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Solar Neutrino Problem

Total Rates: Standard Model vs. Experiment
Bahcall-Pinsonneault 2000
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Neutrino Oscillation

http://hitoshi.berkeley.edu/neutrino
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SNO result

(pm(106cm'2s'1)

8
7
6
5
Ge=1.76"02 (stat) oo (syst) x10°cm?s™ 4
3
2

@,. =341 e (stat) " 5e (syst) x10°cm?s™
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Without the constraint on energy o 1 2 3 '4.' s %
e = 64275 (stat) g5 (syst) x10°em s ™
Peqy = 5.05 55 x10°Ccm *s “¢— (SSM)
eFirst direct measurement of active ®B v.
e Strong evidence for neutrino flavor transition.

eTotal 8B v agreeswith SSM.
eSNO Day/night + All solar - LMA.
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eNeutron captureon Cl A.Poon |.0.P. HEPP Particle Physics 2003, Durham

6000

»L arge o of neutron 5000
captureon Cl 4000
»>8.6M eV multipleys 2000
>Good light isotropy .
>Better NC extraction i

0 0.2 0.4 0.6 0.8 1
Legendre Polynomial Isotropy Parameter

»Result isexpected in
a few months?

el nstallation of Neutral Current Detector Array
»N+3He>p+t
»Independent NC measurement(syst.+9.1/-8.5>+/- 4.5 %)
»Sept. 03 2 ?
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1,000 ton liquid scintillator neutrino detector
located at the former site of Kamiokande

Ind phase experiment
(Egp, =200 keV) (Evig
l,'|E.||.l: _}. l"rE‘-"'.

15t phase experiment
(Eyp, = L8 MeV)
V. +p—>e +n

Neutrine Oscillation Search

by Reacto - el rinns : . .
¥ Reactor Anti-neutrin Solar neutrino Detection

TBe Neatrino

g ‘!..l'.
Reactor Anti Neutrino Sour ce.

Energy distortion? under Lab. condition.
LMA?

CPT invariance.
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afew /day in KamLAND

300 : ; ; ;
5 Kashiwvazgd  uncertainty of distance < 70 m
= 250
< L ~ 180km (~80%)
©
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Distance from KamLAND [kml

e Thermal power, Burn-up,

Fuel changerecord data,

Simple model of reactor
core.

> fission rate

> energy spectrum
@KamLAND

e Korea(2.3+- 0.2% @N(v))




EvissE, -0.78 MeV

‘ ~180;.s€c :
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. %BGe(y +7): 1.012 M eV
Energy resolution ;""" Iiswer
0Co(y+y): 2506 MeV
Y . AmBe (y,n) : 2.20,4.40, 7.6 MeV
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10 Capturetime = 190usec

105—

“AM— “°Np + o
— 15 . [
a + Be—?C +

Am/Be: Detection Efficiency of Delayed Event within 160cm{mean=98.79+-0.06%)

measurement 2

S __________________________________________________________________________
: R —— ..........................................................................
ey ‘I‘ H 5l
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0 1000 2000 z position [cm]

time diff. [u sec]
Delayed coincidence effi = 95.3 % Detection effi= 98.8%
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vertex reconstruction

5cm resolution
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4.1% uncertainty on
number of neutrinos
coming from fiducial
massratio
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214Bj — 214pq — 210pp Signall

238 = (3.5+0.5)x10-18 g/¢g
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Radioactive Background In LS
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Source

Systematic E(%)

Source BG in data sample

Accidental 0.0086+0.0005

Lil’He 0.94+0.85

Fast Neutrons <0.5

U Negligible

Th Negligible
0.95+0.86

5th June 2003,

NuFact03

Total LS mass 2.13
Fiducial M ass ratio 4.06
Energy threshold 2.13
Cut efficiency 2.06
Live time 0.07
Reactor Power 2.05
Fuel composition 1.00
Time lag 0.28
v Spectra 2.48
Cross section 0.2

6.42

Kengo Nakamura
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Neutrino Event selection

Flow chart of

runtime: 163.8 days
4.4x10°% events

Anti-Neutrino Selection

Noise Reduction

8
> 1 o F 3.2x10° events
E e Prompt MuonBVeto
pi 2.4x10% events
210 events
® T Delayed Coincidence
c 10
3 . s for Whole Volume
® 1 Yo Lt 25000 events

0 5 1

prompt e y Fiducial Cut

%10“ H;1 [/ Del 173 events
=c. ] —~p De
1-_10 /1 k3 Spallation Cut
10’5 ] 86 events
o 7 ///1-//
=10 /] |
QO
s B MC | “ipr|  Avove 2.6 Mev

1 2 3 4 5 54 events

delayed energy [MeV]
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livetime: 145.1 days

