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Why neutrinos?

* 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
e Second most abundant particle in the Universe

e Over 300 neutrinos per cubic centimeter

* Flavor changing (oscillating)

 Many unresolved questions
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Neutrino sources

* Many different neutrino sources, either terrestrial or astrophysical
* The energy of a neutrino points to the means of its production

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

e cosmic neutrino background (CNB)

nuclear processes (solar, supernova...)

cosmic rays collision with Earth's atmosphere

extreme objects (neutron stars...)

cosmogenic neutrinos

low energy

high energy

very high energy

ultra high energy
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Aartsen, M.G. et al. (2017). Astrophysical Neutrinos

and Cosmic Rays Observed by IceCube. Advances in
Space Research. 62.10.1016/j.asr.2017.05.030.

Schukraft, A. (2013). A view of prompt atmospheric
neutrinos with IceCube. Nuclear Physics B
(Proceedings Supplements) (2013), pp. 266-268
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Detection in
lceCube

IceCube Laboratory

Data is collected here and
sent by satellite to the data
warehouse at UW-Madison

Digital Optical
Module (DOM)

5,160 DOMs
deployed in the ice

|BEDUBE

L Souns PoLs Nm.m;'mc DESERVATORY
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Detection in ol
lceCube S .
gwoy s
Energy smearing gets 5
progrESSively Strong g i
with raising energy in s
the region of interest .
2
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What is Unfolding?

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

Measurements.
data

A forward problem :
Detection process Background

Model Observables g(y) = / A(z,y) f(z) dz + b(y)

“~

Aninverse problem Observables Property of interest

Physical properties,
unknowns

Image credit: Research School of Earth
Sciences, Australian National University
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What is Unfolding?

To understand Unfolding, first we need to define Inverse problems:
i 1200 -
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What is Unfolding?

To understand Unfolding, first we need to define Inverse problems:
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; . ™ - Reg. Unfolding
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Statistische Methoden der
Datenanalyse
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What is Unfolding? 106 4

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

A
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- 0“0 ..

104
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 Sample with purity -
of 99.7% was
achieved with our 10°
approach . .
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What is Unfolding?

Two approaches to Unfolding:

* Poisson Likelihood Unfolding funfolding

Dortmund Spectrum
Estimation Algorithm
(DSEA+)

* |terative probabilistic Unfolding

Unfolding the neutrino energy spectrum, SFB 1491 Kick-off 14
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funfolding

Systematics:
— A(£)

Likelihood based Unfolding:

E(ﬁ‘ f) =i(9u . ln(Af) — (Af)u) 100.0%

.
o
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Dortmund Spectrum Estimation Algorithm (DSEA+)
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What is Unfolding?

Different approaches to Unfolding based on the chosen Proxy:
* e.g. Stopping Muon Unfolding
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Zenith dependance

UnfOIding in 107 IceCube Preliminary
different zenith ]

bands can unveil the
expected flux
dependance
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Seasonal variations

Expected results from 10 years of experimetal data
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Conclusion
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Thank you for your attention!
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