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Hyper-K Overview

Total Volume 0.99 Megaton
Inner Volume  0.74 Mton
Fiducial Volume 0.56 Mton (0.056 Mton X |0 compartments)
Outer Volume 0.2 Megaton

Photo-sensors 99,000 20”® PMTs for Inner Det.

(20% photo-coverage)

25,000 8’® PMTs for Outer Det.

B | arXiv:1109.3262 [hep-ex]
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The JHF-Kamioka neutrino project is a second generation long base line neutrino oscillation (Fl 20 at pase 25)
experiment that probes physics beyond the Standard Model by high precision measurements of g' P g

the neutrino masses and mixing. A high intensity narrow band neutrino beam is produced by
secondary pions created by a high intensity proton synchrotron at JHF (JAERI). The neutrino
energy is tuned to the oscillation maximum at ~1 GeV for a baseline length of 295 km towards
the world largest water Cerenkov detector, Super-Kamiokande. Its excellent energy resolutio

and particle identification enable the reconstruction of the initial neutrino energy, which i . | SenS|t|ve SearCh Of the CP
compared with the narrow band neutrino energy, through the quasi-elastic interaction. T o o o
physics goal of the first phase is an order of magnitude better precision in the v, — v; oscillatio VIOIa’tI onin the Iepton SeCtOI"
measurement (§(Am3;) = 1074 eV? and §(sin?2653) = 0.01), a factor of 20 more sensiti (CP phase 8 down to |0°—20°)’
search in the v, — v, appearance (sin® 26, ~ 0.5sin? 26,3 > 0.003), and a confirmation of t .

and an order of magnitude

‘improvement in the proton decay

the second phase, an upgrade of the accelerator from 0.75 MW to 4 MW in beam power an:

: the construction of 1 Mt Hyper-Kamiokande detector at Kamioka site are envisaged. Anothe

order of magnitude improvement in the v, — v, oscillation sensitivity, a sensitive search of the
CP violation in the lepton sector (CP phase § down to 10° — 20°), and an order of magnitude
improvement in the proton decay sensitivity is also expected.
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Neutrino Telescopes 2005 ..-

o 1. Introduction

T. Nakaya (Kyoto Univ.

2. T2K Experiment -|1

= Accelerator neutrino experiments including K2K
and MINOS provide essential information for
neutrino mixing and mass.

= The next generation experiments with a high
intensity accelerator are sensitive to
[188in220,3~1%; AM2<1x10-4eV?
[1sin?26,5 < 0.01
= With a gigantic (100k~1Mtons) detector, the
experiment has the sensitivity to the CP violation.
1 8<20° for sin?26,5 >0.01

= The experiments sensitive to the sign of Am? is
also under consideration (not T2K).

"‘ A We are also looking forward an expected
~1Ma§éﬁ=if§>€“xahmﬁ(mfde (2 ' s phenomena in the experiments.
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Neutrino Telescopes 2005 ..-

o 1. Introduction

T. Nakaya (Kyoto Univ.)

Experiment -l

\ggﬁed ,,{éﬁﬁ}'{; ol = Accelerator neutrino experiments including K2K

Cons -ucfuﬁ{

&,f" start in 200 f{ . and MINOS provide essential information for
(

neutrino mixing and mass.

= The next generation experiments with a high
intensity accelerator are sensitive to

[188in220,3~1%; AM2<1x10-4eV?

—_—
NS . X

= With a gigantic (100k~1Mtons) detector, the w
experiment has the sensitivity to the CP violation.

[18<20° for sin?26,5 >0.01 , __j

— 4

= The experiments sensitive to the sign of Am s
also under consideration (not T2K).

