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~300 sources
(~40% unidentified)

(M82, NGC253)

TeV Sky interactive map http://tevcat.uchicago.edu

GRB221009A  (z = 0.15)

SNe, TDE, FRB, dark matter decays…



The Cherenkov Telescope Array: 

2 sites: Chile and Canary Islands

cta-observatory.org







PNRR CTA+ Program:
2 LSTs at CTAO South

5 SSTs at CTAO North

R&D new detectors for Cherenkov telescopes or complementary 
(e.g. SWGO); water Cherenkov technique; muon tomography… 

Training & education of young scientists

4 optical/NIR/radio facilities in support of CTA

Program office:  E. Pian 
                             G. Castignani, INAF, OAS Bologna
                             E. Cappellaro, INAF, OA Padova 





Optical/NIR/Radio follow-up

Implementation of 4 innovative ground-based radio-to-optical observational 
facilities of unique importance for CTA science.

Three of these are oriented to the observation of TeV sources:

• VST Polarimeter (1 deg^2) to be mounted on INAF VST (PI:  P.Schipani)

• e-SiFAP – optical/NIR photopolarimeter for TNG (PI: F.Ambrosino)

• RadioFast VLBI (PI: M.Giroletti)

One - to be prototyped on the ASTRI MiniArray - represents an optimal 
secondary use of the SSTs:

• Stellar Intensity Interferometer, (PI: L.Zampieri) 







Audizioni Infrastrutture INAF – 2021.05.31

THE VST  - VLT SURVEY 
TELESCOPE

11

Paranal, same site as CTA South

VLT Survey Telescope (2.6m) 
now managed by INAF (no longer by ESO)





Extinction ratio



P_lin <~ 30-40%



The jet of M87 in polarized light

Credit: ESO

20 Mpc

EHT Collaboration 2021
Goddi et al. 2021

Time-variable millimetric  
linear polarization with a 
maximum of  ~15%

GRMHD simulations return 
magnetic fields of 1-30 Gauss 
and an accretion rate of 
(3-20)e-4 solar masses per 
year

BH mass: 
e9 solar masses



Markarian 501 (z = 0.034): multi-wavelength polarization 

Liodakis et al. 2022 

Direction of the jet
Polarization increases 
towards higher frequencies 
and does not vary between 
the 2 IXPE epochs; 
polarization angle is aligned 
with jet direction  →
shock-accelerated, 
energy-stratified electron 
population model 



IXPE observations of the blazar PKS2155-304 (z = 0.1)

2023 Oct 27 - Nov 7
Kouch et al. 2024



Shrestha et al. 2022

MAGIC Collaboration 2019

Optical polarization of the early counterpart of GRB190114C (z = 0.42)

Liverpool Telescope + 
RINGO3 polarimeter



GRB221009A (z = 0.15): upper 
limits on X-ray polarization

Negro et al. 2023 

Frederiks et al. 2023

Konus-Wind 80-320 keV

Swift

XRT

BAT

Dichiara et al. 2022

Isotropic 
gamma-ray 
energy of 
GRB221009A
Compared with
Other GRBs

Courtesy: 
L.Amati



Kilonova AT2017gfo:
Upper limit on linear 
polarization ~0.5%
(Covino et al. 2017)

Tanaka et al. 2017; Pian et al. 2017





Magnetised halo of the Milky Way

Zhang et al. 2024

polarised emission
WMAP 22.8 GHz

radio+X-rays



Jets on the scale of the cosmic web: Porphyrion (z = 0.896)

