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Cosmic Rays

Energies and rates of the cosmic-ray particles
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Cosmic rays (CR) — particles from outer space that travel

across the universe.

The observed energy spectrum, ranging from several MeV

(105 eV) to 100 EeV (101 eV)

The origin of CR beyond "the ankle” is unclear, but likely

to be attributed to extragalactic sources (AGN, -ray

bursts, neutron stars)

black
haoles

They are charged particles and
are deflacted by magnetic fislds.

*x

Figure 1: ©lce Cube Collaboration
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The End of CR Spectrum & GZK neutrinos
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Figure 2: The high-energy density diffuse fluxes of gamma rays, neutrinos,

and cosmic rays [1].
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Figure 3: The GZK cut off of the UHE CR
spectrum observed by HiRes [2].

Interactions of Ultra High Energy (UHE) CR with CMB photons produce a flux of secondary particles (GZK effect)
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Cosmogenic neutrino flux is expected at the highest energies from 10 PeV to 100 EeV
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UHE Neutrino

Charged Current Interaction (CC)
v lepton

Detecting UHE neutrinos is challenging due to their extremely low flux (0.01

- 0.1 event/year/km? (11)) and small interaction cross-section. Observation

requires: W
Large detection volume O(100) km?
Dense medium

leptan = a: electrormagnetic shower
leptan = mu: muan typically undetected
lepton = tau: tau lepton will decay,
producing 20 spatially displaced shower
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Figure 4: Neutrino interaction cross-section and interaction length in ice [3]. Figure 5: Feynman diagrams of a neutral current
and charged current neutrino interaction [4].

4/22



Radio neutrino detection and Askaryan Radiation

In a dielectric medium, neutrino induced R TR

30 AGNs, SNRs, GRBs, ...

particle shower develops a charge
asymmetry

Excess charge moving faster that ¢/n
emit Cherenkov radiation

In dense material [ Rpojiere the cosmic
emission in radio/microwave regime [5]
(Askaryan effect)

Peak frequency for detectable signals
from about 100 MHz — 1 GHz
Strongest signal observed on Cherenkov
cone = COS‘lin

x1072
m— AQ =0.0°
small A add - AQ=1.0"
destructively 5k - AQ =2.0°
— 20x
=
L
large A add o 17
o coherently o
2 =}
=
\ & _
0 -
o S ~
P & ©
o
P
# —-1r
P ;LQ‘“
1 1 1
40 41 42 43 44
time [ns]

Figure 6: The Askaryan cone produced by
neutrino interaction in ice.
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Figure 7: Short radio pulse - signature of UHE neutrino [4].
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Propagation of RF signals in Ice

lce properties important to consider:
RF attenuation length: £ of cold polar ice O(1km) [6]
Varying index-of-refraction pro le [7]
Internal ice layers caused by acidic depositions from past
volcanic eruptions [8]
Elevation (m a.s.l.)
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Figure 8: Greenland ice shelf elevation [9].
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Greenland Ice Density vs Depth
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The Radio Neutrino Observatory - RNO-G

Figure 9: RNO-g site layout.
Figure 10: RNO-g station detai® RNO-g Collaboration.
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