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cta All-sky coverage: two observatories

* Two sites with more than 100 telescopes
e Southern Site: Near Paranal, Chile
* Northern Site: La Palma, Canary Islands, Spain
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32 nations, ~300ME€ project +100M€ manpower
CTA will be an Open observatory
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cta CTA Headquarters and Science
Data Centre

CTA Headquarters CTA Science Data Centre
for Admin and observatory operations for science operations and science products
INAF Bologna, Italy DESY Zeuthen/Berlin, Germany
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CTA PERFORMANCE |

Southern Site: Northerdisite:

4 Large-size (23m) telesco:
25 Medium-size (10-12mJtelescopes
70 Small-size (~4m ) teleScopes

4 Large-size (23m) telescopes
15 Medium-size (10-12m ) telescopes
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4. CTA PERFORMANCE
Energy Resolution
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Opens discovery space by major
improvements in sensitivity, FoV,
energy range
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A3 . Time Allocation & Community Access

Tentative time allocation
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*of scientists from nations contributing to CTA construction and operations and from site host nations
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‘ cherenkov telescope array
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Key Science Projects (KSPs)

—— Transients

Science with the Cherenkov
Telescope Array
Int. J. of Modern Physics D subm.
[arXiv:1709.07997] ~210 pp.




(Cta The Survey Key
Science Projects

Extragalactic Survey:
Unbiased survey of % sky to ~6 mCrab
VHE population study, duty cycle

New, unknown sources; 1000 h /,

F00° 7

galactic latitude (deg)

-90°
galactic longitude (deg

q)
Galactic Plane Survey: \

Survey of entire plane to ~¥2 mCrab
Galactic source population: SNRs, PWNe, etc.
PeVatron candidates, early view of GC, 1620 h

/ Galactic Centre Survey:
ID of the central source

Spectrum, morphology of diffuse emission
Deep DM search
Central exposure: 525 h, 10°x10° : 300 h

Science with the Cherenkov
Telescope Array
Int. J. of Modern Physics D subm.
[arXiv:1709.07997] ~210 pp.

Large Magellanic Cloud Survey:
Face-on satellite galaxy with high SFR
Extreme Gal. sources, diffuse emission (CRs)
DM search; 340 h in six pointings
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(cta Dark Matter Search: Targets and Strategies

i Galactic Center i
Satellites o 2 Milky Way Halo
Low background and good 0 .tatlsflcs, HESSHECH Large statistics, but diffuse
source id, but low statistics confusion/diffuse background

background

Spectral Lines Isotropic” contributions

Little or no astrophysical uncertainties, Large statistics, but astrophysics,
but low sensitivity because of galactic diffuse background
expected small branching ratio Galaxy Clusters

_— Dark Matter simulation:
Low background, but low statistics Pieri+(2009) arXiv:0908.0195
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(Cta Dark Matter Search: Targets and Strategies

(Another way to see it)
signal
strength

cumulative extragalactic signal
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(cta CTA, HESS, FERMI, PLANK DM upper-limits

eTogether Fermi and CTA will probe L
most of the space of WIMP models o3
with thermal relic annihilation cross 10 =
section. -
*The expectation for CTA for the -
Galactic Halo B
is for the Einasto profile and is 1072 &=
optimistic as includes . -
only statistical errors. 0 B
*The effect of the Galactic diffuse mE L
emission can affect the results S 1025 HESS Galactic Halo
~ CAO > =
by ~ 50% o -
B CTA Galactic Halo
10726
~ —— HESS Galactic halo (254 h)W*W- Einasto profile
~ —— Fermi dSph stacking (15 dSphs, 5 yrs) bb
- —— WMAP9
PLANCK
1077 = —— CTA Galactic halo, 500 h Einasto, W*W-
1111 | IIIIIII| | IIIIIII| | I N |
0.06 0.1 0.2 1 2 3456 10 20 30
A.Morselli,CTA Cons, PoS(ICRC2017)921 [arXiv:1709.01483] DM mass (TeV)
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‘ cherenkov telescope array

