Solar Neutrinos, Fluxes
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e Solar neutrinogarer,. produced in the corel{ < 0.3R) of the Sun
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e Solar neutrinogarer,. produced in the corel{ < 0.3R) of the Sun

The solar matter density
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e Solar neutrinosrer. produced in the coreH{ < 0.3R) of the Sun
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e Solar neutrinosrer. produced in the coreH{ < 0.3R) of the Sun

The solar matter density The energy spectrum of solaf s
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e Solar neutrinosrer. produced in the coreH{ < 0.3R) of the Sun

The solar matter density The energy spectrum of solaf s
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e FOrv, < v,(r), INvacuumy, = cos vy + sinf vy

e For10~ % eV? < Am? <107*eV? = 2F, Voo > Am? cos 20

=> v can Ccross resonance condition in its way out of the Sun
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Forf < 7:Invacuum v, = cosf vy + sinf vy IS mostlyr,

In Sun core v, = cosb,, ov; + sinb,, gvy IS Mostlyrs,

(Am?/eV?)sin? 26 —9
If (E/MeV)cos 26 >3 x 10
= Adiabatictransition

x 1 IS mostlyr, before and after resonance
x 0,, | dramaticallyat resonance
= v, component = P.. |
This is the MSW effect
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Forf < 7:Invacuum v, = cosf vy + sinf vy IS mostlyr,

In Sun core v, = cosl,,ov1 + sint,, ov2 IS Mostlyrs

(Am?/eV?)sin? 26 —9 (Am?/eV?)sin? 260 —9
If (E/MeV)cos 26 >3 x 10 If (E/MeV)cos 26 S 3 x 10
= Adiabatictransition = Non-Adiabatictransition
* v IS mostlyr, before and after resonance x v is mostly, till the resonance
x 0,, | dramaticallyat resonance x At resonance the state can jump intp
= 1, component = P,. | (with probability Pr, )
This i1s the MSW effect = v, component = P.. |
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v does not cross resonant P, =1 — %sin2 20 > %

tan®*8=0.1
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v does not cross resonant P, =1 — %sin2 20 > %
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v does not cross resonant P, =1 — %Sin2 20 > %
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‘Solar +Atmospheric+Reactor+L BL 3r Oscillations I

U: 3 anglesl CP-phase
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‘Solar +Atmospheric+Reactor+L BL 3r Oscillations I
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2v oscillation analysis= Am3, = Am? < AMZ,,, ~ £Am3, ~ +Am3,
Generic 3 mixing effects:

— Effects due t@5

— Difference betweemvertedandNormal

— Interference ofwo wavelengtloscillations

— CP violationdue to phase
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Global Analysis. Three Neutrino Oscillations
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The derived ranges for the six parametersa(30) are:

Am3, =7.71057 (1587) x 1075 eV?  |Am3,| =2.37+£0.17(0.46) x 1073 eV?
012 =345+ 1.4 (F57) Oos = 42.3735 (F357)
013 =010 (F5%7) Scp € [0, 360]

0.77—0.86 0.50 — 0.63 0.00 — 0.22
U|s, = | 0.22—0.56 0.44 — 0.73 0.57 — 0.80
0.21—0.55 0.40 — 0.71 0.59 — 0.82
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The derived ranges for the six parametersa(30) are:

|Am3,| = 2.37 £ 0.17(0.46) x 1073 eV”
(923 = 42.3 tgé <+11'3)

Am3, =773 (F58]) x 1075 eV?
) —7.7
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012 = 34.5+ 1.4 (T3¢

s =070 (F0%”)

0.77—0.86 0.50 — 0.63 0.00 — 0.22
U3, = | 0.22—0.56 0.44 — 0.73 0.57 — 0.80
0.21—0.55 0.40 — 0.71 0.59 — 0.82

with structure
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The derived ranges for the six parametersa(30) are:

0.21
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Am3, =7.71057 (1587) x 1075 eV?  |Am3,| =2.37+£0.17(0.46) x 1073 eV?
0) 023 = 4237533 (175)
Scp € [0, 360]

0.77—0.86 0.50 — 0.63 0.00 — 0.22
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0.21—0.55 0.40 — 0.71 0.59 — 0.82

with structure
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‘Open Questions I

(1) Isf#13 # 0? How small?
(2) IsO23 = 7 ?1f not, is it > or <7
(3) Is there CP violation in the leptoi(is 6 # 0, 7)?

. (4) What is the ordering of the neutrino states?
We still ignore:
(5) Are neutrino masses:

hierarchical m; — m; ~ m; +m; ?

degeneratedn; — m; < m; +m; ?

\ (6) Dirac or Majorana?



