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The Big Bang

nν = 330/cm3

Eν =0.0004 eV
SN1987

Eν ∼ MeV

The Sun
νe

ΦEarth
ν = 6 × 1010ν/cm2s

Eν ∼ 0.1–20 MeV
Atmosphericν′s

νe, νµ, νe, νµ

Φν ∼ 1ν/cm2sHuman Body
Φν = 340 × 106ν/day

Nuclear Reactors

νe

Eν ∼ few MeV

Accelerators
Eν ≃ 0.3–30 GeV

Earth’s radioactivity
Φν ∼ 6 × 106ν/cm2s
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• Already in 1934,Hans BetheandRudolf Peierlsshowed

σνp ∼ 10−38cm2 Eν

GeV

• Let’s consider for example atmosphericν′s?

ΦATM
ν = 1 ν per cm2 per second and 〈Eν〉 = 1 GeV

• How many interact?In a human body:

Nint = Φν × σνp × Nhuman
prot × T human

life (M × T ≡ Exposure)

N
human
protons = Mhuman

gr
× NA = 80kg × NA ∼ 5 × 1028protons

T
human = 80 years = 2 × 109 sec

9

=

;

Exposurehuman

∼ Ton × year

Nint = (5 × 1028) (2 × 109) × 10−38 ∼ 1 interaction per lifetime

⇒ Needhugedetectors withExposure∼ KTon× year
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Atmospheric Neutrinos

Atmosphericνe,µ are produced by the interaction

of cosmic rays (p, He . . . )with theatmosphere
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• Complete SKI+II data:
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• Complete SKI+II data:
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Atmospheric Neutrinos: Oscillation Solutions

• νµ → ντ : best channel
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MINOS 2006-2008: spectral distortion
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• Search onνe atL∼ 180 km reactors,Eν ∼ few MeV: ν̄e + p → n + e+

2002:Deficit RKLAND = 0.611 ± 0.094
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