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Multi-messenger astrophysics
> Unsolved mystery
Looking for high-energy neutrino sources — origin still unknown
> Neutrinos
From cosmic ray interactions; neutrinos a telltale sign
> Squeezing the signals:
Take advantage of the closely associated emission of cosmic rays, y-rays and neutrinos

> Study candidate neutrino sources in the context of multi-messenger observations, to answer:

What is the origin of the high-energy neutrino flux observed with IceCube?
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Conditions for neutrino source candidates

> IceCube has detected cosmic neutrinos (10 TeV — 10 PeV energies) » Expect weak,

— why do we not see point sources? extragalactic sources

> Constraints on extragalactic neutrino source populations in terms

of local density & luminosity
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Conditions for neutrino source candidates

> IceCube has detected cosmic neutrinos (10 TeV — 10 PeV energies)

— why do we not see point sources?

> Constraints on extragalactic neutrino source populations in terms

of local density & luminosity

probability distribution of brightest source M -\-H
> Expected flux from brightest source: (p) = / do p1(p) ¢ [ OD

— [a: e 4

dz 4w d3(z)

> Distribution of sources:
o) Simple case standard candle luminosity function

dN(L,z) < ,.d

standard candle luminosity function — 0L~ T5hpla) EVC (2)

+ redshift evolution of sources dL dz —~— " ,
density per co-moving volume
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Conditions for neutrino source candidates
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https://arxiv.org/abs/1811.06356
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From the simple case to a more realistic description

> Consider not just brightest source, but second brightest, third brightest .. k brightest

1 31 (i \*P sy
o= gs(e)

1) Simulate a collection of individual point sources (sample fluxes uniformly from random distribution)
2)  Gather k brightest
3) Compare to derived probability distribution
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From the simple case to a more realistic description (continued)

> Consider not just brightest source, but second brightest, third brightest .. k brightest Characterise and
test neutrino

> Replace standard candle by more realistic luminosity function source
populations

> Point sources as non-Poissonian statistical fluctuations

W Background Poissonian: Non-Poissonian:
10° BN Signal . . . . . .
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COPENHAGEN Outlook

Testing the neutrino source populations:

> IceCube analysis proposal

> Multi-messenger: what does this mean for the y-ray flux?

References & further reading:

<& M.Ackermann, M.Ahlers et al. [arXiv:1903.04334]
<& M.Ahlers & F.Halzen [arXiv:1406.2160]
<& M.G.Aartsen, M.Ackermann et al. [arXiv:1909.08623]
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Thank you!

Kathrine Morch Groth (kathrine.groth@nbi.ku.dk)
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