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vK" (Super-Kamiokande)
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Why multi-megaton?

Theorists's best bets :
105~ 10% yr for en (10°'~10%* : guaranteed??)
5x103 yr for pK, vK (1x10% : guaranteed??)

' With 30(99.73%) discovery limit |
® 1Mton x 10 years — ~7 x 10°* years lifetime
- ® 10Mton x 10 years — ~4 % 10°¢ years lifetime |

¢s: 1Mt is not big enough! )

THL) THAT 1% 1F WE USE WATER cHERENKDV

. Sy @ NOON2000 (00-Dec-0¥) 12



Summary of Nucleon Decay Searches

mode exposure
(kte yr)
p—r&*-r-nn 70
p—u’+ 70
p—m‘+n 45
p—u’+n 45
n—=v+n 45
p—=e +p 61
p—e +w 61
poe +Y 70
P u +Y 70
p—=v+K 70
K vy (spactrum)
prompt v+ i
K*—n:x
n— 70
Kx'llﬂl
—1HI
p—e "Erln.(o 70
-3 K
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3ing
n.kl -|-I¢.""I 70
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0.1
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0.6
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0.1
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1.0
0.2

1.1
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(107" yrs)
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34
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43
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Lifetime sensitivity
with usual cut
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UnNnO Baseline Configuration

(10%: covera

- . T e
! L TS

PMT Plane i

180 m

Only ophical

| Fiducial Volume . separation

vol. cut
m Veto shield

Total Vol: 650 kion

50 m \Fid. Vol: 445 kton (20xSuperK)
r.=0.69

# of 20" PMTs: 56,000

(1/2 of all 40°: coverage case
#of 8" PMTs: 14,900

NNMNOOD UCH Chang Kee Jundg



Titanic

TITANIC

Totally Immersible T ank Assaying MNucleon
Immortality Cost-effectively

o sudowy  NOON200G (00-Dec-08) 8



Multi-Megaton Water

Cherenkov Detector

2000.12.08
@NOON2000

Y. Suzuki, Kamioka Observatory
~1CRR, Univ. of Tokye

MC Calculation
by
M. Shiozawa (Kamioka Obs. . JCRR)

A.Okada
Neutrino Center
ICRR

st Multi-Megaton
DONUT

By M.Koshiba
(before SuperK)

W 2O | 0D <08 ) I



What kind of detector

Requirements for the detector

1) Expandability: May start with 1 Mton,
but can be expandable.

2} Low cost

3) Short construction time

shallow under-water detector

Disadvantage

1) No solar neutrino measurements

2) May not have high sensitivity to vK mode
-» under study

3) Cosmic Ray backgrounds
= create dead time

¥ Stgng NOON2000 (00-Drec-(E) 13



Detector
150m x 50m x 100m x 4 units = 1.0 Miton

(0.813 Mton fiducial : SK x 36)
2) 70m x 70m x 100m x 4 units = 1.96 Mton
(1.673 Mton fiducial : SK x 74)
= close to the maximum size
=2 add one more module 2 ~ 4Mton

.
: =
Ll oy ! R
o LR
“ara v

For 1 Mton module ATERTFRAENEN - - E
steel + gpoxy lining
29 000 tons
4 units

Balance to the
buoyancy force

. S0l (3 NOON2000 (00-Dec-08) I8



AQUA - A CH
WM (POULANTIS

175 m

125 m

i
Figure 1 A schematic viewof the 1M AQUA-RICH detectcr dnd an upamnd
going ¥, chasged current lmbwraction. The inner dome (A28 m diameter)
mupnorts 5125 putward looking dIIPDs {2005 covernge). This outer 125 m
dinmeser sphere is sefiective and suppors 2185 miPDs (3.5% ooeTaEY ).
From the top of the minr sphere to the water level there are 50 m water 10
stap dowaward going nousns with mamente below 10 GelV/e.
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e 0 - L BRI 1 R IE R R T ST

