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Nucleon decay search status
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Hyper-Kamiokande

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.
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International open Hyper-K meetings
First m'eeting:Aug. 23-24,2012  Hyper-K is completely open
2 a Bl G to the international
community

~100 participants for each
of two meetings

(~half from abroad)

International working
group was formed

http://indico.ipmu.jp/indico/conferenceTimeTable.py?confld=7

Second meeting: Jan. 14-15,2013

Current members from
Japan, Canada, Korea, Spain,
Switzerland, Russia, UK, US

More collaborators

are welcome!!
M Next meeting: Jun. 2|-22

http://indico.ipmu.jp/indico/conferenceTimeTable.py?confld=10
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Detector design

® Cavity design based on the in situ measurement of
rock quality and stress

® Feasible design established

® Optimization of cavity shape, segmentation walls,
sensor support etc. ongoing
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R&D of photo sensor

Developing several candidates: HPD

® Hybrid Photodetector (HPD)
® Photo cathode + avalanche diode %:@
® 20-in prototype to be available soon  Avalanche diode
® 20-in PMT with improved dynode
being developed in parallel o

® Higher QE 20 photocathode
under development

® Finish R&D and be ready for ;

0

m as S P ro d u Cti O n i n a few yea rs 200 300 400 500 600 700 800

Wavelength [nm]

® 8-in prototype under evaluation

R3600-02 Quantum Efficiency

y [%]
w
o
)

A

Quantum Efficiency [%
o

Masashi Yokoyama (U.Tokyo) Nucleon decay search with Hyper-Kamiokande



Other R&D topics

‘ Rn Free Air Generator (400Nm3/h) ‘

® VWater system

® Readout electronics

® Calibration system

® Software development o 5 |
® Physics potential o E
® Design of near detector(s) el
. KN

To offline system
EEE the mine )

SK Nickel source

® Progress within international
working group

T (Ni captured)
~9MeV
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Target Schedule

K
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access tunnels, wIste rotk tunnels

cavity exca\}z'l

, PMT installation

prepardtion fgr glasg valve] PMT produd

-sensofr R&D

PMT

Opelﬂation

assuming budget being approved from JPY2016
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Nucleon decay search
with Hyper-K



p—e*TT? search

()

Charge (pe)
a > .

500 1000 1500 200

Times (ns)

e™ 110 selection

Invariant mass of p
Momentum balance

2 or 3 e-like rings

No decay-e

85<MT1%< 85 MeV/c? (3ring)
800<M,<1050 MeV/c?
Pot<250MeV/c

Efficiency 45%
(87% for free proton)

.. 2/10 free protons in H2O
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p—e*TT? search: BG (atm V)
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BG prediction
confirmed with
high statistics
K2K | kton
near detector

measurement
PRD 77, 032003(2008)

Super—K data are well reproduced by BG MC.
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Consistent w/ simulation |.8+0.3stat.)

Reliable prediction of next generation experiment
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Hyper-K p—e*T1Y sensitivity

(Using only number of events)
|0 years exposure

40 ; 10% e
T/Br=5%103*yr
30 Signal region _
< > 0
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: 30 Year
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0 |
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p — VK" search

® K" invisible (below Cherenkov threshold)
o K*—=pnv (Br:63.5%)
® Method |:Tag with nuclear de-excitation Y AR 0— i

® Measurement of de-excitation Y: nucl-ex/0604006

Br =63.5%

® Method 2: Search excess in Py distribution
o K*—11*11° (Br:20.7%)
® 205 MeV/c 11V + activity in opposite direction
(TT* just above threshold)
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p — VK" search

® K" invisible (below Cherenkov threshold)
® K*—=puv (Br:63.5%)

® Method |:Tag with nuclear de-excitation Y

® Measurement of de-excitation Y: nucl-ex/0604006

® Method 2 Search excess |n Pu dlstrlbutlon -
0 K= 17170 (Br 20. 7%) .

® 205 MeV/c 1TV + activity in opposite dlrectlon
(Tf just above threshold) :

Masashi Yokoyama (U.Tokyo)
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K* =11 11% improvement

TT" just above threshold
— search for light opposite to TT° direction

Improvements

Selection in Lol e Add | ring e-like event

® Two e-like rings with decay-e =7 with TI0 fitter used for
® 85<MT1T<185 MeV/c? T2K BG rejection

® | 75<P11°<250 MeV/c Increase efficiency

® Sum of visible energy in 140°-180°

from T1 direction: 7-17MeV o Optimize range to 145°-180°

® Sum of visible energy in 90°-140° * Use shape information

from T1° direction: <I12MeV Reduce background
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p — VK" sensitivity
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Summary

~|0 times better sensitivity op—e*TrO:
than current Super-K limits! *|.3%103yrs (90%CL)
swerk Hyper-K 5.7%10%*%yrs (30)
e
= e aREEEE e3.2x10%yrs (90%CL)
e —— anriim——— ¢|.2x10%*yrs (30)
Z: I..__= T e And many other modes:
3 * (p,n) (e, 1)+ (1T, p, W, 1)
- —— * K modes
. — e VTTY, VTT*
A e mmees: I * n-nbar oscillation
ok S ——— e e dinucleon decays
st < g >30 possible for lifetime
VB (years) above current SK limits
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Recent improvement(1l): p=2VKS SRS 00"

o Kt +.-0
# of Ring: IS if opening angle of 2 ys @
1s small or momentum of one y 1s small,
@,

Use “m fitter”

* Make likelihood assuming n’ and
search for missing ring.

* [t 1s used for v, appearance analysis of
T2K to reduce BKG.
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Recent improvement(2): p=2VKSSKE=S 0"

Red: PDK MC
Charge distribution in angle Blue: BKG

Opposite of 7° dir
=m" dir

Conventional method:; Use
New method: Use

and by likelithood assuming signal
Q} and BKG.
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Hyper-K in Japanese future strategy discussions

® Recommendation by HEP future projects committee
(Febzo | 2) http://www.jahep.org/office/doc/201202_hecsubc_report.pdf

® [wo large-scale projects recommended
o | C

® Large neutrino/nucleon decay detector (Hyper-K/LAr)
® Final draft of KEK roadmap (Jan.2013) includes Hyper-K

http://kds.kek.jp/conferenceDisplay.py?confld=11728

® Cosmic ray physics community endorses Hyper-K
as a next large-scale project

® |CRR future plan under discussion
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Planning process in Japan

® In 201 3-14, Science Council of |apan is going to
update the Master Plan for large scale projects
(for all fields of science).

® Large neutrino/nucleon decay detector (Hyper-K/LAr)
was listed on the previous versions of the Master
Plan (2010/2011).

® We (re-)submitted a proposal with Hyper-K as the
project.

® 25-30 projects will be selected as priority.

® The Master Plan is expected to be an important input
to the Japanese government.
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