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Hyper-Kamiokande (Hyper-K)
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Hyi/)er-Kamiokande' \

A gigantic detector to confront
elementary particle unification theories
and the mysteries of the Universe’s evoluiios
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Hyper-K Strategy

J Realize 1%t tank quickly

e Status: -- Selected in the future roadmap of Japan by MEXT.
-- Funding application is on-going.
e Data taking: 2026 (if funding approval by the end of 2017)

[ The 2" tank options

* Default: 2" tank in Kamioka (295 km) with 6 years of delay
 Alternative: 2" tank in Korea (~¥1100 km) ASAP i



The 2" Hyper-K Detector in Korea
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Neutrino Oscillations in Kamioka & Korea
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Unique benefits of a Korean Detector

(Biprobablitiy plots often used to (Larger ellipses mean less sensitivity to\
compare experiments. (e.g. T2K vs systematic errors.
NOvA).  Extend these to multiple Shape differences unpick degeneracies with
energies, to gain understanding of 2 \other parameters. (e.g. £423) y
\_Maxima measurement. Y
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Benefits of T2ZHKK

T2HKK = Tokai to(2) HK to Korea

The following physics sensitivities are improved
by locating the 2"d detector to Korea

» Neutrino mass ordering determination 15t&2nd oscillation
maxima

» Leptonic CP violation phase measurement

Higher v energy

i ) . « Longer baseline
» Non-standard neutrino interaction Higher matter
density

: cie egs Deeper site:
» Solar/SN/SRN/v geo physics sensmvmes« 650 vs. 1000 m
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T2HKK Inauguration

July 10 2016, London

during Hyper-K proto-collaboration meeting




T2HKK White Paper

November 215t 2016

*>§//é ~ 4 months later *lk//é

//(i\ from the inauguration AN

"./, AN *./* AN
. arXiv:1611.06118 .

(60 pages)

Physics Potentials with the Second Hyper-Kamiokande Detector
in Korea

(Hyper-Kamiokande Proto-Collaboration)

K. Abe,*"% Ke. Abe,2* H. Aihara,’%% A. Aimi,'® R. Akutsu,”® C. Andreopoulos,?®43

I. Anghel,?! L.H.V. Anthony.?® M. Antonova,?’ Y. Ashida,?® M. Barbi,** G.J. Barker,5
. Barr, . Beltrame, . Berardi,'® M. Bergevin,? S. Berkman,? T. Berry,*
G. Barr,** P. Belt v B 11,16 M. Berg 3 S. Berk 2 T. Berry,®

S. Bhadra.™ F.d.M. Bla.szczyk,l A. Blondel 12 S, ]301(‘),@:1‘103i,6 S.B. Bo_\,fcl,66 A. Bravar.1?




1t T2HKK Workshop @SNU

d 15t T2HKK workshop (Nov. 21-22) at SNU was successfully finished.
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Ocp & MO Sensitivity Studies

Simulation parameters
e 2.7x10%2 POT with v:v =1 : 3 operation ratio

— 10 years of operation with 1.3 MW beam

187 kton fiducial volume (compared to 22.5 kton for SK)

e Baseline to Korea is 1100 km IAmi,|=2.5%10"" eV
$in’0,,=0.5
e Off-axis beam: 1.5°,2.0°, 2.5 §in220,,=0.085

Am5=7.53%10"" eV
sin”0,,=0.304
0,=0,m/2,7t,31/2

e Oscillation parameters; — —)

€ Note: Relatively simple systematic uncertainty model is used.
More realistic systematic uncertainty implementation is needed.



Significance (o)

Mass Ordering Sensitivities
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CP Sensitivities

True Normal Ordering, Ordering Known
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Ocp Precision Sensitivities

- Important for flavor symmetry model of neutrino mixing

True Normal Ordering True Inverted Ordering
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Fraction of dqp

How much fraction of §qp Ccan we cover ?

50 Significance, Ordering Known
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\/Ax? Wrong Hierarchy Rejection
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Beam + Atm. Data

Mass ordering sensitivity
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Beam+atm. Results will be included in the upcoming white paper update.
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Beam + Atm. Data

Ocp Precision sensitivity
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Beam + Atm. Data

\/Ax? Wrong Octant Rejection

0,5 octant sensitivity
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Muon shielding(Mt. Bisul)

L ow E benefits 3

1. Deeper site:
lower muon flux,

lower s pa llation BKG Due to the detector being located deep underground,
The background level 1s decreased
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Some candidate sites in Korea

Site candidates for a 2" osc. maximum detector in Korea

-- Baselines with 1,000~1,200 km
-- 2.0~2.5° or 1.5~2.0° off axis beam directions
-- >1,000 m high mountains with hard granite rocks

Mt. Bisul ~1.3° 1088 km 1084 m
Mt. Hwangmae ~1.8° 1140 km 1113 m
Mt. Sambong ~1.9° 1180 km 1186 m
Mt. Bohyun ~2.2° 1040 km 1126 m
Mt. Minjuii ~2.2° 1140 km 1242 m

Mt. Unjang ~2.2° 1190 km 1125 m
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[ Korea is the best location for the 2"d detector of the Hyper-K.

* Longer baseline: 300 km vs. 1100 km
e 1stand 2" oscillation maxima
e Larger overburden: 650 m vs ~ 1km

[ Physics sensitivities are improved with 2"9 detector in Korea.

* Neutrino mass ordering determination
* CPV, CP precision, CP coverage

* Non-standard v interaction

e Solar/SN/SRN etc...

[ Site survey in Korea is on-going.
* We hope to take data in 2026 (= depends on funding approval).

You are very welcome to join us !
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