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The Fermi all-sky survey

Cherenkov Telescope Array
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The VHE sky so far
http://tevcat2.uchicago.edu/

http://tevcat2.uchicago.edu/


Science with IACTs (& friends …)— Giacomo Bonnoli, INAF OA Brera - ITP@Caanary Islands, La Palma, 5/11/2024

Crab Nebula: the TeV standard candle

Remnant of the 1054 a.C. SuperNova

Signal in 27h

W51 (extended)
Skymap
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VHE gamma-ray spectrum of Crab Nebula

Aleksić+ JHEAP, 2015
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Broadband SED of the Crab Nebula

Dirson & Horns, A&A, 2023
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• Inverse Compton emission due to relativistic particles from a pulsar with T=33 ms

Ansoldi et al. 2016
All models challenged!!

The Crab Pulsar:  
TeV pulsed emission from a rotating neutron star



Science moFvaFon for CTAO
E.g. Cosmic Ray Origin: 

QuanFtaFve understanding of cosmic ray spectra & yield 

Presumably only very young SNR accelerate to 1015 eV;       

only a handful of these currently acFve in our Galaxy 

Energy and shape of cutoffs ? 

Probing escape of CRs from SNR using ambient gas
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E.g. Cosmic Ray Origin: 

QuanFtaFve understanding of cosmic ray spectra & yield 

Presumably only very young SNR accelerate to 1015 eV;      
only a handful of these currently acFve in our Galaxy 

Energy and shape of cutoffs ? 

Probing escape of CRs from SNR using ambient gas

CTA will see 
SNR in whole 
Galaxy
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Broad band SED for the blazar Mrk 421

sincrotrone Compton

 Inverso(?)

Extended over the 
whole EM spectrum

Extremely variable 

Important observational effort
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Blazars
Courtesy of F. Tavecchio
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AGN unified model

Radio-Loud: blazars, radio-galaxies

Radio-Quiet: quasars, Seyfert
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SED dominated by the relativistically boosted 
non-thermal continuum emission of the jet.  
T

d  


Synchrotron and IC in leptonic models.  

Also hadronic scenarios  
(synchrotron or photo-meson emission) 

νF
ν

E

IR—soft X-rays MeV—GeV

Jets pointing at us: BLAZARS

Lobs = L0�4 � =
1

�(1� � cos ✓v)

Accreting BH

Jet

Radiogalaxy

Blazar

Courtesy of F. Tavecchio



Science with IACTs (& friends …)— Giacomo Bonnoli, INAF OA Brera - ITP@Caanary Islands, La Palma, 5/11/2024

Special relativity at work
Courtesy of F. Tavecchio
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Jet physics  

Particle acceleration
Plasma and B-field physics
Reconnection vs shock 
Hadronic vs leptonic emission
Location of emission region
...
Propagation effects 
  
Extragalactic background light
Intergalactic magnetic field
Hadronic beams
LIV and ALPs-induced effects and other 
anomalies

CMB

EBL

C

phot B 

Courtesy of F. Tavecchio
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A simple leptonic model
Courtesy of F. Tavecchio
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Courtesy of F. Tavecchio
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Synchrotron Self-Compton model
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Courtesy of F. Tavecchio
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An application
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VHE flares in M87: where?
Abramowski+, A&A, 2012

In the core or in HST-1?

IACT resolution cannot 
discriminate the two 

(separation is  ~0.9 arcs)

Combining information 
from different instruments 

is crucial!



Science with IACTs (& friends …)— Giacomo Bonnoli, INAF OA Brera - ITP@Caanary Islands, La Palma, 5/11/2024

The giant flare of the blazar PKS2155-304
Aharonian+, ApJ, 2007

Up to 17 C.U

Fast variability, at few 
minutes scales

Limit to dimension of the 
emission region by 
causality condition
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Gamma-ray bursts with IACTs
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After 15 years of unsuccessful attempts…
Acciari+, Nature, 2019

GRB190114C

A large excess in less than 0.5 h!

MAGIC repoints 
and start 

observation within 
less than 1 minute 

since t0
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Multiwavelength light-curve

Afterglow fluxes decay 
as a power of time

Acciari+, Nature, 2019
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Time-resolved SEDs
Acciari+, Nature, 2019
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Distance of the host galaxy

Optical spectrum with 
redshifted absorption and 

emission lines

Acciari+, Nature, 2019



Science moFvaFon for CTAO

Many key phenomena within reach               
of a 10x more sensiEve instrument 

VHE gamma rays from galaxy clusters 

VHE spectra of GRBs 

Redshi^ evoluFon of EBL 

Dark ma`er WIMP annihilaFon 

…
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An application: IACTs and muon 
tomography of volcanoes
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An application: IACTs and muon 
tomography of volcanoes

Catalano+, NIMPA, 2016
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An application: IACTs and muon 
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Thanks!! 
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