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Overview
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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The idea

vs are weekly interacting = require large target mass and conversion into
charged particle Markov/ Greisen idea (1960)
Target is surrounding matter
M=pR,S(E, =1TeV: R, =25km)
Events are upgoing

M.Markov (1960): idea to construct
large deep underwater Cherenkov
detectors for neutrino astrophysics

using water masses of natural basins.




Neutrino Detection Princigle I

Water/ice used as:

M shield to protect of atmospheric muons
M target in which neutrino interaction occurs
M detecting medium where the Cherenkov light is emitted

Upgoing muons: much larger
interaction volume than what is in
the instrumented

region

Muon neutrinos
are the only topology

~LESto allow source pointing

‘- But since vs oscillate

7 other topologies should

be considered that
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Energy losses

lonization and atomic excitation: interactions with electrons in the media
continuous process mip: particles at the minimum of ionization 2 MeV/g/cm?

Radiative: discrete process and
stochastic

Bremmsstrahlung: radiation emitted by ar
accelerated or decelerated particle throug
the field of an atomic nuclei

Energy emitted «1/m?

Pair production: u+N — e*e-
Photonuclear : inelastic interaction of
muons with nuclei, produces hadronic
showers
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E"' dE/dx (10° g™’ em®)

Muons and Taus

Bremsstrahlung «1/m? << important than photonuclear for taus
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Deep inelastic scattering: vs

probe the internal structure
of nucleons

For antineutrinos q<=q and above 10° GeV cross
sections are equal since the interactions on sea
quarks dominate over valence ones
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For antineutrinos q<=q and above 10° GeV cross sections are equal since the
interactions on sea quarks dominate over valence ones
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The parameter space

RA _10-5 cut on invariant mass of hadronic
HE x~10 Antares simulation 'x vs Q*' system W2QYX 2-10° GeV*

* [
= 0
4 : Double Asymptotic Scaling
- 1B tructure function depend
F nly on a variable o(x,Q?)
- Large Q% small x:
-2 ] o In(1/x)*InQ?
- Calculations not possible for
3 non perturbative region
- low x and small Q2
4
.5 f_ Q= 2MxyE,
- X = QZ/(2MV)
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Neutrino absorption in the Earth

Absorption probability in the Earth vs E,,

(for CC interactions only)
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Occ ™ 3 One

Similarly to v, and v, CC, NCs for
= 10 all flavors produce showers.

’,,;_“ 0

¥

[

2o

[an]

oy ]

(I.'”[.a; (jg] = {

|:.'J,_.l::.i". Q*) + d,
“)

", [.4-.(233 L d, [.4-.(2"] N TR Q"] —|— dir. (_',12;.} ( I' N ‘f; \

]

(., ()?) ) 24 ]
\*% }.;j;f;JrH;,JJr L

o]

a0 Q) + bl QL2 4+ B2 4+ [ea(2, Q) + 1. QH)(L2 + R?)

G:ML 4 6 7 8 9 10 1 _l'2
10 1001000 10 10> 10% 107 10® 10° 10'%10' 10"

w(r, Q) +d, (2, (%) s, () + d.x. Q%)

9 2

(I.'”[ T, QE] = |:

N [fm:.r'. Q%) + d,

)

} (R + R3)

|_.z-.(_')'_:n} (L2 +12) + (12)

o, (5o, Q%) + by(a, QL5+ B3) + [ee{a, Q) + t(x. QY L2 + R2),
rw = sin” Hyy

.|Ir =1- %.E'l,',' .Ilr. =—1+ %.I'u'
R, =—3rw Ry=2zw

2

~ME, .”}f} ) [
iy 2T ()? + _”j}

rq Q%) 4 2 g (., Q7)1 —y)7] .



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

Most of neutrino telescopes cannot distinguish if they are hadronic
(~20% more light) or em




The dependence on the interaction

medla on event rates
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