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The TeV gamma-ray sky (E>~20 GeV-100 TeV)

Source Types
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The TeV gamma-ray sky (E>~20 GeV-100 TeV)

TeV detections over the years
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The TeV gamma-ray sky (E>~20 GeV-100 TeV)

TeV AGN AND RAGIOGALAXIES
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EBL absorption of TeV photons

EBL: extragalactic Background Light
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Why an extragalactic survey at TeV energies?

+ The extragalactic TeV sky is biased due to non-uniform observations,
primarily driven by target-based monitoring and triggers on flaring
sources in other wavelengths.

Sensitivity ~1% Crab
~10-12 erg/cm?2/s
Typical exposures:
few to tens of hours

Typical Field of View of
current JACTs: 3-5 deg

-180°

R. Zanin&R. Mukherjee ed. Advances in
very high energy Astrophysics (in press) -90°
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Why an extragalactic survey at TeV energies?

]

-+ 1st LHAASO catalogue with exposure: 1.5 yrs
90 sources; 4(5) blazars

» Limiting flux ~1% Crab at >1 TeV

-+ Severe EBL absorption
- WCDA:>1 TeV, KM2A:>25 TeV

WCDA (1 TeV <E < 25 TeV) Significance Map

Zhen Cao et al 2024 ApJS 271 25

Antonio Stamerra (INAF-OAR) High-Energy Astrophysics and Cosmology in the era of all-sky surveys (HEACOSS 2024) - Yerevan
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Planned surveys with the Cherenkov Telescope Array Observatory CTAO

- Unbiased survey on 1/4 of the sky, 1000 hours. Sensitivity 6 mCrab (~3x10™ ph/cmz2/s >125 GeV)
v derive the LogN-LogS and Luminosity function of TeV blazars

v Detect sources in flaring state —> Duty cycle

v Serendipitous new sources; extreme blazars; exotic:dark sources;

Extragalactic survey KSP

CTAD

Field of view of CTAO
telescopes: ~8 deg

Galactic Plane Survey Large Magellanic

GPS)ksp © irmi;‘N’“rceS > 5D° G;‘I;((YZFHL) Cloud (LMC) KSP
1600 h o  SNR/PWN O other 340+150 h
+ PSR ¥ unassociated
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The TeV extraqgalactic survey: predictions

-+ Simple extrapolation from 1FGL/2FGL with EBL
- 120/400 AGN detectable in so hrs ® z,,,,~1.8

+ 30-120 AGN detectable in the extragalactic survey
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The TeV extragalactic survey: predictions

v Fv[ergcm?s1]

10"E

WISE IR and X-ray data

Figure-of-Merit for TeV sources from synchrotron peak flux

-
o
[

=
=)
3

Antonio Stamerra (INAF-OAR)

o
0
[ ] [ .1_ [ ] [ 170/0 [e)
= CTAO sensitiyityflimit | 60 % TeV detected 1
, )
> ©FL -
3 1
S I )
2 I 100 % .
£ w}f -
Z [ 100 % j
100 %)
I L]
o R R BB B A A O O I PR TR W W T R S S
-13 -12.5 -12 -11.5 -11 -10.5 -10
LOg(V peaf vpeard[€7 CM2 7]

E T I T [ T T I T l T l T I T I T l T I T I T | T I T I T I T I T l T I T ] =
SMA a -
E VLBA(BP143) Swif/BAT Markal’lan 501 .
B VLBA core(BP143) ® RXTEPCA
| ®m  viBA core em‘pmmamn) SWIf/XRT Z=0.034 " N
A VLBA(BK150) ~3 Poe & —
W VLBA core(BK150) i ‘ f & E
A :::.mvi X . E o I g ' I I vor 1 L LA L DL L
Medicina \ - O - I -
A VLBA(MOJAVE) 1 | o I
B VLBA Core(MOJAVE) —ou - “1
\S
v om o s TeV undetected
‘‘‘‘‘‘‘ Jynchroiron g5 | ) I i
flsoerg Invarsa Compion 3
E — P o T
E . ® MAGIC 3 S » -~ .
= A . Tolackbody ® VERITAS . (o) 8 I = Curre nt IACT
L= - - Hout adlu 0 VERITAS flare  _| 1] & -
L }' 4 : (l’ ot gd J'!/) ® Forml _ .‘6 I e  ® ° ° ° -
E x4 m  ROVOR 3 I t ty I t 1
A . n‘ : > sensitivity limi
L Campoimperatore - 'Q o I ]
4 1 l 1 l 1 l 1 l 1 l i l 1 l 1 I 1 l 1 l L l L I 1 I 1 [ 1 l 1 l L l 1 I 1 l | E o = .
10" 10" 10" 10" 10" 10% 107 10 10% 10% S T
v [Hz] Z |
—