We are also looking forward an expected
phenomena in the experiments.
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Hyper-K in Japanese Future Strategy

® Recommendation by HEP community
® http://www.jahep.org/office/doc/201202 hecsubc report.pdf

® Recommendations for two large-scale projects

® Linear Collider

® Large-scale Neutrino & Nucleon decay Detector

® KEK roadmap draft (Jan. 2013) includes Hyper-K

® http://kds.kek.jp/getFile.py/access?sessionld=1&resld=0&materialld=0&confld=11728

® Cosmic Ray community endorses Hyper-K as a next large-scale project
® The master plan for large scale projects in Science Council of Japan

® A proposal of large neutrino/nucleon-decay detector will be
submitted with Hyper-K. J-PARC neutrino beam operation w
~>1MW and a near detector complex are also packaged.

® (Ref.) the master planin 2010, Hyper-K was described in page 20
® http://www.scj.go.jp/ja/info/kohyo/pdf/kohyo-21-t90-e2.pdf
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Japan HEP community

Recommendations

The committee makes the following recommendations concerning large-scale projects, which
comprise the core of future high energy physics research in Japan.

« Should a new particle such as a Higgs boson with a mass below approximately 1 TeV
be confirmed at LHC, Japan should take the leadership role in an early realization of
an e*e linear collider. In particular, if the particle 1s light, experiments at low collision
energy should be started at the earliest possible time. In parallel, continuous studies on new
physics should be pursued for both LHC and the upgraded LHC version. Should the energy
scale of new particles/physics be higher, accelerator R&D should be strengthened 1n order
to realize the necessary collision energy.

Should the neutrino mixing angle 013 be confirmed as large, Japan should aim to |

realize a large-scale neutrino detector through international cooperation, accompanied

by the necessary reinforcement of accelerator intensity, so allowing studies on CP |

symmetry through neutrino oscillations. This new large-scale neutrino detector should
have sufficient sensitivity to allow the search for proton decays, which would be direct
evidence of Grand Unified Theories.
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Timelines of Current/Future Projects
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Nature is kind to neutrinos
® Established

® Neutrino oscillations everywhere
® |arge mixing angles

® not too small mass difference!

® Will be established in the near future
® majonara mass
® |Inverted mass hierarchy
® sterile neutrinos (w/ various mass scales)

® large CP violation (w/ PMNS dcp and maybe from the sterile
sectors...)

® npeutrino mass effects in cosmology
|0
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Physics Topics in Hyper-K
arXiv:1109.3262 [hep-ex]

\’:: ° Accelerator Neutrlno Beam

Neutrino Oscillations

w/ CPV
° Solar Neutrlnos
® Astrophysical Neutrinos
® Supernova, Dark Matter, Solar flare, etc..
® Neutrino geophysms
L: N ucIeonDeca --{! GUT

® NOTE: Although some neutrino sources are free, the capability

of the detector to catch free neutrinos are NOT free.
|
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Hyper-K WG,
arXiv:1109.3262 [hep-ex] Letter of Intent:

The Hyper-Kamiokande Experiment
— Detector Design and Physics Potential —

K. Abe,'214 T Abe,l0 H. Aihara,'%1* Y. Fukuda,” Y. Hayato,'* ¥ K. Huang,?

A. K. Ichikawa,* M. Ikeda,* K. Inoue,® ™ H. Ishino,” Y. Itow,® T. Kajita,'?14 J. Kameda,'? 14
Y. Kishimoto,'> 14 M. Koga,® 14 Y. Koshio,'> 1% K. P. Lee,’® A. Minamino,* M. Miura, % 4
S. Moriyama,® ' M. Nakahata,'? 14 K. Nakamura,? % T. Nakaya,** S. Nakayama,'? 14
K. Nishijima,? Y. Nishimura,'? Y. Obayashi,'>1* K. Okumura,'® M. Sakuda,” H. Sekiya,? 4
M. Shiozawa,'?1%* A T. Suzuki,® Y. Suzuki,'?> ™ A. Takeda,'? 14 Y. Takeuchi,? 4
H. K. M. Tanaka,'! S. Tasaka,! T. Tomura,'? M. R. Vagins,'* J. Wang,'Y and M. Yokoyama!%

(Hyper-Kamiokande working group)
LGifu University, Department of Physics, Gifu, Gifu 501-1193, Japan
2High Energy Accelerator Research Organization (KEK), Tsukuba, Ibaraki, Japan
3Kobe University, Department of Physics, Kobe, Hyogo 657-8501, Japan

