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Production
Cosmogenic neutrinos 
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Astrophysical Neutrinos

p + γ!"# → Δ$ → p + π%
p + γ!"# → Δ$ → n + π$

A, Z + γ!"# → A − 1, Z − 1 + p
A, Z + γ!"# → A − 1, Z + n

π$ → µ$ + ν& → e$ + ν' + ν&+ ν&
ν': ν&: ν( = 1: 2: 0 (source) → 1: 1: 1 (Earth)

P 𝛾

(1)

(2)
𝜈

(1) AGN jet model, (2) AGN core model (1) Prompt neutrinos

𝛾 + 𝑝

(2) Afterglow neutrinos

(1) (2)

𝐸) > 5 ×10*+ 𝑒𝑉 → 𝐸, ∼ 10*-𝑒𝑉

WikimediaNature

https://commons.wikimedia.org/wiki/File:Gamma-ray-burst-Mechanism.jpg%20starburst-galaxy-m82%20https:/cdn.spacetelescope.org/archives/images/screen/heic0604a.jpg
https://media.nature.com/lw800/magazine-assets/d41586-022-00380-4/d41586-022-00380-4_20125096.png


What can we learn? 
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UHE neutrino flux can tell us 
about:

• Distribution of CR sources 
with redshift (time)

• No evolution
• Star formation rate
• AGN (FRII)
• Strong GRBs

Constraints:
• neutrino production 

models
• CR acceleration 

models
• Flux suppression due 

to GZK effect or due 
to maximum rigidity 
of the sources?

• Cosmological evolution model 
of the universe

• Primary composition 

𝜈./.012 = ∼
1
10 𝜈)

.012

Neutrinos point back to the 
source Source identification

CR sources beyond 100 Mpc
PTEP 2020.8 (2020), p. 083C01 

https://doi.org/10.1093/ptep/ptaa104


Identification with the Water Cherenkov Detector
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• CR primaries interact early 
in the atmosphere

• Sharp signal in the WCD 
(due to muons)

• DG 𝜈: Interact deep in the 
atmosphere

• Long signal in WCD (due to 
the electromagnetic 
component)

60∘ < 𝜃 < 90∘

60∘ < 𝜃 < 90∘

90∘ < 𝜃 < 95∘
• ES 𝜈3: Highest interaction 

probability → most 
sensitive channel

Downgoing 𝜈

Selection criteria:
• signal arrival time
• # stations
• 𝜃4/5
• Footprint pattern
• A variable related 

to time spread of 
the signal in WCD

Pedreira Giralda 

JCAP10(2019)022 

http://hdl.handle.net/10347/26328


Searches so far
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Point-like sourcesDiffuse flux

JCAP10(2019)022 JCAP11(2019)004

• No neutrinos detected

• Limits:

https://repository.ubn.ru.nl/bitstream/handle/2066/209268/209268.pdf?sequence=1
https://iopscience.iop.org/article/10.1088/1475-7516/2019/11/004


AugerPrime Radio Detector
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Ewa Marlen Holt

Existing online triggers (WCD)
• T1 (station level)

• T2 (station level)
• T3
• Coincidence in three or more stations
• Send WCD and RD data to Central DAQ System

Expected additional information with RD
• Sensitivity to distant 𝜈 showers (EM component)

• Discrimination from hadrons 
• Radio wavefront and LDF -> shower age

https://publikationen.bibliothek.kit.edu/1000083318


AugerPrime Radio Detector and the 𝜈!
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Work in progress Work in progress

Preliminary study with test simulations

Ewa Marlen Holt

https://publikationen.bibliothek.kit.edu/1000083318


AugerPrime Radio Detector and the 𝜈!
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Work in progress

Work in progress

Ewa Marlen Holt

• RD Trigger = 3 Stations above Th.
• Trig. Eff. = # trig. events / # sim. events 

Preliminary study with test simulations

https://publikationen.bibliothek.kit.edu/1000083318


All that glitters is not gold (but it could be) … 
We’ve got issues to solve
• T1 rate limit ~ 100 Hz
• T2 rate limit ~ 20 Hz
• ~ 2 Hz available at both levels
• Simulation of the detector response, new 

electronics, radio signal arrival time, …
• Zenith dependent antenna response
• Limited computing power available onboard
• …
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The path ahead…
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Deployment

Calibration

Simulations with 
radio emission

Trigger 
development

Search!



Some toys for you ...  
• https://c-glaser.de/physics/radiotools/
• https://www.c-glaser.de/physics/geoceLDF/
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😊

By Christian Glaser

https://c-glaser.de/physics/radiotools/
https://www.c-glaser.de/physics/geoceLDF/


Some toys for you ... 
GUI and Python 3:
https://github.com/F-Tomas/EAS_array_visualizer (Tomas Fodran, RU Nijmegen)
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Have fun!

😊

https://github.com/F-Tomas/EAS_array_visualizer
https://github.com/F-Tomas/EAS_array_visualizer


Extras …
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Extras: Searches so far (point-like sources)
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JCAP11(2019)004

https://iopscience.iop.org/article/10.1088/1475-7516/2019/11/004


Extras: Searches so far (point-like sources)
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JCAP11(2019)004

https://iopscience.iop.org/article/10.1088/1475-7516/2019/11/004


Extras: Preliminary study with test simulations
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Less stations have RD signal per 
shower but it occurs frequently

Work in progress Work in progress


