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Figure (4): Election neutrino aurvivai probability contours for an expo-
nential solar cjectron density profile and an election neutrino produced at
center of the Sun.
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Using solar vs' to probe the Sun

1946 Pontecorvo,1949 Alvarez
37C| + ^ ^ 37A r + e -

1960's
Ray Davis, builds
Chlorine detector

John Bahcall, generates
SSM & v flux predictions

"...to see into the interior of a star
and thus verify directly the
hypothesis of nuclear energy
generation in stars..."

9.3 10

Energy



Super-Kamiokande
Elastic Scattering: vx + e" -» vx + e

= 2.32 ± 0.03 +J{g (106

(stat) (sys.)

Data/SSM = 0.451 ± 0.005
(stat) (sys.)

COSO.
sun



Gallium Measurements

X

3

Two independent experiments

SAGE Data/SSM = 0.55 ± 0.05

- ;"!< DaU/SSM-= 0.37 ± O.OB

Latest SAGE results (astro-ph/0204245)
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Solar Flux
jment

Results

/ v flux

6 .5 - 1010/cm2/s

X

1

-

hcall-Plrwwnneault

10'0 1

Experiment

Chlorine
(1271)

Kamiokandc
(68()t)

SACil-(2?l)

Ciallcx-(-(iNO
(12 t)

SupcrK(22kl)

Yejir

1970-
1995

1986-
1995
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19%-

Detection kcadion
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 ? 1 ( K - e"

7 l < r t . < v , - ? l U - - c -

Ratio Exp/BP2000

0.34 -i 0.03

0.54 i 0.08

0.55 ± 0.05
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Astrophysical Solutions?

SSM Energy Generation

p + p - ^ H + e+ + ve p + e~ ••• p -^ 2H + ve

1 T
2H + p~*

3He + 3He 2p 3He + p

3He a "

7Be 7Be + p

7Li + p * a + a e+ + v

i it

Hata and Langacker
" ' /

SSM —-

e

The data are incompatible with standard and non-
standard solar models

(For a model independent analysis see Heeger and Robertson, PRL 11 (1996) 3110)
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Gallium IsoSNUs

>

M 1 I I I I MB I I I I l l l l )

V \ Chlorine
x \1.8-2.4 ami

.0001 .001

sin 2S0/cos260

I I 1 _ _ J ™._L , L.

.0001 .001 .01 .095 ,62 .99

sin2 20O

S. Parke and T. Walker - PRL 57, 2322 (1986)
—based on analytic results of

S. Parke - PRL 57, 1275 (1986)



Matter Enhanced v Oscillations

MSW gives a dramatic
extension of oscillation
sensitivity to potential
regions in Am2

Solar v data are
consistent with the
MSW hypothesis.

Need definitive proof
Appearance measurement
Independent of SSM

10"

LMA

LOW

10"



Super-K Solar v Energy Spectrum
1

SK 1117day 22.5kt (Super-K Preliminary)
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J slat, error
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no evidence for spectral distortion
high energy end consistent with 5x SSM Hep flux



Super-K Day-Night Result

0.8
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The Sudbury Neutrino Observatory

p + p + e
-Good sensitivity to ve energy spectrum
-Weak directional sensitivity * i-i/3cos(B)
- vfi only.

- Measure total SB v flux from the sun.
- Equal cross section for all v types
- 2.2 MeV Threshold, Integrated E > Eth

-Low Statistics
-Dominant contribution (5/6) from ve,

smaller ('1/6) contributions from vM & vT

-Strong directional sensitivity



The SNO Detector during Construction

Peter Doe, John Wiikerson, Hamish Robertson University of Washington, June 18, 2001



Key signatures for un v
Measure total flux of solar neutrinos vs. the pure ve flux

Direct —*
Evidence
for v flavor
change -

cc

es 0 . 1 5 4 ^ + VT)

CC V,

nc V + V + Vv e vn v
April 2002

Potential signal
For v oscillations day 0>night April 2002



v Reactions in SNO

p + p + e
•Good measurement of vp energy spectrum
-Weak directional sensitivity y 1-1/3COS(0)

- v only.

- Measure total 8B v flux from the sun.
- Equal cross section for all v types
- 2.2 MeV Threshold, integrated E > Eih

Only Phase
n captures on deuteron
2H(n, y)3H
Observe 6.25 MeVy

•Low Statistics
-Mainly sensitive to ve ; some sensitivity to
-Strong directional sensitivity

•'_V- • - W • •; -=..-*

and vT



Extraction of CC5 ES, NC Signals

To extract the CC, ES,
NC signal SNO
performs a Max-
likelihood statistical
separation of these
signals based on
distributions of the
SNO observables.
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Neutrino Flavor Composition of 8B Flux

Fluxes
(106crrv2s-1)

ve: 1.75(15)

V.

Vtotal1

VSSM"

3.69(113)

5.44(99)

5.05

• Tr*

8

© 2-

0-
o

Peter Doe, John Wilkerson, Hamish Robertson University of Washington. June 18, 2001 27



SNO NC in Do0 Conclusion

2/3 of initial solar ve are observed at SNO to be

o
o

•--^7-=-

ssm
+ 1 0 1

-0.81 sno
+ 0 . 4 4 + 0 . 4 6

-0.43



SNO Conclusions
• First NC flux measurements - clear
evidence that the majority of ve

produced in the Sun are transformed
to v(( and/or vT

• Null hypothesis - "No Weak Flavor
Mixing" ruled out at 5.3 a

• Lowest Detection threshold yet for a
real-time solar v detector

• Total 8B flux measurement agrees well
with Solar Modeis

• Data in good agreement with previous
SNO - SK CC/ES result

• First measurements of the
Day-Night Asymmetries
• SNO Data consistent with MSW

oscillation interpretation
• combined with global solar neutrino data

favors LMA solution
• "Dark side" solutions not allowed,

indicating mv2 >

and Solar Model information
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iscillation sean

1956 Reines & Cowan
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Solar neutrino LMA implication

Reactor experiments optimum at -180 km
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KamLAND - Kamioka Liquid
Scintillator Anti-Neutrino
Detector

(4

E
3 *

EC 2

Neutrino Flux at KamLAND

0 200 400 600
L(km)

80t) 1000



KamLAND first results (hep-ex/0212021

• Data summary
-145.1 live days
-Observed: 54
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Evidence of ve o ciiiations

KamLAND with LMA shown
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10
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Rate excluded
Rate + Shape allowed
LMA

_ ' Palo Verde excluded
C'hooz excluded

i i i 1 1 1 1

CL:95%

0 0.2 0.4 2 0i> 0,8
sin"20

hep-ex/0212021

Global fit
(de Holanda and Smirnov)
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Impact of prec-

Improved NC/CC measure-
ment will yield an improved
912 value

toJ

• D2O: unconstrained
• Salt: perhaps 10=15%
• NCD; potentially -5 %

Note KamLAND should
improve on Am12

Possible chance to observe
Day/Night asymmetry and
hence direct oscillation
siganl

Q 10

01 0 2 0 3 0.4 0.5 0.& 0.7 0.8 0.9 1

de Holanda and Smirnov
hep-ph/0212270
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