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Super-Kamiokande detector

1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 EEIEITI

’ SKA Cy o TTERA LYJ SKAI

50kton total,

22kton fiducial
volume <

1000m
underground

reconstruction
(plan)

Water Cherenkov
detector

11,146 Number of ID") PMTs 5,182

40% Photocathod coverage 19%

~6 p.e./MeV Cherenkov light yield ~2.8 p.e./MeV

Acrylic+tFRP cases

(*) Inner Detector

Number of ID PMTs will be back to 11,146 in SK-III.



Solar neutrino measurement in SK

® 5B neutrino measurementby v +e¢ — v +e
B Sensitive tov,, v, v, a(v +e)=~0.15 X (v +e)
B High statistics ~15ev./day with E_ > 5MeV

B Real time measurement. Studies on time variations.
B Studies on energy spectrum.

B Precise energy calibration by LINAC and '6N.
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Super-Kamiokande-| solar neutrino data

May 31, 1995 July 13 2{;}01 (1496 days )

5—20 MEV

v+E'$v+

”‘\.

Event/day/bin

/,'
22400+230 solar v events
(14.5 events/day)

1 '] 1 I 1 1 1 | I

u e g a1 . M B
-1.0 0.5 0.0 05 ., aL 0
%B flux : 2.35£0.02 £ 0.08 [x 10° lcm?/sec]
Data +0.014
SSM(BP2004) = 0.406 £0.004 g 43

( Data/SSM{BP2000) = 0.465 +£0.005 +0.016/-0.015)
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Un-binned day/night analysis
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Un-binned time variation method

Likelihood for solar # Backgrounds # Signal Event Event
neutrino extraction In each energy bins Events Energy “Time’

Npin N |
L = e_(Zi&+S)HH(é| -u(c,)+ mé- p(c,, év) )
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Day/night asymmetr _
tan20=0.55 A best fit
— —————T— . (Assuming BP2000 flux and error)

£ AM?=6.3x10-°eV?
£ tan<6=0.55
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| Just-So (0.26, 7.9x10°1)
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Energy{MeV)



Oscillation analysis
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| SK 1496 Days

Zenith Seasonal
- Spectrum

v v 95%C.L.
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Events

Analysis of lower energy region in SK-|
Vertex position distribution of backaground (4.5 — 5.0 MeV)

w 107 7 woriex distribution. 4.5 = 5,0 Ke'y
- r 7 Wal ™
. after previous cuts
130 = 5
s - E |
3
O - h [
LL
m -
before cuts = |
w |
enhter after previous cuts | Water is suppliad
e athod as from bottom
above 5.0MeV) e
“0 ma s 1 1om 1@ W0 W e Bottom Z{ﬂm) TT}F}
-'Eruﬂ.z {{:mﬂ }

‘ o Apply tighter cuts to reduce external background.

e Use improved vertex reconstruction program.

* Remove high radon periods.

e Select period when trigger eff. for 4.5-5.0MeV is >95%.
(466days, Sep.1999-July 2001)




Analysis of lower energy region in SK-|

Direction to the sun Solar neutrino energy spectrum
= SK:| 468days 1
21 . 8K 466 days 4.5-5.0MeV 205kt |
B 45 E0 MV paf 5K+ 1496 days 5.0-20.0MeV 228K
II.1!I:+ + :

&

LAt

it |

- (Proliminary) |
.-_ll 1496 days ;
_ '- ty

: * .
Mi58010+-202 bg events \ :

%144 5_ 5.0 MeV data 2" 466 days

aaafF lux: 3.13:£0.63(sta.) £ 0.16(sys.) -
lemé/sec

——
o
Data/SSM(BP2004)

i

M L Yy Ml 4 6 8 o0 12 1%

coNl,y Energy(MeV}
4.5-5.0 MeV data is consistent with previous results.



Detector calibration in SK-I|

« PMT relative gain calibration by using Ni(n.y)Ni source and an uniform
light source (Xe-scintillation ball).

« Timing calibration by N.-DYE laser ball.

LINAC calibration data were taken Energy distributions
at 6 positions. IJHM: callbration at (-4m, 0m) _

| A




SK-ll detector performance
(LINAC calibration)

Enerqy resolution Vertex resolution
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16N calibration

Energy spectrum
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SK-Il Trigger

LE trigger: Number of hit PMTs within 200nsec: N,y > 14
SLE trigger: N,go.« = 10 (added after July 15, 2003)

aa
E ag
Trigger rate:
,E a4 LE: ~70 Hz
SLE: ~1100 Hz

02

0 a i . H 3 10 1I!
Enargy [MeV]
[wn% efficient for E > 6.5 MeV for SLE trigger ]

E > 8.0 MeV for LE trigger




SK-ll preliminary results
Dec.24,2002 — March 25, 2004

Dlrectmn lﬂ the s sun

= 0.1
'E ” SK-I 325:Iuy BH-EDMH‘U 22 .5ki
(Preliminary) 295 days
0.1} 8 — 20 MeV

Solar v signal = 2161 [stat ) events

u ||||||||||||||||||
-1 0.5 0 0.5 maﬂm:
- _ (Systematic error
Flux= 2.38 + 0.09 (stat.) (x108/cm2/s) uridarstudy]

(cf. SK-l result: 2.35 + 0.02(stat.) = 0.08(sys.))