4 Kyoto University, Department of Physics, Kyoto, Kyoto 606-8502, Japan

° Miyagi University of Education, Departln%ent of Physics, Sendat, Miyagi 980-0845, Japan

3262v1 [hep-ex] 15 Sep 2011
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Measuring CP asymmetry w/ ][-PARC v beam
P(Vu—Ve) appearance probability

(normal hierarchy)

* Comparison between P(Vy—Ve) and P(Vy—Ve)
* as large as ~25% from nominal.
* a|so sensitive to exotic (hon-MNS) CPV

13
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Rich Physics in 3 generation mixings

P(v, —ve) = 4C7357353; -sin® Ay Leading _.- CP violating (flips sign for V)
+8C{3512513523(C12C23 cos § — S12513523) - cos Az - sin Az - sin Agy
—8C73C12C235125135245in 6) sin A - sin Agy - sin Ay
—|—4sz0123(01220§3 + 532523533 — 2C12C23512S523S13 cos9) - sin? Ao

R , . Solar
—8C13573555 - E(l — 2573) - cos Azz - sin Agy
[ 4

a , Matter effect
—I—SCf3Sf3S§3—2(1 — 25%.) sin® A3
Amig

L d- . 9 . 2 ) Am321L
eading |sin”6,,sin” 20, ;sin
4F
CPV
: . re—————— 2y 2
sin 201.2 sin26,, sin®26,,sin’ Am; L Sin Am; L in S
2sinf,, T 4F 4F
~0.03
w[Am; |sin260,,sin20; E, , [ leadin ]sin 5 0.04 -
4{Amy) sin®6,,sin6,,  E 5 e (sin?203=0.1,0=T1/4)
R b b e b b L L
; Elstmax > -0060 1 2
~ 027 x| leading |x ==X sino Ev (GeV)

27%
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The Vv beam

Expected neutrino flux at Hyper-K (unoscillated)

_]U\!
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2.5° off-axis beam from J-APRC
Peaked at oscillation maximum

Suppress BG from high energy component (Vr negligible)
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CP measurement with |-PARC v and Hyper-K

® Strength of water Cherenkov detector
® | ARGE mass — statistics is always critical

® Excellent reconstruction/PID performance
especially in sub-GeV region (quasi-elastic—single
ring)
® Best matched with low energy, narrow band beam
® Off-axis beam with relatively short baseline
® | ess matter effect

® Complementary to other > ~1000km baseline
experiments planned w/ Lg.Ar

(natural extension of technique proved by T2K)

|6
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Full MC study

® Full simulation of V beam, interaction,
detector response and reconstruction

® Number of PMT: half of SK-4 (20% coverage)

® FEvent selection almost the same as T2K
® | oose cut on Ey to utilize spectrum information

® Assumed 7/.5MW - year beam exposure

® We expect beam power upgrades beyond 750kWV.

o vVv:v=23:7

Signal efficiency 647
vy CC BG >99 9%
rejection '
NC 11° BG 0
17 rejection )5%
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Ve candidate events after selection

sin220,3=0.1,0=0, normal MH

vV.Mmode  55cMw. 107 vV mode 5.25MW - 107s

= 0.75MWx3yrs : = RIS
Total (1.5SMWx | 5yrs) : Total (1.5MWx3.5yrs)

/ : v, — Ve + BG
BG all : BG v Vv /Y
: Ve/Ve/Vy/Vy

BG from ve+v, /v,
BG fromv,,

Wrong sign beam Ve/Ve
appearance contamination

V (225MW - [07s) 46 880
V (5.25MW - 107s) 380 878

2000-4000 signal events expected for each of v and v

1338 15H%EH



LARGE 013 => good for Hyper-K

® High Signal (Vu—V.) and Low Background (1% beam v, etc..)

