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Introduction

s Solar neutrinos
4p — *He + 2 e* + 2 V+ 26.7MeV

through the Sun immediately (--2sec)

Flux, spectrum... are calculated by
Standard Solar Model (SSM)
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Current experiments
w@m& >

cT
= Chlorine (1970 -) U{ =T
Ve + 3Cl - e + 37Ar (Ey= 814keV)
R=0.33 £ 0.03 (Homestake)

s Gallium (1990 - )
v, + 'Ga — e + 71Ge (E,,=233keV)
R=0.57 + 0.05 (GNO+GALLEX)
R=0.58 + 0.06 (SAGE)
s Water Cherenkov (1987 - )
v+e—-v+e (E;=5.0-7.0MeV)
R= 0.54 + 0.07 (Kamiokande)
R=0.47 £ 0.02 (Super-K)

Neutrino detection flux is significantly less
than calculation

!

Solar neutrino problem



B Neutrino oscillation

= Flux only analysis

99% C.L. (ve——wu’,c)
I Super-Kamiokande Flux
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g SU per-Kamiokande .

Water Cherenkov detector
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emncisisiaciin i iinl

390.3 m Scientific American

m 22.5kt fiducial volume for solar neutrino analysis

m for 10MeV electron (close to solar neutrino event)
Vertex resolution 87cm
Energy resolution 14%
Angular resolution 26 degree



jy Detection method

Veoigr t€ = V+E€ elastic scattering

_ *S%er Kamlokon?e*
o NU #
; ' RUN # 4201
. EVENT# 1154571

DATE 97-Jun- 8

R TIME  4:58:28
« + . . TOT PE:  137.1
— MAX PE: 7.8
NMHIT : 103
© ANT-PE: 14.3
. ANT-MX: 1.8
NMHITA: 25
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» Timing information vertex position
e Ring pattern ~ direction
e number of hit PMTS ™ energy



s Direction measurable
—» Find solar direction

= Real time measurement
= Day/Night effect

« Seasonal effect
Orbital eccentricity

Earth\ \Winter " Summer

» Energy measurable (recoil electron)
Absolute energy scale uncertainties

~*0.5%
(from LINAC calibration ; NIM A421(1999)113)
"N frov. DT ealbbration o NIM (200()



g What’s new (1)

= Data update
Total live time (1258days)
1996/05/31-2000/10/06

= Lowering threshold
5.5MeV —» 5.0MeV

(800days —>1100days)

« Improve analysis
6.5-20MeV: B.G. —63% Signal —20% -
« Re-tune MC |
Water parameter by new LINAC data
« Improve water purification system
new reverse osmosis system (Mar. 00)
new membrane degasify system (Jan. 01)
« Lowering threshold
6.5MeV —»5.5MeV



What’s new (2)

» New solar model
BPO8 —~p BP2000 SSM (astro-ph/0010346)

B 515(1.00%% )x10%cr/s
hep  9.3x103/cmd/s (BP98: 2.1)

a Different ®B spectrum
Bahcall et al. 1996 —» Ortiz et al. 2000
PRL 85(2000)2.909

" New osdillation analysis
Pay/Night 2pin x Energy 19bin % D/N 7bin x E 8bin

J 4
D/N spectvum  FHith Spectrum



New measurement of o spectrum from the 8B decay
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Resu Its

= 9B flux

SK 1258day 5.0-20MeV 22.5kt ALL
(Preliminary)
(280day LE 6.5-20MeV + 978day SLE 5.0-20MeV)

Event/day/kton/bin

Best fit
................... Non-flat BG

o + Data

0.1 Lo nsanytaongstoreat®®s® 2,0 00 00etotpaysonsogttatstoenners SN SN N\ N

8B Flux = 2.32 + 88;’ (stat.) + 88? (syst.) [x10%/cm?/s]

Data 0.005 0.016
SSM. = 0.451 i0.00S (stat.) £ 0014 (syst.)



(P

Data/SSM

0.3 ' ‘ ' ' ' SE—
all day night n1 n2 n3 'n4 n5

Day: 622 effective days
0(B) = 2.28 + 0.04 + 398 [x106/cm?/s]

Night: 636 effective days
0(°B) = 2.36 + 0.04 + 388 [x106/cm?/s]

N-D
(N+D)/2

= 0.033 + 0.022(stat.) +

oo

913 (sys)



x Seasonal flux variation

I Sk 12;58d:=|'1y 5‘.0-26Me\|/ 22{5kt IALL' -
" without eccentricity correction

‘O [ (Preliminary)

[ SSM = BP2000 + new ®B spectrum (Ortiz et al.)

Data/SSM
(]
(@)}

L 42 for eccentricity = 3.9 C.L. = 79%
| y’forflat=8.1 C.L.=32%
(871 d.o.lf.) (wn]h sys.lerr.) |

0.3
moCcoe >z - o - > O
uJ<x:n.<:33gUJOOLU
L s <=2 < ®W O Z2 0

JAN

x? for eccentricity 3.9/ 7 (79%)
2 for flat 8.1/ 7 (32%)
(with sys. Error) |

Need more statistics



= Energy spectrum
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x2 for flat = 19.08 / 18 (d.0.f) 39% C.L.
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6 F ‘:"Bﬂl«x
b Constramt

4 -3 -2 0
Iog sin 29)

-g‘ITFIITiiTIII H
=3

i

e

1 M

1o f :

-10.5 | -

_11:...|...|...|..
0 0.2 0.4 0.6 08 1

sin 28



log(am® (eV*))
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@ Summary

= We have studied solar neutrinos using
1258days of Super-Kamlokande data.

= Analysis is improved.

= Energy region is wider. (5.0 — 20.0MeV)
= Results

8B Flux=2.32 +0.03(stat.) + 8:8§(syst.) [x10s/Cm2/s]
Day/Ni»ght asymmetry is found to be 1.3c.

No significant seasonal effect is found.
Spectrum : 2 for flat = 19.08/18 (39% C.L.)

Hep flux < 3.9 [x103/cm?/s] (90%C.L.)

» Oscillation analysis

New data binning is used.

e SMA and Vacuum solutions are disfavored
from Super-K spectrum and day/night.
(~95%C.L.)
e SK favors large mixing angle solution.
e 2-flavor sterile solutions are disfavored.



