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S u p e rS u p e r -- K a m i o k a n d eK a m i o k a n d e c o l l a b o r a t i o nc o l l a b o r a t i o n



S u p e rS u p e r -- K a m i o k a n d e  K a m i o k a n d e  d e t e c t o rd e t e c t o r

5 0 , 0 0 0  t o n5 0 , 0 0 0  t o n w a t e r  w a t e r  C h e r e n k o v  C h e r e n k o v  d e t e c t o rd e t e c t o r
( 2 2 . 5  ( 2 2 . 5  k t o n  f i d u c i a l  k t o n  f i d u c i a l  v o l u m e )v o l u m e )

1 0 0 0 m  u n d e r g r o u n d  ( 2 7 0 0  m . w . e . )1 0 0 0 m  u n d e r g r o u n d  ( 2 7 0 0  m . w . e . )

1 1 , 1 4 6   2 01 1 , 1 4 6   2 0 -- i n c h  i n c h  P M T s  P M T s  f o r  i n n e r  d e t e c t o rf o r  i n n e r  d e t e c t o r

1 , 8 8 5    81 , 8 8 5    8 -- i n c h  i n c h  P M T s  P M T s  f o r  o u t e r  d e t e c t o rf o r  o u t e r  d e t e c t o r



A t m o s p h e r i c  n e u t r i n o sA t m o s p h e r i c  n e u t r i n o s

p ,  H e  . . .p ,  H e  . . .

π π ±±,  K,  K±±

ννµµ
ee±±

ννµµ ννee

L = 1 0L = 1 0 -- 3 0  k m3 0  k m

L = u p  t o  1 3 0 0 0  k mL = u p  t o  1 3 0 0 0  k m

ννµµ++ ννµµ

ννe++ ννe

= ~ 2

ννµµ++ ννµµ

ννe++ ννe

@  l o w  e n e r g y  ( E@  l o w  e n e r g y  ( E νν < 1 < 1 G e VG e V ))

@  h i g h  e n e r g y@  h i g h  e n e r g y

N e u t r i n o  o s c i l l a t i o n s  :N e u t r i n o  o s c i l l a t i o n s  :

++

ννµµ++ ννµµ

ννe ννe data MC
≠≠11

E r r o r  i n  a b s o l u t e fl u x ~ 2 0 % ,  b u t  νµ/νe r a t i o ~ 5 %

++

ννµµ++ ννµµ

ννe ννe



A t m o s p h e r i c  n e u t r i n o  s p e c t r u mA t m o s p h e r i c  n e u t r i n o  s p e c t r u m

E n e r g y  d e p e n d e n c e  o f  νµ/νe r a t i o

< 5 %  < 5 %  
a c c u r a c ya c c u r a c y

ππ±±→→µµ±±ννµµ

ee±±ννµµννee

ππ±±→→µµ±± ννµµ

ee±± ννµµννee

( 3( 3 -- D )D )

( P . L i p a r i )



P r i m a r y  c o s m i c  r a y  f l u xP r i m a r y  c o s m i c  r a y  f l u x

protonsprotons

HeHe

From P.From P. LipariLipari



BartolBartol and Honda fluxesand Honda fluxes



Zenith angle distribution(1D)Zenith angle distribution(1D)

For  EFor  Eνν >  a  few  >  a  few  GeVGeV,,
Upward  /  downward  =  1   (within  a  few %)Upward  /  downward  =  1   (within  a  few %)

Up/Dow n  a s y m metry  f o r  neutrino  o s c i l lations  Up/Dow n  a s y m metry  f o r  neutrino  o s c i l lations  

Calculated  z enith  a n g le distributionCalculated  z enith  a n g le distribution

EEνν=0.5GeV=0.5GeV EEνν=3GeV=3GeV EEνν=20GeV=20GeV
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3D3D

3D calculation  b y  G.3D calculation  b y  G.Battistoni  Battistoni  et  a l.  et  a l.  
((hephep--phph/9907408)/9907408) ννµµ