® Systematic error is more reliable (under control) for the Ve signal than BG
(example, TT°)

® Assuming 5% sys. error for both V. signal and background (beam V. and NC T11°
dominant).
/6

/3 /2

2719

N/N(8=0)z Stat | 1.0+0.020 |0.885+0.021 | 0.786+0.023 | 0.751+0.024 | 0.975+0.020 | 1.224+0.017
Sys (Sig) 0.038 0.037 0.035 0.035 0.037 0.039
Sys (BG) 0.012 0.013 0.015 0.015 0013 | o001l

i | 10 | as | s | aw | im0 | i
5@ | oo | eoe | oos | oos | oo | oo

0.015
(*) Stat and Sys are the errors considering both signal and BG events.

® >|0% larger variation relative to the expected number of events with 0=0 is expected for
0 between T1/6 and 5T1/6 (7T1/6 and | 1T1/6) which corresponds to ~70% region of ©.

"5 | o [ we BT
iy | sese | s | e | aswr | wm | e
Tosomm [asmssomr
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7.5MW - years Contours
5% systematics on signal, vy BG, Ve BG, V/V

sin220,3=1
0.56Mt, O 75MW, 3. 0/7 0 yrs NH

0.02 ) 0.06 008 0.12 0.14 0.16 0.18
Reactor Vv |OCL

- Good sensitivity for CPV
- modest dependence on 0,3 value

O
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.
6 resolutlon

— 0=90°
—— 6=OO

~
(@)

Sin22913=0.1

7.5 MW -yrs

N
-
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©
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2 3 4 5 6 7 8 9
Integrated beam power (MW-year)

O precision < 20° (0=90°)
< 10° (8= 0°)
»modest dependence on 03

21
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5%

Hlelle]

27%

22

Effect of systematic errors
0%




CPV Discovery Sensitivity (w/ Mass Hierarchy known)

74% region §f 0 covered at 30 W/ 5% sys. error

IO% all syst \

7.5MWyear

_—50/0 all syst /2%’ all syst sin2203=0.1

normal MH

05 true O (1T

High Sensitivity to C223PV w/ <~5% sys. error
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K. Sakashita@ICHEP2012 T2 K EXPe rience

The predicted number of events
and systematic uncertainties

i 20 .
The predicted # of events w/ 3.01 x 1020 p.o.t. the predicted # of event
Event category sin?26;3 = 0.0 sin®26;5 = 0.1 distribution
Total 3.2240.43 10.71£1.10 |

Ve signal 0.18 7.79
ve background 1.67 1.56
Yy background (mainly NCr®) 1.21 1.21 . PR g
U,, + Ve background 0.16 0.16 . ol

3010 x 10 pot.

L e e L
w/o ND280 measurement ]
Bl w/ ND280 measurement |

sin’20,,=0

arbitrary unit

Systematic uncertainties R N S RARE

 sin’20,,=0.1

Error source sin® 26,3 =0 sin” 26,5 = 0.1

Beam flux+v int.

v int. (from other exp.) 5.9 % 7.5 % 005
Final state interaction 3.1 % OE
Far detector 71 % 3.1 %

[ sin®20,,=1.0

Am?2, =2.4x107eV?
[ (Normal hierarcl hy)
r =0

—
o=
=
=}
5
=
—
E

f—
S
)
=)

[ 3010x10¥podt.

Total 134 % Tog3-9~ Expected # of signal+background events

big improvement from the T2K 2011 results using ND280 measvreinent
® Total Sys. error for sin?20,3=0.1: ~10%

® Beam flux + V int. constraint in T2K: 5.7%

® External v cross section uncertainty from/6ther experiment: 7.5%

® Super-K detector uncertainty: 3.1% -

1338 15H%EH

T2K flux extrapolation and
the detector uncertainties

almost reach the Hyper-K

requirement.

Upcoming Cross section
measurements in T2K-
ND280 and the cross
section model
improvements are critical.