EVENTS 4eWRATED paniemiy W A (Fom] WATEC

L Ya‘*‘”"‘ﬁ—"'ff |

ewenl 31

Tou vE XPH

Fig. 5. A Carlo sinmulation of & quasi-eliste event (B3I +N o +P for Bym 12 D
G, It haa " rings Meack triangles) (the smaller ome @ - anad
one very dense munn ring fopen dismonds). Muon dentficaton bers & obvioos.
The diffuseness of the image is dur w0 the long muon pathiength e smdeskon polnt
HmnldHIlutnIHHilhﬂilllll-lHHdI¢1h-:ikiqII.I-m-|lﬁ-|hn-Hh'
thie track up ixto & serics of shoreer segmenits) and feconsTUCnGG sech segTvent.
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$eIPIO

Scintillating Proton
Instability Observatory

Charged kaons easily visible

Excellent energy resolution
typically 5-6 times better
than water cherenkov

R SO RODA



tdmget tactor of 40 better than
SuperK need about 80 kton

20 x 20 x 200 meters

what would events look like?



K+ S vV l-l-+
]3 =(0.91
not much above Cherenkov threshold
K — 2n

B=0.83 same here

K — 3mn

B=0.67 invisible

. SU0BS D4



Similar problems for K°

K| — 37 interacts before decay
T=52ns d = 30-40 cm
KS — 2T
T=0.09 ns

[s there a detector that can detect |
low energy charged K’s and maybe
neutral K’s?

2. B8O 04



Super—K Results

P+ VK
K T 1°

6.9 X1032 years

obs: O exp: 1.9

K" —~u TV prompt Y

9.5 X 10°° years

eB =9.3% (model dependent)



44 x 10 years

Why so much worse?

p—rvK

B=0.57

below Cherenkov threshold



p — e +K

K- T/

obs: 6 exp: 1.2

obs: 1 exp: 1.4

32
54X 10  years | ¢B-=-19.4%



Supernovae

In additional to the usual inverse
beta decay, KamILAND can also
see neutral current excitation

of carbon

12

v+ C - 2CT15.11 MeV)

at 10 kpc SciPIO would see
about 4000 of these.



KamLAND expects about
50 events/year < 2 Mev from
U/Th decays in the Earth

SciPIO would get about
4000 events/year

... + U/Th activity in
nuclear waste. (<1 /yr)



Cost

KL scintillator 1M$/kton

may not need such high light
production (KL is about 25-30
times SuperK)

dilute scintillator about 8OMS

KamlLLAND-level PMT coverage
would require 40,000 PMTs



reactor pwr(GW) L evt/kt/yr

PaloVerde 11.4GW R13km 63

Commanche 68GW 606 km 6.7
Peak

S.Texas 740GW BOBRkm 4.1
Project

San Onofre 6.7GW 1274 km 1.5
Wolf Creek 3.4GW 1010km 1.2
Diablo Canyon 6.8 GW 1563 km 1.0

other 1.0

—— — L e e o

TOTAL 22 EVENTS/KT/YR

1760 events/year



with 5x distance and 2xstatistics
we can do roughly 6 times better

than KamLAND in 6m?2
{&u upper edge of LOW regi%#fj*® 523

sh SP . :

-7.5 68, 90. 95, 99% C.L.
 Global Fit Ga+Gl+(5K flux gnly) 3

4 35 3 25 -2 15 1 -05, 0
log(sin®26)
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OTHER vEMNUES ¢
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Cosmic Ray background and
dead time

Assumption: usec dead time for CR events

. Dead Tios for 18" m” Detector v Depth of Sen Water
il i LK ... : : :

E o By n’.nim'é
|a : ...\H o
=
< 10 1 E
U
E - Y
3 1. |
[N 3
= :
o=
ID-IL— J [N N WO — s I‘ 3
10 m 100 m Déipnmﬂ

Dead time < a few %
> go deeper than 100m w.e.
(Depend on the segmentation)

NOOMN2Z000 | (40-Dec-08) I
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