1010--33–0.2  0.2  GeVGeV 0.20.2--0.5  0.5  GeVGeV

0.50.5--1  1  GeVGeV 11--5  5  GeVGeV

horizontalhorizontal verticalvertical

3D neutrino  f l u x  c alculation3D neutrino  f l u x  c alculation



Contained eventsContained events

Interaction  i n  the  r o c kInteraction  i n  the  r o c k

Upward  t h r o u g hUpward  t h r o u g h--
going  going  m u o n sm u o n s

containedcontained

throughthrough--going  going  m u o n sm u o n s
stopping  stopping  m u o n sm u o n s

Upward  s t o p p i n gUpward  s t o p p i n g muonsmuons

Initial neutrino  e nergy  s pectrumInitial neutrino  e nergy  s pectrum

How  t o  d etec t  a t m o s p heric neutrinosHow  t o  d etec t  a t m o s p heric neutrinos



Contained  e vent  a nalysisContained  e vent  a nalysis

e  o r  e  o r  µµ

Fully  C o n tained  (FC)Fully  C o n tained  (FC) Partially   Contained  (PC)Partially   Contained  (PC)

µµ

N o  h i t  i n  O u t e r  DetectorN o  h i t  i n  O u t e r  Detector One  c l u s ter  i n  Outer DetectorOne  c l u s ter  i n  Outer Detector

ReductionReduction

Automatic  r i n g  f i t terAutomatic  r i n g  f i t ter
Particle  IDParticle  ID
Energy reconstructionEnergy reconstruction

Fiducial  Fiducial  volume (>2m f r o m wall, 22 volume (>2m f r o m wall, 22 ktonsktons)  )  
EEvisvis >  3 0  >  3 0  MeV  MeV  (FC),   > 3000 p.e. (~350 (FC),   > 3000 p.e. (~350 MeVMeV) (PC)) (PC)

Final sample:Final sample:
FC: 8.2 FC: 8.2 evev./day,   PC: 0.58 ./day,   PC: 0.58 evev./day./day

EEvisvis < 1.33 < 1.33 GeVGeV :  S u b:  S u b--GeVGeV
EEvisvis > 1.33> 1.33 GeVGeV :  M u l t i:  M u l t i--GeVGeV



Total                             Total                             754            1065.0754            1065.0

Data          MC(Honda f l u x)Data          MC(Honda f l u x)
1ring     1ring     ee--like                 626             612.8like                 626             612.8

µµ--like  like  558             838.3558             838.3
Multi  r ing                      1318           1648.1Multi  r ing                      1318           1648.1
Total           Total           2502           3099.12502           3099.1

SubSub--GeV  GeV  (Fully Contained)(Fully Contained)
EEvisvis < 1.33 < 1.33 GeVGeV,  ,  PPee > 100 > 100 MeVMeV, P, Pµµ > 200 > 200 MeVMeV

Data          MC(Honda f l u x)Data          MC(Honda f l u x)
1ring     1ring     ee--like               2864           2667.6like               2864           2667.6

µµ--like  like  2788           4072.82788           4072.8
Multi  r ing                     2159           2585.1Multi  r ing                     2159           2585.1
Total           Total           7811           9325.57811           9325.5

µµ/e Data

µµ/e MC

=  =  0.6380.638 ±±0.0500.050

MultiMulti--GeVGeV
Fully Contained (Fully Contained (EEvisvis > 1.33 > 1.33 GeVGeV))

Partially Contained (assigned as  Partially Contained (assigned as  µµ--like)like)

µµ/e Data

µµ/e MC

=  =  0.6750.675 +0.034+0.034
--0.0320.032 ±± 0.0800.080

(1289.4  d  (79.3  (1289.4  d  (79.3  k t  k t  .. y))y))

±± 0.0170.017

Fully  c o n t ained  e vent summaryFully  c o n t ained  e vent summary



Zenith  a n g l e  d i s t r i b u t i o nZenith  a n g l e  d i s t r i b u t i o n

1289 days  (79.3  1289 days  (79.3  k t  k t  .. y r sy r s))
No oscillationNo oscillation
Best  f i t  (Best  f i t  (∆∆mm22=2.4x10=2.4x10--33eVeV22,  s i n,  s i n2222θθ=1.00)=1.00)

χ2(best fit)  = 132.4/137 d.o.f.