Atmospheric Neutrino Oscillations
at Hyper-Kamiokande

Roger Wendell, ICRR
2012.08.22
Hyper-K Open Meeting, Kashiwa
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3-flavor oscillations in atmospheric Vv

NUCIPh)IS 8669’255(2003) r :we fluxratio (~2 at low energy)
NUCIPh)’S B680,479(2004) P, = [Aeul?: 2V transition probability Ve = v, in matter

R, = Re(A"ccAey)

d(v,) : = IM(A"eAq)
- —_ l ~ Pz(!‘ . C082 023 — 1) SOlar 'te r‘m Ace : survival amplitude of the 2v system

(I)()( Ve ) Aey : transition amplitude of the 2v system

. ~ 9 n g - é ~
—17 - 8in B3 - cos® B3 - sin 203(cos d - Ry — sind - 1)

Interference term (6%5’)

+2 sin? 6313(1' - Sin” fag — 1)
0,5 resonance term
Ve appearance (and Vy distortion) is
expected due to MSWV effect in the
Earth’s matter
- happens in V in the case of normal
mass hierarchy

- in anti-V in inverted mass hierarchy

2
o
c
<
5
o
N
=
=
wn
[o}
o

Large O3 value gives us a good
chance to discriminate mass

e hierarchy.
“Multi-GeV”

10
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cosO© =-0.8  NH, sin®0,,=0.4, sin’0,,=0.025, 5=40° cos® =-0.8  NH, sin’0,,=0.6, sin’0,,=0.025, 5=40°

solar term AT

interference term . F e —
fisresonance term A~ ] ESII12923 = 0.4 vs 0.6

total

514

% '””WWTHHHHv- K ,”mwvvv""' Ay

1 A 1

c0s0 =-0.8  NH, sin%0,,=0.6, sin,,=0.025, 5 DCF cos® =-0.8  IH, sin’0,,=0.6, sin’0,=0.025, 5=4°

(c)

mass hierarchy: NH vs IH

. A““wm! !AAAAAAA

1
Ev(GeV)

Through matter effect (MSWV), we study

® Mass hierarchy — Asymmetry between neutrinos and antineutrinos.
® Octant of 023 — Magnitude of resonance effect

Appearance (and V,—V, disappearance) interplay

® Ocp(and 013) — Interference ef;ects in ~GeV energy region
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Mass Hzemrchy Sensztzmty
T [ 5 ecessok smmsie: 45E sin? 023 = 0.6

82,90.0, Inversed Merarchy
e 83 .20.5, Ivveried Merarchy!
normal hierarchy case

....... g;,.o.a. aormal hierarchy

83,+0.5, normal hierarchy |

- normal hierarchy case
| 0

iE
E
.:

E3G

NU“

10 years

A y* Hierarchy
N

°L__J J_ AT O RO TR FOH N AT S B

2 4 6 8 10
livetime [years]

21 08-06-04-02 0 0.2 04 06 08 1
cog 6

® Sensitivity depends on 023, 0 and normal hierarchy
mass hierarch (a little). st

® 30 mass hierarchy determination for

sin2023>0.42 (0.43) in the case of
normal (inverted) hierarchy.

A x* Hierarchy

4 oas os oss os
28 slru"f)23
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Sensitivity for 023 octant and CPV

NH, unknown | @, is fixed : sin226,, = 0.10 IH, Unknown

W

N
w
N

N
o
TIV ]y _rT . | ‘Y'Y""Y“Y‘YTT’Y"T‘ TY'TY WTYTTY’Y'Y"‘

10 years 10 years

w

o
w
(=]

N

N
N
"

023 octant
sensitivity

(band depends on d)

. . UM
N
o
T ”a"'Y'Y'r'r‘Y’Y’TT—T'TY'Y'TY'YTT']‘T’YTY“

-
Wi

A % wrong octant
—h
o

-
o
-
o
W
Q

Q

N
Q

b
5-20 5

T™rTT

!
o\-.x__l TS S VAN U N TR T T U (Y NN VO U NN U WO WY U U

| TN T N W TN S T U, G T S NN TN N O
true - . . . -
sin® 6,, sing 0'2';"

o
@D -
Ty

™

el <
0 O
>

@

YTVTYYYY]'YTTV

[%]
o
-~

7

7]
o
-~

| RAARM |

sin2 023 = 0.6

Fraction of
Ocp excluded

sin2 023 =0.6

Sc, excluded at 3-¢
OCP exciuagea at >0 l

006 XTI B W) I T R Gy e [T Gl o b g L o L i)
4 6 8 10 4 6 8 10
livetime [years] livetime [years]
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Combination of
Beam and Atmospheric
Neutrinos

Resolve mass hierarchy and the regeneracy
w/ >30!

