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20 years ago

The High-Energy Gamma Ray Sky (1989)

E > 100 GeV (Galactic coordinates)

Background colours indcating northom / soumerm shy
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- Detecting very h|gh energy
Y gamma rays on the ground
Cherenkov telescopes







Cherenkov Image
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Cher ehkov Al g"ht~
on the ground:
area ~10 °> m?




Current IACTs

Adapted from J. Hinton

50 GeV to D50 TeV,
collecting area D 10°m?, ;
D4° FoV, angularres. ~0.1 °
o (TeV)

dormant now




~ CTA: What one can (hopefully) ~ afford

| Key design goals i |
10-fold increag ed sensitivity at  TeV energies
10 -fold increaSed effective energy eov

Larger field of view for surveys =
Improved angular resolution
Full sky coverage: an array in each
hemisphere

> v D D D




CTA Design (S array)

Science Optimization under budget constraints

Low energies
Energy threshold 20-30 GeV

23 m diameter Medium energies
4 telescopes 100 GeV - 10 TeV High energies
(LST’s) 9.7 to 12 m diameter Up to > 300 TeV
| 25 tel:escopes 10 km? eff. area @ 10 TeV
(MST’s/SCTs) 4m diameter

70 telescopes
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CTA Consortium

CTA is being developed by the CTA Consortium:

e

31 countries, 92 parties , 202 institutes , 1466 members (513 FTE)



Where to find us

15 Goolglr, Inst. Geogr. Nacioral ® Array Sites @ Headquarters ® Science Data Management Centre
ogle
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cta

cherenkov telescope array

CTA PERFORMANCE
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cta
CTA ANGULAR RESOLUTION e
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cherenkov
‘ a telescope
array

Science °
with the

Cherenkov
Telescope

Arra';iwf"’r
.

Science with the CTA:

book to be published
soon.

Contains most of the plots
In this talk.

CTAis an open
observatory with 40% of
Its time reserved for Key

Science Projects.

(http://adsabs.harvard.edu/abs/2017arXiv170907997C) 27



CTA Main Scientific Themes

Cosmic Particle Acceleration

— How and where are particles accelerated?
— How do they propagate?

— What is their impact on the environment?

Probing Extreme Environments
— Processes close to neutron stars and black holes
— Processes in relativistic jets, winds and explosions
— Exploring cosmic voids
= Probing IGMFs

Physics frontiers - beyond the Standard Model
— What is the nature of Dark Matter? How is it distributed?
— Isthe speed of light a constant for high-energy photons?
— Do axion-like particles exist?

pted from | Knodlseder.



Discovery Potential

adapted from
Horan & Weekes 2003

w—p Distance kpc Mpc Gpc

_ Blazars

SNR/PWN -
Binaries Rad!:? Gal.

Pulsed .
Current

Sensitivity

Flux s—

Future== 7 //
Colliding Starbursts  Clusters GRBs  +Dark Matter
Winds

+UHECR Sig.
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Key Science projects arXiv:1709.07997

cherenkoy  °
C a telescope
_amy

Galactic Centre £=
Galactic Plane Survey
Cosmic Ray PeVatrons .

Star Forming Systems

~ withthe :
LMC Survey . Cherenkov ,
Extragalactic Survey B - . Telesco 4
Active Galactic Nuclei " Array - £
Transients -
Clusters of Galaxies

Dark Matter Programme






EXAMPLE: GA

H.E.S.S.

CTA, for same exposure

expect ~500 detected sources



COSMIG ACCELERATORS
TEVS'-> PEVATRONS:

.AGNs (blazars, rédio-galaxies,seyferﬁs)

X-RAY BINARY SCHEMATIC

Black Hole Binaries
(Microquasars)

Radio Galaxy 3C31 = NGC 383
Caopyright NRAO/AUI 2006




Cld

cherenkov telescope array

COSMIC RAY PEVATRONS (~10% EV)

(a) CTA lepton-dominated case (Ap/Ac=0.01) (b) CTA hadron-dominated case (Ap/Ac=100) (¢) CTA hadron (Ap/Ac=100) — lepton (Ap/Ae«=0.01)
! i L = | = = = =
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Figure 1.6 — Simulated CTA images of the TeV-bright supernova remnant RXJ1713—-3946 for different emis-
sion scenarios, showing the power of CTA to differentiate between these scenarios. Reproduced from [21].

10" 10" 10" 10" 10"

Energy (eV)

E ey | (CTAcoll., ApJ, 2017)
10° : gg‘é;?x@ag@s‘”m
- 2 BRRradamn : . _
. | R Detection gammas up to E ~100 TeV will imply:
7 V emission is hadronic
o V SNR is PeVatron (because ~100 TeV
we AN Ny photons are produced by ~PeV protons)



cta

cherenkov telescope array

Large Magellanic Cloud

Global view of a near star-forming galaxy at TeV energies
More than 60 SNRs

Current



cta
CTA EXTRAGALACTIC TARGETS

blazay

GRBs Exiemal Shock |

other;

radio galaxies
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Galactic Plane and Extragalactic Survey

- Ferm/LAT 2FHL catalog

« Detectable sources within CTA surveys
= AGNs detected by IACTs

-180°

galactic latitude (deg)
+
8

AGNs in CTA ExGal Survey: 123
Sources CTA Gal Plane Survey: 488

Sources in Ferm/LAT Catalog: 320
AGNSs detected by IACTs: 59

galactic longitude (deg)