χ2(no osc.) = 299.3/139 d.o.f.
∆χ2=167

(E<1.33  (E<1.33  GeVGeV))

(E>1.33  (E>1.33  GeVGeV))



MultiMulti--ring  e vent  a nalysisring  e vent  a nalysis
1289 days  (79.3  1289 days  (79.3  k t  k t  .. y r sy r s))

No oscillationNo oscillation
Best  f i t  (Best  f i t  (∆∆mm22=2.0x10=2.0x10--33eVeV22,  s i n,  s i n2222θθ=1.00)=1.00)

SubSub--GeV mutiGeV muti--ring  ring  µµ--like samplelike sample

Zenith angle distributionsZenith angle distributions

MultiMulti--GeV   mutiGeV   muti--ring  ring  µµ--like samplelike sample

0.6 GeV < E < 1.33 GeV

E > 1.33 GeV

The zenith angle distortion  i s  c o n s i s t e n t  with  The zenith angle distortion  i s  c o n s i s t e n t  with  
singlesingle--ring analysis.ring analysis.

preliminarypreliminary

coscosθθ

coscosθθ



Upward through-going muons

horizontalhorizontalverticalvertical

No oscillation:No oscillation:
χχ22(shape)=18.7  /  10 d.o.f.(shape)=18.7  /  10 d.o.f.

(prob.=0.044)(prob.=0.044)

OscOsc. best  f i t  .  best  f i t  
((∆∆mm22=5.2x10=5.2x10--33eVeV22,sin,sin2222θθ=0.86)=0.86)

Upward stopping muons

No oscillation:No oscillation:
((BartolBartol, GRV94), GRV94)

OscillationOscillation
((∆∆mm22=3.2x10=3.2x10--33eVeV22,sin,sin2222θθ=1.00)=1.00)

stoppingstopping µµ
throughthrough µµ( )DataData

stoppingstopping µµ
throughthrough µµ( )MCMC

==
0.0.241 241 ±± 00.016.016 +0.013+0.013

-- 0.0110.011
0.3680.368 +0.049+0.049

-- 0.0440.044

0.0.65 65 ±± 00..04 04 ±± 00.09.09==

<< 1 << 1 

1416 events  /  1268 days1416 events  /  1268 days

345  e vents  /  1247 days345  e vents  /  1247 days

Zenith  a n g le distributions  o f  u p wardZenith  a n g le distributions  o f  u p ward--goinggoing m u o n s  m u o n s  



79.3  79.3  k t  k t  .. y r sy r sννµµ→→ννττ

Best  f i t   :  Best  f i t   :  
∆∆mm22=2.5x10=2.5x10--33eVeV22,  s i n,  s i n2222θθ=1.00=1.00
((χχ22=142.1  /  152 d.o.f.)=142.1  /  152 d.o.f.)

68% C.L.68% C.L.
90% C.L.90% C.L.
99% C.L.99% C.L.

SK combined resultSK combined result
∆∆mm2  2  = (1.7~4)x10= (1.7~4)x10--33eVeV22

sinsin2222θθ > 0.89                  (90% C.L.)> 0.89                  (90% C.L.)

Allowed region  Allowed region  
(FC  +  PC + UP(FC  +  PC + UP--thru  +  UPthru  +  UP--stop)stop)



79.3  79.3  k t  k t  .. y r sy r sννµµ→→ννττ
Best  f i t   :  Best  f i t   :  
∆∆mm22=2.5x10=2.5x10--33eVeV22,  s i n,  s i n2222θθ=1.00=1.00
((χχ22=142.1  /  152 d.o.f.)=142.1  /  152 d.o.f.)

68% C.L.68% C.L.
90% C.L.90% C.L.
99% C.L.99% C.L.

SK combined resultSK combined result
∆∆mm2  2  = (1.7~4)x10= (1.7~4)x10--33eVeV22

sinsin2222θθ > 0.89                  (90% C.L.)> 0.89                  (90% C.L.)

