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Atmospheric v & Events Classification
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Event Summary

Fully & Partially Contained events

\

Livetime: 1489days /

Up through-going 1, 1678days,

Up stopping L, 1657days,

Ko

Obs.

Sub—GeV (Fully Contained) Multi-GeV
Evis < 1.33 GeV, Fully Contained (E,is > 1.33 GeV)
P, > 100 MeV/c, P, > 200MeV/c Data MC(Honda)
Data  MC(Honda) iring e-like 772 707.8
lring e-like 3266 3081.0 L-like 664 068.2
i S181 47039 Mylti ring 1532 19035
Multi ring 2457 2985.6 (L-like) (457) (719.3)
(u-like) (225) (333.9) Total 2968 3579.4
Total 8904 10770.5
Partially Contained (assigned as p-like)
Total 913 1230.0
| Upward going n N\

1.70% 0.04+ 0.02 (x10 "3cm2s7'sr')
Theo. 1.84+0.41(Honda)

Obs. 041+ 0.02% 0.02 (x107'3cm™2s7'sr")

Theo. 0.68+0.15(Honda) ¥
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Zenith Angle Distributions

Null oscillation
(x?=456.5/172 d.o.f)

Sub-GeV e-

Vu©V,

2-flavor oscillations

like

¥2min=163.2/170 d.o0.f)

ub-GeV Multi-ring

N -
g '}
" 0.8 |-

=nes b

o

Flux(

04 -

)HEDU.EE

n- ___6.... 12 |

~—— Best fit ( Am2=2.5x103eV?, sin220=1.0

N_S .o..t.c.

m=1

mueom. . h..aw
Eﬂgh __ﬂufEum._I
| b [ - _Mg!l
_".mugmﬂulﬂ}.f _.muul

5200 - 20 |

2200 g 2 |

100 ~ 10 ©
: 5 -

0 Lo 0

1 -1 0.5 0 0.5 1 -1

...

R

| " 1
-0.5 0
cosb

~ 13000km ~500km

05

~ 15km

~ 4
535
" 3
m».u :
i 2
m_u W-.[H_.ﬂﬂnﬂ
= 1 o %
i =
0.5
Q_ L
1 08 06 94 02 0
— 1 =
~ 13000km ~500km



Allowed Region

..... Ny Ve .
v, OV, oscillations
{ Best fit
\m (Am2=2.5x103,sin%206=1.0
e Y2min=163.2/170 d.o.f)
4 No oscillation
: (x? =456.5/172 d.o.f)
68% C.L.
— 90% C.L.
99% C.L.
| | Am? = (1.6~3.9)x103eV?

1 02 03 04 05 06 07 08 09 1 sin?20 > 0.92 @ 90%C.L.

sin’20



3-flavor Oscillation Analysis

Am?
assuming AM?23 = AmZ,im, > OA,_O-QV eV? .

D—.ﬂmﬁ = Dammo_ =0 eV? m,

D-.-._mm...o_

neutrino oscillation probabilities are described as;

P(ve=v,) =sin?(2043) xsin%023  x sin?(1.27Am2L/E)
P(vi=2v:) =c0s%3 X sin?(2023) x sin?(1.27Am2L/E)

P(v:2ve) =sin?(2043) x c0s?02;3 X sin?(1.27Am2L/E)

3 parameters; Am?,,= AmZ2,,, 0,3, 023
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Pure maximal Vu €V oscillation

No evidence for non zero 613
Consistent with pure v, ©v; oscillations




Limit on v ,©v, admixture

0s cill ation sew»r._f\ is described
by 3 parameters;
Am?(atm), sin?20, sin?f

Admixture state is shown as;
vy = €c0SEv: + Sinév s

sin?c=0; pure v, 2 v
sin?¢=1; pure v, = vs

If nonzero sin?¢

. 2

® oscillation suppression happens at multi-GeV region
due to matter effect
® deficit of NC events in upward bins is expected

analyses following to Fogli, Lisi, Marrone (PRD63,053008)



Zenith angle distribution for Pure v, © vg (sin?&=1)
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Limiton v
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Neutrino Decay

