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Aims of this presentation

● Introduce the forthcoming ASTRI Mini-Array and present 
expected performance in terms of sensitivity, energy and 
spatial resolution.

● Introduce the concept of the scientific pillars and general 
observational strategies.

● Present the Cygnus Data Challenge: observing strategy, 
pipeline developments, the sky model and some 
scientific results.  
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ASTRI Mini-Array 

See also C.Bigongiari talk Friday @this conference

3
Vercellone, PoS, 2022 

ASTRI-MA sensitivity and characteristics in comparison with existing IACTs

https://pos.sissa.it/395/896


ASTRI Mini-Array

ASTRI-MA sensitivity and characteristics in comparison with other gamma-ray facilities

Vercellone, PoS, 2022 
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https://pos.sissa.it/395/896


The Science Pillars

Vercellone et al., 2022, JHEP, 35, 1-42 

● In the first four years, ASTRI Mini-Array will operate as an experiment. Scientific schedule 
will privilege long-exposure observations of selected sky fields. 

● The “pillars” of this investigation fall into these main scientific areas: 
○ Origin of cosmic rays (PeVatrons, PWN acceleration mechanisms)
○ Fundamental physics (Cosmology, EBL, dark matter) 
○ The Transient and multi-messenger sky (GRBs, GWs)
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https://www.sciencedirect.com/science/article/pii/S2214404822000222?via%3Dihub
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● In the first four years, ASTRI Mini-Array will operate as an experiment. Scientific schedule 
will privilege long-exposure observations of selected sky fields. 

● The “pillars” of this investigation fall into these main scientific areas: 
○ Origin of cosmic rays (PeVatrons, PWN acceleration mechanisms)
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○ The Transient and multi-messenger sky (GRBs, GWs)

However, ongoing discoveries offer the opportunity to re-address 
the best candidate sources to tackle such questions.
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https://www.sciencedirect.com/science/article/pii/S2214404822000222?via%3Dihub


The densest TeV source region

First LHAASO catalogue.
43 sources detected >100 TeV

Third HAWC catalogue

The Cygnus region is comprised between 64-84 deg in Galactic longitude and +/- 3 deg in 
latitude. It is the most  crowded and scientifically reach TeV field in the Northern sky.
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https://iopscience.iop.org/article/10.3847/1538-4365/acfd29/pdf
https://iopscience.iop.org/article/10.3847/1538-4357/abc2d8/pdf


The Cygnus region

A test on detection capabilities as function of 
exposure times.
We included only HAWC third catalogue sources.
Simplified spectral/spatial modelling. 
No diffuse emission. 
No realistic pointing strategy.

Simulation with 200 hr of uniform 
exposure (Vercellone, 2022)

D’Aì et al. 2022, JHEAP, 35, 139 
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https://ui.adsabs.harvard.edu/abs/2022JHEAp..35..139D/abstract


Realistic pointing plan

540  hours of net exposure 
divided in 180 pointings.

 

Sky visibility from Teide
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Realistic pointing plan

Modified double-rows.
Main pointings on the same Gal. 
latitude=1.5 deg,  different Gal. 
longitudes (66,72,and 78 deg)

4-tiles separated by 1.5 deg in lat and in 
long with respect to the central 
position. 

The tiling is not specular wrt the diffuse 
Galactic  ridge emission, because 
sources of interest are mostly above the 
Galactic plane.

 

225 hr150 hr315 hr
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The DC Cygnus model ingredients

● Galactic ridge diffuse emission
● Point and extended sources from 

LHAASO/HAWC/MAGIC and VERITAS 
detections (13 sources)

● Cygnus bubble (from HAWC analysis)
● Irreducible background

A.Donath et al. 2023, A&A

Publicly available ASTRI-MA IRF @Zenodo
https://zenodo.org/records/6827882
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https://www.aanda.org/articles/aa/full_html/2023/10/aa46488-23/aa46488-23.html
https://zenodo.org/records/6827882https://zenodo.org/records/6827882


The Cygnus Superbubble

Fermi Coll. 2011 HAWC Coll. 2021 LHAASO Coll. 2024
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https://www.science.org/doi/10.1126/science.1210311
https://www.nature.com/articles/s41550-021-01318-y
https://doi.org/10.1016/j.scib.2023.12.040


The Cygnus Superbubble: spatial constraints 

Thanks to @Antonio Tutone 

Template: GaussianSpatialModel
(lon=79.6°, lat=0.96°, σ=2.13°).

