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Outlook

1) Neutrino Astrophysics

2) Neutrino search and detection

3) Neutrino event results

4) Research and future
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ν types (and related physics)

Atmospheric ν

GZK ν

cosmological ν

geo-ν

(natural radioactivity),

artificial ν

(reactor, accelerator),

atmospheric ν 

(CR in atmosphere),

astrophisical ν:

solar, SN, cosmic 

accelerator, 

cosmogenic, 

exhotic
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• φCR, φγ and φν, strictly related: main interaction/decay

channels/chain4s (hadronic model)

CRs, γs and νs

φCR & φγ: φν for
comparison
(mainly π, η, K 
produced
mesons)

• e&γ populations: leptonic model (brems., synchr., IC, 
SSC)

• CR & gamma observed

• Aim: obtain a ν flux detailed calculation in analogy to γ-
ray flux

• Hadronic (and leptonic) interaction model: universal (e.g. 
how many νs poroduced from an energetic p)
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Ackerman, TAUP2013
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• With photons (and gravitational waves): better 
comprehension of universe 

- in many scales and energies 

- simultaneous/correlated detection

• ν spectrum → main detection problems: 

1- fleble interaction

2- atmospheric noise  (other?)

ν Astronomy

ν

?
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• Galactic flux contributions: point, diffuse disk 
(&halo)

• Extra-galactic flux contributions:

Gamma point sources↔ nu “stars”
(candidate AGNs, GRBs –not proven)

Isotropic diffuse (from galaxies, GZK ν)

• knowledge problems: source&leptonic (mainly
IC in diffuse) contributions

• As for γs→ TeV CAT map for νs

Gal-extragal High Energy ν
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• Detected only solar & SN1987a

Actual astrophysical context

• Why no other astro-ν, while already detected 

many terrestrial νs? 

• Neutrino telescopes: low noise and large volumes 

experiments (Ice Cube, Antares, km3Net, Auger)
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Visual concept

IceCube

Lines of sight through the Earth

θ = π/2 – zenith angle

Rotation

axis

Ice Cube website
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EAS array

Auger Observatory
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EAS array: Auger
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• Neutrino telescope have improved the sensitivity for observation of 
astrophysical neutrino by a factor of 1000 in 13 years

• So far no discovery of an individual neutrino source

• νe more than νmu, donward going more than upward going => hints 
for astrophysical neutrinos

• IceCube observes the first strong evidence for astrophysical neutrinos
data incompatible with atmospheric expectations on the > 4sigma level

compatible with a diffuse & isotropic astrophysical flux (no significant clustering observed)

additional studies and data needed to constraint the spectral paramenter of this flux

• ‘Berte’ and ‘Ernie’ are the not only PeV neutrinos (IceCube top 
secret)

• More result expected soon (collection and analisys of new data and soon more to say

about this excess)

analisys of 2012/2013 IceCube data – better constraints on atmospheric neutrino fluxes

• Exiting theoretical research on work

• See Daniele Fargion’s talk on monday

Conclusions



september 16-24, 2013 Paolo Paggi 34

ThanksThanks forfor youryour kindkind attentionattention

Erice Panorama
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Backup Backup slidesslides
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PINGU & Deep Core
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SuperKamiokande

IceCube

ANTARES

double

bang

νµ νe

ν telescopes
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P. Auger Observatory


