
The ASTRI Mini-Array (ASTRI MA) is a next-generation ground-based gamma-ray observatory under 
construction at the Observatorio del Teide (Tenerife, Spain) [1]. It will be composed of nine small-sized (~4 m 
in diameter) Cherenkov telescopes operating in the energy range between 1 TeV and 100 TeV and beyond. 
Thanks to its differential sensitivity and angular/energy resolution over a wide field of view (~10 degrees), the 
system will allow unprecedented gamma-ray observations in the TeV and multi-TeV energy band [2], 
providing a fully functional complement to present- (VERITAS [3], MAGIC [4], HAWC [5]) and next-generation 
(LHAASO [6], CTAO Northern Array [7]) gamma-ray observatories in the Northern Hemisphere. 
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Overview

In order to assess the performance of the ASTRI MA, detailed high-statistic Monte Carlo (MC) simulations were 
generated and subsequently reduced with A-SciSoft [8], the scientific software package of the ASTRI Project. 
The air shower (induced by primary gamma rays, protons, and electrons) simulations were generated with the 
CORSIKA package [9], while the array telescope response was produced with the sim_telarray package [10]. 
All MC simulations were generated assuming dark night conditions and a zenith angle of 20°. Fig. 1 shows the 
layout of the ASTRI MA telescopes at the Teide Observatory site. The MC events were reduced applying 
standard methods implemented in the data reduction pipeline [8]. The final analysis cuts (in background 
rejection, arrival direction, and event multiplicity parameters) were optimized in differential sensitivity, considering 
different exposure times. The differential sensitivity was calculated for each considered exposure time by 
requiring a 5σ [11] detection in each given energy bin and off-axis bin, assuming a ratio of the off-source to on-
source exposure equal to 5.  

Monte Carlo simulations, data reduction, and analysis

Performance
The key performance features of the ASTRI MA shown in Fig. 2, 3, and 4 can be summarized as follows: 

•  A differential sensitivity better than present-generation IACTs above a few TeV [3,4] and comparable to 
the CTAO Northern Array (in the construction phase configuration) above a few tens of TeV [7] (Fig. 2) 

•  An angular and energy resolution of a few arcmin and ~10% above a few TeV, respectively (Fig. 3) 
•  An excellent off-axis performance over a wide field of view of several squared degrees (Fig. 4) 

These performance features will allow the simultaneous observation of multiple gamma-ray sources in 
crowded regions and large surveys of the sky [2]. In addition, unprecedented morphological and spectral 
studies of extended gamma-ray sources at the TeV and multi-TeV energy band – in particular those detected 
above tens of TeV by HAWC [5] and LHAASO [6] – will be feasible. 
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Figure 2: On-axis point-
like source differential 
sensitivity of the ASTRI 
MA (at a zenith angle of 
20°) for five exposure 
times: 0.5 (dark gray), 5 
(red), 50 (blue), 200 
(green), and 500 (orange) 
hours. The differential 
sensit iv i t ies of other 
instruments – MAGIC 
(50h), HAWC (507d), 
LHAASO (1y), and CTAO 
Northern Array (50h, for 
two configurations) – are 
shown for comparison. East [m]
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Figure 1: Layout of the ASTRI MA telescopes 
at the Teide Observatory site. 

(E [TeV])
10

log
0.5− 0 0.5 1 1.5 2 2.5

]-1
 s

-2
 F

lu
x 

Se
ns

iti
vi

ty
 [e

rg
 c

m
× 2 E

12−10

11−10

100 Crab

10 Crab

1 Crab

0.1 Crab

0.01 Crab

ASTRI Mini-Array (50h) 0.5 degrees off-axis
ASTRI Mini-Array (50h) 1.5 degrees off-axis
ASTRI Mini-Array (50h) 2.5 degrees off-axis
ASTRI Mini-Array (50h) 3.5 degrees off-axis
ASTRI Mini-Array (50h) 4.5 degrees off-axis

Figure 4: Off-axis point-like source differential 
sensitivity of the ASTRI MA (at a zenith angle of 20°) 
in 50 hours for five off-axis bins between 0° and 5°. 
The performance up to 3°(5°) from the center of the 
field of view will be within a factor of ~1.5(~2) equal to 
the nominal on-axis performance. 
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Figure 3: On-axis angular resolution (left) and energy resolution (right) of the ASTRI MA (at a 
zenith angle of 20°). The dark gray curves were achieved with analysis cuts optimized for 
differential sensitivity in 50 hours. The dashed dark green line in the left(right) panel shows the 
angular(energy) resolution achieved with cuts that take into account both differential sensitivity and 
angular(energy) resolution in the cut optimization process, while the dashed green horizontal line 
represents an angular(energy) resolution of 3 arcmin(10%). 
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