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OverviewOverview
Neutrinos and their properties (done)

Neutrino astronomy and connections to Cosmic rays and
gamma-astronomy

Neutrino sources and neutrino production

SN collapse and nutrino burst

Neutrino telescopes and detection technique

Search Methods

Current experimental scenario
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These transparencies:
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The ideaThe idea

ννs are weekly interacting    ⇒⇒  require large target mass and require large target mass and conversion into
charged particle Markov/ Markov/ Greisen Greisen idea (1960)idea (1960)
Target is surrounding matterTarget is surrounding matter
  M =M =  ρ ρ RRµ µ S (S (EEµµ  = 1 = 1 TeV TeV :   :   RRµµ  = 2.5 km)= 2.5 km)
Events are Events are upgoingupgoing XN +→+ ±

−

µν µ

)(
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νµ

Neutrino Detection PrincipleNeutrino Detection PrincipleNeutrino Detection Principle

Muon Muon neutrinosneutrinos
are the only topologyare the only topology
to allow source pointingto allow source pointing
But since But since ννs oscillate s oscillate 
other topologies shouldother topologies should
be considered thatbe considered that
allow to observe upper allow to observe upper 
skysky

Water/ice used as:Water/ice used as:

Upgoing muons: much larger
interaction volume than what is in
the instrumented
region
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Energy lossesEnergy losses
Ionization and atomic excitation:  interactions with electrons in the mediaIonization and atomic excitation:  interactions with electrons in the media
continuous processcontinuous process mip mip: particles at the minimum of ionization 2 MeV/g/cm: particles at the minimum of ionization 2 MeV/g/cm22

RadiativeRadiative: discrete process and: discrete process and
stochasticstochastic
BremmsstrahlungBremmsstrahlung: radiation emitted by an: radiation emitted by an
accelerated or decelerated particle throughaccelerated or decelerated particle through
the field of an atomic nucleithe field of an atomic nuclei
Energy emitted Energy emitted ∝∝1/m1/m22

Pair production: Pair production: µµ+N +N →→ e e++ee--

Photonuclear : inelastic interaction ofPhotonuclear : inelastic interaction of
muons muons with nuclei, produces with nuclei, produces hadronichadronic
showersshowers

Pair production

bremsstrahlung

rockrock

ionization
photonuclear
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Muons Muons and and TausTaus

 Bremsstrahlung ∝1/m2 << important than photonuclear for taus
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The target massThe target mass
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Ionization         Stochastic losses
~2 MeV/g/cm2 (dominate > 1TeV )

baEc /= critical energy

Rmax(El,El
min) = ∫dX Psurv(El,El

min,X)

65686568
××(E/GeV)(E/GeV)

4.94.9××1010-5-5

××(E/GeV)(E/GeV)
lldecdec (m) (m)

2.22.2××1010-6-62.92.9××1010-13-13ττdec dec (sec)(sec)

0.1050.1051.7771.777m (GeV)m (GeV)

µµττ

•τ →µ ν µ ντ    BR=17.36%
•τ →e ν e ντ    BR=17.84%         
•τ →sciami BR=82.64% 
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Neutrino interactions on nucleonsNeutrino interactions on nucleons

For antineutrinos q↔q and above 105 GeV cross
sections are equal since the interactions on sea
quarks dominate over valence ones

secondary leptonsecondary lepton

hadronic hadronic showershower

~~__

l (k')l (k')
(1 - y) E = E'(1 - y) E = E'

QQ22 = - (k - k') = - (k - k')22    ~~MM22
WW

νν(k)(k)

pp y Ey Eνν

q parton distribution functions

Deep inelastic scattering: νs
probe the internal structure
of nucleons

HERA HERA 
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The DIS total cross sectionThe DIS total cross section
For antineutrinos q↔q and above 105 GeV cross sections are equal since the
interactions on sea quarks dominate over valence ones
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Quark contributionQuark contribution

Ghandi et al, hep-ex/9512364
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InelasticityInelasticity
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The parameter spaceThe parameter space
cut on invariant mass of hadronic
 system W2 =Q2/X 2-108 GeV2

CTEQ6-D: 10-6 < x < 1    1.3< Q < 104 GeV

Q2 = 2MxyEν
x = Q2/(2Mν)
y = (Eν-El)/Eν =
ν/Εν

Q2 = 2MxyEν
x = Q2/(2Mν)
y = (Eν-El)/Eν =
ν/Εν

HERA x ~10-5

Double Asymptotic Scaling
structure function depend
only on a variable σ(x,Q2)
Large Q2 small x:
σ∝ ln(1/x)*lnQ2

Calculations not possible for
non perturbative region
low x and small Q2
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Neutrino interactions on electronsNeutrino interactions on electrons

Glashow Glashow resonance 6.3 resonance 6.3 PeVPeV
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Neutrino absorption in the EarthNeutrino absorption in the Earth

Psurvival = exp -(l/ λν)
λν = 1/(ρ NA σν (Eν))

ν
l
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NC interactionsNC interactions XN +→+ µµ νν

σσCCCC  ~ 3 ~ 3 σσNCNC

Similarly to Similarly to ννee  and and ννττ  CC, CC, NCs NCs forfor
all flavors produce showers.all flavors produce showers.
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NC interactionsNC interactions

Muon Neutrinos are not lost in the Earth
after a NC unlike for CC (except for ντ)
Astropart.Phys.23:57-63,2005

XN +→+ µµ νν

Most of neutrino telescopes cannot distinguish if they are Most of neutrino telescopes cannot distinguish if they are hadronichadronic
((~~20% more light) or 20% more light) or emem
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The dependence on the interactionThe dependence on the interaction
media on event ratesmedia on event rates