30




Combination of Beam and Atmospheric Neutrinos : Allowed o,

Beam Map Atm. v Map Atm. v + Beam

. "’ 12 12

L2 ]’ : . 12 L2 ’ L2 L2 |

lII‘!T TT‘[7TrT 1 1 ;|

T
8.5 (7]
1 Hierarchy is unknown, but NH is true

O True 6,,=0.0

O True sin?26,, =0.10

O Maximal mixing , sin?26,,=1.0

[0 Degenerate solution exists at 3¢ in the beam only case - just add the %2 maps
1 In the real world, something more sophisticated is in order

2012.8.22 Roger Wendell
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Hierarchy sensitivity : Combination of Beam and Atm. Neutrinos

Beam Map Atm. v Map Atm. v + Beam

W

S
W
=]

Yﬁ

N
W

-TTT T'T’Y‘T‘Y"r"’?"?' ™Y ’r T

N
o

N
(=]

-
wn

Q
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I
I
i
i
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-
—
.
b
L
-3
r
L
B
P
I

o' SN Y TR WS W N W W T N U U SN SN 0 S T G

1 -0.5 0 0.5 1
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O Hierarchy is unknown, but the NH is true
O True sin®20,, = 0.10
O Using sin%0,, =0.4

[d Even under a conservative assumption its possible to achiev ~3c

discrimination or all values of 6., if the true hierarchy is normal
2012.8.22 Roger Wendell
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Experimental Limits

p—>e+g-|10

p—>e+J'Co : o : S : S :ml:mr:n?: :) — T
predictions : — il : P b n : P b : R ¢
T fipped SU(S), SO(10), 5D SU

p— e+KO —I—
b — utKO L _l_§
n—vK©0 0—— DR :

p—vK* , T .
m.ﬁ.mal - -  sueRAsUs)
p—>vK~* Do - | SUSY SU( )W|th addltlonal U( )fla\:/or s:ym:m;atr:y: -
predictions : S ? varlous SUSY SO(10) T
| sUsYso{ojwinGley)
H SUSY S0(10) W|th Unified nggs. -

» Super-K gives most stringent limits for many decay modes.
pT(p—e*11%)>1.3x103%years (90%C.L. by 220kton * yrs data)

»T(p— VK*) >4.0%1033years (90%C.L. by 220kton * yrs)

» No signal evidence has been found giving constraints on models (GUTs)
» Constraints on SUSY models (ex: R-parity conservation)

» Exclude minimal SU(5) and minimal SUSY SU(5) models.
34
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® All rings are showering
® 85 < Mo < 185MeV/c? (3-ring)
® No decay electron

Super-K data are consistent with BG MC. Rttt

P _> e + + 'rl' 0 S e a rc h e S fung?g(czﬁterenkov rings
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(events/ktyr)
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Number of events

)
S
Q
S
S
=
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TTT hlPlllllll

0 200 400 600 800 1000 1200

Invariant proton mass (MeV/c?) Total invariant mass (MeV/c?)

PRD77:032003,2008

\ g NS ) BG measurement by accelerator v (K2K)
=" NS » BG=1.63+0.42/-0.33(stat.)+0.45.-051(syst.) (Mtxyrs)' (Ev<3GeV)
» Consistent w/ simulation [.8+0.3(stat.)

BG in Hyper-K is under control.
3

5
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Search for nucleon decays

- 10 times better sensitivity than Super-K.
- only realistic plan to go beyond 103 years for p—e*+n?
- >30 discovery is possible for lifetime beyond Super-K limits.