Events/day/kton/bin

SK-ll: Day-Night difference

325 days (Dec.24,2002 — March 25, 2004)

o517+ [ [ P S S Y E T g ——
M-l 325day 8.0-20Mal 22,5kt Sk-11 326day B.O-Z0MeV ZL5ki
(Praliminary) Day {Preiminary} Night

01 ﬂ; 0.1 nght +
005 . T‘éu.us
0 Y D 0.5 1 9y 05 0 0.5 i
cost,_,, cosO,,,
A i 0.025+ 0.075
DN o {D+N];2 p—. LR - .t . (Stﬂt.)

(Systematic error under study)



Data/SSM

QBPEBDII-

1

Q

6|

SK-Ill energy spectrum

| SK-Il 325day 22.5ki
" (Preliminary)

/“}Tﬁ +
_ }i%h%§i” {&éj{*:

5 9 15 20
Energy(MeV)

Consistent with SK-I




Data/SSM

EFM&)

Q
o™

0.2 -

Time variation

0.4 |4

SK-I 1498day 5.0-20MeV 225kt

without eccentricity corraction, stat. err. only

LH:EH—IHE:H:;M

SK-1| 325day
B.0-20MeV 22.5ki
(Preliminary) -

]

1998 2000

2002 2004
YEAR



1004 tonnes Dy

Support Structure
for 9500 PMTs,
6% coverage

12 m Diameter
Acryhic Vessel
1700 tonnes Inner
Shielding H,O
5200 tonnes Outer
Shield H,0
Urylon Liner and
Radon Seal

LF WREmon an Eshall of Ths SHO Gollaboralion




. v.+d=p+p+e

- Gives v, energy spectrum well
- Weak direction sensitivity « 1-1/3cos(0)

- v, only. (I)

Measure total 8B v flux from the sun. ‘D
Equal cross section for all v types

E) vt = v, te

Low Statistics ‘I'day VS [I]night
Mainly sensitive to v, some
sensitivity to v and v

i [

Strong direction sensitivity

s Ygruisyy e

LF WREmon an Eshall of Ths SHO Gollaboralion dunes 14, 2004 Meling 2004



2 :':': = 2izefesjine sl Eﬂg
Phase I (D,0) Phase 11 (salt) Phase 111 (*He)
Nov. 99 - May 01 July 01 - Sep. 03 Summer 04 - Dec. 06
n captures on 2t MNall n captures on 40 proportional counters
2ZH(n, +)3H BCI(n, )*Cl IHe(n, p)H
a=0.0005b ag=44 b a=53300
Observe 6.25 MeV v Cbserve multiple v's Observe p and 3H
PMT array readout PMT array readout FC independent readout
Good CC Enhanced NC Event by Event Det.
SCIHN _
2H+n 8.6 MeV <— dom —
6.25 MeV
I
.
L J ¥
*H v+ v n+-*He — p +*H
36

LF WREmon an Eshall of Ths SHO Gollaboralion dunes 14, 2004 Meling 2004
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10

¢{BB}mEas -

- v °min.=70.207 at (3.98e-01. 5.468-05) -
" b= 1.040 hep= 1.000 i

--90% o
--95%, (7 N
-99.73% /

N~

SNO pure D,O d/n spEr;tFa__
+ SNO =salt CC & NC & ES fluxes

+ SK-| zenith spectra + Cl + Ga I’a'Es free

1
tan‘

Disfavors maximal mixing
at a level equivalentto 5.4 o.

LF WREmon an Eshall of Ths SHO Gollaboralion

(0.88 + 0.04 (exp) = 0.23 (th) ) ¢(®B)gspy

5'-"' 1“ 2 L T T T T T T
i - ¥ °min, at (4.07e-01, 7.082-05)
E
=1
e
10’ I,s”'f —
\y »r
ey
- SNO pure D,O day & night spectra
-+ SNO zalt CC & NC & ES fluxes
+ SK-1 zenith spectra + Cl + Ga
L+ KamLAND °B free
10 ' ' — :
10 1
lan®a
LMA | only at = 99% CL
dunes 14, 2004 Meling 2004
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Efficiency (%)
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Salt phase

o D0 phase

_—

-.'_____
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35Cl(n,y)*Cl

Net Average
Efficiency
39.9%

T, 2 5.5 MeV and
R =550 cm

A1
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L
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JF. Wikamson on bahall of the SN0 Collsboration

200

300

I B R
M)

S0} 60

Cr Source Radial Position (cm)

2H(n,y)*H

Net Average
Efficiency
14.4%

T, 2 5.0 MeV and
R, =550 cm

S 14, 200d



81 Bg of **Rn slowly mixed in heavy walter.

roioe M I
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31 Bg

of 222Rn slowly

Mormalized Events/s401.5 MeV

LF WREmon an Eshall of Ths SHO Gollaboralion

“mixed in heavy water.

