
-                  links
CTAO-SKAO signed an MoU: while they work at the two ends of the EM spectrum, the observation of the most violent phenomena and 
compact objects (pulsars, AGNs band their jets) proved the relevance of connecting X-ray - radio - gamma-ray and in some cases 
neutrino - gravitational wave observations. 
Different horizons and energy bands

- 

From ESFRI Roadmap 2018

ESFRI Landmarks = Research Infrastructures (RI) now established as major 
elements of competitiveness of the European Research Area, needing  continuous 
support for successful completion, operation and upgrade.

CTA                  z ≲ 2
ET                 z ≳ 10

SKA                  z ≲ 6
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CTA North in La Palma, Canary Islands, Spain

CTA South at Paranal, Chile

Alpha Configuration:  4 LST+ 9 MST

Alpha Configuration: 14 MST+37 SST

MAGIC Telescopes

Cost book approved in Jun 2021 
Final submission of ERIC statute to EC in these days.
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First telescope of CTAO: LST-1 in commissioning phaseγ

Light pool

Inaugurated on Oct. 2018 https://www.pd.infn.it/it/lst-1-il-prototipo-del-primo-telescopio-di-cta-rivela-emissione-gamma-di-alta-energia-da-
parte-della-pulsar-del-granchio/ 33



Different energy bandsDUST: Cosmic IR 
background from UV-
optical light absorbed and 

re-radiated by dust 

STARS: Cosmic Optical-UV 
Background from stellar 
nucleosynthesis & AGN 

accretion

Galactic CRs 
trapped in the 
galactic B-field

SKA                 

Extra-gal 
cosmic 
rays

R. Walter adapted from De Angelis &  Mallamaci, 2018 4
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The transient domain: the case of TeV Gamma-ray bursts

R. Zanin ICRC 2021

Until 2019, no detection claimed. Then 4 GRBs detected > 5  up to z = 1.1 and 3TeV from ground by MAGIC and H.E.S.S. and 2 hints, one of a 
short GRBs indicating promising joint programs with GWs.

σ

Kilonova?

< 440 GeV hrs 5σ

50σ

5σ

In afterglow phase: Synchrotron Self Compton component

Observations of transients will be the core 
activity in synergy of SKAO-CTAO with 
LSST. Fast Radio Bursts, Pulsars, 
magnetars,… 
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The TXS0506+056 orphan neutrino flare in IceCube historical data
IceCube, Science 361, 2018

In 2017 a 290 TeV IceCube sent an alert including the 
direction of an event  in only 43 sec. 
Fermi discovered blazar at 0.06° distance from the IceCube 
event in a flaring state. 
 MAGIC followed up detecting gamma rays with > 300 GeV 
from the source. The probability that this is not a casual 
coincidence is about 3.5σ. 

IceCube found a second flare in 2014-15. nconsistent with 
atmospheric neutrino origin at 3.5σ CL.

Lipunov et al. 2020, https://arxiv.org/pdf/2006.04918.pdf

MASTER found the TXS 0506+056 in a quiet state 73 s after 
the IceCube 2017 event, but 2 hr after the optical flux 
increased at 50  level  (biggest variation since 2005!). 
Largest optical variability in Apr. 2015 (IceCube flare 
9/2014-3/2015) and 9/2017.

σ

Fermi -LAT 300 MeV-1TeV. Garappa et al 2019:  a low state in Fermi data. 


Paiano et al 2018: DL = 1762 Mpc/ 
z = 0.3365 ± 0.0010
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Multi-messenger astrophysics: the TXS 0506+056 case
Radio and X-ray observations are critical for acceleration of cosmic rays in sources such as Blazars

Single Zone Models do not explain MM data.

Purely leptonic models fit MWL data but cannot explain s. 
Hadronic models: photons from  and neutrinos from  . 
Left plot: If MWL data are fit, the SED cannot explain the observed high flux in the 
2014/15 flare.
Right plot. if the parameters are tuned to fit the IceCube data, the X-ray flux at ~10-11-12 
erg cm-2 s-1 is overshoot due to efficient em cascade down to electron synchrotron 
emission.