We sliced the region into rectangular 
subregions of 2.5deg width and applied a 
sliding window pace of 0.5 deg. 
Exposure-corrected counts per slice were 
fitted with a Gaussian profile.
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http://www.ifc.inaf.it/index.php/personal-pages/antonio-tutone/


Spectral-spatial fit results

Uncertainties on the total flux determination driven by 
uncertainties in the sigma value of the spatial model and pivot 

@1TeV. This leads to overall flux uncertainty around 20 %.
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Preliminary



The embedded PeVatron: LHAASO J2032+4102.

LHAASO J2032+4102 is embedded in the Fermi bubble, 
the most energetic PeVatron in the whole region. 
Confirmed also by Tibet ASGamma. Likely associated 
with the a massive star cluster (Cygnus OB1).
 
First LHAASO catalogue reported two sources at close 
distance, the same is reported by HAWC. 

IACTs (MAGIC, VERITAS) reported only 3-4% C.U. flux 
from this location, associated with the PWN PSR 
J2032+4127 (which is also a gamma-ray binary !).

We simulated two extended sources of different spectral 
shapes (one softer, cut-off at 20 TeV) and one much 
harder (using Tibet Asgamma best-fit model).

Astri MA PSF DiskSpatial, hard region

DiskGaussian, soft
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The embedded PeVatron: LHAASO J2032+4102.

ASTRI-MA is able to clearly 
distinguish the two regions as 
morphologically different.

The flux and spectral shapes 
were found consistent with the 
template model and the cut-off 
at 20 TeV of the softer region is 
well constrained. The hard 
region is detected above 100 TeV 
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Preliminary



A pipeline for automatic source detection

An automated blind detection and source modelling pipeline 
based on Gammapy (developed by Luis Barrios-Jiménez)

Iterative approach:

1. First scan with Excess Peak. 
2. Find if there are overlapping sources.
3. Model isolated and overlapping sources, deciding on 

extended single source or two separate sources.
4. Scan again, build the catalogue.
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https://inspirehep.net/authors/2815135


Source confusion
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Results
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Take-home messages

●  ASTRI MA large FoV is perfectly suited for Galactic disk surveys, and 
the Cygnus region is the most promising field to be observed.

● ASTRI MA will be able to deliver spectro-morphological constraints on 
the growing population of ultra high-energy Galactic PeVatrons.

● The Cygnus DC allowed us to develop pipelines and tools for source 
determination and study of very extended structures like the Fermi SB.

● The determination of extended morphologies, which internally host a 
population of energetic local sources, will still be a challenging task.
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Back-up slides



Fit details: spatial models

Parameter Template Fitted Parameter Uncertainty (sigmas)

lon_0 80.224 80.21 土 0.03 <1

lat_0 1.03 1.024 土 0.005 1.2

r_0 0.27 0.272 土 0.003 <1

lon_0 80.247 80.22 土 0.03 <1

lat_0 1.2 1.18 土 0.02 1

sigma 0.19 0.22 土 0.02 1.5
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Fit details: spectral models

Parameter Template Fitted Parameter Uncertainty (sigmas)

index 2 2.1土0.4 <1

amplitude 1.24e-13 (1.7土0.3)e-13 1.5

lambda_ 0.05 0.06土0.05 <1

amplitude 6e-16 (7土0.8)e-16 1.1

alpha 2 (1.8土0.2) 1
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LHAASO J2032
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https://arxiv.org/pdf/2407.02879
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.031102

