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SuperSuper--KamiokandeKamiokande

Electronics hutLINAC

Control room

Water and air
purification system

SK

2km3km

1km
(2700m w.e.)

50000 ton
stainless steel tank

39.3m

41.4m

Inner Detector (ID)
11146 of 20 inch PMTs

Outer Detector (OD)
1867 of 8 inch PMTs

• photo coverage 40%
• outer detector 2.5m for all surfaces
• fid. vol. for νsolar 22.5kt (2m from ID wall)
• for 10 MeV electron

vertex resolution 87cm
energy resolution 14%
angular resolution 26o

Atotsu
entrance

AtotsuMozumi

Ikeno-yama
Kamioka-cho, Gifu



A Typical lowA Typical low--energy eventenergy event

Ee = 9.87MeV
cosθsun = 0.915

Detect solar neutrinos by

ν + e ν + e scattering

• Timing information vertex position
• Ring pattern direction
• number of hit PMTs energy

ID

OD



WhatWhat’’s new (1)s new (1)

Run1742-8656 (1117day)

Run1742-9299 (1258day)
(new)

1996/05/31-2000/04/24

1996/05/31-2000/10/06

•Data update

•re-tune M.C. simulation

5.5-20MeV 　　5.0-20MeV

•Improve analysis tools

•re-estimate systematic errors

energy scale was shifted by 0.27 %
(within estimated systematic error of 0.64%)

6.5-20MeV:　Background –63%　Signal –20%

•Lower energy threshold

•Improving water purification system
Install new reverse osmosis system (Mar. 2000)
Install new membrane degasifier system (Jan. 2001)

•lower trigger threshold



Trigger thresholdTrigger threshold
•Low-Energy(LE) trigger (April 1996~)

≧29PMT hits / 200nsec (10Hz)
•Super-Low-Energy(SLE) trigger (May 1997~)

≧24PMT hits / 200nsec (120Hz)

•SLE-version 2 trigger (September 1999~)
≧20PMT hits / 200nsec (550Hz)

•SLE-version 3 trigger (July 2000~)
≧17PMT hits / 200nsec (1650Hz)

～～～～
10

0%

6.5MeV

Most of dead time
= calibration

5.0MeV

This talk :
up to here
(1258days)

5.7 / 6.5MeV

4.7 / 5.5MeV
4.2 / 5.0MeV
3.7 / 4.5MeV

@50%/100%
trigger ef. current analysis energy threshold

raw rate ～120Hz (most of them are close to the ID wall)

on-line fid. vol. cut 　20Hz



WhatWhat’’s new (2)s new (2)

•New solar model

BP98 SSM 　　BP2000 SSM

•Improve signal extraction method

Use extended maximum likelihood method (EMLM)

•New oscillation analysis

Day/Night 2bin x Energy 19bin & D/N 7bin x E 8bin

LL ⋅⋅≡
!

e
E

N

T N-T
T: true number of events
N: observed number of events

Statistical error of higher energy bins (= small N)
became reasonable.

8B 5.15(1.00 )x106/cm2/s
hep 9.3x103/cm2/s (BP98: 2.10)

+0.20
-0.16

BP2000 (astro-ph/0010346)

•New 8B ν spectrum

Bahcall et al. 1996 　Ortiz et al. 2000

PRL 85 (2000) 2909



88B fluxB flux
May 31, 1996 – Oct. 6, 2000

1258 days

e－－－－
θθθθsun

νννν
Best fit

Non-flat BG
●●●● Data

2.32 ±±±± (stat.) ±±±± (syst.) [x106/cm2/s]0.03
0.03

0.08
0.07

Data
SSM = 0.451 ±±±± (stat.) ±±±± (syst.)0.005

0.005
0.016
0.014

8B FLUX=

18464 ±±±± 204 ±±±± events646
554

Direction from the Sun
cosθθθθsun

SSM = BP2000 + new 8B ν spectrum (Ortiz et al.)

(preliminary)



Time variation of the fluxTime variation of the flux

Seasonal variation of the fluxSeasonal variation of the flux

Expected flux
variation caused
by the eccentricity
of the earth

Earth

Sun

Need more statistics

χ2 for eccentricity
3.9 (79%)

χ2 for flat
8.1 (32%)

(7d.o.f.)
(with sys. err.)

(preliminary)



Day / NightDay / Night

N-D
= 0.033 ±±±± 0.022(stat.) ±±±±

Day: 622 effective days

φ(8B) = 2.28 ± 0.04 ±

[×106/cm2/s]

[×106/cm2/s]0.08
0.07

636 effective daysNight:

φ(8B) = 2.36 ± 0.04 ±0.08
0.07

(N+D)/2
0.013
0.012 (sys.)

