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The Super-Kamiokande Detector

SK-I (1996~2001) 
•50000ton water
• ~11200 of 20inch PMTs
•Fid. vol. 22.5kt
•Photo coverage 40%
•Stopped by the accident 
in Nov. 2001 

SK-II (2002~2005)
• ~5200 of 20inch PMTs
•Photo coverage 19%

SK-III (Jul. 2006~)
• 40% coverage
• OD Segmentation

3km 2km

depth:1km (2700mwe)

SK

50,000 ton 
stainless steel tank

Inner Detector (ID)
11129 20in. PMTs

Outer Detector (OD)
1885 8in. PMTs

Height: 41.4m   Diameter: 39.3m



The Super-Kamiokande Detector

April 12th, 2006
PMT mounting completed
July 11th
Tank filled
October 3rd
Water purification progessing



Solar Neutrinos at Super-K

Typical low energy event

Ee = 9.1MeV
cosθsun = 0.95

νx + e-        νx + e-

σ(νµ(τ)e-) =~0.15×σ(νee-)

Timing information
Vertex position

Ring Pattern
Direction

Number of hit PMTs
Energy

Resolutions (for 10 MeV electron)

Energy: 14%
Vertex: 87 cm

Direction: 26 deg.



Solar Neutrinos at Super-K
•High Statistics     ~15 events/day with Ee > 5 MeV (8B & hep)
•Time Variations  Day/Night, Seasonal
•Energy Spectrum  Sensitive to υ oscillation parameters
•Precise Energy Calibration by electron LINAC
•Flux Independent Analysis
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Solar neutrino measurements in

l High statistics  ~15events/day with Ee > 5MeV, 8B(+hep) 

l Time variations (Day/Night, Seasonal, 5days each, etc.)
l Energy spectrum (Sensitive to ! oscillation parameters)

l Precise energy calibration by electron LINAC and 16N
l Flux independent analysis (Time variation, Energy spectrum)

Expected Day/Night asymmetry Expected spectrum distortion
(SK-III in LMA) tan2
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(not latest)



SK-II Latest Results

Full SK-II run period
Analysis periods & energy thresholds

Dec. 24th, 2002 - July 15th, 2003 (159 days)
8.0 - 20. MeV

July 15th, 2003 - Oct. 5th 2005 (631 days)
7.0 - 20.0 MeV for total flux
7.5 - 20.0 MeV for day/night

Total live time: 791 days

Systematic errors are under study



SK-II Flux

SK-I result: 2.35 +/-0.02(stat.) +/-0.08(syst.)



SK-II Energy Spectrum

Consistent with SK-I



Day/Night

= -0.064+/-0.043(stat.)
(Day-Night)
(Day+Night)/2

SK-I D/N Asymmetry: -0.021+/-0.020
+0.013
- 0.012

Preliminary 
(systematic errors are under study)



Time Variation

Expected flux variation caused 
by the eccentricity  of 
the earth’s orbit (SK-I average)

Earth

Sun



SK Oscillation Analysis
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SK Oscillation Analysis

χ2
m(βm, ηm, δB, δSK1,S , δSK1,R, δSK2,S , δSK2,R)

=
21∑

i=1

(dSK1,i − (βmbSK1,i + ηmhSK1,i)f(Ei, δB, δSK1,S , δSK1,R))2

σ2
SK1,i

+
17∑

i=1

(dSK2,i − (βmbSK2,i + ηmhSK2,i)f(Ei, δB, δSK1,S , δSK1,R))2

σ2
SK2,i

+
(

δB

σB

)2

+
(

δSK1,S

σSK1,S

)2

+
(

δSK1,R

σSK1,R

)2

+
(

δSK2,S

σSK2,S

)2

+
(

δSK2,R

σSK2,R

)2

χ2
SK = χ2

m +
−→
Φ T (CSK1 + CSK2)

−→
Φ + 2∆ log(L )

where

−→
Φ =

(
β − βm

η − ηm

)
, CSKn = αSKn





b2SKn,i

σSKn,i

bSKn,ihSKn,i

σ2
SKn,i

bSKn,ihSKn,i

σSKn,i

h2
SKn,i

σ2
SKn,i





and

αSKn =
σ2

SKn,tot

σ2
SKn,tot + σ2

SKn,sys

χ2
SK−SNO(β, η) = χ2

SK(β, η) +
−→
φ T V −1−→φ +

(ADNCC −ADNpred)2

σ2
ADNCC

where

−→
φ =

(
DCC − βBCC − ηHCC

DNC − β

)
, V =

(
σ2

NC σ2
ct

σ2
ct σ2

CC

)

and

DCC = φCC/φSSM , DNC = φNC/φSSM

BCC =
17∑

i=1

bSNO,i

SSMSNO,i
, HCC =

17∑

i=1

hSNO,i

SSMSNO,i

1

χ2
m(βm, ηm, δB, δSK1,S , δSK1,R, δSK2,S , δSK2,R)

