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Neutrino precision tests

Early Solar Neutrino Exps.
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What is known, what is unknown

Neutrino flavour oscillations
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KamLAND, solar antineutrinos and
their magnetic moment
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3 neutrinos:
Limit from Borexino |u | < 0.84 x 10710

» Better than the limits obtained for SK-I global analysis (|p,| < 3.6 x
10719 ;5 Liu 2004), and the combined analysis of the Kamiokande-
Clorine experiments (|u | < 5.4 x 107'% ,; Mourao 1992);

« Comparable with the combined analysis from other solar neutrino
gxspgé’i)ments (Ju,| < 1.5 % 10719 4, at 90% CL Beacom 1999) (SSM-

« Comparable with the Super Kamiokande total rate analysis (|, | <
2.1 x 10719 1, at 90% CL (SSM-AGSO05);

« Competitive with respect to the direct limits from reactors (i.e. |p, | <
1.0 x 10719,z at 90% CL in MuNu Daraktchieva 2003, |u, | < 0.58 x
1071% u; at 90% CL in GEMMA experiment Beda 2007);

 Independent on the solar standard model: |, L< 1.5%x10710,,(<6.8
x 10710 ), u, | < 1.9 x 1070 15 (< 3900 10710 ).
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R Light sterile neutrinos
and spin flavour precession
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Two gallium data sets, spin flavour
precession and KamLAND

Period 1991-1997 (I)  1998-2003 (II)
SAGE + Ga/GNO  77.8 £ 5.0 63.3 £ 3.6
Ga/GNO only T15x7.7 62.9 £6.0
SAGE only 79.2 1+ 8.6 63.9 £5.0

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 »? rates. Units are SNU for Ga and Cl and 10° cm™
s~ for SK and SNO. Here Am2,,=0.65 107 eV/2

1 A . 1 2 2 2 2
Ga Cl K (SK) SNONC SNOcc SNOEgs A fates A$Kep X$NOy XKL
Set (I) 71.7 2.66 2.29 3.09 15.3
Set (II) 69.6 2.18 5.53 1.54 2.16 2.28 44.6 45.8 15.3
LMA 64.8 2.74 2.30 5.10 1.75 2.28 0.95 45.7 43.1 14.5
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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 B, of the solar magnetic field (profile 1) and Am?2,.
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Magnetlc field proflles
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Magnetic field
@ convention zone (Profile 1)

Bglz;lG) s11 913 Ga C1 SK SN{:}NQ SNOQC SNOES chr,tes X%Hsp _1'%'3\.' lgi

0
0 672 299 251 562 1.90 249 007 427 572 999
0 0.1 | 66.0 294 249 562 1.87 246 030 421 552 97.6
0.13 | 65.0 290 246 562 1.84 244 062 417 537 96.0

0 66.4 282 232 537 1.76 231 020 376  46.0 838
140 0.1 | 653 277 229 537 1.73 225 053 379 449 3833
0.13 | 643 272 227 537 1.70 225 095 334 441 834

Table I - Peak field values (profile 1), sin 63, total rates (in SNU for Ga and Cl experiments,
in 10cm =251 for SK and SNO), and the corresponding x*?’s. The total number of degrees
of freedom is 82 = 84 experiments (Ga + Cl + 44 SK + 38 SNO data points) - 2 parameters,
(see ref. [15]). It is seen that for a sizable field (By = 140 EG) all fits improve.
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Magnetic field
@ center (Profile 2)

B.D(JIG) 5111913 (:'}EL Cl SK SN(:}NC SNOC{] SN(:}EE Iﬁafes }C%I{.‘Jp }-:%'_."\-'G X;I

0 64.7 2.75 232  5.38 1.76 232  0.76 38.0 46.1 8438
0.75 0.1 |63.6 270 230 538 1.73 229 132 384 450 847
0.13 | 62.6 266 228 538 1.70 226 1.92 388 442 849

Table IT - Same as table I for profile 2 where the vanishing field case is ommited. As for
profile 1, with a sizable field (By = 0.75 MG) all fits improve with relation to the vanishing
field (compare with table I).

Magnetic field & solar neutrinos

Varying field ®B flux Others
Profile 1 (CZ) Yes No
Profile 2 (WS)  Yes Yes

Table 1II - The possibility for detecting through solar neutrino experiments the magnetic
fields concentrated either in the convection zone (profile 1) or in the core and radiation zone

(profile 2).



The SuperKamiokande spectrum:
the top three curves refer to sin ®,5, =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 ®; 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 @,; = 0. The spectrum for profile 1 exhibits a shallow minimum while for
profile 2 it is monotonically and smoothly decreasing with the energy.

044 _| T T T T | T T T T | T T T T | T T T T i
o I Profile 1 —— i
5 043 L Profile 2 h
- -
@ B -
O = -
- n -
@ 042 -
oY . -
o ~ -
= - .
> = -
D 0.41 _
O - -
o L =

040 -l 1 1 L | | | 1 1 | | | | 1 1 | | | 1 1 |

3.0x10 5.0x10 7.0x10 9.0x10 1.1x107

E. (eV)
10 March 2009 Marco Picariello 14



Borexino spectra for 7Be v (full lines), 150 (dashed) and 13N (dot-dashed)
evaluated for vanishing field and profile 2 at the best fit with @,; = 0.
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Conclusions

+ We studied the Resonant Spin Flavour Precession of Solar v to light sterile
v, @ mechanism which is added to the well known LMA one, ina 4 v
scenario.

« The transition magnetic moments from the v, and v_to v, 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

sen_sit_ive 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.

10 March 2009 Marco Picariello 16



	Neutrino dipole moments and Solar experiments 
	Neutrino precision tests
	What is known, what is unknown
	KamLAND, solar antineutrinos and their magnetic moment
	3 neutrinos:�Limit from Borexino |mn| < 0.84 × 10−10 mB
	Light sterile neutrinos�and spin flavour precession
	Two gallium data sets, spin flavour precession and KamLAND
	SNO+: predictions from SSM and�resonant spin flavour precession
	Magnetic field profiles
	Magnetic field �@ convention zone (Profile 1)
	Magnetic field �@ center (Profile 2)
	The SuperKamiokande spectrum:�the top three curves refer to sin Q13 = 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 Q13 for a sizable field (profile 1), with B = 140 kG at the peak.
	Borexino Reduced Rate
	Borexino spectra for 8B neutrinos evaluated for profiles 1 and 2 at the best fit�with Q13 = 0. The spectrum for profile 1 exhibits a shallow minimum while for profile 2 it is monotonically and smoothly decreasing with the energy.
	Borexino spectra for 7Be n (full lines), 15O (dashed) and 13N (dot-dashed)�evaluated for vanishing field and profile 2 at the best fit with Q13 = 0.
	Conclusions

