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SuperKamiokande (Supdf, SK)

Kamioka mine

Phase

SK-1

SK-1I

SK-III

SK-IV

Period

start
end

1996 Apr.

2001 Jul.

2002 Oct.
2005 Oct.

2006 Jul.

2008 Sep.

2008 Sep.

(running)

Number

of
PMTs

D

(photo-cove

11146

rage) 40% )

5182
(19%)

11129
(40%)

11129
(40%)

0D

Anti-implosion
container
OD segmentation

ATM (ID)
OD QTC (OD)

Front-end
electronics
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http://www-sk.icrr.u-tokyo.ac.jp/sk/pub/documents/1307.0162v2.pdf
http://www.sciencedirect.com/science/article/pii/S016890021301646X
http://www.sciencedirect.com/science/article/pii/S016890021301646X
http://www.sciencedirect.com/science/article/pii/S016890021301646X

Grand Unified Theory (GUT)

A dngle symmetry group G SU3)x SU(2)x U(1),
I single coupling constant, quantization of electric charge, etc.

A Popular models: s g N
i SO(10) GUT e
A 15 fermions andgin single rep.

I supersymmetry(SUSY) GUT
A 3 coupling constants meet at ~FGeV

A GUTs predidnstability of nucleon:

— With SUSY

I two benchmark decay modes: | L Wawsusy
Aep(non-SUSY) anaK*(SUSY)

I some models predict lifetime < $tyears probed by SK

I baryon asymmetry of the universe
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Nucleon decay searches in SK

A{Y KIFa G§KS &2 NIoRualeooltne: &Sy
I large fiduciavolume (V)
AH H ®p 376 IW3protons and ~6 1033 neutrons
i excellent detector performancee(, #BKG)
A ex.)

I long stable detectopperation since 1996 (T)
esig/ 2.3 - VT (BKG free)
esig/ K1 . Y DVX (BKG dominant)

A Lifetime sensitivity 4 {

I Important to increase signafficiency and BKG rejection

A Several new results recently
i analysigmprovementsh Y tpf&ysd plnkt (mainin this talk)
| exotic searchegd{nucleondecay, etc.)

Sep.9, 2015 S.Mine @ TAUP2015 4


http://www.sciencedirect.com/science/article/pii/S0168900299003599
http://www.sciencedirect.com/science/article/pii/S0168900299003599

LIMH$0 search

A Event selections: LI (porg MC
I fully contained Swpriamokance
I fiducial volume
I 2o0r3rings
i all elike (PID)
I no Michel electrons
I 85<M,,<185MeV/E(3-ring)
i 800<M,<1050MeV/e
I P,<100MeV/g
M n nKPS0MeV/c
I no neutrons (SKV only)

Sep.9, 2015 S.Mine @ TAUP2015 5



New: P, separation into 2 regions
, 1 0,ZZ56MeV/c

0 I T i heelecipss without M, P, cut)

SuperKamiokandedL +  “pRIBS SuperKamiokandedlV atm-n MC

protons intO (2,000 years
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Total momentum (MeV/c)

200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
Invariant proton mass (MeVIcz) Invariant proton mass (MeVIcz)

A Total(SKIIV) expected BKGR f M n n I «RHO) §0.05, ~0.5)
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Neutrons in 1297.4 days atmospheric

A Atm.-n BKG frequently accompanied [
by neutron production

Y b LYAPME) b
Hit cluster search fogenabled by

QBEE witldeadtimeless DAQ +
software trigger

»
(=]
[=)

Entries 4546
| T 2104 + 7.0

W
0

True lifetime
T = 204us

)
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w
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(=]

T> T

- detection efficiency: 20.5% o0 200 500 400 500

A T(us)

Number of events
Q O
o
N

o
o °
0 =

6 I F i Phseledivtss
before M, Pryr)
and neutron tag)

4 5 6 7 8 9 10

6
Number of tagged neutron Neutron
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Sensitivities

without P, sep.& n-tag

without P, sep.& n-tag
with P, sep.& n-tag

with P, sep.& n-tag
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90%CL Sensitivity (1033 year)

current lcurrent

0.4 0.8 1 0.2 04 0.6

Exposure (Mt-yr) Exposure (Mt-yr)

A The more exposure, the more benefit.
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LIMG$° search result

SupeFK'am'iokande4I\'/ Data

SK-I SK-II SK-III SK-IV
Exp.(kton-yrs)
p— E.'+:1'l:[]
(Ps<100) Eff.(%)| 18.8£0.9 18.3x1.0 19.6x1.3 18.7x1.2
BKG [0.03%+0.01 <0.01 <0.01 0.0210.01
OBS 0 0 0 0
| (100P,;<250) Eff.(%)| 20.4£3.1 20.243.1 20.54£3.2 194429
200 400 600 800 1000 1200 BKG [0.22+0.06 0.12=0.01 0.0640.02 0.15+0.05
Invariant proton mass (MeV/c?) ( :

°
°
3
£
=
=1
[
()
£
(*]
£
S
(*)
=

(220kt-yrs ir )
A signalep,<250MeVic) ~40%

A total(SKlIV)expected #BK@, <250MeVic)< 1
#BKG: confirmed with K2kKbeam data
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.77.032003
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.85.112001
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.85.112001

LIMhyip® search result
GFf ALIISRE {!O6pU0 LINBRAOG& KA
(analysis proceeds as withp8 with additional requirement of 1 Miched)

SuperK HV atm-n MC
(2,000 years)

SuperK L £ nTCMAg

[
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Total momentum (MeVi/c)

200 400 600 800 1000 1200 00 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
Invariant proton mass (MeV/c?) Invariant proton mass (MeV/c?) Invariant proton mass (MeV/c?)

