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John Bahcall

1934-2005

The legacy:

“...to see into the interior of
a star and thus verify
directly the hypothesis of
huclear energy generation..”

Bahcall and Davis, 1964
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A global analysis of the solar neutrino data

Active 2x2 Solar
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Solar + KamLAND Global Analysis

Active 2x2 Solar & KamLAND
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SNO first Salt Results , Balantekin and Yuksel, PRD 68, 113002 (2003)
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Can we probe 045 in solar neutrino
experiments?

Not easily!



Active 3x3 Solar & KamLAND
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Joint analysis of the solar

03 1 neutrino data including
. final SNO salt results
Sl ] along with the most recent
’ KamLAND data
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Can we rule out solar density

fluctuations?
i Electron Neutrino Survival Probability with Fluctuations
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2x2 SK + SNO + KamLAND Neutrino Data with Fluctuations
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Spin-flavor precession
in the Sun
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Solar magnetic fields

- Standard Solar Model requires B < 108 G.

* Helioseismology: If B> 107 G, sound speed profile
would deviate from the observed values Turck-
Chieze.

» Solar neutrino flux variations with heliographic
latitude may imply magnetic fields Caldwell.



Cl-detector Ga-detector

A.B. Balantekin, P. Hatchell, F. Loreti, Phys. Rev. D41, 3583 (1990)



Balantekin, Loreti, Pakvasa, Raghavan. Spin-flavor
precession changes neutrino helicity. If the
neutrinos are of Majorana type this yields a solar

antineutrino flux.

Kamland and SNO bounds on solar
antineutrino flux:
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Probing non-standard neutrino interactions
Friedland, Lunardini, Pena-
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For 6m2 = 8 x 10-° eV?, sin%0, = 0.3, assuming an exponential
density profile for the Sun, for neutrinos produced at the
center of the Sun this gives E, % 1.8 MeV |
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Possible new physics

Vacuum oscillation
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Adiabatic matter osc.



ee

0.6

0.5

0.4

R

0.2

IIIIIII'III

S

|r|ll.-

1

10

0.7

0.6

0.5

0.4

0.3

n_.mn.

1
Friedland, et al.

|

i o i
_ *B ﬂnHu.wu,__._
“ 1 1 11 _ " 1

—

1
E (MeV)
Miranda, et al.

10

Flux {em-2 s-1)

1012

g .T.\I.‘“Ij
PP

1o
o
10
1t
oe
o8
104

m2

Bahcall-Serenelli 2005

Neutrino Spectrum (z1g)

II.I_IL.I_I_I.

Neutrino Energy in MeV




Mass-varying neutrinos, Fardon, et al., astro-ph/0309800

Scale of dark energy is similar to that of neutrino mass, (2x10-3
eV)*. Assume that they are related and dark energy and neutrino
densities remain invariant under variations of neutrino mass.
Introduce Yukawa coupling between a light sterile neutrino and a
light scalar field
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Conclusions

* Solar neutrinos alone will not pinpoint 6,5, but they
will help.

* A lot of new physics may show up at the solar
neutrino spectrum near E, around 1 or 2 MeV.

» Currently we can rule out solar density fluctuations
of 6 to 7%. In a fitting tribute to John Bahcall this
represents a proof of principle that we can do solar
physics with solar neutrinos.

» Solar neutrinos are unlikely to provide further new
information about neutrino magnetic moment.