Oei et al. 2024

2.08m

0.46m

LOFAR
GMRT



e-SiFAP: fast photopolarimetry in the optical/nIR bands

❑ SiFAP2/4XP heritage

❑ Differential simultaneous fast (< 1 μs) photometry in the optical/nIR bands

❑ Optical measurement of linear polarisation 

❑ Versatile optomechanical configuration for TNG

⇒ Optical/NIR follow-up of CTA targets, multiwavelength 
campaigns on transients

TNG (ORM) same site as CTA North
Filippo Ambrosino
INAF, OA Rome



e-SiFAP Science: magnetars and fast radio bursts 
Over 1500 Fast radio bursts, millisecond flashes of GHz radiation (emitted energies of 
~e40 erg),  have been detected so far.  They are extragalactic, but their optical/NIR 
counterparts are unknown.  In April 2020 a Galactic FRB-analogue was detected also in 
hard X-rays from magnetar SGR J1935+2154

Mereghetti et al. 2020; Tavani et al. 2020; Ridnaia et al. 2020; Nicastro et al. 2021

INTEGRAL IBIS/ISGRI

CHIME



Search of variable optical counterpart  of SGR J1935+2154 with 1.22 Asiago Telescope + 
Iqueye (time resolution down  to ~1 ns) during the Fermi/GBM flare of September 2021

Zampieri et al. 2022

Av ~ 5.8
d ~ 4 kpc

e-SiFAP Science: magnetars and fast radio bursts 



RadioFast VLBI

Sardinia, 64m, Medicina, 32m, Noto, 32m

Bologna, software correlator (DiFX)

Italian PNIR facility

INAF collecting area: 4825 m2

VLBA collecting area: 4909 m2

Marcello Giroletti
INAF, Inst. Radioastronomy



RadioFast VLBI Science
GRB190114C (z = 0.4245)

MAGIC Collaboration 2019

Angular size of source is less than 2 mas, suggesting 
relativistic jet rather than cocoon (opening angle ~ 3 deg, 
Eiso,core = 3 e52 erg, viewing angle ~15 deg, Ghirlanda et al. 
2019, Science)

GRB170817A (40 Mpc), VLBI 4.5GHz

Mooley et al. 2018

230 d
75 d

βapp~ 3-5



Stellar Intensity Interferometry

Image reconstruction is feasible from the second-order coherence of 
light, measured as the temporal correlations of arrival times between 
photons recorded in different telescopes (this is obviously different 
From classical phase interferometry).

This technique connects telescopes only with electronic signals
and is practically insensitive to atmospheric turbulence and to 
imperfections in telescope optics.

Hanbury Brown & Twiss 1956; Glauber 1963; Dravins et al. 2013; 
Abeysakara et al. 2020; Zampieri et al. 2022



The ASTRI Mini-Array (Canary Islands) provides a suitable infrastructure for prototyping SII instruments

Main goal: Achieving optical imaging with resolution of ~100 microarcseconds using the long multiple 
baselines (36) of 9 SSTs

Degree of 
coherence of 
a source with 
angular size θ 
(in μarcsec) 
as a function 
of the 
telescope 
separation d

Stellar Intensity Interferometry
 prototyped on the ASTRI Mini-Array

Luca Zampieri
INAF, OA Padova



Stellar intensity interferometry Science

Dravins et al. 2013



Conclusions
The 4 low-energy facilities in CTA+ cover critical and unique aspects of CTA 
science:  

Polarization (VSTPol), expected to accompany most of non-thermal radiation 
from the compact  sources that will be primary targets of CTA.  The VST 
polarimeter will also guarantee a large sky area coverage.  Correlated 
operations with IXPE, LSST, radio arrays, multi-messenger.

(ultra)-rapid optical photometry (eSiFAP), optimally suited to sample the 
smallest variation timescales from stellar-size compact sources, like GRBs, 
PSRs and the elusive FRBs

broad-band radio spectroscopy and VLBI correlation performance, 
intended to sample simultaneously the radio emission of a range of relativistic 
Galactic and extragalactic CTA targets and improve the Italian competition and 
performance in the VLBI network

Intensity Interferometry, aimed at developing, using  a subset of the CTA 
experiment, a pioneering technique with critical impact on the study of stellar 
structure and evolution 


