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What do you see?
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OBSERVING IN THE RADIO BAND
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OBSERVING IN INFRARED
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OBSERVING IN OPTICAL
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OBSERVING IN X-RAYS
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OBSERVING IN 
GAMMA RAYS
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THERMAL PROCESSES
• Equilibrium
• Temperature
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Star emission

What is the coldest thermal emission that you know?



THERMAL RADIATION

radio

infrared

optical

X rays

14



THERMAL EMISSION MEANS BLACK 
BODY SPECTRUM
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NON-THERMAL PROCESSES
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NON THERMAL 
EMISSION IN OUR 

GALAXY: 
NEBULAE
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COMBINING PIECES TOGETHER
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EMISSION FROM A SUPERNOVA 
REMNANT

• Non-thermal emission at all 
wavelenghts dominate!
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STUDY OF NON-THERMAL 
UNIVERSE

• Extreme accelerators
• Characterization
• Test physics in extreme 

conditions
• Multimessenger connection: 

origin of cosmic rays

• Search for anomalies from the 
standard model
• Search for dark matter
• Evidence of axion-like particles
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GALACTIC AND EXTRAGALACTIC 
OBJECTS

Gamma ray sky

Fermi LAT 12 years map
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THE EXTRAGALACTIC, NON THERMAL SKY

• Gamma ray survey: Fermi LAT
• How many sources do we know? 

• Fermi Catalog ! ~6000 sources 
(https://heasarc.gsfc.nasa.gov/W3
Browse/fermi/fermilpsc.html)

• Which sources?
• Blazars dominate the extragalactic 

gamma ray sky!
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JETTED ACTIVE 
GALACTIC NUCLEI

• Central, supermassive black hole
• Energy from accretion
• Jet of ultra relativistic particles

• 1% of all galaxies
• 10% jetted
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JETTED ACTIVE 
GALACTIC NUCLEI

• Central, supermassive black hole
• Energy from accretion
• Jet of ultra relativistic particles

• 1% of all galaxies ! ~1011 galaxies
• 10% jetted
• ~5000 jetted galaxies detected

JWT
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JETTED-AGNS: EXAMPLES

Why??
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WHY DO WE STUDY THESE 
OBJECTS?

• Most extreme particle accelerator 
available

• Test physics in energy regimes not 
available on Earth

• Test propagation of gamma rays
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PARTICLES IN THE JET

• Acceleration + collimation
• Magnetic field

• Which kind of emission?
• Which energy band?
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On large scales, the 
emission is a 
superposition of 
many contributions

! Models are very 
complex!
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LOOKING FOR THE 
EASIEST CASE….
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RELATIVISTIC 
BOOST

• Time is contracted

• Luminosity is highly enhanced

• Explaination of superluminal motion 
detected in some blazars (example: 3C 
279)

• From a blazar you see almost only the jet!
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PHYSICS PROCESSES IN A 
BLAZAR’S JET
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STANDARD SCENARIO: 
TWO MAIN MECHANISMS 

• Syncrotron emission: 
from radio to X rays

• Inverse Compton emission:
from X-rays to gamma rays
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LET’S SEE SOME OF THE MOST 
ENERGETIC BLAZARS

• Mkn 501 
• 3C 66A 
• 3C 279

1. Search for the redshift of these blazars (http://tevcat2.uchicago.edu/) 

2. Build the spectral energy distribution (https://tools.ssdc.asi.it/SED/) 
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http://tevcat2.uchicago.edu/
https://tools.ssdc.asi.it/SED/


MKN 501

Compare source 
emission ! correct 
for redshift
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COMPARISON
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THE BLAZAR SEQUENCE

• SED brightness anti-correlates 
with the peak position

• TeV detections are in line with the 
blazar sequence

Adapted from Fossati et al. 1998
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GAMMA RAYS TO THE HIGHEST 
ENERGIES

• http://tevcat2.uchicago.edu/

• How many blazars detected in this energy band?

• Which is the most distant?

• Which was detected first?
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http://tevcat2.uchicago.edu/


MY FAVOURITE SOURCE: 
PG 1553+113

• Uncertain redshift
• HBL
• Periodic emission in Fermi-

LAT (gamma rays)
• MWL emission?
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LET’S HAVE A LOOK AT THE MOST 
FAMOUS BLAZAR OF THE SKY: 

TXS 0506+056

• Build the SED (from ssdc website)

• Find it in TeVCaT
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HISTORY OF A MILESTONE

•The 22nd September 2017, a high energy, 
astrophysical neutrino was detected by 
IceCube

•Gamma-ray observations (Fermi-LAT & MAGIC) 
+ observation at other bands have revealed 
that it was coming from a blazar

•For the first time the astrophysical source of 
high-energy neutrinos was detected!

•Blazars are cosmic ray accelerators!
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THE NEUTRINO BLAZAR
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The search continues…

Thank you!
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