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UHE & the Cosmic-Ray Connection
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UHE & the Cosmic-Ray Connection
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Neutrinos across different energies

Cosmological v

Solar v
Supernova burst (1987A)

/ Reactor anti-v

Background from old supernovae

Terrestrial anti-v
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Feeble interactions
Unimpeded propagation
Unaltered direction

Expected to be produced in the

same interactions propelling cosmic-
ray protons

* Feeble interactions
* Extremely low flux

* High incident energies require
very large detectors



Catching UHE neutrinos - IceCube

IceTop + 1 km rock

k ICECUBE Background veto

SouUTH POLE NEUTRING OBSERVATORY

5D mith _ N i Correlating arrival directions of
N bkg. uand v

Gamma-ray observations at IceTop

IceCube

e IceCube
LD | Actual detector at ~1.5 km depth

collected here and sent by 86 gtrings
satellite to the IceCube data

1 - Neutrinos collide against ice-nuclei
A producing e, u, T and hadrons
_ Photo-multiplier tubes lit up by
Visaue (o) Hi Cerenkov radiation from these
lceCube / HIHE super-fast charged particles
i > Cascades (spheres of ~200 m diameter) &
B ciffel Tower tracks (lines over ~km) allow flavour
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atching UHE neutrinos
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lceCube Results - Signal vs Background

e Primary cosmic ray

\
& UV fluorescent photons
. ) ) Isotropic emission
A Primary cosmic ray
anV

Charged particles of
electromagnetic shower . . B
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Refining the Background Analysis: Prompt Neutrinos

* Modeling the QCD of heavy meson (D*9) production N

— Perturbative analysis to NLO involving up to date /ﬂ/@’ B. Enberg, ILH. Beno, et aJ)

constraints, including from LHCb, ATLAS S ﬁﬂéﬁ(jﬁfgfgﬁg /

— Diffractive production involving Regge dipoles, kT 7 (f%\&\j/
factorisation,... Rawu

— Nuclear effects during CR-N14 collisions in atmosphere

* Uncertainties from modeling of /*-contentin CR
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- Diffractive production involving Regge dipoles, kT~~~

At S
factorisation,... - o

~ Nuclear effects during CR-N1# collisions in atmosphere 45 ;p cugers

D
A
* Uncertainties from modeling of /4*-content in CR i W"fﬁ”fﬂ”ﬂ"gf“@/

. \\\ﬂ )\J,
* Unusual QCD: Intrinsic charm in /+, non- - o

perturbative models of D+9 production



Interpreting the Signal

I T T
ic Fluxes (r by self-veto in analysis) -
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IceCube Preliminary

= Uniform power-law o< E-2-9

= Equiflavoured: v v, v, =1:1:1

E?.®,,  [GeVem *s 'sr ']

Discrepancy between sub-PeV and
super-PeV spectra

Neutrino Energy [GeV]

v Definite new component of UHE v flux Gap ~400 TeV - 1 PeV

v > 50 above maximum expected background Softer flux than theory ~2.0-2.2

~ Highest energy v, up to 2x 101> eV No events between 3-10 PeV? GR!



Decaying Dark Matter Interpretations

Total predicted events Atmospheric bkg. (IC est.) -
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Decaying Dark Matter Interpretations

Mmpy = 5 PeV,

Non-relativistic,
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Results over 6 years prove the existence of at
least one new v flux

What produces this flux?
Standard explanations in tension
Multi-component preferred - Dark Matter?

Improved modeling of bkg important
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