* Looking at the experimental results * Leading and sub-leading
¥ Profile of the effect U e3 in solar neutrinos
* Global solutions sterile component
* Spin-flavor Flip
* Non-standard neutrino interactions




Solar Neutrinos: 2000 - 2002

Breakthrough:
Fust direct evidence of
flavor comversion

Main conchicion: Solar neutrmos undergo flavor conversion
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Vo => ¥, ¥, orfand ¥, ¥,

Key word: B Appearance of the muon and tau neutrino

. flux from the Sun

B Non-electron neutrmos compose mam part
of the flux at luch energies E > 5 MeV

Mam 1ssue: Mechamsm of conversion?
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P.A Sturrock, M A Webber
J.D. Scargle

m“ greement with geometrical
(eccentricity effect)
no statiztically sienificant vanations

No strong identification
m the fits: upper bounds
no play mportant role
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Global Fit

Dafa

Neutrino
fluxes

F. de Holanda, &4 5.
hep-ph/0205241

Neutrino
model

m Homestake
m SAGE
m GONO+GALLEX

sajer

m SuperEanuokande:
Zenith spectra

m SNO:
Day and Night spectra

au s

| 81 data pomts I

= BP2000

m FBoron neutrnoe flux:
= &S5
fp = Fp /Ty
free parameter

= F.,= 093109 cn? ¢!

Two neutrmo
NUXMg

Oscallation
parameters:

Am 2, tan<d
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F. de Holanda, A5
= 6.2 10 eV4

= 0.40
= 1.06

Am? = (4 - 12) 107 eV
tan<f = 0.32 - 0.51

o 37 - bounds:
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051 1o
B | tan?f <4 062 20
P 0.79 3o

= iaﬁfiy -F‘linﬂndsﬁ'nm different analyses:
- [055  SNO
tanf < 4 0.64 Barger et al

. 0.89  Bahcall et al

Maximal mixings A-cvtdat 10

N ;
cC = 2 (-2.20) For maxunal

NUXmg

Q,, ~ 3.18NU (+2.80) (£ = 0385

Important maplications for theory

Double beta decay, determumation of the

abzolute =cale of neutrmo masses
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3.4 104 V2 30

(19 104 &2, SN0
= 223 104 eVZ, Barger et al
1 3.7 104 eV% Baheall et al

O At maximal allowed value
Am? ~ 3.4 104 eV
NC/CC ~ 2
Q, ~ 3.25 SNU
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Best fitipoint
Am? = 093 10-7 V-
tan?f = 0.63
f, =091

=

Ce atHB 89% CL
#’ Hpﬁinut appear at 30 - level

Zenith spectra at SK:
unportant for quality of
the fit
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Bestifitspoint

Amd = 5.0 108 V4
tan2d = 5.0 10 -4
iy =058

A = -0.86%

37 lower boron neutrmo flux
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= 4.5 10-10 e\2

=0.72

= 2.00

at 30 - level:
he parameters plane

SSM restriction on fp
exclusion at 3¢ -level
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Deviation, ¢
P. de Holanda, A5
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D-N Asymmeftry: SK vs.

Eahcall

Erastew, A 35 Udumpmg’” factor
for ES

P is the averaged survival probability
P~ sin2f (LMA, LOW)

r=o(ye)/olv.e)

The asymmetry m ES 15 suppressed
due to effect of yu"'l ¥, neutrmos

The effect 1s significant (in spite of
smaller cross-section) smce the

B ! ¥ flux 15 2 - 4 larger than

v, -flux

Aw-o (SNO ES)

0 10 | 20
Ayo (SNO CC)

30

I.M. Bahcall, C. Gonzalez-Garcia, C. Pena-Garay
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Solar neutrinos and U e3

B Context: 3v scheme solar + atmospheric Amé, >> 2EV
| Prn:-.pagatinn (V. vy V) m (v, v, Vi) ¥, - decouples”” producing
,]T"Hsls; = averaged oscillation effect
v.= (U, + U, ) 1+1T.2 i ;
° ( SRS e 3) = Y — ¥, mix, and convert
_ _ o T
j|”I|_|. - (LTEI I’JIE UEE I’jl)"' 1+ LT&E

= ;,EE =
\-"E ﬂ""e
B scheme of - -
transition V 2 Vv u
v, 13 vy . v, projection
propagation

B P = cos?, P, + sin? B, I where P,=P (v, ->7) = |A,J]

. . 2
15 determmed by Mun? tan 45, = U™ V =cosif..V
3 12 2T 13 Ve
el

H TSI



F. de Holanda, & 5.

=68 107 ¢V
tansf = 0.40
= 1.006

Iﬁ;gi = 1 o7
513 worsen the IMA fat
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Nu s and solar neutrinos

® Pure oscillations », — v, are excluded m MMatter potential 15 modified:
at about 50 level

. 1L,
.r s - . 2
B Oscllations », - », where \ 2 Gg (n, - sm*n —)

VoS BOST I o + smn ¥, I
B Fluxes detected by different reactions

oy charged currents:
B Transitions

&y Pee chC . fE- Pee I

neutral currents:

neutrino-electron scatterme

fE- [Pee = 1(1 = PEE)CDSE’I}]

"

two combmations £,P,  f5 (1 -P_Jcos? 7 r = o vy e)f o, )
Barger et al,

Degeneracy of parameters: where fy 15 the boron neutnino flux
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| Non-RSFP

LE {'?I'd 0% L. i B0 Lo 200
I — (ﬂ'3'- l) lﬂ“ii' !IJ’E! Neutrino Energy (MeV)
) . =l
Bma}:."-‘".' 100 kG Eesonance vVO
| Specific B( r ) dependence tREeh region

&V smanoee



........................

(b) Rates + SK Zenith-Spectrum
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ago et al, Phys. Rev. D65:073012 (2002)
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1 scale o Variations of
eld m the convective zone | surface field

ST

E:mmr;!:ive Should be seen
mixing L at the surface

Voloshm
Vysotsky
Okun

Senuannual
vanations
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& Friedland, & Gruzinov, hep-ph
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H =\2 G [n(x) - & ne(r)]
H =2 Ggn(r)

P, = const
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fo1 fimﬁﬂz bﬂta decay
ﬂliuhltr.: mass scale,
ﬂmnrjr

- 30 level EM& 15 excluded at ~ 5o

possible mechamsms wlach T O
rergy profile of the effect A
or on standard flavor éﬁmging mteractions give good description of data
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