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

avis, 1964

The legacy:
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A
 global analysis of the solar neutrino data

Balantekin & Yuksel, J.
Phys. G 29, 665 (2003).



Solar + Kam
LA

N
D

 Global A
nalysis



SN
O

 first Salt Results , Balantekin and Yuksel, PRD
 68, 113002 (2003)



Can we probe q
13  in solar neutrino

experim
ents?

N
ot easily!



3 param
eter

Global Fits to
Solar
N

eutrino
Experim

ents
A

nd Kam
LA

N
D

for different
values of q

13

Balantekin &
Yuksel, J. Phys. G
29, 665 (2003).



Joint analysis of the solar
neutrino data  including
final SN

O
 salt results

along with the m
ost recent

Kam
LA

N
D

 data

Balantekin, et al., PLB 613, 61 (2005)



Can we rule out solar density
fluctuations?Balantekin and Yuksel,

PRD
 68, 013006 (2003)









D
irac neutrinos

Spin-flavor precession
in the Sun

M
arciano, Lim

 and A
khm

edov



M
ajorana neutrinos



Locations of the SFP
and M

SW
 resonances

in the sun

For the solar neutrinos
these resonances essentially

overlap (Friedland)



Solar m
agnetic fields

• Standard Solar M
odel requires B < 10

8 G.

• H
elioseism

ology: If B > 10
7 G, sound speed profile

would deviate from
 the observed values Turck-

Chieze.

• Solar neutrino flux variations with heliographic
latitude m

ay im
ply m

agnetic fields Caldwell.



D
irac

M
ajorana

P=0.1
P=0.9Cl-detector

Ga-detector

A
.B. Balantekin, P. H

atchell, F. Loreti, Phys. Rev. D
41, 3583 (1990)



Balantekin, Loreti, Pakvasa, Raghavan. Spin-flavor
precession changes neutrino helicity. If the
neutrinos are of M

ajorana type this yields a solar
antineutrino flux.

Kam
land and SN

O
 bounds on solar

antineutrino flux:

j
antineutrino ≤  3 x 10

-4 j
B8-neutrino



m
n =10

-10m
B

weak only

additional m
n <10

-10m
B

SuperK: m
n  ≤ (3.6 x 10

-10 )m
B at 90%

C.L.

SuperK + Kam
LA

N
D

: 
m

n  ≤ (1.1 x 10
-10)m

B at 90%
C.L.



for the lim
iting case of N

n = 0, one gets

A
.B. Balantekin and C. Volpe, Phys. Rev. D

72, 033008 (2005)



• m = 10
-11 m

B

• B = 10
5 G

• dm
2 = 8 x 10

-5 eV
2

• tan
2q = 0.4

A
.B. Balantekin and C. Volpe, Phys. Rev. D

72, 033008 (2005) 

For these param
eters the

difference between M
SW

only and SFP+M
SW

 is less
than 10

-5.



Probing non-standard neutrino interactions
Friedland, Lunardini, Pena-
Gray, hep-ph/0402266;

M
iranda, Tortola, Valle, hep-

ph/0406280



A
diabatic

solution

M
ost-pronounced

contribution of non-
standard interactions

For dm
2 = 8 x 10

-5 eV
2, sin

2q
v  = 0.3, assum

ing an exponential
density profile for the Sun, for neutrinos produced at the

center of the Sun this gives E
n ≈ 1.8 M

eV !



Vacuum
 oscillation

A
diabatic m

atter osc.

E
n

Possible new physics
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Friedland, et al.

M
iranda, et al.



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

Barger, et al., hep-ph/0502196

Scale of dark energy is sim
ilar to that of neutrino m

ass, (2x10
-3

eV) 4. A
ssum

e that they are related and dark energy and neutrino
densities rem

ain invariant under variations of neutrino m
ass.

Introduce Yukawa coupling between a light sterile neutrino and a
light scalar field



Conclusions

• Solar neutrinos alone will not pinpoint q
13 , but they

will help.

• A
 lot of new physics m

ay show up at the solar
neutrino spectrum

 near E
n  around 1 or 2 M

eV.

• 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
inform

ation about neutrino m
agnetic m

om
ent.


