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Neutrino Data and Experiments

Oscillation experiments
Atmospheric neutrinos (SuperKamiokande, MACRO, Soudan?2)

Accelerators and Reactors (CHOOZ, KamLAND, K2K, LSND, Bugey, Palo Verde, ...)
Solar Neutrinos Experiments (SuperKamiokande, SNO, Cl, GNO, Sage)

Absolute masses measurements

Beta decay (Mainz and Troitsk)

Neutrinoless double beta decay (Heidelberg-Moscow)

Astrophysics and Cosmology

High energy neutrinos
CMB anisotropies Spectrum and Large Scale Structure

Nucleosynthesis



Atmospheric Neutrino Oscillations =03

K2K spectrum (56 events)
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Super-Kamiokande (92 kTy)
e, u zenith distributions
normalized to no oscillation
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3v oscillations
ALL DATA (55 bins)
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S e
olar Neutrino Oscillations =

Total number of solar (SK+SNO) neutrino events ~ 30000 (912
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Solar and KamLAND constraints (%5 = 0)

KamLAND
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Solar and KamLAND

KamLAND 20 constraints (¥%,5 free)
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Oscillation analysis ~ Am” (107> eV?) tan’#
SNO-only 5072 045700

Global solar 6.5t3% 04500

: —0.08
Solar plus KamI. AND 0% 045470



Bounds on aus (Solar + CHOOZ + KamLAND 2004)
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Absolute Masses
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mpg = \/013012m1 + C{38795 + S{3M3 Mainz & Troitsk

Three “observables”

axry 48]

9 9 9 9 2 9 ib3
mgg = |c13C1aM1 + C13579Mae P2 4 S13mse $ | 0v2p

; 2 =1y + ma + m3 Cosmology

8 independent parameters: three angles, three masses and two phases

X2 oo = Xose(Am?,6m?, 012,013, 023) + x5(mg) + X55(mgs) + Xo0s(X)

We marginalize over 5 osc. (Am2, 5m2, 012,613, 923)

parameter{ >, mg, mag)

and use in the analysis



3v oscillation parameter bounds from marginalized Ay’
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Sm* (107° eV?)
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om2 ~ 80708 x 1070 eV?

Am? ~ 24102 5 1072 eV?

sin? 619 ~ 0.2970:9%  (SNO '05: 0.29 — 0.31)

S}:itll2 923 =~ 0454__3}[?

sin” 015 <~ 0.035
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i —— CMB + 2dF

---- CMB + SDSS
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20 bounds from .

v oscillation data
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ms (Mainz + Troitsk)
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S U MMA RY mass & mixings

(Am?,053) SK+KK v, < vy
3 flavor neutrino oscillations well established — ( m-, 12) (LMA) Solar + KamLAND
913 only upper limit
No information on Hierarchy and 0c p

SNO gives direct evidence of solar neutrino flavor transitions

MSW effect in the Sun

Absolute masses — Limits at the level of ~1 eV

Combined analysis of oscillatory and non-oscillatory data:

Difficult to test the nature of the spectrum but
upcoming experiments have great discovery
potential