Super-K Hype r—

p— e*n0  em(espom)

Hyper-K sensitivities

n—etn el ) _
D U 70 e—— »p—ret+mf

2::5::- ] }Tproton/Br > 1.3 x1 035 yearS @90%CL
»5.6Mtonxyears (10 Hyper-K years)

|
n— vno ey
p—etn — .
p—utn B
n—vn g
p —etpd B
n—et*p-
p — u*p0 S am— >
oo »SUSY favored p—v+K*
n—vpo R IR, »2.5x10%* years

p—etw

»p,n— (et u*)+(m,p,w,Nn)
»O(1034-3°)years

p—>M+0) ' L S .

n>vo » KO modes, vr®, vit possible
p—e*KO
n—etK-

n—eK* » Other various decay modes.

::LEO » (B-L) violated modes
p—vK* e pradiative decays p—ety, pty

o » neutron-antineutron oscillation (JAB|=2)
p — v K*(892)* }di—nucleon decays (lAB|=2)

n — v K*@892)0 y I EEE R R }pp—’XX, nn— XX...

/B (years)
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Status of R&D




Two Hyper-K meetings (Aug. 23-24, 2012: Jan. 14-15, 2013)

~ 100 participants (~50 non-Japan

® http://indico.ipmu.jp/indico/conferenceDisplay.py?
ovw=True&confld=7

® Review the current status of the project and discuss the strategy to
realize Hyper-K.

® The next meeting will be on June 21 and 22,2013.
38
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http://indico.ipmu.jp/indico/conferenceDisplay.py?ovw=True&confId=7
http://indico.ipmu.jp/indico/conferenceDisplay.py?ovw=True&confId=7
http://indico.ipmu.jp/indico/conferenceDisplay.py?ovw=True&confId=7
http://indico.ipmu.jp/indico/conferenceDisplay.py?ovw=True&confId=7

Development works

® Detector design optimization

\
. ta n I( S h ap e . S e m e ntati o n Wal I ’ FE % 3 . . s
tank liner, PMT support |

structure

® Water purification system, water
quality control

TRee
SN R

® DAQ electronics (under water?)

e (Calibration source deployment
system

® automated, 3D control
® Software development
® Detector geometry
optimization, enhance physics
capabilities

® Physics potential studies

® requirements for near detectors | L1,
: : : : ! dA W / ~500 PMTS’Fi";F i;cs tucomem)
® works in the international working T oy .

group
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Target Schedule

Construction start

JFY2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

4 3 -2 -1 | 2 3 4 5 6 7 8 9

access tunhels, wiste rocL( tunnels

cavity excathion

J:oncret , liner

PMT t, PMT] installation

photo|-senso+ R&D

preparation Aor glas:l valve, |PMT pl'oducti
PMT|produdtion

water filling

Opel—ation

assuming budget being approved from JPY2016

40
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Let’s realize the Detector
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Fraction of © (%) for CPV discovery
Fraction of O in % for which expected CPV (sind+0) significance is >30

B sin22613= 0.1/0.03 —— MH known

i MH unknown

._74% ....................................
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o

o

1 2 3 4 5 6 7 8 9 10
Integrated beam power (MW- 10’s)

* Although the sensitivity is degraded if mass-hierarchy is unknown, the mass-hierarchy could be
determined by other LBL experiments and Hyper-K atmospheric neutrino measurements at
the time of CP discovery. 43
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Long baseline projects

T2HK Little 86 (74)* 2023

Lund Some 86 (70) >2019 Yes

P. Coloma et al.hep-ph:1203.5651 " 1t mass hierachy is known

T2HK: 4MW, 500 kt
LBNE: 0.8 MW,33 kt
C2P=LBNO : 0.8 MW, 100 kt

159100 -5 0 S KO 15 10100 -5 0 S 0 1%
o) 6{)

by Marco Zito@Open Symposiun - European Strategy Preparatory Group
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Vu— Ve probability

