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Filling phase of the Borexino detector (2007, Laboratorio del Gran Sasso)
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Study of Solar Neutrinos = Solar Neutrino Problem - Neutrino Oscillations

e Radiochemical experiments discovered Solar
Neutrinos (1960s). The Sun is powered by
nuclear fusion!

e Kamiokande measured solar V. 8B neutrinos
(1980s).

® But detected V. flux ~1/3 of expected:“The
Solar Neutrino Problem”

® SNO measured (2000) the total Ve and Vx flux
from 8B neutrinos demonstrating neutrino
oscillations.
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Oscillations parameters Am? and tan?0 constrained from
solar + KamLAND reactor data

® |s MSW-LMA correct? How well can we test
the model?

Physics beyond the Standard Model can affect
the features of the P.. dependence on neutrino
Open Issues energy-

Probe the Pee transition region.

How well are solar neutrino fluxes predicted by
the SSM? Two competing models High and Low
Metallicity.




e-7 flux measurement
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’Be neutrinos

e Large flux: 100 times larger than B.

Day/Night
® Flux predicted with 7% uncertainty. Asymmetry

® Mono-energetic E = 862 keV.
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3. B-8 measurement
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Source E>3 MeV E>5 MeV
a4 a4
Energy threshold  3.6% 6.1%
Fiducial mass 3.8% 3.8%
Energy resolution  0.0% 0.0%
Total 5.2% 7.2%
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8B neutrinos

Lowering energy threshold to see
increase in Pec at lower energies.

2010:SNO (3.5 MeV, Phase | and Il), Borexino (3 MeV)
201 1: KamLAND (5.5 MeV), SNO (Phase lll), SKIII (5 MeV)

All current observations consistent with expectations:

Elastic Scattering Neutral Current
KamL AND Rate . Y e
KamI AND Rate+Energy
Kamiokande IT
Super Kamiokande I
Super Kamiokande IT
Super Kamiokande ITT
SNOD,O
SNO Salt
SNO NCD H—o—
Borexino, E > 50 MeV
Borexino, E > 3.0 MeV
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4. Geoneutrinos

1. BOREXINO

AntiNeutrinos emitted in beta decays of naturally
occurreing radioactive isotopes in the Earth’s

crust and mantle

Moderate Nuclear Reactors bkgd at LNGS

Detection by Inverse Beta Decay (1.8 MeV thr.)

2. Be-7 flux measurement
3. B-8 measurement
4. Geoneutrinos

5. Pep first detection

0.2 ] 6. Future
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® Borexinc data
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5. Pep first detection
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pep and CNO neutrinos

Tests of MSW-LMA with /Be limited due to
uncertainty in solar flux.

pep flux predicted with higher precision, |.2%
uncertainty. Allows for more stringent tests of
oscillation models. Also mono-energetic.

CNO fluxes directly related to Solar Metallicity.

Allows to discern between High Z and Low Z
models.

Fluxes 10 times smaller than ’Be. End points |-2
MeV. !!C is the dominant background in Borexino.




oing for pep:and-CNO: *'C tagging

The main background for pep
and CNO analysis is 11C, a long
lived ( 7 =30min) cosmogenic
S+ emitter with ~IMeV end-
point

(shifted to 1-2MeV range)

T (n capture):
~250Uus

z (MC): ~30min
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——— Data (0.9 = 1.8 MeV)
e:vs,’*Pb,
*°Bi, External.y
°+= uc' :I.Oc
Best Fit

=0.4 =0.2
Pulse shape parameter

FIG. 2 (color). Experimental distribution of the pulse-shape
parameter (black data points). The best-fit distribution (dashed
black line) and the corresponding e~ (solid red line) and e™
(solid blue line) contributions are also shown.
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Spectrum of events in FV
Spectrum after TFC veto
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6. Future (summary)
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atmospheric  s;=sind; c;=cosd,

I 0 Ok g, O
e
0

= Sn_Cn

PMNS neutrino mixing matrix, analogous to CKM matrix for quarks

0.03(0.04)< sin® 2013 < 0.28(0.34)
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