Kengo Nakamura

Details

eTiming correlation in PMTs
eNO p Veto signals

00.5 < AT <660 psec

018 <Eyyayea< 2.6 MeV

eR <5m: 409 ton, 3.46x103! free
protons

eAR<16m,R,;>12m

eVeto for 2msec. after muons.
eVeto for 2sec. after muons
(E>10%p.e.) (0.02Hz)
e Cylindrical (R=3m) 2sec veto
around muons (E<10%.e.)
= tagging efficiency 78.3%
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Vertex position after delayed
coincidence
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KamLAND result Mar.4—Oct. 6, 2002

162 toneyr (145.1 days)

Observed 54 events(E>2.6MeV)

Events/0.425 MeV

Nobs — Nbg
Background 1 # 1 events =0.611+ 0.085(stat)
Nexpected
Expected  86.8 = 5.6 events +0.041(sys)
o 26 MeV e KamLAND daa L4+
. (analysis) —— no oscillation
. —— best-fit oscillation L2 %
" sin26=1.0
Am?= 6.9 x 10°eV/? Lo~ +w1'r ﬂw "“'JP""'"""-R.._; N T
A P 7]
— i ¥  Savannah River E s
2 e o
3 0.4 - : E:n:!ﬁart
B : O Palo Verde
|||||||||||||||||||||||||||||||||||| ﬂz L [ oo
0 2 4 6 8 ® KamLAND
Prompt Energy (MeV) 00 | | . 2
10’ 10° 10’ 10" 10
Distance to Beactor (m)
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KamLAND impacts

Bestfit | LMA [KamLAND
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Events/0.425 MeV Residuals (o)

Spectral Distortion?

2-v oscillation: best-fit No oscillation, flux suppression
2| £ 2
1 . 1+
= G------ =il . il R i = D A = ﬁ 1 e e et E_ T =
-1F - . SR y 8
-2 b= 3 -2
Iu_. 1 ! ] i Lys ] i 1 ME I 1 ils I I I
1 ® KamLAND data = ® KamLAND data
15F —— best-fit oscillation 2 15} —— no oscillation
s sin 28 = 1.0 -4 " seres (L61 % o oscillation
10F Am*= 60 % 107 eV’ % 10
5t § S
3 6 7 8 3 4 5 6 7 8
Prompt Energy (MeV) Prompt Energy (MeV)
Data and best oscillation fit Data and scaled no-oscillation

consistent at 93% C.L. shape consistent at 53% C.L

akamura

sin e 200€€0 More reactpr neutrino and calibration daja
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KamLAND Prospects

* Neutrino Oscillation? Precision measurements
— Energy Spectrum distortion?
— Current reactor power in Japan ~50%.
— A new reactor iscoming.
— LMA lor LMA2

e /Be
— Purification system improvement

5th June 2003, Kengo Nakamura
NuFact03
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Solar v @ KamLAND

®No direct observation of ‘Bev.

® | mprove KamLAND purification system.
0210pph: 100 g/g = 102° g/g (Water extraction)

®Air tight valve housings.
®Testing the water extraction.

5th June 2003, Kengo Nakamura
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counts/25keV

KamLAND (expected 3y, R<4m)
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Summary

. Last year

— 8B neutrino measurement and strong evidence of
neutrino flavor transition by SNO.

— KamLAND observed a clear deficit in reactor
neutrinos.

e Current Statusrelated to KamLAND and SNO

— SNO cl resultscoming soon and new NC detector
installation.

— KamLAND stable n data taking during reactor
shutdown.

e Future

— KamLAND updateresults.

— KamLAND purification system will be improved for

'Be Solar neutrino detection.
5th June 20083, Kengo Nakamura 27
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Backup dlides

5th June 2003, Kengo Nakamura
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How to calculate neutrino flux
from reactors

Reactor : Fission Rate
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Background Current Goal M ethod
=8y 3.5 x10"°g/g OK
“2Th 5.2 x10™g/g OK
“Rn  [3.3x10°Bg/m™ OK
K <2.7 ><10'16g/g Water Extraction
“1pp ~1O'20g/g Water Extraction
BKr 0.7Bg/m™ N, purge
222F\’n leak N, pur ge/ air tight valves
5th June 2003, Kengo Nakamura
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Matter effect

3 +4%
10 = +3%
- +2%
o —4_
10 \ m
5 2
o™ i
5 i
10 ¢
E I:‘matter - I:{vacuum
__ R vacuum
N A I N N N N
10 0 0.2 0.4 20.6 0.8 1
sin 26
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The KamLAND is actually measuring;

_ . ., Ami,L
P(v, > v,) ~cos* 6, 1-sin® 26, sin’ Mgt
4E
1 0 0 cosd, O €’snd,\ cosb,, sinb,,
0 cosd,;, Sn6b, 0 1 0 —sing,, €oso,,
0 -sind,, cosh,, )| -€°sind, O cosd, 0 0
5th June 2003, Kengo Nakamura
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primary trigger efficiency within 5m radius

delayed trigger efficiency within 5m radius
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