∆∆
mm

22
(e

V
(e

V
22 ))

sinsin2222θθ

unphysical regionunphysical region

Allowed region  Allowed region  -- IIII
(FC  +  PC + UP(FC  +  PC + UP--thru  +  UPthru  +  UP--stop)stop)



No oscillationNo oscillation
Best  f i t  (Best  f i t  (∆∆mm22=2.5x10=2.5x10--33eVeV22,  s i n,  s i n2222θθ=1.00)=1.00)

Zenith angle distributions  f o r  t h e  best  f i tZenith angle distributions  f o r  t h e  best  f i t



Allowed region (grand  g l o bal  f i t )Allowed region (grand  g l o bal  f i t )
(FC  +  PC + UP(FC  +  PC + UP--thru  +  thru  +  

UPUP--stop  +  multistop  +  multi--rings)rings)

79.3  79.3  k t  .  y r sk t  .  y r s

Within  p h y s i cal region;  Within  p h y s i cal region;  
xx22min  =  157.5/min  =  157.5/170  d o f170  d o f
at  s i nat  s i n2222θθ = 1.0, = 1.0, ∆∆mm22 = 2.= 2.55××1010--33 eVeV22

With  u n p h y s i cal region;With  u n p h y s i cal region;
xx22min  =  157.4/min  =  157.4/170  d o f170  d o f
at  s i nat  s i n2222θθ = 1.01, = 1.01, ∆∆mm22 = 2.= 2.55××1010--33 eVeV22



Zenith angle distributions  f o r  t h e  best  f i tZenith angle distributions  f o r  t h e  best  f i t
(grand  g l o bal  f i t)(grand  g l o bal  f i t)

No oscillationNo oscillation
Best  f i t  (Best  f i t  (∆∆mm22=2.5x10=2.5x10--33eVeV22,  s i n,  s i n2222θθ=1.00)=1.00)



Zenith  a n g le distributions  f o r  t he best  f i t  ( c o n t)Zenith  a n g le distributions  f o r  t he best  f i t  ( c o n t)
(grand  g l o bal  f i t)(grand  g l o bal  f i t)

No oscillationNo oscillation
Best  f i t  (Best  f i t  (∆∆mm22=2.5x10=2.5x10--33eVeV22,  s i n,  s i n2222θθ=1.00)=1.00)



SystematicsSystematics i n  t h e  1D f i ti n  t h e  1D f i t



ννµµ→→ννsterilesterile ((ππ00 method)method)

((ππ00//µµ))DataData

((ππ00//µµ))MCMC

>> 1   f o r  1   f o r  ννµµ→→ννττ

≈≈ 1   f o r  1   f o r  ννµµ→→ννs  s  

Data 355.2 events  Data 355.2 events  
(BG  (BG  subtsubt.).)

MC 323.2 eventsMC 323.2 events

((ππ00//µµ))DataData

((ππ00//µµ))MCMC
=   1.49  =   1.49  ±±0.08(stat.)  0.08(stat.)  ±±0.11(sys.)0.11(sys.)

{

Experimental  Experimental  
onlyonly



ππ00 info  f rom K2Kinfo  f rom K2K--1kt1kt

ππ00

FCFC--µµ(( )) datadata
= 0.= 0.9999 ±± 0.03 0.03 ±± 0.10.1

PRELIMINARY

PRELIMINARY
ππ00

FCFC--µµ(( )) MCMC



((ππ00//µµ))datadata v sv s ((ππ00//µµ))MCMC--nono--oscosc

PRELIMINARY

PRELIMINARY



Using   matter effect  a n d  e n r i c h e d  N C  sampleUsing   matter effect  a n d  e n r i c h e d  N C  sample

ννµµ→→ννττ :  N o  matter effect:  N o  matter effect
ννµµ→→ννss :  W i t h  matter effect:  W i t h  matter effect
Neutrino o s c i l lation  i n  matter:Neutrino o s c i l lation  i n  matter:

