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1. Introduction



Proton Decay (PDK)

- Indicated by:

- hon-zero neutrino mass
- meeting of 3 gauge couprings etc.

PDK is virtually the only direct search of GUT scale

- Current exp. lower limits by SK (90%CL):
p— Ideo - 5.4x10° yrs
p—VK" :2.2x10” yrs

SK has not found proton decays in 1489days data

- Predicted lifetime:

Many modifications of GUT predict PDK within 1-2
orders of magnitude above current limits



Current experimental limits
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PDK search sensitivity vs. ABG

- Partial lifetime lower limit:

M : fiducial mass
\ﬂ OAU _<_ |_. € T : time
m € : detection efficiency

m S : upper limit of signal (=N,,.- BG)

Large fiducial mass and €, BG are desirable

- Sensitivity:

- grows essentially linearly with exposure
for background free case

- worse dominantly by uncertainty on BG( ABG)
for non-zero background case



ex.) Sensitivity vs. ABG
p=e T’ @ SK(90%CL)

\W: £=0.43, BG=3evts/70yr

o (assume current SK analysis) |

o

E

° 10Mtyr

5

.m‘oum.l ﬁ!O/O/O/ 7

p 5 )l -
L SMryr e . 2
- e ¢ ¢ ¢ o o o o o o |

1Mtyr
0% 20 2 60 0 100

uncertainty of background (%)
(Calculated by Bayes’ theorem)



Sources of ABG

estimated by

atm. v flux (w/ v oscillation) (atm.v MC)

neutrino cross sections

nuclear effects (VMC)

7

secondary particles generated in detector (GEANT)

uncertainty of ( vint.+nucl. effect) is dominant

It is crucial to verify the validity of vMC
by actual data



2. SK results (1):p—e'’
+ K2K 1KT results
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Criteria for p—e*r?

® 2 or 3 Cherenkov rings

® All rings are showering

® 85 <M, < 185MeV/c? (3-ring)
® No decay electron

® 800 <M_< 1050 MeV/c?

p

P,.: < 250 MeV/c
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- pre-selections:
- <m
- discard QE & NC
- 1t0= 1 (after nucl. effect)

- true vector information
(w/o detector simulation)

BG in signal box:

" 46evts/ 22.5Mtyr

~2.0 evts / Mtyr




Interactions of backgrounds
(SK:p — €7’ )

1 7T (resonance) 26

i 2

DIS 18

total 46

1T(ex): ven — ep T
V.p — €p Gde 0 (charge exchange)

DIS(ex.): Von — e'n 'R’



Neutrino energy of BG
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(SK 1000yr atm.v, MC, CC,t°=1)

1~3GeV energy is dominant
— K2K data are important




Nuclear effect on BG

(SK: p—¢€r’)

nucl. effect before after
charge ex.

o 6 0

T*— T° 0 16
inela. scat.(n°)

in — out 12 0

out — in 0 10
absorption -9 0
no int. 20 20

47 46

charge ex.(An° =+1) & abs.(Art’ =-1) is comparable
in this case



K2K 1KT data (~3x10" pot)

See S.Mine, Nuint01 @KEK (2001) for details
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Event rate after each PDK selection

(1KT preliminary, ~3x10" pot)
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events(norm at 0.8-3.2GeV)

Crude prediction of BG in current SK analysis

neutrino flux x cross section

T —

T

- BG is negligibly small

(preliminary)

i3
Y. .S(5)P(3,1)W(1)Eux/ Exe

: true neutrino energy bin
: visible energy bin
: 1KT DATA in signal box

: probability (visible to true energy)
: weight distribution |
: detection efficiency @ SK(1KT)

=0.12+0.05(stat.)+0.05(syst.”)
evts/1489days

* ~30%(ring counting),~20%(PID)

nEYpu ke

- consistent with estimation by atm.v MC



Conversion from visible to true energy
1KT data (signal) (3) 1KTMC
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2. SK results (2): p—V K’
+ K2K 1KT studies




a. p—vK* search selection criteria

K*—u*v spectrum search
W 1 p-like ring
B 1 Michel electron
W 215 <p,<260MeVic
I,,.Z§= <7, Nyy> 60

B K*—u*v gamma search
p-like ring

B 1 Michel electron

W 215 < p +< 260MeV/c

m 0.6 <g, Q s < 2m (proten vejeceon )
W7 <Ny < mo (prompt ¥)

. K*—n*n search
B 2 e-like ring

B 1 Michel electron

B 85 <m_,< 185 MeV/c?
W 175 < p,e< 250MeV/c

W 40 < Q,+< 100PE, Q,,, < 70PE
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Results on p— ¥V K* (SK 92kt-yr data)

eff B.G. signal limit(x 1032yr)
MUM% Vol 34% - 5.5
MMMM: 87% 07 O 11.5
K*>n*n0 5.9% 0.6 0 7.8

no significant exces
3 mode combine




Interaction of backgrounds
(SK: p—VK)
PDK:
301|V<_A+ GZ..K
_|v _xr+<
atm.v BG:
16 0, + 15
v O—VAK 'NY
_||V t:+<

vp — VA 'K makes the same signal
if K orA>~N7 don’t emit Cerenkov light




background from kaon production

600 |-

0.09 event/92kt-yr
(1event/Mt-yr)

after cut




ex.) CC K events @ 1KT

(very rough MC estimation)

selection vn-gAK
50t fiducial 213 Notes:
K wvisible ~128 -NC ~ (1/5) CC
. - KT’ ~(1/3) K==LV
K invisible ~85 - all Vevents ~ 160k
K—u'v ~53
K*decay@rest - ~46
AT>5ns ~29
A invisible ~19

exposure: 4x10"”pot




Typical time distribution for
vn—uA o_A+2A|.vt V) event @ 1KT

primary LU

H | Clear two peaks
e 1 can be observed
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Two peaks separation: AT>5ns
— K decay prob.~64%
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3. Future projects

- water Cerenkov
HK / UNO / TITAND ~1Mt
- liquid Argon(LAr) TPC

ICARUS / LANNDD
3kt 70kt

See NNN02 @ CERN (2002) for details




water Om_d:xo< ala SK

M.Shiozawa
K.Kobayashi




Jan.-2002 @CERN

Analysis for discovery of p—e* 1 0

Tight momentum cut
=> target is mainly free protons
efficiency=17.4%, 0.15BG/Mtyr
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Lifetime sensitivity
with tight cut
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