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Neutrino precision tests
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What is known, what is unknown
Neutrino flavour oscillations

Majorana neutrinos
 

? 0νββ: masses and phases

Absolute neutrino masses ? 3 H beta decay, Cosmology

Form of the mass spectrum

Matter effect in neutrino 
propagation
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KamLAND, solar antineutrinos and 
their magnetic moment
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3 neutrinos:
 Limit from Borexino |μν

 

| < 0.84 ×
 

10−10
 

μB

•
 

Better than the limits obtained for SK-I global analysis  (|μν

 

| < 3.6 ×
 10−10

 

μB

 

Liu 2004), and the combined analysis of the Kamiokande-
 Clorine experiments (|μν

 

| < 5.4 ×
 

10−10

 

μB

 

Mourao 1992);
•

 
Comparable with the combined analysis from other solar neutrino 
experiments (|μν

 

| < 1.5 ×
 

10−10

 

μB

 

at 90% CL Beacom 1999) (SSM-
 GS98);

•
 

Comparable with the Super Kamiokande total rate analysis (|μν

 

| < 
2.1 ×

 
10−10

 

μB

 

at 90% CL (SSM-AGS05);
•

 
Competitive with respect to the direct limits from reactors (i.e. |μν

 

| < 
1.0 ×

 
10−10

 

μB

 

at 90% CL in MuNu Daraktchieva 2003, |μν

 

| < 0.58 ×
 10−10

 

μB

 

at 90% CL in GEMMA experiment Beda 2007);
•

 
Independent on the solar standard model: |μνμ

 

| < 1.5 ×
 

10−10

 

μB (< 6.8 
× 10−10

 

μB

 

), |μντ

 

| < 1.9 ×
 

10−10

 

μB

 

(< 3900 ×
 

10−10

 

μB

 

).
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Light sterile neutrinos
 and spin flavour precession

Profile 2:

Δm2
01

 

=2.7 10-6

 

eV2,

B0

 

=1.5 MGauss 

@ center (Wood-Saxon type) 

Profile 1:

Δm2
01

 

=1.25 10-7

 

eV2,

B0

 

=0-280 kGuss,

@ convection zone 
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Two gallium data sets, spin flavour 
precession and KamLAND

Best fits to data sets (1991–1997 and 1998–2003), and LMA best fit. 
For data set (1991–1997) only Ga, Cl and Kamiokande data were 
available and for set (1998–2003) all SuperKamiokande and SNO 
data were available but not Cl. In set (1998–2003) only the Ga rate 
contributes to χ2

 

rates. Units are SNU for Ga and Cl and 106

 

cm−2

 s−1

 

for SK and SNO. Here Δm2
01

 

=0.65 10-7

 

eV2
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SNO+: predictions from SSM and
 resonant spin flavour precession

The expected rate reduction for the pep
 

flux with respect to the non-oscillation case, as
a function of the peak value B0

 

of the solar magnetic field (profile 1) and Δm2
01

 

.
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Magnetic field profiles



10 March 2009 Marco Picariello 10

Magnetic field 
@ convention zone (Profile 1)
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Magnetic field 
@ center (Profile 2)

Magnetic field & solar neutrinos
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The SuperKamiokande spectrum: 
the top three curves refer to sin Θ13

 

= 0, 0.1, 0.13 from top to bottom in the 
case of zero magnetic field, and the lower three curves refer to the same 

values of sin Θ13 for a sizable field (profile 1), with B = 140 kG at the peak.
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Borexino Reduced Rate
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Borexino spectra for 8B neutrinos evaluated for profiles 1 and 2 at the best fit 
with Θ13

 

= 0. The spectrum for profile 1 exhibits a shallow minimum while for 
profile 2 it is monotonically and smoothly decreasing with the energy.
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Borexino spectra for 7Be ν (full lines), 15O (dashed) and 13N (dot-dashed) 
evaluated for vanishing field and profile 2 at the best fit with Θ13

 

= 0.
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Conclusions
•

 
We studied the Resonant Spin Flavour Precession of Solar ν

 
to light sterile 

ν, a mechanism which is added to the well known LMA one, in a 4 ν 
scenario.

•
 

The transition magnetic moments from the νμ

 

and  ντ to  νs

 

play the 
dominant role in fixing the amount of active flavour suppression.

•
 

The data from all solar neutrino experiments
 

except Borexino exhibit a clear 
preference for a sizable magnetic field

 
either in the convection zone or in 

the core and radiation zone.
•

 
We argue that the solar neutrino experiments are capable of tracing the 
possible modulation of the solar magnetic field.

–

 

Those monitoring the high energy neutrinos, namely the 8B flux, appear to be 
sensitive to a field modulation

 

either in the convection zone

 

or

 

in the

 

core and 
radiation zone.

–

 

Those monitoring the low energy fluxes will be sensitive to the second type of 
solar field profiles

 

only. 
In this way Borexino

 
alone may play an essential role, since it examines 

both energy sectors, although experimental redundance from other
 experiments will be most important.
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