ννµµ( ) == ( c o sc o sθθmm

ννss

sinsinθθmm
-- sinsinθθmm coscosθθmm ) νν11

νν22( )
sinsin2222θθmm

sinsin2222θθ
== ((ζζ−−cos2cos2θ)θ)22++sinsin2222θθ

ζ ζ =  =  −− 2  2  GGFFnnnnEEνν /  /  ∆∆mm22√√

For  s i nFor  s i n2222θ θ =  =  ∼ ∼ 1   1   sinsin2222θθmm
11~~ ζζ22 + 1+ 1

And  f o r  EAnd  f o r  Eνν = 30~100 = 30~100 GeVGeV ζζ >>>>11 andand

sinsin2222θθmm <<<<11
Suppression  !Suppression  !

Strategy:Strategy:

Obtain allowed region  u s i n g  l o wer  Obtain allowed region  u s i n g  l o wer  
energy events  (Fully c o n tained sample)energy events  (Fully c o n tained sample)

Then,Then,

Test zenith  a n g l e  o f  N C  enriched events, Test zenith  a n g l e  o f  N C  enriched events, 
high energy  P C  a n d  throughhigh energy  P C  a n d  through--going  going  
muonmuon events.  events.  

ννµµ→→ννsterilesterile (matter  i n  earth)(matter  i n  earth)



Allowed region  u s i n g  o n l y FC eventsAllowed region  u s i n g  o n l y FC events



Zenith angle of upward-going muon

∆∆mm2  2  =  3  x10=  3  x10--33eVeV22

sinsin2222θθ =  1=  1

∆∆mm2  2  =  3  x10=  3  x10--33eVeV22

sinsin2222θθ =  1=  1

ννµµ→→ννss

ννµµ→→ννττ

ννµµ→→ννττ

> 45000 p.e> 45000 p.e..
((E >  ~  5  E >  ~  5  GeVGeV))
<E>=~25  <E>=~25  GeVGeVννµµ→→ννss

Zenith  a n g l e  o f  h i g h  energy PC eventsZenith  a n g l e  o f  h i g h  energy PC events



ννµµ→→ννss

ννµµ→→ννττ

CriteriaCriteria
> 400 > 400 MeV MeV v i s i b le energyv i s i b le energy
MultiMulti--ring eventring event
ee--like ring  i s  t h e  m o s t  energetic r i n glike ring  i s  t h e  m o s t  energetic r i n g
ContentsContents
NC     :   2 9  %NC     :   2 9  %
ννee C C  :   46 %C C  :   46 %
ννµµ C C  :   25 %  C C  :   25 %  

∆∆mm2  2  =  3  x10=  3  x10--33eVeV22

sinsin2222θθ =  1=  1

Zenith  a n g l e  o f NC enriched eventsZenith  a n g l e  o f NC enriched events



ννµµ→→ννss

ννµµ→→ννττ

sinsin2222θθ =  1=  1

ννµµ→→ννss

ννµµ→→ννττ

ννµµ→→ννss

ννµµ→→ννττ

Up/Dow n  (Up/Dow n  ( c o sc o sΘΘ )  )  
ratio  o f   N C  enriched  ratio  o f   N C  enriched  
multimulti--ringring

Up/Dow n  (Up/Dow n  ( coscosΘ          Θ          )  )  
ratio  o f   High  E nergy PCratio  o f   High  E nergy PC Vertical/Horizontal   ratio  Vertical/Horizontal   ratio  

((coscosΘΘ --0.4)  o f  u p  0.4)  o f  u p  muons muons 

Data

Data Data

1010--33 1010--22 eVeV22 1010--33 1010--22 eVeV

Ratios  v s.  Ratios  v s.  ∆∆mm22

>><<

> 0.4> 0.4
<<--0.40.4

<<--0.40.4
> 0.4> 0.4



combine NC enriched, high E PC and up muons

ννµµ→→ννss is excluded  w i t h  99 % C.L.is excluded  w i t h  99 % C.L.

excludedexcluded

excludedexcluded

excludedexcluded

Allowed  v s.  e x c l u ded regionsAllowed  v s.  e x c l u ded regions



Neutrino  C C  c r o s s  s e c t i o n sNeutrino  C C  c r o s s  s e c t i o n s

ννµ µ CCCC

Signature  o f  Signature  o f  ττ appearance:appearance:

ννττ +  N  +  N  →→ ττ +  N+  N’ +  +  π π ++ π .....π .....

