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Under construction:

RNO-G

Pilot Arrays:

ANITA
ARIANNA

ARA

Construction is 
planned to start 2028:

IceCube-Gen2 Radio
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detection rate of UHE neutrinos

precision to determine the 
neutrino’s properties

→ objective 1: Deep-Learning-Based Trigger

→ objective 2: End-to-End Optimization + 
Deep Learning Reconstruction 
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neutrino signal noise fluctuation
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• Current: threshold and power integrated trigger
• Future: Deep-learning based trigger
• Neural networks are very good at classification tasks
• Proof-of-concept studies: 

• ARIANNA collaboration, JINST 2022
• A. Coleman, PoS(ICRC 2023)1100

• Improvements limited by computational recourses at the station
• A few watts for the full station
-> Neuromorphic computing

• Potential to doubling the neutrino detection rate in IceCube-Gen2

C. Glaser, A. Coleman and T. Glüsenkamp, 
PoS(ICRC2023)1114
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• antenna positions/orientations
• number/type of station

• neutrino-nucleon cross-section
• source discovery
• flux measurement

C. Glaser, A. Coleman and T. Glüsenkamp, 
PoS(ICRC2023)1114
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• Time and recourse intensive!
• Has to be repeated for every detector layout

• Train a graph-neural-network on 
• Allows for a fast optimization loop

x, y, z
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x, y, z

x, y, z
x, y, z

GNN
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A. Serra Garet, Master Thesis (2023), 
Uppsala University
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• Raw voltage traces simulated for every antenna

• 1D PDF from conditional Normalizing Flows for energy reconstruction
• 2D PDF from conditional Normalizing Flows for direction reconstruction
• Sampling from the predicted PDF allows for the calculation of a mean and a standard deviation

T. Glüsenkamp, https://github.com/thoglu/jammy_flows
T. Glüsenkamp. Arxiv: [2008.05825], (2023)

https://github.com/thoglu/jammy_flows
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N. Heyer, C. Glaser, T. Glüsenkamp, PoS(ICRC 2023)1102
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N. Heyer, C. Glaser, T. Glüsenkamp, PoS(ICRC 2023)1102



14

Neutrino-Nucleon 
Cross Section

Diffuse Flux

Point Sources

Main science objectives 
of UHE neutrino astronomy:

V. Valera, M. Bustamente, C. Glaser, JHEP 06 105 (2022)

V. Valera, M. Bustamente, C. Glaser, PRD 107, 043019 (2023)

D. F. G. Fiorillo, V. Valera, M. Bustamente, JCAP03(2023)026
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Improvements similar to building a more than 
- at essentially no additional costs!
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• Trigger development - A. Coleman, PoS(ICRC 2023)1100

• Event reconstruction – energy, direction, flavor - N. Heyer, C. Glaser, T. Glüsenkamp, PoS(ICRC 2023)1102, A. Serra Garet, Master Thesis (2023)

• Detector optimization - C. Glaser, A. Coleman and T. Glüsenkamp, PoS(ICRC 2023)1114 

• Replacing sections of the Monte Carlo tools by neural networks - Anton Holmberg, Master thesis, (2022)

• Noise classification - T. Glüsenkamp PoS(ICRC 2023)1056
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• active galactic nuclei (NGC 1068), blazars (TXS 0506+056)
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(Ackermann et al., 2022)

(NASA, 2015)Artist impression of an AGN.

The measured 
neutrino and 
cosmic ray flux.

https://arxiv.org/pdf/2203.08096.pdf
https://www.nasa.gov/feature/jpl/nustar/black-hole-has-major-flare
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neutrino spectrum

GZK neutrino flux



°
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𝜈!

Schematic drawing of the neutrino 
interaction, the shower development 
and the emission of radiation.

v = c

v = c / n

v =
 c 

/ n

Not to scale!



• Refracted ray trajectories
• Off-cone emission
• Attenuation in ice
• Birefringence → later more

Propagation paths of 
radio pulses in ice. 

Changing pulse shape with 
changing viewing angle. 
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Attenuation 
length in ice. 
(Barwick &Glaser, 2023)

(Barwick &Glaser, 2023)

(Barwick &Glaser, 2023)

https://arxiv.org/pdf/2208.04971.pdf
https://arxiv.org/pdf/2208.04971.pdf
https://arxiv.org/pdf/2208.04971.pdf
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The layout of the RNO-G experiment. (NSF, 2022), (RNO-G, 2022), (RNO-G, 2021)

https://geo-summit.org/summit-station
https://en.wikipedia.org/wiki/Radio_Neutrino_Observatory_Greenland
https://iopscience.iop.org/article/10.1088/1748-0221/16/03/P03025
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The layout of the IceCube-
Gen2 Radio experiment. 

(IceCube-Gen2 Collaboration, 2022), 
(BBC, 2016)

https://pos.sissa.it/395/1183
https://www.bbc.com/news/world-asia-36593991


https://

• What is the neutrino cross section at these 
energies?

• What is the flavor composition?
• Test the Standard Model predictions!

• What sources emit UHE neutrinos?

• What is the UHE neutrino flux?
• How are cosmic messengers accelerated?

• Neutron star mergers
(Valera et al., 2022)

(Ackermann et al., 2022)
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Measured and 
predicted neutrino 
cross-section.

Predicted 
neutrino flux 
from different 
models at 
UHE.

https://arxiv.org/abs/2210.03756
https://arxiv.org/pdf/2203.08096.pdf
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My work: MC simulated signals 
for deep radio stations.
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My work: MC simulated signals 
for deep radio stations.



26

(Plaisier et al., 2023)

https://arxiv.org/pdf/2302.00054v1.pdf


• event generation
• signal generation
• signal propagation
• detector response + trigger

• fully connected network
• precision already close to target resolution

27

Anton Holmberg, Master thesis, Uppsala University (2022)



• event generation
• signal generation
• signal propagation
• detector response + trigger

• shower energy
• geometry

28

Anton Holmberg, Master thesis, Uppsala University (2022)
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Generator

Critic



30

“Neutrino signal generator in the lab”

setup in Uppsala
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§ Current trigger based on simple 
thresholds

§ Huge gain expected by replacing trigger 
with neural network that analyzes data 
stream in real time

ARIANNA collaboration, JINST 17 P03007 (2022)

lab tests
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Normalizing flow estimating 
a complex 1-d PDF from a 
gaußian base distribution.

(Riebesell, 2023)

https://janosh.dev/blog/normalizing-flows
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Within the inelesticity uncertainty of the neutrino interaction

Coverage can be further improved (10% deviation)
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Previous results using neural 
networks for flavor classification 

for shallow stations.
(Ericsson, 2021)

https://uu.diva-portal.org/smash/get/diva2:1582385/FULLTEXT01.pdf

