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Outline

• Introduction

• The ASTRI/CTA SST-2M mini-array

• Scientific cases: galactic and extragalactic

Monday, June 9, 14



The ASTRI/CTA mini-array

F. Tavecchio - SWAPS 2014 - 11-13 June 2014 3

Cherenkov arrays

Monday, June 9, 14



The ASTRI/CTA mini-array

F. Tavecchio - SWAPS 2014 - 11-13 June 2014 4

Status

The present ...

and the future ...
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Status

The TeV sky
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The ASTRI project

2016
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The ASTRI/CTA mini-array concept

seven

/CTA mini array                                   

ASTRI/CTA mini-array 
deployment phase

ASTRI/CTA mini-array re-assessment study  phase

at the end of 2014.
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The updated ASTRI/CTA sensitivityThe ASTRI/CTA mini-array performance

✓ Limiting flux comparable or slightly better than H.E.S.S. above a few TeV 

for an array composed by 7 telescopes (Di Pierro et al., 2013, 33rd ICRC). 

✓ Large field of view (for gamma-rays), not less than 2.5-3 degrees

✓ Should not expect better than a few arcmin angular resolution (~0.08°)

✓ Energy resolution of the order of 10-15 % 
PRELIMINARY
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ASTRI/CTA Mini-array expectations
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Science with the mini-array 

Strategy: well defined cases, few targets, long exposures
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Science with the mini-array 

Strategy: well defined cases, few targets, long exposures

Galactic sources Extragalactic sources

Young SNR
Pevatrons
Interacting SNR
PWN
Gamma-ray binaries

Extreme BL Lac objects
Radio-galaxies
EBL
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Science with the mini-array 

Galactic sources Extragalactic sources

Young SNR
Pevatrons
Interacting SNR
PWN
Gamma-ray binaries

Extreme BL Lac objects
Radio-galaxies
EBL

Strategy: well defined cases, few targets, long exposures

Monday, June 9, 14



The ASTRI/CTA mini-array

F. Tavecchio - SWAPS 2014 - 11-13 June 2014 13

Galactic sources: young SNR
RX J 1713.7-3946

Not compatible with 
hadronic emission? 
(Abdo et al. 2011)

Acceptance-corrected 
HESS image

Aharonian et al. 2007

Hadronic

Leptonic

Emission up to 
 several tens of 

TeV
Large extension

Young shell-like SNR
Fermi/LAT - 24 months

HESS - 63 hours
Significant emission E>30 TeV
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Galactic sources: interacting SNR
W28

Middle-age SNR interacting with 
Molecular Clouds

GeV bright source

Ideal labs for to study particle 
escape from SNR and propagation

bright multi
TeV emission

Mini-array can observe with 
better spatial and energy resolution
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Extragalactic targets: EHBL

Extreme HBL (Costamante et al. 2011)
Very hard deabsorbed spectra

No (or weak) variability

Observed 
spectrum

De-absorbed
spectrum
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Why are EHBLs so interesting?

• Jet mechanism (high minimum el. energy assuming SSC)

• Hadron beams

• ALPs

• far-IR EBL-probes 

• LIV and anomalies  in EBL opacity

• HE gamma-ray background

• IGMF probes Neronov 2010
Tavecchio+ 2010

Fairbairn+ 2014,
http://arxiv.org/abs/1401.8178

Franceschini+ 2008
Dominguez+ 2011

Roncadelli+ 2007

Essey & Kusenko 2010
Dermer+ 2012
Murase+ 2012

Inoue & Ioka 2012.  Bonnoli+ in prep

Katarzynski+2006, Tavecchio+ 2009
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UHECR beams?

CMB, EBL

UHE p + possible cascades
VHE 

Essey & Kusenko 2010 
Murase et al. 2012

Tavecchio 2014

⇡0
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UHECR beams?

EBL

UHE p + possible cascades
VHE 

PeV Neutrinos

⇡+

Kalashev et al. 2013
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UHECR beams?

1ES 0229+200 SED can be fit by both the 
γ-ray-induced cascade and proton-
induced cascade emissions.

Because of the uncertainty in EBL models, it 
is not easy to distinguish between the two 
possibilities at ~1-10 TeV energies. 

Other good candidate: KUV 00311-1938
(z=0.61)

✓At higher energies, however, UHECR-induced cascade emission becomes harder 
than γ-ray-induced cascade emission.

✓A detection of >25 TeV γ-rays from 1ES 0229+200 is only compatible if the γ-rays 
are hadronic in origin. Very deep ASTRI/CTA mini-array observation are required.

Murase et al., 2012

z = 0.14

Murase+ 2012

Takami+ 2013

Fermi/LAT 
data
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LIV and anomalies in EBL opacity

ASTRI/CTA 
Mini-ArrayFairbairn+ 2014

LIV induces 
suppression

of EBL-opacity  

LIV induces an affective 
mass for the photon

Modification of threshold 
for pair production at high E
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LIV and anomalies in EBL opacity

Fairbairn+ 2014

Mrk 501
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LIV and anomalies in EBL opacity

A better source...

1ES 0229+220

Fermi/LAT
Vovk et al. 2012

Tavecchio et al. in prep

HESS
Aharonian et al. 2007

HESS De-absorbed
with Dominguez+ 11

MLV I = 1019 GeV

MLV I = 3 · 1019 GeV

MLV I = 1020 GeV
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EH
BL

“usual”TeV

CTA-N:  < 30-40° ZA
CTA-S: 3 out, 3 High-ZA, 3 OK

Selecting a sample of EHBL

Bonnoli+ in prep.

Criterion if confirmed could be applied on Southern Sky catalogues
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MAGIC-detected!!

EHBL Spectral Energy Distributions

Bonnoli+ in prep.

Data from:
Swift
Fermi/LAT
WISE
Archive
Gray: SED of 1ES 0229+220 (for comparison)
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Summary

beginning of
2015
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Backup slides
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The brand new TeV EHBL RBS 0723

Even though variability may play a 
role, the model prediction looks 
conservative after MAGIC 10h 
detection  

Bonnoli+ in prep.

• Detection by MAGIC of RBS 0723 
suggests that these HBL are well 
within reach for full CTA 

• ASTRI/CTA M-A has only a factor of  
few worse (<~10) area w.r.t. CTA

• Dedicated simulations ASAP for best 
observability
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