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• Small but nonvanishing mass

• No charge

• Not susceptible to the strong force

• Interact only via weak force

• Can travel galactic distances without changing their direction

• Second most abundant particle in the Universe

• Over 300 neutrinos per cubic centimeter

• Flavor changing (oscillating)

• Many unresolved questions
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Why neutrinos?



• Many different neutrino sources, either terrestrial or astrophysical

• The energy of a neutrino points to the means of its production
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Neutrino sources

Image credit: GRAND (Giant 
Radio Array for Neutrino 
Detection)



• cosmic neutrino background (CNB)

• nuclear processes (solar, supernova...)

• cosmic rays collision with Earth's atmosphere

• extreme objects (neutron stars...)

• cosmogenic neutrinos
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Neutrino sources

low energy

high energy

very high energy

ultra high energy

Detection in 
IceCube
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Detection in

IceCube
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Detection in

IceCube
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Detection in

IceCube

Energy smearing gets 
progressively strong 
with raising energy in 
the region of interest



To understand Unfolding, first we need to define Inverse problems:
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What is Unfolding?

Image credit: Research School of Earth 
Sciences, Australian National University

Property of interestObservables

Detection process Background



To understand Unfolding, first we need to define Inverse problems:
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What is Unfolding?

Credit: Prof. Dr. Dr. 
Wolfgang Rhode

Statistische Methoden der 
Datenanalyse
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What is Unfolding?

Credit: Prof. Dr. Dr. 
Wolfgang Rhode

Statistische Methoden der 
Datenanalyse
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Leads to large uncertainties if 
the problem is ill-conditioned!

Regularization is required!



Special attention is 
given to Sample 
cleaning (so the 
Background dropping 
can be justified)

• Sample with purity 
of 99.7% was 
achieved with our 
approach
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What is Unfolding?



Two approaches to Unfolding:

• Poisson Likelihood Unfolding

• Iterative probabilistic Unfolding
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What is Unfolding?

funfolding

Dortmund Spectrum 

Estimation Algorithm 

(DSEA+)
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funfolding

Systematics:

Likelihood based Unfolding:



Dortmund Spectrum Estimation Algorithm (DSEA+)
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Different approaches to Unfolding based on the chosen Proxy:

• e.g. Stopping Muon Unfolding
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What is Unfolding?
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Zenith dependance

Unfolding in 
different zenith 
bands can unveil the 
expected flux 
dependance 
to zenith degree
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Seasonal variations
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Conclusion

Model 
independent 

flux 
estimation

Model 
independent 

seasonal 
variations

Unfolding 
different 

target 
variables

Zenith 
dependance

What's next?



Thank you for your attention!
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