Survival probability
without oscillation(Am?-0);

If v consists of 2 mass
eigenstates _ h
and decay channel exists |V_ P(Vu > V) = A8m€+a=~%.§eTEW:N
(v; = X(sterile state)) | 27, E

1 v Oscillatio
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Neutrino decay

& Neutrino oscillation
give a similar survival
probability
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Number of events

Number of events

Zenith angle distribution
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Allowed Region
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FC 1-ring+PC+up-u
- 90%C.L Allowed

99%C.L Allowed

NC sample
— 90%C.L Excluded

-  99%C.L Excluded

The 99%C.L. allowed region
by FC 1-ring+PC+up-u

Is almost excluded at
99%C.L. by the NC sample.



T detection in atmospheric v ‘ MC

V,, 7 Vg oscillation is disfavored
vV, Vy _H__V CC tau events

Selection Criteria
multi-GeV, multi-ring, cingle-ring
most energetic ring is e-like
log(likelihood) > 1 (single-ring)
> 0 (multi-ring)
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 likelihood is defined using: Ll
. total energy
« number of rings
« number of decay electrons
- max(Ei)/ 2 Ei
. distance between v interaction
point and decay-e point
« max(P w\
B v.n\m<_m 4
« PID likelihood of most energetic ring

-
o

B.G.

number of events
o

=

1-like selection; efft=44%,

S/N=8% -

Single-ring log(likelihood)




Likelihood Distributions
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Zenith Angle Distribution
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BNFC.= oN7,/(eff.=0.44)
=145+ 44(stat.)
+11/-16(sys.)
Nexp=86

W consistent with v ©v;

Eanother analysis
(neural network)
gives similar result:

NFC.=99 + 39(stat.)
+13/-21(syst.)



Limits on Matter instability




Proton decay(P—e*n’ mode)

it DATA
m w:C_u__ Kamiokande Prelim nary
*Selection criteria 0 900 3 1489 days data
*2 or 3ring, all ring e-like | >|800 ¢
*85<M_,<185MeV/c?(3ring) | =|700
*No decay-e E|600 ©
* P,<250MeV/c > ..m 500 - .
moo.&suﬁomc_(._mSoN m 400 - .
Elzo0 £
_.um 200 __
100 - %
*Result o Bo2 \
0

* efficiency 43%
* 0.2 estimated B.G.
* no candidate

* 1,/B¢0>5.7x10%°yrs(@90%C.L.) Signal box
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Proton decay (P—vK*mode)

1. p=VKL Kf = ut v gpectium  onalysis
2. p— VK, K*=ut v prompt /7 Search

3. p—VvK*, Kt— ntt 0



Proton decay (P—vK*mode)

p— v K+, K*—=u*v spectrum analysis

put(236MeVvic)

® 1-ring, u -like
W 215<p ,<260MeV/c
B 1 decay-e

® proton rejection cut

mN,, <7
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* 33.0% detection efficiency
®* NO excess



Proton decay (P—vK* mode)
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Proton decay (P—vK* mode)

p—vK*, Kt*— tt n

.
5
Vu
<—-—. S . .. el
o * 2 e-like ring
v, K * 85 0) < 185MeV/c?
el i < m(n0) < SVic
(40 < Qn+ < 100p.e.}
P Qres < 70p.e.
T {175 < P(n0) <250MeV/c)

* 1 decay-e



Proton decay (P—vK* mode)
p—vK*, K*— t* ¥
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c " Fwed " p(no)(MeVic)
* 0.9 expected background

* 6.5% detection efficiency

* no candidate event

Combined limit(3 methods)
T,/ B, ,>2.0 x10®yrs(@90%C.L.)



Summary

Detailed studies of neutrino oscillations have been
carried out using various types of atmospheric events

o v, oV, 2 flavor oscillations

B '~ Oy .
ov.ov,ov. 3 flavor oscillations
® Limit on vy©v, admixture
® NO evidence for :
® v-decay
® 99°%.C .|
s it

® Observed t-like events

Limits on Matter instability



