiokande, will be newly launched in FY2020”

- This is the first official statement of MEXT to declare
that they shall start the HK project.

* Next steps (for the entire FY2020 government
budget)

- Dec. 2019:

* approval by the Ministry of finance and cabinet
- Mar. 2020:
« final approval by the Parliament
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Hyper-Kamiokande site

Mt. Ikeno-yama
SK

Excavated rock Mt. Nijyugo-yama

disposal site VAR
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7 HK photosensor development
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« New Hamamatsu 20-inch
Box&Line dynode PMT

- X2 better photon detection

5" High-QE box-and-line PMT
(Hamamatsu R12860)
QE = 31% sample

AAAAAAAA

Relative single photoelectron hit efficiency

1 _—;" e - X2 better transit time
o Super-K PMT average
144 (Hamamatsu R3600, QE = 22%) spread
* Super-K :
Ba/kg | U | TH | K-40 B - - X2 better single
20°HK | 54 [ 1.8 | 16 0 6680706050 40 -30-20-10 0 10 20 30 40 50 60 70 80 90 photoelectron resolution
20”SK | 5.5 | 1.8 | 18.2 ]
' - better pressure resistance
ol 1 for 80m water depth
£ SKPMT| £ P
o GC) . [l Box&Line - Reduced dark rate
A = S Box&Line > = PMT e ~4KHz
LLI
. PMT
100 prototypes in SK tank
T Y L e - mass production
-10 0 10 20 -1

2 ! 2 3 completed for JUNO
Time [nsec] Photoelectrons g



Large CP violation effect in neutrino oscillation possible

Unlike quark mixing (CKM),
lepton mixing (PMNS) is large:

Normal Hierachy
Leading (613)

0.05
VCKM. VPMNS = Total
(Q‘iark mixing) (Lepton mixing) $ . /____ Matter
2 oo S CPC —
0.2 0.01 04060.7 sin2203=0.1
i iN220,5=1.0
oo 001 1 040607 0.05 Pl
o . 0 1 2
— Large CP violation effect possible E, (GeV)

T2K/HyperKamiokande case:

At the peak of Prob(v, — v.) — Prob(v, — v,) .
~ —(0.28sin 0cp + 0.07
066V Prob(u, — ) + Proby, — ) o omler tOT




Tokai-to-Kamioka (T2K) long baseline neutrino experiment

T2K Run 1-9
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Super-Kamiokande J-PARC
/ Near Detector 280 m




Future long baseline experiments for leptonic CP

J-PARC
Near Detector 280

I 1700m A?
295 km S (_‘.""'/‘ ' ’
1.3MW beam

Sanford Underground
Research Facility

Fermilab

20—40kton liquid Ar

1.2—2.4MW beam

- Two experiments are in preparation: HyperK and DUNE
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* HyperK and DUNE have basically the same sensitivities reaching 50 for maximum CP viol.
- Fiducial volume: HyperK 188kton DUNE 20-40kton
- Beam power: 1.3MW 1.2-2.4MW
- Running time: 107 secl/year 2x107 sec/year  [slow/fast time sharing at J-PARC]
* Sensitivity will be determined by the control of systematic uncertainty and stable beam operation
- NBI community takes essential roles on these points 11



J-PARC beam power upgrade

1400~
« Beam power upgrade ; o ooomde =
- by higher cycling rate = Lol R\\/
- Power supply, RF upgrade = 1000 | l \
« 2.48sec — 1.16sec/cycle % 800 |
a i s > 1.16 5 cycle
- keep the same level of dynamic stress on S 600 [ 1 s it e
beam window and target 3 : ._______—/
= 400 Magnet PSiipgrade
] i 2.48 2i1.32 s cycle
« POT = power x time 200 | dl two 218 H_REs
- Stable operation and monitoring ] ZEREY N SN B DUTE FEE e
2016 2018 2020 2022 2024 2026 2028 2030
* overcome radiation&heat challenges JFY

* important for systematic uncertainties L.Berns Cycle | Protons | Beam
- Flux systematics, NuPRISM method M.Hartz time [s] |per pulse| power

- Long running time
« operation funds included in HK budget
- competition with other J-PARC users Goal N R

Now 248 |2.6x1014[~500 kW

12



[side track] Simultaneous user running at J-PARC?