CTA, Fermi,HESS DM upper-limits

eTogether Fermi and CTA will probe 10723 —
most of the space of WIMP models — CTA Sculptor dwart
with thermal relic annihilation cross - ~—_
section. B
*The expectation for CTA for the
Galactic Halo is for the Einasto 107 &
profile and is optimistic as - -
includes only statistical errors. F‘q; B
*The effect of the Galactic mE i
diffuse emission can affect . HESS Galactic Halo
the results by ~ 50%. 107 &
eThe limits from dwarfs are o -
much less dependent on the I
systematic uncertanties. —
10_2 6|~ CTA Galactic Halo

-~ —— H.E.S.S. GC halo 254 h W*W- Einasto profile

~ —— Fermi dSph stacking bb

. = CTA Galactic Halo 500 h W*W- Einasto profile

—— CTA Sculptor dwarf 500 h W*W- NFW profile
1077 = CTA LMC 340 h bb NFW profile
I:IIII| ] IIIIIII| ] IIIIIII| ] I I |
0.05 0.1 0.2 1 2 3456 10 20 30

A.Morselli, CTA Cons, PoS(ICRC2017)921 [arXiv:1709.01483]

DM mass (TeV)
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cross section can be higher or lower

(Cta note:the "thermal” cross section is only a reference value. The real
cherenkov telescope array

\

Example:
Annihilation cross-
section points from
a 19 dimensional
PMSSM fit

- “thermal” cross-section
3x10 2% cm3s?

Note that a strong
enhancement of the
annihilation cross section
occurs for winos around 2-3
TeV due to Sommerfeld

enhancement.

~20 —
hug BayesFITS (2014)
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L.Roszkowski et al., JHEP 1502 (2015) 014

[arXiv:1411.5214]
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(cta Complementarity and Searches
for Dark Matter in the pMSSM
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Cahill-Rowley et al. arXiv:1305.6921
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cta DM limit improvement estimate in 15 years (2008- 2023)

cherenkov telescope array
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Together Fermi and CTA will probe most of the space of WIMP models with thermal relic annihilation cross section
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‘ cherenkov telescope array

CTA DM Detection Strategy

Year 1 2 3 4 5 6 7 8 9 10
Galactichalo 175h 175h 175h
Best dSph 100h 100h 100 h
in case of detection at GC, large ov
Best dSph 150h 150h 150h 150h 150h 150h 150h
Galactic halo 100h 100h 100h 100h 100h 100h 100h
in case of detection at GC, small ov
Galactic halo 100h 100h 100h 100h 100h 100h 100h
in case of no detection at GC
Best Target 100h 100h 100h 100h 100h 100h 100h

First 3 years

e The principal target is the Galactic Center Halo (most intense diffuse emission regions removed)
e Best dSph as “cleaner” environment for cross-checks and verification (if hint of strong signal)

Next 7 years

¢ If there is detection in GC halo data set (525h)
e Strong signal: continue with GC halo in parallel with best dSph to provide robust detection
e Weak signal: focus on GC to increase data set until systematic errors can be kept
under control

¢ If no detection in GC halo data set

e Focus observation on the best target at that time to produce legacy limits.
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cta

cherenkov telescope array

DEEP OBSERVATIONS OF GC REGION

Deep 525 h exposure in the inner 5° Fermi bubbles
around Sgr A%;

Extended 300 h survey of 10°x10°
region;

Produce CTA legacy data set for large
range of scientific topics, which include

+ GCand GC DM halo

* Understand “backgrounds” pin

down VHE sources and map diffuse
emission

Galactib plane 525h

survey

Galactic |ateude

»  Astrophysics of SNRs (multiple
sources, e.g. G1.9, ...)

»  Astrophysics of PWNe and Pulsars

+  Extended objects such as Central R
Radio lobes (central +1°) and arc
features.

