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1. Brief Introduction to the Solar Neutrino Problem
2. Overview of different experimental results
3. What we have done: | References: hep-ph/0112101 and hep-ph/0111418]

e exclusion plots using all solar neutrino data

e iso-signal predictions for Borexino, NC-SNO and kamLAND

4. Conclusions and Outlook ...



... Brief Introduction to the Solar Neutrino Problem. ..

e 70s: first solar-v-flux measurement based on inverse 3 decay on 37Cl at Homestake measures a v
deficit of approximately 70%!
— What is happening to solar vs on their way to the earth?
— Could the Standard Solar Model (SSM) be wrong?
e 80s- early 90s: other experiments based on inverse 5 decay on Gallium, such as SAGE (1990),
GallEX (1992) reproduce Homestake results.

— Are vs undergoing flavor-changing (FC) oscillations as they reach the earth?

— What are the theoretical implications of such FC oscillations?
— Could this be one of the first indications of 'NEW PHYSICS’?

e 90s: Kamiokande (~ 1989) and SuperKamiokande (1998) measure v, elastic scattering in HyO,

still confirming v, deficit.
— Real-time detection of ’directional neutrinos’, making day-night analysis possible.

— There is still no satisfying (i.e. converging) solution in the oscillations parameter space

e 2001: results from SNO, detector capable of measuring elastic-scattering, charged-and neutral-current

interactions of all active flavors in D5O.
— SNO measurement seems to strongly disfavor the small mixing angle (

SMA) solutions to the solar v problem.

What Next?

Borexino, KamLAND and NC-SNO will hopefully narrow down the allowed solutions in the parameter space.




Overview of different experimental results

3Cl + v, 3" Ar +e”
e 814 KeV threshold
e Measured the radioactivity of 3"Ar which was chemically extracted from 3"Cl.

e Measured 0.332 £ 0.056 Spata/Sssm-

1Ga +v,. 5" Ga + e

e 223 KeV threshold = more neutrinos coming from the pp chain where ’captured’.

e same idea as Homestake.

e Measured 0.579 £ 0.050 Spata/Sssm-

e Best threshold: 5 MeV = measured only neutrinos coming from the 8B and hep chains. The threshold decreased
considerably from Kamiokande to SuperKamiokande.

e Measured Cherenkov light emitted by the scattered electron.
e Measured 0.451 + 0.011 Spaga/Sssm-

Veo+d—e +p+p&v.+e = v, +e

6.75 MeV threshold. As for SK, measured Cherenkov light emitted by electron produced in both interactions.

CC measurement: 0.347 £ 0.029 Spata/Sssm-




Expected results from KamLAND, NC-SNO and Borexino

e Will measures monochromatic 0.862 MeV "Be vs.
e Measurement of neutron-capture prompt, monochromatic y rays at 6.25 MeV.
e Phase I: NC measurement in pure D5O, results expected soon.

e Phase II: NC measurement enhanced by presence of NaCl (which increases the v energy to 8.6 MeV). Taking
data since May 28, 2001.

e Reactor v experiment using 16 Japanese commercial reactors as source of v.. The detector is similar to Borexino
and might also measure solar v elastic scattering processes.

e Detection and signal discrimination is ’fail-safe’ coincidence measurement of prompt « from the annihilation of
the positron and delayed v from the subsequent re-capture of the emitted neutron.




What we have done (hep-ph/0111418 and hep-ph/0112101)

1. Phenomenological study of all solar v data including SNO and recent
SK results

2. Inclusion of CHOOYZ and atmospheric neutrino constraints on the
solar-neutrino parameter space ADSW@ tan? Swv.

3. Strategy:
e v oscillation hypothesis;

e bidimensional and tridimensional models;
e introduction of matter effects in the hamiltonian:
e comparison between computed signal and experimental results;

e statistical x2 analysis.
4. Aim of the analysis:

e determination of the allowed regions in the mixing parameter space;
e Predictions for Borexino, SNO-NC and kamLAND signals.



Global Rates: situation Prior to SNO results (< August 2001)
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Figure 1: pre-SNO global analysis. Global rates for Su-
perKamiokande, Homestake, GallEX-SAGE-GNO included.



Global Rates: situation after SNO results (> August 2001)

Solution ~ Am? tan* 0 Xo/n gof.

VAC 0.686E-10 0.361E+00 0.52  59.45 %
LOW-VAC 0.191E-08 0.164E+01 1.03  35.70%

VAC 0.891E-09 0.183E+01 1.61  19.89%
LOW 0.122E-06 0.707E+00 2.04  13.00%

e With the introduction of SNO-CC
results, the SIMIA solution is no
longer tavored over the LM A
solution.

e The LMA, LOW and VAC are
clearly separated.

lr-llll.lnl.l.l[ll.l.ll.ll.!

—4
10 LMA ‘

SMA -

10°°

LOW ’

Am? /eV?

1078

107" VAC
Global: Post—SNO

HOIE i

1074 1072 10°
tan2 6@

Figure 2: Global analysis, including SNO

Note: From the comparison of SNO-ES and SK-ES: clear indication of

Ve oscillations into active flavors.



SK spectrum analysis for fixed 5B flux

Solution ~ Am? tan* 0 Xo/n gof.
LOW-VAC 0.191E-08 0.164E+01 0.73  88.97%
LOW 0.122E-06 0.668E+00 0.82  77.90%
LOW-VAC 0.382E-08 0.138E+01 0.83  76.78%
VAC 0.891E-09 0.173E+01 0.85 73.10%
LOW-VAC 0.877E-08 0.131E+01 0.87  70.65%
VAC 0.274E-09 0.242E+01 0.88  68.00%
LOW 0.175E-07 0.117E+01 0.88  67.96%
LOW-VAC 0.110E-08 0.258E+00 0.89  67.30%
VAC 0.891E-09 0.478E+00 0.91  63.08%
VAC 0.274E-09 0.382E+00 0.91  62.85%
SMA 0.729E-05 0.126E-02 1.04  39.89%
VAC 0.686E-10 0.244E+00 1.07  35.78%
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