« Beam time is limited due to competing extractions / 4-6sec flat top \

- soon to become even harder with COMET hadron
- Slow extraction from stretcher (storage) ring? 3 (slow)
- similar to the Fermilab recirculator ring sossterinjection — 7sec flat top
- fast extraction during the slow extraction flat top f\_/_\/_\f\f\f COMET
A S S R |
" njecionto ~ 1.2s l\?:uat?i‘ntc’)as .
Stretcher :( ----- > : N eu t rnno
o/ YAVAVAVIVAY { ¥ j (fas)

]

|
Injection to i 485

Stretcher :

)

]

R :
§frefcﬁer ':

]

Beam spill

Fast Extraction

-------- Prrssssssssrsssrssssssssssediessnnnnnan: Want to install in the same MR ring Slow Extraction




[side track] Conceptual design of a Stretcher ring inside MR

From RCS

« Hybrid lattice with combined function magnet and
superconducting manget fits in the MR tunnel

- Conceptual design only at this point

Injection to Stretcher

New Arc

; 2nd fast extract.
/9% Beam Abort

* Optics: extraction at fast/abort port Slow exdract.
- M. Tomizawa et. al. J.Phys.Conf.Ser. 1067 (2018)

no.4, 042004 Connect to the
- Transmission line superconducting magnet beam e .
- T. Ogitsu et. al., IEEE Trans.Appl.Supercond. 27 o(\e*v@‘““
(2017) no.4, 4003705 NS strecher ring

Beam Dump D 1QDAB QFAB
BMHDREG.2 ~ CMHFREG.2 = HFO3 . BMHDO2

BMHFO2  BMHDOT pyyicor

BMHFREG.3
10m

—_— BMVDO2 — o4 — =
{

QMDO.
BMHF04




Stable operation of the J-PARC neutrino beamline
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Stable operation of the J-PARC neufgino beamline
T.Na\«adaira
Nucleus Primary beamline
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HyperK near detector complex

1kton movable
Intermediate water

T2K near Cherenkov for HyperK
pCT K, detector
IWCD
m,K—=pv ND280 Ground \__eve\ Y
lj‘(‘amlunlv , ﬂcamtliutllp_jl
; Muon monitor Mean beam dir 1 50 m
Ll_gl N (1) Beam window eCtIOn
i 1) Baflle
')’ ;3;()TR _y
f WO (4 Taetand
= (6) | finst hom
§) Second hom
N ok ~1 km




Off-axis beam and INGRID

* HyperK uses 2.5¢ off-axis beam

- Neutrino flux
. . . [ — 6,,=0.0°
- narrow band beam at oscillation maximum = — 20
. . . =, 2000 — Oo25)
- interaction dominated by CCQE H - G030
Y- 1000
* single water Cherenkov ring
1.0 o L
« kinematical neutrino energy reconstruction . Oscillation probability
:;—;' ANT, =2.4x107[eV?/c*]
.'8" 05
* Very sensitive to =
beam direction ” L e
— % Interaction cross-section
- INGRID @ND280 . 2 ccae
v S
* Fe-Scintilltor = g0 Netr
* direction resolution ” 5 .
Of O'Smrad (~2M€V) i ° oo 10 2'oNeutrino :hoergy[GeV]
achieved in T2K

18



ND280 magnetic detector

Current ND280 Upgraded ND280

TPCs||FGDs
ECALJ POD

( High-Angle TPCs "’(l

SuperFGD

Magnet

yoke
& coils

ToF detectors

« Monitors neutrino flux and cross section at 280m position

- Magnetized detector is important to identify wrong sign v
« in partiuclar important for anti-neutrino mode where cross sectionis 1/3

« Upgrade planned for finer granularity and wider solid angle 19



Intermediate Water Cherenkov Detector (IWCD)

» Water Cherenkov
- same as HyperK
* Cross section
* detection efficiency
* ~1km away from TG
- point source [
(Ln ~ 50m) 00

- same flux shape
for IWCD and HyperK

» NuPRISM method ,WW

- sample flux at
different off-axis

* match the flux E, (Gev;
between near & far

* Ve Cross section study

— NuPRISM Total

Area Normalized
e
7
|

o




IWCD (NuPRISM) linear combination

Linear combination
of events at different
off-axis position:

4.0° Off-axis Flux

=» Monochromatic
v beam response

7 R B A I

— Linear Combination

—— 1.7° Off-axis Flux

151

—— Gaussian: Mean=0.9, RMS=0.11 GeV -

10}

0o 05 1 15 2 25 3
E, (GeV) 21




IWCD (NuPRISM) linear combination

§ o match the far spectrum e |
o G 0 1 v with a linear combination of N
o monochromatic the near detector spectra _—
e ]
0 0.5 1 1.5 2 2.5 3
E, (GeV)
102_ - T 2.5° Off-axis Flux

: atmospheric v
107¢

104 ®wux 6(CCNM)
1 NUuPRISM linear superposition

10
= sl b b b b b s by
01 2 3 4 5 6 7 8 9 10

E, (GeV) = r T 1
3 . Soooof- 3
< 35000 —— Oscillated SK flux —- r —— SKBeam+Osc. v, 9 ;
e N [ e e
520000 Fitted VPRISM flux 8000 VPRISM v, Linear Combo. | 71 107 Offaxis Flux
ézsﬁoo %6000: ]
b . r .
Baooo oscillated vy = oscillated ve
15000 S4000F 9 o
. o r e
0000 § 52000 - - TR
5000 v E [ oo " < E, GeV)
0 o) Y el N A B S A .
0 02 o4 06 08 1 12 14 16 |'aE(Gev)2 0 0.5 1 15 2 25 22



o(Ve)/o(vy) by IWCD flux matching

Selected 1-ring e-like events

gooillIllllllllllllllllll|IIIIIIIIIIIIIIIIIIIII ESOOO}II] rrrTTrTT T T —:
- — Ve 5 - — VPRISM v, (2.5-4.0° .
= BN v, Other ~ 7000E o : E
= v, n° e = —— vPRISM v, Linear Combo. 1
E EEE NC Other = 6000F ' 1
= B NC n° ;5000:— =
- i & 4000F -
= B Entering vy = High-E is above ]
= I V. signal 3000F muon acceptance -
3 2000} Measure =
g_ IOOO:I: (1) (Ve) /0 (Vp) =
E O E o o e 1y | L1 | 7
OO 500 1000l 1500 2000I |250|0I 300IO 3500 4000 4500 5000 0.5 1 1.5 2 2.5 3
Reconstructed neutrino energy (MeV) E, (GeV)

v

« Active outer water veto suppresses y backgrounds

» Match the IWCD ve flux by IWCD vy flux linear combination

- cancelling the flux systematics to achieve precision measurement
* precisely test the difference in the kinematical phase space 23



Summary

* Diverse physics program of HyperK
- Precision neutrino oscillation; CP violation, mass hierarchy
- Neutrino astronomy; exloding stars, sun
- Search for new physics; nucleon decay, dark matter, non-standard v interaction

« HyperK will be x20 more sensitive on CP than T2K
- x8 from HyperK detector and x2.6 (0.5MW —1.3MW) from the beam

« High power and long stable beam operation is essential for CP study
- Radiation and heat challenges to be overcome

- Stable beam monitoring and operation to complement the suite of neutrino monitors
* INGRID to monitor the beam direction
* ND280 to monitor the wrong sign backgrounds
* IWCD to monitor the neutrino event rate and ve cross section

* Hyper-K is on the FY2020 MEXT budget
- “Hyper-Kamiokande will be newly launched in FY2020”






Summary of systematics requirements and sensitivities

CP Violation,
0(Ve)/a(Vy) 3-5% Scp precision at sin(8¢p) ~0, IWCD 3.5-5%
0,3 precision at sin(0,3)~0.5
CP Violation,
a(Ve)/o(vy) 3-5% Scp precision at sin(8¢p)~O0, IWCD 4-7%
0,3 precision at sin(023)~0.5
Wrong-sign 1
CP Violation,
background 9% - vioation ND280 TBD (expect <9%)
e e Scp precision at sin(8¢p) ~0
Intrinsic ve,ve and NC CP Violation, )
4 .
backgrounds 3-4% 8cp precision at sin(8¢) ~0 HYEID, 2.3% (neutrino)

Normalization of non-

QE with E,>0.7 GeV 5% 0.3 precision at sin(0,3) #0.5 IWCD 5% (neutrino)

5% (IWCD neutrino)
<4% (N280 neutrino)
<7% (ND280 antineutrino)

Normalization of non- Ocp precision at sin(8¢p) ~0 IWCD,
QE with all energies Am?3; precision ND280*

26



