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Why Neutrinos ?

Investigating the Universe with electromagnetic radiation

[Credit NASA]

Observations at different wavelengths

• Various new discoveries (pulsars)

• Better insight in (astro)physical
processes

• Rather complete view on the large
picture of the Universe
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Why Neutrinos ?

Observed jet signature (M87)

[Credit NASA]

Acceleration in shock waves

Processes in the jet

[Credit C. Spiering]

High-energy γ, nuclei and ν
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Why Neutrinos ?

The E2.6 scaled Cosmic Ray flux

[Credit PDG 2014]

• Spectral features (knee, ankle)

E limits of cosmic accelerators ?

Onset of extra-galactic component ?

Do we observe the GZK cut-off ?

• Sources ? (SNe, GRBs, AGN, ...)
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Why Neutrinos ?

Beware of the observable Universe: γ + γEBL→ e+e− N + γCMB → ∆

[Credit Marek Kowalski]
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Why Neutrinos ?

Neutrino production mechanism

• ∆ prod. threshold : Eγ ≥ 10 eV
(UV photons)

• Waxmann-Bahcall [PRL 78 (1997) 2292]

High-E p diffuse out of the shocks

Observed CR→ lower limit on p flux

Fraction of p used for ν production ?

• M. Ahlers et al. [APP 35 (2011) 87]

Protons trapped, neutrons escape

CR observations provide the n flux

Direct relation CR ↔ ν flux

• Generic broken powerlaw ν spectrum

E−1ε−1
b (E < εb)

Φν(E) ∼ E−2 (εb ≤ E ≤ 10εb)

E−4(10εb)
2 (E > 10εb)

with εb ≈ 1 PeV [JCAP 0903 (2009) 020]

∗ Let’s search for cosmic high-E ν
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Why Neutrinos ?

Neutrino detection principle
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The IceCube Neutrino Observatory

The IceCube Neutrino Observatory at the South Pole

86 strings, 5160 optical sensors, instrumented volume ∼ 1 km3
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The IceCube Neutrino Observatory

The InIce detection principle

Gent, 21-jun-2018 Be.HEP summer solstice meeting 8 Nick van Eijndhoven



Hunting for Cosmic Neutrinos

IceCube 7-years skymap (∼700’000 events) [ApJ 835 (2017) 151]

No evidence for point sources (yet)
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Hunting for Cosmic Neutrinos

IceCube GRB prompt ν flux limit
[ApJ Let. 805 (2015) L5]

GRBs not the (only) UHECR sources

Or : ν prod. lower than expected

Or : ν prod. outside prompt phase
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Hunting for Cosmic Neutrinos

• Many point sources : diffuse ν flux

Expected flux ∼ E−2

(Fermi shock acceleration)

Observed in TeV photons

• CR primaries : flux ∼ E−2.7

→ Calculate atm. ν E-spectrum

• ν det. observe atm. ν spectrum

Validate calculated spectrum

∗ PDF for atm. ν E-spectrum

• Very high E : Nearly atm. bkg free

0.1 atm. ν km−3 year−1 at 1 PeV

VHE events might prove cosmic ν

IceCube atmospheric ν spectrum
[Eur. Phys. J. C75 (2015) 116]
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Hunting for Cosmic Neutrinos

Tue 09-aug-2011 07:23:18 UTC

1.04± 0.14 PeV
(IceCube HESE event no. 14)

Tue 03-jan-2012 03:34:01 UTC

1.14± 0.14 PeV
(IceCube HESE event no. 20)
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Hunting for Cosmic Neutrinos

82 observed Icecube High-Energy Starting Events (HESE) [C. Kopper, ICRC2017]

Evidence (> 7σ) for cosmic high-energy neutrinos

What are the sources ?
Where are the multi-PeV events ?
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Hunting for Cosmic Neutrinos

Source directions of the HESE events

No evidence for point sources (yet)
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Hunting for Cosmic Neutrinos

IceCube observation (11-jun-2014) of a very energetic through-going muon
α : 7h 21m 22s δ : 11.5◦ [ApJ 833 (2016) 3]

Deposited energy 2.6± 0.3 PeV→ Eµ = 4− 5 PeV→ Eν > 5 PeV
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Hunting for Cosmic Neutrinos

More neutrino data needed at multi-PeV energies

Radio signals of ν showers

• Long (km-scale) attenuation length

Cover large (∼200 km2) area

• Detect events > 1017 eV

• GZK ν : Proof of GZK effect

or : Insight in UHECR composition

• p+ γ → ∆→ ν (Eν ≈ 4% Ep)

p+ γEBL : Low-E bump

p+ γCMB : High-E bump

• Iron: lower E/A and dissociation

→ Higher E threshold and lower flux

• IceCube-Radio energy gap

Currently not covered

The multi-PeV neutrino landscape
[arXiv:1802.05543]

Radar reflections from shower plasma
New idea (VUB) for E < 1017 eV
Fill IceCube-Radio E gap
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Hunting for Cosmic Neutrinos
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The Neutrino-Gamma connection

[Lars Mohrmann, PhD 2015, Humboldt University Berlin]

Common astrophysical sources ?
N + γ → ∆→ π +N (CR) π0 → γγ (Fermi) π±→ ν, ν̄ (IceCube)
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The Neutrino-Gamma connection

• Fermi EGB observations

∼85% of diffuse γ’s from Blazars

• IceCube observations [ApJ 835 (2017) 45]

Cosmic ν’s NOT from Fermi Blazars

• Take EGB NON-Blazar component

→ Prediction for ν flux

∗ ν flux underestimated

Fermi and IceCube data tension

• Cosmic ν’s from obscured sources ?
[PRD 94 (2016) 103007]

• Dust may provide a ”CR beam dump”

→ Neutrino factory

[arXiv:1511.00688]

(2FHL: 2nd Fermi Hard Source List)
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The Neutrino-Gamma connection

Follow up for transients on neutrino alerts

[Credit M. Kowalski SuGAR2018]
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The Neutrino-Gamma connection

[Credit M. Ahlers SuGAR2018]
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The Neutrino-Gamma connection

IceCube: Track with Edep ∼ 20TeV and ∼ 1◦ error observed → EHE alert
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The Neutrino-Gamma connection

Fermi lightcurve for IC170922A

[Credit M. Kowalski SuGAR2018]

More information coming soon STAY TUNED !
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