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Cosmic rays with energies >10'” eV interact with CMB
photons to produce a neutrino flux
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Major advances In neutrino detection over
the last two decades:

® ® Cherenkov
© © Unsegq. Scint.
® ® Seg. Tracker

Cherenkoy detection technology - Se—
enabled the utilization of natural

® ® Radiochemical
bodles of water/ice to build Mton
- - Gton detectors

Naive scaling suggests active
mass needs to increase by
another factor of 10-100 to
detect GZK neutrinos.

Active Volume Mass [kg]

New detection technologies/
techniques are needed




Direct detection

@ Use atmosphere, mountains,

volcanoes, and a sliver of the
Earth as target.

@ Detect radio emission from tau
decay showers in the ice/

atmosphere. (ANITA/GRAND/
RNO/POEMMA)

® Cherenkov light from taus also

detectable (POEMMA)

@ Fluorescent light detection
possible with precision optical

detectors (ASHRA/NTA)

Cosmic ray

« Antenna optimized tor horizontal showers

» Bow-tie design, 3 perpendicular arms

* Frequency range: 50-200 MHz

e Inter-antenna spacing: ﬁ</r'TT




Current limits
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DOI: 10.1103/PhysRevD.99.122001

10—12

IR

_13 —— ANITA-
10 — ANITA
ANITA

Auger 2017
lceCube 2018

1
V
-IV

10—14

10—15

10—16

10—17

o
"
7

o
&

CJ
T
G

©

<

O

L

e,

S~

P

T

L

. GZK, Kotera '10

——— Ahlers 12, E _ =10'%° eV

n

10—18

P rrrrm

10—19 Lol Ll L1 11111

1017 1018 1019
E (eV)

1 020

1021

4

All-flavor (v + 7) E2®, (E,) [GeV ecm ™2 s~ 1 sr1]

Projections

pd
3
~N

C Ve vy tvr =100

II1II 1 I l[

o
N
Qo

o
2
O

—

ol

3
ek
o

[ Cosmogenic v
L I Pessimistic

Standard

GRAND200k integrated (3 yr) -

lllllll

e
<

—_

o

&)}

L aadived Ll L1 e . ! L1
107 108 10° 1010
Neutrino energy E, [GeV]

l:11011




Limitations of direct detection technigues

HotSpot 1

® Searches are limited to a small fraction
of the sky.

_A.
—_
»
C
ol
-~
'
R
S
. .
-~
'
—
—
'AV
—
—_—
—
o
. -
P —
—_—
—
”~
'
—
-~
o=
" p—y

arXiv:1810.09994

—2 0 2

Elevation angle (deg)

Predicted GRAND rates as a
function of elevation angle.



Limitations of direct detection technigues

Center-of-mass energy /s [GeV]
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® Searches are limited to a small fraction
of the sky.
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@ The neutrino-nucleon cross section is
not well predicted above at EeV
energies. Uncertainties can exceed an
order of magnitude.

Testable next decade |
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Standard Model (perturbative)

~ IceCube tracks
(IceCube 17)
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* IceCube showers
(Bustamante & Connolly 17)
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Tau neutrino regeneration

Regenerated
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® Tau lifetime is roughly 107 times shorter
than the muon's.

® The neutrino produced from the
subsequent tau decay will have a
significant fraction of the primary
o et neutrino energy.

Angle Above Nadir (DEGREES)

E(v)=300Tev

FI1G. 2. Plot of the transmission of v, and . through the Earth’s. The transmission of v, is
essentially independent of their energy, as described in the text. The event rates are normalized to
the maximuimn.
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TauRunner MC

® We developed a python package to
propagate EHE neutrinos and taus
through the Earth. (available

publicly hitps://github.com/
lceCubeOpenSource/TauRunner).

@ We found that tau neutrinos
traversing the Earth undergo 2-3 CC
interactions, on average.

@ They emerge at O(0.1-10) PeV
energies for most column depths,
where existing ice cherenkov
detector, IceCube, is sensitive.
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https://github.com/IceCubeOpenSource/TauRunner
https://github.com/IceCubeOpenSource/TauRunner

Event Expectation
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@ lsotropic cosmogenic neutrino flux
propagated to IceCube.

@ Event expectation calculated for
10 years of data (available now).

@ Pileup at a few PeV.

@ Earth-skimming events are only
one-third the total rate.

1arXiv:1005.2620
12

PT—)/,L

total

NNO(E,) +o,n (B) - N

Total expected
signal events: 2.70
(10 years)
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Event Expectation
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—— Ahlers et al. 2010 v, E,,;,
Ahlers et al. 2010 v, E,;,

0.50 < cosf < 0.75

Astrophysical v, + 7,
[C 8 years




Conclusions

@It is possible to detect EeV neutrinos at PeV energies.
® This opens up the possibility to indirectly detect GZK fluxes.
@ Will require a good understanding of the astrophysical neutrino flux.

@ But, neutrino cross section at PeVs is well-predicted. At EeV still
unknown.

@ Direct searches at EeV energies with radio detectors are

complementary. Both are crucial for the understanding and
characterization of the GZK flux.
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