ννττ CCCC

Expected  Expected  τ τ eventsevents

• Higher multiplicity  o f  Higher multiplicity  o f  Cherenkov  Cherenkov  r i n g sr i n g s
• M o r e  M o r e  µµ→→ee decay  s i g nalsdecay  s i g nals
• M o re spherical event patternM o re spherical event pattern

µννµνν, , eeνννν,  ν+,  ν+hadrons(hadrons(π,π,....)  π,π,....)  

Search  f o r  Search  f o r  ττ appearance  (3 methods)  :appearance  (3 methods)  :
(1) Energy  f l o w  a n d  e vent  s hape  a nalysis(1) Energy  f l o w  a n d  e vent  s hape  a nalysis
(2)  L i kelihood method  u s i n g  #  o f  r i n g s,  (2)  L i kelihood method  u s i n g  #  o f  r i n g s,  µµ→→ee, max p.e. , max p.e. 

ring and etc.ring and etc.
(3) Neural network method(3) Neural network method

Each method  i s  o p t i m i zed  u s i n g  o n l y  d o w n ward  Each method  i s  o p t i m i zed  u s i n g  o n l y  d o w n ward  
going events  a n d  then  l ooks  a t  u p w ard  g o i n g events.going events  a n d  then  l ooks  a t  u p w ard  g o i n g events.
(I.e. blind method to disable systematic bias.)(I.e. blind method to disable systematic bias.)

AllAll

coscosθθ<<--0.20.2

coscosθθ>0.2>0.2

~20ev./yr for 3x10~20ev./yr for 3x10--33 eVeV22

sinsin2222θθ =  1=  1

Eν(GeV) 

∆m2(eV2)

Search  f o r  Search  f o r  τ τ leptonsleptons



MultiMulti--ring samplesring samples
: atm ννµµ + ννee w/o  w/o  ννττ
: ννττ CCCC



All methods  s h o w  ~2All methods  s h o w  ~2σσ excess  o f  excess  o f  ττ--like events.like events.
The result  i s  c o n s i s tent  w i t h  The result  i s  c o n s i s tent  w i t h  ννµµ→→ννττ oscillations.oscillations.

MC with  MC with  ττ
MC without  MC without  ττ

Likelihood methodLikelihood method

Observed  #  o f  Observed  #  o f  τ τ : 27: 27
+9+9

--88

∆∆mm22=3x10=3x10--33eVeV22,  s i n,  s i n2222θθ=1.00=1.00

(expected  #  o f  (expected  #  o f  ττ :  :  74 events) 74 events) 

Efficiency  f o r  Efficiency  f o r  ττ : 43.5 %: 43.5 %

#  o f   #  o f   ττ production: 62production: 62 --1818
+39+39

Energy  f l o w  methodEnergy  f l o w  method
+14+14

--1313
Efficiency  f o r  Efficiency  f o r  ττ:  3 2  %:  3 2  %

#  o f   #  o f   ττ production: 79production: 79 --4040

Observed  #  o f  Observed  #  o f  τ τ : 25.5: 25.5

coscosθθ

Neural network methodNeural network method

Observed  #  o f  Observed  #  o f  τ τ :  4 2  :  4 2  ±±1919 +13+13
--1313

#  o f   #  o f   ττ production:  9 2  production:  9 2  ±±3535.3 .3 --00

+44+44

+14+14
Efficiency  f o r  Efficiency  f o r  ττ :  4 5  %:  4 5  %

+17+17
--1616

--2727
+21+21

ZenithZenith--angle  d i s t r i b u t i o nangle  d i s t r i b u t i o n



Test  Test  ννµµ→→ννττ o s c i l lation  w i t h  :o s c i l lation  w i t h  :