(eccentricity is corrected)

(preliminary)
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Significance vs. time (day/night)

Differential Integral

Errors: only statistical

1.5σ (only stat. err.)
1.3σ (including sys. err.)(5.5-20MeV)

(preliminary)



Energy spectrumEnergy spectrum

χ2 for flat = 19.0 / 18 (d.o.f) 39% C.L.

Spectrum distortion highly depends
on oscillation parameters

Expected spectrum

Averaged value (0.451)

Data ( stat.2+ uncorr. sys. err.2 )

Correlated sys. error

SK1258day (preliminary)

(preliminary)



HepHep fluxflux

Assume all signals coming from Hep

Hep flux < 40 x103 /cm2/s (90%C.L.)

1.3±2.0 event observed in the 18-21MeV window

Data

0.451 8B + 1.0 Hep
0.451 8B + 4.3 Hep

0.451 8B

Solar neutrino energy spectrum in 1MeV bin

(preliminary)

Select best aperture using M.C. 18-21MeV

(4.3 x BP2000 SSM flux)



•BP2000 neutrino flux
•Ortiz et al. 2000 8B spectrum shape
•Ortiz et al. 2000 8B spectrum (experimental) error
•Bahcall et al. 1996 8B spectrum theoretical error
•Bahcall et al. 1996 radiative correction
•PREM electron density in the Earth
•Hep flux is treated as a free parameter (hep free)
•BP2000 electron density in Sun
•BP2000 generate position

Oscillation analysisOscillation analysis

6 (+2) energy bin
7 zenith angle bin

19 energy bin
2 zenith angle bin

Analysis 1 (day spectrum + night spectrum)

newAnalysis 2 (zenith spectra)

Input data

Total 38 data points

Total 44 data points

(Zenith bin of 5.0-5.5MeV and 16.0-20.0MeV
is not divided because of poor statistics.)



Typical expectationsTypical expectations

VAC (Just-So)

MSW LMA

MSW SMA

MSW LOW



Oscillation analysis (SK vs. global, active)

SK favors large mixing angle regions.

Excluded by SK zenith spectra
Allowed by flux-global fit (Cl + Ga + SK flux)
Allowed by SK zenith spectra & flux (hep free)

νe νµ(τ) 95%CL

SK 1258day Zenith spectra
(Preliminary)

(preliminary)



How SMA region is sensitive
Excluded by SK zenith spectra at 95%C.L.
Allowed by flux-global fit (Cl + Ga + SK flux) at 95%C.L.

Confidence level at SMA region changes rather
rapidly.

νe νµ(τ)

91,93,95,97,99 % C.L.

Excluded regions

(hep free)

(preliminary)

SK 1258day Zenith spectra
(Preliminary)



Comparison among different analyses
(preliminary)

νe νµ(τ)

SK 1258day Zenith spectra

95%CL



Oscillation analysis (SK vs. global, sterile)

νe νsterile 95%CL

Excluded by SK zenith spectra
Allowed by flux-global fit (Cl + Ga + SK flux)
Allowed by SK zenith spectra & flux

(hep free)

2-flavor sterile solutions are disfavored at 95% C.L. by
comparing flux-global fit and SK zenith spectra

(preliminary)

SK 1258day Zenith spectra
(Preliminary)



KamLANDKamLAND

1,000 m3 liq. scint.

(Eth = 1.8MeV)

reactor L~170km

1,300 17-inch PMTs

anti: 3,000m3 water

700 events/kt/year
Filling: Apr. 2001~
Observation: Oct. 2001~

long baseline
reactor experiment

converted from
KAMIOKANDE

hosted by
Tohoku University

Kamioka Liquid scintillator Anti-Neutrino Detector

http://www.awa.tohoku.ac.jp/KamLAND

νe + p  → e+ + n

+600 20-inch PMTs

22+14% coverage



From K.Inoue (Tohoku Univ.)

KamLAND: sensitivity



SummarySummary

•1258day results (Preliminary)

Energy region: 5.0-20MeV

2.32 ±0.03(stat.) ± (syst.) [x106/cm2/s]0.08
0.07

8B Flux=

N-D
= 0.033 ± 0.022(stat.) ±(N+D)/2

0.013
0.012 (sys.)

1.3σ (including sys. err.)

Spectrum: χ2 for flat = 19.0 / 18d.o.f. 39%C.L.

Hep flux < 40 x 103 /cm2/s (90%C.L.)
(4.3 x BP2000 SSM)

Seasonal: χ2 for eccentricity = 3.9 / 7d.o.f. 79%C.L.

(including sys. err.)

•New data binning is used
•SK favors large mixing
•2-flavor sterile solutions are disfavored
•C.L. in SMA region changes rather rapidly

Oscillation analysis:

Improved signal extraction method is used