Energy Threshold

i

— WA Fil Tail#+=nevirons
WIC Fil Tail

S — T [ ST "'-[Eillr'l'lll'l‘i

w Rackwn Spaka L
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ki

e

(1] T bt

dunes 14, 2004
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12

I3

T . (Mev)

Meling 2004



m=o=L=C=C=C==C=l=CQ=C==Q=Q=2=2-

= - e

s e e e s S T MR

40 Strings on 1-m grid
388 m total active length

Physics Motivation

Event-by-event separation. Measure NC
and CC in separate data streams.

Different systematic uncertainties
than neutron capture on NaCl.

*He array removes neutrons from CC,
calibrates remainder. CC spectral shape.

LF WREmon an Eshall of Ths SHO Gollaboralion dunes 14, 2004 Meling 2004



Improved (~2x precision)
SNO NC/CC measure-
ment would vield an
improved 04, value

Stmilar improvement of
SNO Day/Night
asymmetry would help
with Am,»

Consistency tests

In 3 v mixing, also helps

constrain 8,
(Malton et al. hep-ph/O305130)

[

v v D011 R O Thez ERED Tl laboeation

10

solar+KL rate

T T T T T T T T
die Hollandla & Smoarmosy
Bt o= ph RS 24
Bt o= ph A2 1 2270

SNO

(3%

DayMight

abs. uncertainty)

SNO CC/MNC

(7% uncertainty)

T 104G
g :
3
105
0.1
Jung 14, 2004

02 03 04 05 08 OF 08 08 1
by H
Pl 200



KamLAND!

L HamLAND +Soiar 2 +0.6 5 172
fi10 '~'* B 06 C.L. Amy, :8.2_{}‘5:%1{} el
| a9 L.
| [ kel N C
| " ol vt tan2 @, = 0.407Y-02
) T T T 2 —0.07
{2 i (14 {5 b 0.7 LS
tan® B
im KamL&ND 30

What’'s next for solar neutrino?

——> Find “smoking gun” to determine the parameter
INn solar neutrino experiments.



Aim of the future solar neutrino experiments

« Confirmation of LMA

& find small sub-leading effects

— 8B: low energy upturn & Day/Night effect

— Matter Vacuum transition

« Precise spectrum measurements in low energy
— Cl = problem?

— Sterile neutrinos?
« Best by pp neutrinos

— Other sub-leading effects
« Test of CPT (Solar + KamLAND), ............

* Precise determination of 6, and Am,,
+ B (large WC)
+ pp-neutrino, 'Be(CC+ES)
« Astrophysics
— Test of SSM (energy creation, photon luminosity) and....
mofudy the interios.afithe, stn ARG i susuki@Neutrino2004)
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Survival probability
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o
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e
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0.6
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03 [

0.2

0.1

Energy spectrum of solar neutrino

Am? is fixed : 8.2x10'5eV2-§

Suppressed
at lower energy region

tanZ0 :
0.3 :
1 0.4 E
: Spectrum up-tern -

eSpectrum up-tern at sub-MeV region

[ =107
L1 |
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o= R0
ﬁxll:l" | Haml AND+ Salar
B o5 CL.
4% L.
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| | 5 giobal best
- Sl o g o by 1 1
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*pp - ‘Be neutrino is suppressed 50~70%

i
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Data/SSM
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Spectrum at SK
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Reduce sys| error

o
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i_owering threshold |
5 7.5 10 12.5 15
Energy(MeV)




Proposed experiments

« 'Be-experiments
— [ES] Borexino(LS), KamLAND({(LS)
— [CC] LENS-Sol(v,115In—»e1158n, e, y : InL-LS) (also pep, CNO)
— [CC] Lithium(v,7Li—e" "Be: Radio-Chemical)(also pep, CNO)
* pp-("Be)-experiments
_ [ES] XMASS(Xe), HERON(He), CLEAN(Ne)
— [CC] MOON(v, 100Mo—se100Tc, p: Mo-foil+Pl.Sci)
« pep & CNO
— [ES] SNO-scintillator
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pp neutrino flux
measurement by:
10 ton Xe detector
e ve scattering
eSyears

eStatistic + SSM err.
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