P(P(ννµµ→→ννττ)=sin)=sin2222θ θ sinsin22((ββLL××EEnn)  )  
(θ, β, n : parameters)

Use FC, PC, UpUse FC, PC, Up--through,  a n d Upthrough,  a n d Up--stop  d atastop  d ata

n=n=--1  i s  t he standar d  neutrino  o scillation1  i s  t he standar d  neutrino  o scillation

index  nindex  n

χχ22

--22 --11 00 11
Magnified view

n  =  n  =  --1.06  1.06  ±± 0.140.14

Probability  o f  e x o t i c  o s c i l lation  Probability  o f  e x o t i c  o s c i l lation  
modelsmodels



Neutrino decayNeutrino decay

Let neutrinos  o s c i l late  a n d decay Let neutrinos  o s c i l late  a n d decay νν33 X(X(invisinvis););

P(P(ννµµ ννµµ)  =  sin)  =  sin44θθ +  c o s+  c o s44θθ e x pe x p(( ))

+    s i n+    s i n22θθ expexp(( )) c o sc o s(( ))

Consider  t w o  cases;Consider  t w o  cases;

λλdcydcy>>>>λλoscosc, and  , and  λλdcydcy<<<<λλoscosc,,

wherewhere
λλdcydcy =                ,=                , λλo s co s c =  =  

mm33 LL
ττ33 E  E  

mm33 LL
22ττ33 E  E  

∆∆mm22 LL
2 E  2 E  

ττ33EE
mm 33

44ππEE
∆∆mm22



λλdcy  dcy  >>>>λλoscosc

For  For  ∆∆mm22 ∞∞,,
χχ22

minmin = 221.2/153= 221.2/153 dof  dof  

Bad  f i t  !Bad  f i t  !



λλdcy << dcy << λλoscosc

For  For  ∆∆mm2        2        00,  ,  
χχ22

minmin = 147.1/153= 147.1/153 dof  dof  
a t  ( s i na t  ( s i n22θθ,  m,  m33//ττ33)  =  (0.68, 0.01 ()  =  (0.68, 0.01 ( GeVGeV/km))  /km))  

Good  f i t  !Good  f i t  !



Up/down  o f  NC enriched  e vents  ( s h o r tUp/down  o f  NC enriched  e vents  ( s h o r t λλdcydcy))

FC,FC, NringNring>1,>1, EvisEvis>400MeV,   Brightest  r i n g  =  e>400MeV,   Brightest  r i n g  =  e--likelike

AllowedAllowed f r o m  F C+PC+f r o m  F C+PC+UpmuUpmu

Excluded  f r o m NCExcluded  f r o m NC

The case o fThe case o f
λλdcydcy<<<<λλoscosc
i s  d i s favoredi s  d i s favored



Conclusions  o n  atmospheric neutrinosConclusions  o n  atmospheric neutrinos

nOscillation parameters  f o r  Oscillation parameters  f o r  ννµµàà ννττ :  :  
∆∆mm22 =  1 . 7  ~  4  x  1 0=  1 . 7  ~  4  x  1 0--33 eVeV22,   s i n,   s i n2222θθ > 0.89> 0.89
(90%CL)(90%CL)
n 3D flux  d oes  n o t  c hange  t he 3D flux  d oes  n o t  c hange  t he 

conclusion  b u t  m o re precise  3 D  conclusion  b u t  m o re precise  3 D  
calculations  a re neededcalculations  a re needed
n ννµµàà ννss i s  s t r o n g l y  d i s favoredi s  s t r o n g l y  d i s favored
n ππ00//µµ ratio i s  c o n s i s tent  w i t h  ratio i s  c o n s i s tent  w i t h  ννµµàà ννττ

n Excess  f rom  Excess  f rom  ττ leptons  ~  2leptons  ~  2σσ
n DecayDecay senariosenario is disfavored with  >  is disfavored with  >  

22σσ
for  for  λλd c yd c y>>>>λλoscosc and and λλd c yd c y<<<<λλoscosc