SK-I SK-II  SK-II  SK-IV (220kt-yrsin PRD)
Et~;1::.I:jjktcui-yrs] 9.2 A signale(Ptot<25OMeV/C): 3a10%
p—utm A total expected #BKG:

Eff.(%)| 16.4+0.8 16.0+0.8 164+1.0 20.1+1.0
(Pmt<loo) BKG 0.04=0.01 <0.01 <0.01 0.01+0.01 A PtOt < 1 O O - O . O 5
OBS 0 0 0 0 A M 1 T, o?KE 50: ~0.82
0 M N g} XKt Eff.(%)| 15.3+£2.5 153+2.6 16.5+0.8 18.2+1.1
<250) BKG 0.3320.09 0.1420.04 0.124+0.03 0.2310.07
OBS
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Super-Kamlokande IV

Event #1 Event #2

ssssssssssss

--------

(M, Pgy) : (902.5, 248.0)MeV (Mp, Pop) : (832.4, 237.9)MeV
Wall : 466.0cm Wall : 351.6cm N _
# ring .9 ” ring . 2 (additional ring

be Y I ydz f

P.. 374.9MeV/c Pe:. 460.5MeV/c M. 406MeV/e,
Pr 551.1MeVic P 391.3MeVic  gee supplement)
Qe 157.9 Oormy 148.9

P,,t<100MeV/c

Total#BKG (SHY/) ~0.05

Data(SKIV) 0

Sep.9, 2015 S.Mine @ TAUP2015 11



LJMhK" search e v,
(prompt gmethod) L - {c{.--n/ -
—> visible
A event selections: > inviallE
i fully contained
i fiducial volume
i 1milike (PID)
i 1 Michete
i 215<P<260MeV/c
I proton ring rejection
1 8(4)<N<60(30) for SKIII,IV(SHI)
I TT<75ns

Mumberof Events

13
e
=
@
|
s
[
@
ys]
S
=

Numl:er Df v hists

(plot from )
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.072005

LJIMhK" search

(P,spec. method

A event selections:

same ag)meth. except:

I no promptghits
I relaxed P cut

Sep.9, 2015
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LK search =i
(p™p® method)

Vi
T % .0

A event selections: l , D

i fully contained

I fiducial volume

I 1or 2 elikerings (PID)
I 1 Michete

I 85<M,;<185MeV/¢,
175<B,<250MeV/c

I charge profile likelihood fop*
i 10<g,<50MeV

Data
atm.-n MC

Mumber of events

m
=
o
-
=)
@
o
=
=

(plot from )
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.072005

LJK" search result

Skl Skill Skilll SklV

Exp.kt-yrg
Promptg Eff.(%)
BKG

OBS

p*p° Eff.(%)
BKG
OBS

(260kt-yrs ir )
A signalefor promptgandp*p- methods: 69%
A total expected #BKG for promgiand p*p® methods < 1

Sep.9, 2015 S.Mine @ TAUP2015 15


http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.072005
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.072005

Benchmark searches and theoretical predictions

(Ed Kearns)

Frejus

Super-K

p—re’ o

P — I":+'I|_I"':I

predictions

p— e KU
p— I.u*'h’“
n— K"
p—+PK™

p— K1
predictions

minimal SU(5)

0 -y
¢

minimal SUSY SU(5)

B ]
minimal SUSY SU(5)
flipped SU(5)

SUSY S0(10)

non-SUSY SO(10) Geaap .0 59(10)

non-minimal SUSY SU(5)
SUSY 50

31

10

33 34
10 10

/B (years)

A Huge theoretical uncertainty

Sep.9, 2015
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Summary of recent nucleon decay results in SK

Lifetime lower limit Paper
| XELI at 90% CL (year (previousresult)

LI (*) 1.67 (PRD 85, 112001 (201p
LIy : 6.61 103 (PRD 90, 072005 (201
LJIrhyip° (*)7.78 10% (PRD 85, 112001 (201p
prHS/ mi(h,r ,w) 0 (0.044.2) 1033 PRD 85, 112001 (201:
LIrhytkO 1.6 10% PRD 86, 012006 (201;
Yy o pLIDp 1.1 10%3, 3.9 10%2 PRL 113, 121802 (201

LIbH$mn n 1.7/2.2 1032 PRL113, 101801 (2014

pIHS/ mX : 7.9/4.1 10%2 arXiv:1508.05530accepted by PRI
y g n), 55 10% arXiv:1508.05530accepted by PRI
LILITH 1.7 1072 PRL 112, 131803 (201

LILIpHp*S  LgypTh 7.22 10%L 1,70 10%2
V'Y pPp° 4.04 10%2
y LJlégpmit*) n o), 2() (0.225.5) 10%2 arXiv:1508.05530acceptedby PRL
n-n oscillation 2 1.9 10%2 PRD 91, 072006 (201!

PRD 91, 072009 (201!
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.85.112001
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.072005
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.85.112001
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.85.112001
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.012006
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.121802
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.101801
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.101801
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.101801
http://arxiv.org/abs/1508.05530
http://arxiv.org/abs/1508.05530
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.112.131803
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.072009
http://arxiv.org/abs/1508.05530
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.072006

Next generation:

JPARQ@eutrino beam:CRd
Supernova to Mpc
0,3 Massheirarchyby atm.n
Relic supernova neutrinos
Indirect dark matter

(detector design will be finalized soon)

HyperKamiokan

LOI:
LBL study:
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