ν
π0 π±

Rodriquez et al, 2019

FERMI
SWIFT BAT

OVRO
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Synergy with radio observations of jets
Composite jet scenarios have been invoked from radio observations

Spine-sheat models (Ghisellini et al 2015, 
Sikora et al, 2015; Murase et al, 2018):  
predict large neutrino fluxes and compatible 
X-ray fluxes but  2 x parameters in the 
model

Ros et al A&A 633, 2020: 
Nov. 2017 and May 2018 mm-VLBI radio 43 GHz 
data indicate a compact core with highly 
collimated jet up to 0.5 mas and then a 
downstream jet with wider opening angle (slower) 
as an external sheat. The slower flow serves as 
seed photons for  interactions producing 
neutrinos.

p − γ

Britzen et al. A&A 630 (2019): VLBA  
15 GHz data from 2009-18 indicate 
strongly curved jet in 2014-2015 :
1)  precessing single jet with 10 yr 

period, causing changes of speed 
and direction. 

2) Cosmic collider! collision of 2 jets 
and neutrinos could be produced 
in colliding material.

CTAO localisation 7”, ang resolution 3’
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Galactic sites of cosmic ray acceleration
SKA will revolutionise our knowledge if B-fields in sources!
The radio and gamma emissions originate from synchrotron processes related to electron 
acceleration. Eventually gamma rays from pion decay can be singled out.
The angular resolution of CTA of ~3’ and the x 200 speed than H.E.S.S. in Galactic survey to 
2-4 mCrab will considerably increase the morphological observable sample of SNR, PWNs,…
Radio spectral index maps reveal the presence of pulsars in PWN and the interaction of the 
shock with molecular clouds due to spectral index variations which are to be correlated with 
gamma-rays. Direct observation of filaments can disentangle scenarios on magnetic field 
amplification and turbulence. Radio polarimetric studies provide intensity and direction of the 
magnetic field to observe turbulence in plasma + the OH maser transition at 1720 MHz can 
trace the shocked medium.

A. Ingallinera et al, 2017

Radio spectral index map of SNR G027.4+00.0 
(Ingallinera et al, 2017) Gamma rays (form H.E.S.S. 2018 and simulation in  Pais & Pfrommer 2020

About 95% of Galactic SN 
are detected in the radio 
and most have radius < <15’ 

15’

F. Acero et al, The Astrophysical Journal, Vol 840, 2 (2017) 
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Star formation history 
with CTAO and SKA

z ∼ 2.5

GeV 
from ground  
≳ 100

 GeV 
from space 
≲ 100

Currently 243 sources in tevcat.uchicago.edu 
from TeV detectors

Gamma-ray  horizon

The star formation history peaks between 
 


CTA will probe star formation through the 
effect of absorption of the AGN spectrum  
by EBL for  

SKA will directly trace HI emission via 21 
cm line, unaffected by dust attenuation. 

Coordination with ZTF, E-ELT, LSST/
WFIRST will provide spectroscopic 
redshift counterparts.

CTA can produce a model-dependent 
measurement of H0, while SKA is 
sensitive to the acceleration of the 
Universe, dark energy,… 

Correlation with gamma-surveys can be 
relevant for DM searches

z ∼ 1 − 3

z ≲ 2
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(J. Finke 2021)  A model independent approach assumes as intrinsic 
GeV Fermi spectra and extrapolates to TeV

Tuning the EBL model: CTA
H. Abdalla et al, CTA Consortium, JCAP 02 (2021) 048 

Optical depth

11



SKA precision on H0 and dark matter

Bacon et al, arXiv:1811.02743 

 SKA can measure the 21 cm neutral 
hydrogen (HI) line redshift using individually 
detected galaxies (galaxy redshift survey) or 
large-scale fluctuations of the integrated 21 
cm intensity from unresolved galaxies 
(intensity mapping IM) (Bull 2016)

Improvement factor on the DM annihilation 
cross section limits when using SKA 1 HI 
galaxy survey to correlate with Fermi-LAT 
diffuse gamma-ray emission compared to 
DES year 1 and Euclid 



On Cosmic Magnetism 

Synergy on big data in astronomy and their data management 

 (A. Neronov’s talks)

Further information