CenA

cta

Location of Gamma Emission v tesape ary
in Radio Galaxies

S 4230 e 1 "G A =
g locatlon of em|§S|on . PK82155 304
i e » . k ! i1 & & arXiv:0706. 0797 |
: region? HESS
9 43730
(=]
? »
Quity CyCIe.' . 2 min. bin

Time [min]

13"30™ 137257 13"20"
Right ascension (J2000)



Resolving Complex Sources

8° CTA FoV

Example: Cen A

HESS centroid
L “error

cTA 10 NOR L\
E centroid ~ \ Y \‘:‘54 N
: ercor * . .'?'\.-\ '\;j . A
~ P S S i 4
0.1° 2°
Typi(;a| CTA>1TeV
HESS/MAGIC/VERITAS

Resolution




Transients ‘ Cta

Transients are a diverse population of
astrophysical objects. Some are known to be
prominent emitters of high-energy gamma-rays,
while others are sources of non-photonic, multi-
messenger signals such as cosmic rays, neutrinos
and/or gravitational waves.

Possible classes of targets

Credits: The LIGO Scientific
Collaboration « Gamma-ray bursts

« Galactic transients

« High-energy neutrino transients

« Gravitational wave transients

« Radio, optical, and X-ray transients
« Serendipitous VHE transients



BLACK HOLE SOURGESATRONSHMANSIENTS

. AGNs (blazars, radio-galaXies, seyferts) -

X-RAY BINARY SCHEMATIC

Black Hole Binar,es .. mawcotce

.(MiCroquasars) M .
- *' GRBs |
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cta
TRANSIENTS WITH CTA i

w 1078 Huge opportunity for
E 10k short-timescale phenomena:
o _F GRBs, AGN/ Microquasar
o 10°
- O E flares
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cta
CTA WILL RESOLVE GRB LIGHT CURVES ! >

60

I8
o

Excess [/Bin]
o
=

—T T
[GREB 080916C

i,

Time fr::rrn GHB [sec]

I | 1 1 L I L 1 1 |
=4 3, E=300GeV, 0.1 sac hime bin

High-statistic measuremgnts
above a few tens of GeV

piii T .l:“l'

80 100

CTA is potentially capable of resolving GRBs light curve in exquisite detail

GRB template is the measured Fermi-LAT light curve above 0.1 GeV extrapolating
the intrinsic spectra to VHE

We expect to detect ~1 GRB/yr / site



LOCATION AND SIZE OF EMISSION REGION?

AGN: ORIGIN OF VARIABILITY AT ALL SCALES?( Cta

CTA: p a r shauld be detectable

PKS 2155-304 flare

within seconds rather than minutes arXiv:0706.0797
TeV Flux H.E.S.S.
:I I I 1 ] | 1 1 | 1 1 1 1 1 I I | :
4= isotropic luminosity 106 erg/s 3
= @ (luminosity of Milky Way: 10%* erg/s) 4
355 | =
3 E_ The data are binnegin one
25 minute intervals.
2 ;_ ‘ 2 minute bins (Aharonian et al. 2007)
1.5 —
1= —200s variability -> emitting zone <Rg or \y =
0 sf_ very high Lorentz factor G> 100 ¢ =
0 A A I T i R
40 60 80 100 120

Time [minutes]



SEARCHING FOR DARK MATTER

ANNIHILATION

V. Springel et al.
arXiv:0809.0894

v c -
e >

Doe 5 dark matter annihilate produci gamr
What is the (dark) me

-
.

S

for CDM signatures: .

actic center



DARK MATTER ANNIHILATION

cta

cherenkov telescope array

10-23 -
10-24 —
To - 500 h, W "W’
% B Aar, 30 GeV threshold
-25
S 10 Statistical errors only
o F
10-26 —
- —— HESS GC halo (112 h)
B Fermi dSph stacking (10 dSphs, 4 yrs)
- Galactic Halo
27 —— Sculptor dwarf
10 £ LMC
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Studies of Extragalactic Background Light
with CTA

- Observed spectrumn
" ‘ i . ‘ ‘ 4 :

Gamma-rays ; Pg T M it
. - ' ' ' \ , ' y g ' U
from jet of Quasar g . ‘ o

Emitted spectrum.

~ low'absorption
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Mean Free Path
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Probing Intergalactic Magnetic Fi
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PHOTON PROPAGATION:

\ i
v 2 OGN S -
g

e 2 e
e — O

R o

HESS, arXiv: 1101.3650
arXiv: 0810.3475
Quantum gravity effects -> arrival time delays

between photons of different energies travelling

large distances -> variation of light speed

(non -trivial refractive index of the vacuum )



Complex, structured VHE source (BH) Dark matter halo emission?
Gas clouds illuminated by Pevatron? Launch of Fermi bubbles?
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8° CTA FoV

Slide courtesy of L. Tibaldo

CTA PSF
A(3 TeV)
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VLA + Spitzer + Chantra

) Wang+ 2010 MNRAS 492 805
Spitzer
Crodit: NASAJPL Caltech

= wealth of VHE diffuse emission & sources,
including the only known PeVatron

= giant particle outflow (Fermi bubbles)
= ideal region for dark matter searches

HESS localisation *

uncertainty
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Made In

Brazil
CTA ASTRI Mini-Array

LST support

MST camera support




