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Overview

1st year PhD
member of the MAGIC Collaboration
PhD on multimessenger astrophysics
• electromagnetic radiation and neutrinos

from the same sources
• Focused on the study of Blazar sources as

candidate neutrino emitters
Aim
• Characterization and interpretation of the 

Spectral Energy Distribution of the sources



Multimessenger and 
neutrino astrophysics
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v Cosmic rays, photons, neutrinos
from same sources

v Neutrinos from 𝑝𝑝 or 𝑝𝛾
interactions

v Important role played by IceCube
ØExtragalactic neutrinos

!
𝑋 + 𝜋! → 𝑋 + 𝛾𝛾

𝑋 + 𝜋" → 𝑋 + 𝜇"𝜈# → 𝑋 + 𝑒"𝜈$𝜈#𝜈#
𝑋 + 𝜋% → 𝑋 + 𝜇%𝜈# → 𝑋 + 𝑒% *𝜈$𝜈#𝜈#

𝑝𝑝, 𝑝𝛾 → … →



Multimessenger and neutrino 
astrophysics
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vContribution from different instruments is
needed:
• Neutrino telescopes

Ø Alert emission
• Telescopes for EM radiation

Ø Alert response
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Alerts received by MAGIC
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Alerts from IceCube:
• Neutrino clusters, E>100 GeV

Ø From set of preselected sources
• Single high energy tracks, E>60 TeV

Ø BRONZE and GOLD alerts
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A successful follow-up: TXS 0506+056

IC-170922A: Track-like event with E~290 TeV
MAGIC observations: detection in VHE γ-rays
(E>90 GeV) with 6.2σ significance

Significance of blazar-neutrino coincidence: 3σ

First multimessenger SED!

The IceCube 
Collaboration 
et al. (2018)

International PhD School on Neutrinos ‘‘Here, There & Everywhere’’ 6/14



International PhD School on Neutrinos ‘‘Here, There & Everywhere’’

My 
contribution

Three major works carried out in parallel:

1. Drawing of proposals for multiwavelength
observations and alert response

• MAGIC in particular

2. Multiwavelength data analysis

• Fermi/LAT, MAGIC, LST-1

3. Development of lepto-hadronic models

• Can blazars be neutrino emitters and cosmic-ray
accelerators?
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Proposals
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v Sources of interest and IceCube
triggers:
• Visibility of source
• Observation time
• Significance

v Proposals I contributed to:
• TXS 0506+056 monitoring
• Follow-up of potential neutrino 

sources
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Multiwavelength data analysis: Fermi/LAT
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Data selection
LAT response
computation

Model 
creation

Likelihood
maximization&

Region Of Interest and 
good time intervals

Find best fit model 
parameters for 
observed data



Multiwavelength data analysis: MAGIC
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Image 
cleaning
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Selection of good
quality data

Monte Carlo 
simulations

recognition of event
Clear sky, no 

hardware problems
g/h separation, energy and 

direction reconstruction

High level
products

Sky maps, spectrum, 
lightcurve, …



Multiwavelength data analysis: results
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This year’s works:
• Analysis of TXS 0506+056 in 2019-

2021
• Analysis of sources in coincidence

with IceCube neutrino alerts
Ø OP313: 4 alerts between

march and august 2020, all
from same neutrino flare
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My contribution

TXS 0506+056



Models
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Aim: Interpretation of jet emission
Ø Particles composing the jet?
Ø Origin of the second bump?

Leptonic models:
• Synchrotron Self Compton, External Compton 
Hadronic models:
• 𝑝𝛾 interactions

Ansoldi et al. (2018)
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Thank you for your 
attention!
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