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Research Field 
Particle acceleration using Very-High-Energy gamma rays

Two techniques:

Imaging Atmospheric Cherenkov Technique (MAGIC, 
HESS, VERITAS and future CTA)

Particle Detection Technique (HAWC, ARGO, 
LHAASO and future SWGO)
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Imaging Atmospheric Cherenkov 
telescopes 

• Energy range: 100 GeV - ~tens of TeV

• Field of View ~ few deg

• Angular resolution ~0.1 deg

• Energy resolution ~15-20%
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Water Cherenkov detectors
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Water Cherenkov detectors 
• Energy range: 1 TeV - ~hundreds of TeV

• Field of View: ~ steradian

• Angular resolution >0.2 deg

• Energy resolution >50%
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Study of CR anomalies through 
VHE gamma-ray observations
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Expected from 
secondary production

Source or sources 
contribution

• The positron fraction is expected to 
decrease with Energy

• This is the case for energies below 

a few GeV

• At higher energies the positron 

fraction increases -> There has to be a 
source injecting them


• If we take the diffusion coefficient 
derived from the ratio between 
secondary to primary cosmic ray 
species, the highest energy electrons 
and positrons should come from a 
nearby source.


• DM has been proposed as the 
origin of this excess, to confirm/rule 
out this hypothesis, we need to 
deeply understand the background 
from cosmic sources.


See talk from M. Di Mauro for details about 
DM searches using Cosmic Rays
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Detection of very extended sources
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• Detection of two very extended gamma-
ray sources coincident with the pulsars 
Geminga and PSR B0656+14


• We measured the gamma-ray spectrum as 
a single power-law between 8 and 40 TeV.


• Emission coming from very high energy 
electrons (~100 TeV) inverse Compton 
upscattering CMB


HAWC Coll., Science, 358, 911 (2017)
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Definition of TeV halos
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More than 180 
participants


Warm welcome from the 
community


Need to understand 
these sources to 
evaluate what is the 
background for the 
indirect detection of 
DM

International workshop
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Primordial Black Holes 
Definition

What are Primordial Black Holes (PBHs)?

Predicted by S. Hawking in 1971. 


Black Holes that were originated in a radiation dominated era.


They do not count for the total baryonic mass of the Universe.


Their masses can range from the Planck scale up to supermassive BHs.


PBH search regained interest after the detection of Gravitational Waves, 
being proposed as possible contributors for DM

9

For more info, see talks by G. Domenech 
and M. Leyton
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Current limits
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Limits for evaporation 
~now

Evaporation limits for PBHs evaporating now 

PBHs of mass ~1014 g, generated in the Big Bang, should be evaporating 
~now


The Extragalactic Gamma-ray Background (E~100 MeV) gives very good 
Cosmological constrains on PBH evaporation [Burst Density < 10-6 pc-3 
yr-1]

On Galactic scales, clusters of PBHs should produce an anisotropy in 
the Gamma-ray measurements (E~100 MeV) [Burst Density < 0.42 pc-3 
yr-1]

On kiloparsec scales, the antiproton background can be used to derive 
limits [Burst Density < 10-3 pc-3 yr-1]
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Serendipitous events
VHE gamma-ray experiments have sensitivity to detect 
single events occurring at ~parsec distances


Wide FoV detectors (Milagro/HAWC/SWGO)

Thanks to their large FoV and exposures, cover a large Volume and therefore 
can establish the best limits nowadays


IACTs (MAGIC/HESS/VERITAS)

Thanks to their very good background rejection and the low expected signal, 
they are able to have the longest reach.
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Open source code for PBH search
pbh_iacts: Public code for burst search already in place. Entirely 
written in python, only reading high level files.


In the era of Open-Source software/science, it is essential to  
provide open-source tools to make analysis reproducible.
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pbh_iacts
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Limits foreseen
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* 1 pc ~ 3 light-years 
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Estimations with SWGO
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Large Sized Telescope (LST)
Largest telescope of the Cherenkov Telescope Array


23 meter diameter. Fast movement to catch transient phenomena.

First prototype already in place in La Palma. Currently under 
commissioning.

Reaches the lowest energy threshold from ground-based instruments -> 
largest energy range.

4 in each hemisphere. LST 2, 3 and 4 already being constructed in la 
Palma.

Important INFN contribution.

Leadership role in the construction and commissioning as Analysis 
Software Coordinator of the LST
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Convolutional Neural 
Networks on IACTs
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Preliminary results
LST first results on MC simulations 


Significant improvement in angular and energy  
reconstruction with respect to the algorithms 
currently in use


Testbench using MAGIC real data
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Communication National

LocalInternational
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LST First astronomical light

led by the FELLINI project
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Large Sized Telescope (LST)

What are Primordial Black Holes (PBHs)?

Predicted by S. Hawking in 1971. 


Black Holes that were originated in a radiation dominated era.


They do not count for the total baryonic mass of the Universe


Their masses can range from the Planck scale up to supermassive BHs.


PBH search regained interest after the detection of Gravitational Waves, 
being proposed as possible contributors for DM
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Crab pulsar
INFN contribution 
highlighted in the 
Press Coverage 
thanks to Deep 
involvement in 
data analysis

National

International Local
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