=
21∑

i=1

(dSK1,i − (βmbSK1,i + ηmhSK1,i)f(Ei, δB, δSK1,S , δSK1,R))2

σ2
SK1,i

+
17∑

i=1

(dSK2,i − (βmbSK2,i + ηmhSK2,i)f(Ei, δB, δSK1,S , δSK1,R))2

σ2
SK2,i

+
(

δB

σB

)2

+
(

δSK1,S

σSK1,S

)2

+
(

δSK1,R

σSK1,R

)2

+
(

δSK2,S

σSK2,S

)2

+
(

δSK2,R

σSK2,R

)2

χ2
SK = χ2

m +
−→
Φ T (CSK1 + CSK2)

−→
Φ + 2∆ log(L )

where

−→
Φ =

(
β − βm

η − ηm

)
, CSKn = αSKn





b2SKn,i

σSKn,i

bSKn,ihSKn,i

σ2
SKn,i

bSKn,ihSKn,i

σSKn,i

h2
SKn,i

σ2
SKn,i





and

αSKn =
σ2

SKn,tot

σ2
SKn,tot + σ2

SKn,sys

χ2
SK−SNO(β, η) = χ2

SK(β, η) +
−→
φ T V −1−→φ +

(ADNCC −ADNpred)2

σ2
ADNCC

where

−→
φ =

(
DCC − βBCC − ηHCC

DNC − β

)
, V =

(
σ2

NC σ2
ct

σ2
ct σ2

CC

)

and

DCC = φCC/φSSM , DNC = φNC/φSSM

BCC =
17∑

i=1

bSNO,i

SSMSNO,i
, HCC =

17∑

i=1

hSNO,i

SSMSNO,i

1

F =
φCC

φNC
, σ2

ratio = σ2
CC

(
∂F

∂φCC

)2

+ σ2
NC

(
∂F

∂φNC

)2

+ 2σ2
ct

(
∂F

∂φCC

) (
∂F

∂φNC

)

φCC = 1.68± 0.104× 106cm−2s−1

φNC = 4.94± 0.417× 106cm−2s−1

φSSM = 5.79× 106cm−2s−1

φCC

φNC
= 0.34± 0.038

σ2
ct = −2.67× σCCσNC

ADNCC = 0.14± 0.065

where

ADNCC =
2(φnight

CC − φday
CC)

φnight
CC + φday

CC

χ2
SK(β, η, δB, δSK1,S , δSK1,R, δSK2,S , δSK2,R)

2

flux factors energy correlated systematic error

SK-I energy spectrum

SK-II energy spectrum

time variation

unoscillated spectrum

predicted oscillated spectrum
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Unbinned Time Variation
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SK zenith angle
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of the jth event
in the ith E bin

Predicted solar zenith angle 
variations (Δm2=6.3x10-5 eV2, tan2θ=0.55)



SK-I, SK-II Oscillation Analysis
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Preliminary
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SK-I, SK-II Global Analysis
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SNO data:
Absolute flux fit (spectrum information summed)

Fluxes from 371-day Salt Phase (CC & NC)
ADN from 306-day pure D20 Phase with NC=0
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Future Plan In SK-III
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

SK-I SK-II SK-III

Water filling was finished on July 11th, 2006
Now, detector calibration is taking place

ID PMT: 
SK-II = ~5,200
SK-III = 11,129

Original energy & vertex resolutions 
for low-energy events is restored

Solar neutrinos below 5.0 MeV with improved analysis tools 
and lower Rn background

Precise study on spectrum distortion

Goals
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νe survival probability Recoil electron spectrum

~10% spectrum distortion 
expected from LMA

But, SK-I spectrum is almost 
flat.

Data: SK-I

Energy Spectrum Distortion
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Summary

•SK-III has been started and is taking data
•SK-II data has been updated to its final 791d
•Oscillation analysis with SK-I, SK-II data has been 
performed and shows consistency with final SK-I 
data set

•SK-II shows consistency within the global analysis
•Hope to see energy spectrum distortion in SK-III

thank you