CTA legacy data set
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CTA 15t LST construction
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CTA 15t LST construction




cherenkov
telescope

L
O

ium Telescope (MST)
Prototype MST near DESY (Berlin)

Med

100m? mirror dish area
16 m focal length

A

1.2 m mirror facets

ield of view
~2000 x 0.18° PMT pixels

f

80

stroPhysics and Particle Physics, Vulcano 2018 24 May
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cherenkov

Medium 2-mirror Telescope o

Schwarzschild-Couder Telescope
(SCT)

9.7 m primary

5.4 m secondary

5.6 m focal length, f/0.58

50 m? mirror dish area

PSF better than 4.5’
across 8° FOV

8° field of view
11328 x 0.07° Si-PM pixels

=» Improved y-ray angular
resolution

Prototype SCT at Whipple Obs, Arizona
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Small Sized Telescopes (SSTs) QAL JEEE

3 different prototype designs

« 2 designs use two-mirror approaches (Schwarzschild-Couder design)
* All use Si-PM photosensors
* 8-10 m? mirror area, FOV > 9°

PEETE  ———
SST-1M SST-2M ASTRI SST—2M GCT
Krakow, Poland Mt. Etna, Italy Meudon, France
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cta

e MUlTi-wavelength/multi-messenger facilities over the next decade

I I N N N T LN SN \ SN 2

[ Low Frequency Radio |

LOFAR )
[  MWA 1 MWA (upgrade) )
(_ VLITE on JVLA --> (~2018? LOBO) J
[Mid-Hi Frequency Radio | C ERST b
JVLA, VLBA, eMerlin, ATCA, EVN, JVN, KVN, VERA, LBA, GBT...(many other smaller facnhl:les) ):
ASKAP :
Kat7 --> MeerKAT --> SKA Phase 1 ) : 3
: : C SKA1&2 (Lo/Mid) )}
I_(_sub)Mllllmeter Radlo ] g :
(  JCMT, LLAMA, LMT, IRAM, NOEMA SMA, SMT SPT, Nantenz Mopra, Nobeyarna ... (many other smaller facnhtles) )
( ALMA J
(_EHT (prototype —> full ops) D
[ Optical Transient Factories/Transient Finders | :
iPalomar Transient Factory —> (~2017) Zwicky TF ) (LSST (bulldup to full survey mode) D):
I PanSTARRS1 —> PanSTARRS2 T :
(C BlackGEM (Meerllcht single dlSh prototype 1n 2016) ) :
[ OpticalIR Lar e Facilities | :
. 5 A mini, ellan...(many other smaller facilitiw)
HST P X WFIRST
; H : ; {JWST ) MT
: : : (eELT (full operation 2024) & TMT (timeline less clear)? )
Je
(IXPE ) I — _A G038
)
-ray + optical 0gam

] : : -
)
Advanced VIRGO (2017) i—ui%ade EEGEICO India—) : jmd)"_)

Neutrinos |: : : : : : : ) . . H :
IceCube (SINCE 2011) IceCube-Gen2? ?=»

ANTARES (KM3NET-1 T KM3NET-2 (ARCA) 3

[ UHE Cosmic Rays | : : : : : : : : : :

Telescope Array => upgrade to TAx4 )

Pierre Auger Observatory => upgrade to Auger Prime )
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Particle

Astrophysics creation

Fermi
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Experiments acceleration

injection

Cosmic rays: Gamma-400 LOFAR
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(6-7 glcm?) Cosmic Rays Propaga LIULL NEMO
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Particle Accelerators

=t Underground, Under-ice, Underwater
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CTA: The Future of VHE
Gamma-Ray Astrophysics

= Covers a unique energy band (20 GeV - 300 TeV)
complementary to space missions

= ~]0-fold improved sensitivity for TeV studies of the cosmos
v" Analogous to the advance from EGRET to Fermi-LAT

= Angular resolution substantially better
= Detailed studies of Galactic cosmic-ray acceleration
= New sensitivity to the high-energy processes in blazar jets

= Astrophysics foundation and sensitivity for recognizing new
fundamental physics

= Sensitive searches for dark matter in its cosmic home
= Broad access to CTA by scientists in participating countries
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