High-Energy Astrophysics and Cosmology in the era of all-sky surveys (HEACOSS 2024) - Yerevan

/10T °|b 13 1wwol9 ‘vboi4 ‘ljoisly

7-11 October 2024



The TeV extragalactic survey: predictions

- WISE IR and X-ray data

- Figure-of-Merit for TeV sources from synchrotron peak flux

* CTAO survey: >100 blazars expected for detection

Antonio Stamerra (INAF-OAR)
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The TeV extraqgalactic survey: predictions

- Estimation based on IR-synchrotron-IC predictions (from Fermi/LAT 4LACGDR3) and
current TeV observations

- 158 expected detectable blazars with the CTAO survey
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The TeV extragalactic survey: predictions

- TeV flux from simulated SED (simplified view of blazars)

+ Extrapolation to GeV-TeV using Fermi/LAT and observed properties of TeV blazars

+ ~100 detections with CTAO survey

N(>S) [deg~]

Padovani&Giommi 2015, MNRAS, 446
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Derive properties of TeV blazars

- Derive General properties of TeV blazars
(e.q. Senturk+2013)

- An unbiased monitoring on a few TeV
blazars (e.g. PG1553+113, since 2015)

- Correlation studies and precise SED
modelling; PSD; Duty cycle.

(E. Prandini, G. Silvestri)
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High-energy and TeV counterparts and follow-up in the LSST era

- A bridge between the high-energy observations and the LSST
In-kind project PI: A.L. Antonelli. OAR-INAF - G. Altavilla, SSDC-INAF

- GOAL: LSST TVS analysis in a multi-frequency and multi-messenger context to @
allow the maximum exploitation of the astrophysical information contained
In the data in a high-energy and very-high-energy field
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- A bridge between the high-energy observations and the LSST
In-kind project PI: A.L. Antonelli. OAR-INAF - G. Altavilla, SSDC-INAF

- GOAL: LSST TVS analysis in a multi-frequency and multi-messenger context to
allow the maximum exploitation of the astrophysical information contained
In the data in a high-energy and very-high-energy field
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Gravitational wave surveys

Scientific runs with GW interferometers
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Gravitational Wave counterparts at TeV energies
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A Dedicated Study on the CTAO’s
°rospects on GW Follow-ups

= — _ . Compute the joint GW and

T CTAO detection rates from

binary neutron star (BNS)

e _‘_-:‘! h w8 ';.-"? : : ~__L ) ,.‘" ..-, 3 . }‘4 '\" : --.—Y-_-‘.;.\‘"-'_ - g
| = i \ S A\_n._ i e 1 " — el W " bt ‘..".L"f,:" .Y o S el e

Explore the parameter space of the “-‘
GW-GRBs detectable by CTAO

'+ Physical parameters (luminosity, jet opening angles and
“==1  jet orientation, spectral slope)

Optimise the observing strategy

|t .+ Maximise the detection rate

el | .+ Maximise the physical interpretation return
: : | . *+ Evaluate the amount of observing time

+ Observational parameters (time delays, exposures)

e

~ An evolved multi-messerfger-scenario on GWs and TeV-GRBs



Prospects on GW followups at TeV energies with CTAO
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CTAQO performances: Sensitivity
to transient and flaring sources
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The Role of Off-axis CTND
Observations and structured Jet

GeV-TeV emission is expected from the relativistic outflow (jets)

In GW-counterparts, the jet is seen preferentially off-axis: small Lorentz factor

= intensity weaker 10-4to 10-6 times than on-axis emission

On-axis observer:
standard GRB

flux \\\\
Off-axis Aﬁ\\

= light curve delayed (hours/days/months, depending on Oview)
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short GRB (Lazzati+2018) Branchesi, AS et al. 2022

(From Troja et al 2018)