P(vy — ve) = 4C7387385; - sin” Agy L€ading . CP violating (flips sign for v
-|—8013512513523(C’12023 CcosS 0 — 912513523) COS A32 sin A31 - Sin A21

80130126'23512513523 sin A32 sin A31 sin A21

—|—4;S'2 0123(02 C§3 —|— Sz 23533 2012023512523513 COS 5) Sln2 A521 I
al olar
8033532533 4E — (1 —2S 3) cos Asgs - sin Agy

Matter effect
Am 3

Leading term o sin%203 A ' ) 295km
CPV term o sin20;3 ]
Matter effect o sin?20,3

For larger sin2203

signal T, CP asymmetry |
matter/CP 1

Ev (G eV)
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Ryper-K candidate site

* 8 km SO u t h fro m S u p e r- K GEOLOGY AND ORE DEPOSITS OF KAMIOKA MINE

4 same T2K beam off-axis angle (2.5 degree)
4 same baseline length (295km)
4 2.6km horizontal drive from entrance
4 under the peak of Nijuugo-yama
4 648m of rock or 1,750 m.w.e. overburden
4 13,000 m3/day or 1megaton/80days natural
water

~

\”:"_—
i I M=845m a.s.l.
L
o ..' .-' . -
' N

e
o |

overburden T o) N
648m ‘ o S s .
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verview of the geological survey

Bore hall core

Anko Fault

¢

-370mL Moribuden Mukae Tunnel

1338 15H%EH

!
) Anko Fault

—— - — - —— -

-300mL (~tank top)
-370mL (tank floor)

-300mL
Survey,

North-side

Cavern

o -

40’-

-300mL Kita Mukae Tunnel

. No.4 hole(-370mL)

epidote
Namari
epidote inclusive

Yurume Fau
e

1 P2
7 No.5 hole(-370mL‘
le
v
Rock Classific;tion
== A
- e
=5
(o]

=
sheared zone

20cm or less
20~50cm

South-side

Cavern
50cm or more

240°  Fault
CM class or lower area
SR
R

v

Scope of Rock mass

Classification Surveyed : :




Cavern analysis

RUF @)
RUF(5)
RUF(6)

RUF©)

step-by-step calculations for each excavation benches

® cavity analysis (and PS anchor design) going on

® scheduling & costing ongoing

48
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Photo-sensor

® Candidates for ID sensor

® 20" Hybrid Photo Detector (HPD)
® (New 20” PMT as backup)

® Proof test of 8’ HPD in a water tank from this winter

® 20” HPD prototype is expected in ~a half year

EGADS 200 ton tank " 1~ Preparation @ Kamioka
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Multi-GeV reconstruction

® Multi-GeV PID for atm v sample

Super-Kamiokande IV eval(livedt) days Super-Kamiokande IV 1294.7 days

e-like | u-like e-like | u-like
2 2
5 5
o o
© ©
:
3 E
40 .
Tighter
20
0 ~ s Cut 0 E
-1000-750 -500 -250 0 250 500 750 1000 -1 000-750 -500 -250 0 250 500 750 1000
PID for Pmax ring in multi-GeV multi-R PID for Pmax ring in multi-GeV multi-R
50

1338 15H%EH



Sensitivity for CP 6 and sin?420,,

PARC beam

Atmospheric neutrinos of Hyper-K 10 years 16 CL
. —  20CL
S|n22613=0.1 30 CL
W\ /| e f \,\ “tofL “tofL | \ \ otk
A -2eCL ‘ \‘_‘ -2eCL -2eCL B ) \ -2eCL
N P Sl S 3eCL \\’/' ] =3etL
3 Py //‘
= . |
0 | \
UO | ff‘\ '.‘ .o
n- .. . \.“‘. N
O | 2 e, 3 l N ——
o [~ P 4
O o e N F.a
-3 N
| | :
‘ " .l‘ N e \
0 01 0.2 0p 01 0.2 01 1] 01 0.2 03
i’ 26, i 26, i 26, i 26,

Give supplemental information to the CP study conducted by the J-
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