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Outline

Summary of neutrino experiments (ongoing, planned, under
discussion) in Japan.

* Neutrino Oscillation experiments

— Ongoing experiments: Super-Kamiokande, T2K (J-PARC
+5K)

— Next generation detectors: Hyper-Kamiokande, Liquid
Argon TPC

* Double beta decay searches
—KamLAND-Zen, CANDLES, DCBA...

* absolute V mass by cosmological observation

—Subaru, not covered by this talk...



Neutrino Oscillation Experiments



T2K (JPARC v+Super-K)

T2K collaboration, PRL107,041801(201I)
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T2K’s next step: establish Ve appearance (in a few year?)

Next generation experiments aiming CPO is urgent.




J-PARC

Efforts to
Increase (Hadron Hall) &
beam power
® Replacement of injection kicker to MR g . T T
® Higher capacity of collimator for beam loss & INAC Upgrade |/ [R0.72MW]3
® Addlng more RF & I i e eV—400Me\ y/ ] §
®  Tuning of MR power (rep rate 3sec to 2.2sec) & // / g
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® R&D on high gradient RF core 0ol T. ba ity =y
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Hyper-K WG,
arXiv:1109.3262 [hep-ex] Letter of Intent:

3262v1 [hep-ex] 15 Sep 2011
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Hyper-K WG,
arXiv:1109.3262 [hep-ex]

Multi-purpose detector, Hyper—K

Total (fiducial) volume is | (0.56) million ton
— 25 % Super-K

Explore full picture of neutrino oscillation
parameters.

— Discovery of leptonic CP violation (Dirac )

— V mass hierarchy determination(Am?;,>0 or <0)

— 0,5 octant determination (0,,<T1/4 or >T1/4)

Extend nucleon decay search sensitivity
— T _=103~103 years

proton

Neutrinos from astrophysical objects
— 200 V’s / day from Sun

— 250,000 (50) V’s from Supernova @Galactic-
center (Andromeda)

— 830 V’s / 10 years Supernova relic v




see talk by M.Yokoyama

x25 Larger Vv Target

s Quest for CPViolation = ~0_5G§\/ VE
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Higher Intensity
>|.66MW (KEK roadmap)
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Good sensitivity in whole T2K’s 0,3 allowed region!
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Mass hierarchy discrimination power

Oscillated e-like events

Non-oscillated

Ne/N,

detector

‘ inner core

outer core
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s2,=0.4, inverted hierarchy
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» expect to discriminate normal
from inverted hierarchy w/ 30
significance by ~5years data.
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0,3 octant

sin220,3=0.96
l
sin20,3=0.4 or 0.6
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If sin220,3<0.99, 0,3 octant can be determined.
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see talk by Y.Obayashi

Searches for Nucleon Decays

- various nucleon decay modes (and models) can be tested.

- >1.3x10%> years for p—et+n’, >2.5x103* years for p—=v+K*

- only known realistic option being reachable to such a sensitivity for p—e*
+m° (thanks to the large detector volume)
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Hyper-K sensitivities

»p—ret+n’
» Tproton/Br > 1.3 x103° years
@90%CL
»5.6Mtonxyears (10 Hyper-K
years)

Pp,n=(e",UW*)+(m,p,w,N)
»O(10%4-3)years

»SUSY favored p—v+K*
»2.5x10%* years

»K® modes, va®, vi* possible

» Other various decay modes.
»(B-L) violated modes
pradiative decays p—rety, pty
» neutron-antineutron
oscillation (|AB|=2)
»di-nucleon decays (|AB|=2)

»pp—XX..., nn—=XX...

Lifetime limit 90%CL (years)
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Double Beta Decay Experiments



5 ¥ i
4
‘% k

Installation of mﬁballoon _
and*® Data taking started w/ 330kg '3¢Xe

Xe loaded LS filling IR Al

o\
\ =

.|
N1 N o5 P

il : SR PR
: 400 kg(plan) '3¢Xe loaded : § - conditons DIT1TUIA LIOI] Total 208,
; . - mini balloon :
(1000kg in phase II) > o[ (U, Th 49K) = (102, 102, 10"")g/g] 6y 0y — PO
R Ak B % 10 - 10C 90% tag 136 —Be
\\\\\\ x~ - QRPA Ti2(2vBB) > 102y, — T Xe2v
o - T12(0VBR) = 5.1x10%y 2t c
% 10*E <m,> = 150meV —'c
; ) - @ <my> = me — 210p; .
L = 9| | [9 - | — — 140
| | C
il < | < @@m@ o | O O G>.) Wi 85y, gy
L

® Ist phase ~60 meV in 5 years
400kg (plan) '3¢Xe

® high scalability (2nd phase)

L
i
S ;

i" ;
)/
=
]
{ <
$

|009 kg '3¢Xe, improvement of energy 102l m
resolution "H *
with light concentrators and brighter LS, Y i1 s T P T P P S T T . O
maybe higher concentration with pressurized 10 1 2 3 4 o
Xenon ~20 meV in b years Visible Energy[MeV]




Expected sensitivity of KamLAND-Zen
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CANDLES (Osaka Univ.)

Phase-lll commissioning started

Liquid Scintillator
O D&eﬁoé}&ugtﬂ‘)ﬂ O

Ooooooooooo
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CaF,(Pure)

Main detector |
CaF, Scintillators_
(305kg)

Liquid Scintillato |
Tank(2m3)

4 0v2p search w/ CaF; crystal
4 low BG
44Ca, high Q=4.27MeV
4 water and LS active shields
4 pulse shape discrimination
4 phase-lll (305kg) running
4 mpp~0.5eV
4 next CANDLES (2ton*8Ca), goal

mpg~50mV

48Ca: 0.2% natural abundance

could be enriched by crown ether.
0.26% has been achieved.
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DCBA experiment (KEK)

2005 DCBA * charge dividing

v
2007 DCBA-T2

* 6 mm pitch wires (xy + xz)
* 100Mo source (natural Mo 30g)
* 0.6 - 0.8 kG magnetic field

e conducting magnet: 9h/day (Mo. - Fr.)

2011 DCBA-T2.5 |24h operation

present

* 6 mm pitch wires (xy + xz)

* 100Mo source (natural Mo 30g)

* 0.8 kG magnetic field

 super-conducting magnet:
24h nonstop operation

\4

2013 DCBA-TS3
l * 3 mm pitch wires (Xy + Xz)x6

higher resolution

* 150Nd (natural Nd20s)
* maximum 3 kG

2017 MTD

(tentative name)

higher event rates

 150Nd (condensed, several 10 kg)

¥ DCBA-T3
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Summary

- Next generation nucleon decay and neutrino detectors
will cover rich physics topics.
- discovery reach for leptonic CP violation.
- good chance to discriminate hierarchy and 023 octant.
- ~|0 times better sensitivity for nucleon decays.
- various astrophysical objects.
- based on well proven technology (water Cherenkov)
or Lig.Argon technology w/ better resolution.

- Double beta decay searches
—KamLAND-zen, CANDLES, DCBA
—explore inverted hierarchy region in 5~10 years



