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CTA Consortium Clencope

31 Countries
A 202 Institutes
April 2019 1451 Members (508 FTE)

We gratefully acknowledge financial support from the agencies and organizations
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= CTA Key Science Project (KSPs)

Concept & Formulation
Introduction to the (9) KSPs

= CTA Survey KSPs

Galactic Plane Survey, Galactic Centre, and
Extragalactic Survey, (LMC Survey)

= Particle Acceleration in CTA
PeVatron and Star Formation Systems KSPs

= Summary

Caveat: Not able to cover in detail all of the CTA KSPs
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CTA Main Scientific Themes g

Cosmic Particle Acceleration

— How and where are particles accelerated?
— How do they propagate?
— What is their impact on the environment?

Explore origin and role of relativistic particles

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

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

See S. Sarkar
“‘New Physics in Key Science Projects”
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CTA Main Scientific Themes g

CTA Science Key Science

Projects (KSP)
~40% Time

Guest Obs (GO)
Programme
40-50% Time*

*Remaining is reserved host time (country,ESO)
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Concept

Providing major insight into one or more physical
problems through deep observations or sets of combined
observations

Major observational programmes (e.g. surveys), difficult to
achieve in GO programme

Maximize scientific return with early key science — provide
“legacy” results and seed GO programme

Logical mapping to CTA science themes

Needing Consortium leadership — critical expertise with
Cherenkov technique and analysis methods

All data on public archive after proprietary period (of ~1
year)
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KSP Development i

KSPs developed via lengthy and rigorous
process it input from many people

2008 2012 2016 2020 2024 2028

Formulation

Science
with the i
Cherenkov s
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CTA Key Science Projects
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Science Themes < - KSPs o
Mapping of Science Themes to KSPs

= Each theme/question is addressed by multiple KSPs
» Each KSP addresses multiple questions

Active -
= Co srmc Ray Star-formin g Galactic Galaxy

L System Nuclei Clusters

Understanding the

Origin and Role of

Relativistic Cosmic
Particles

Cherenkov _
'I'elescope T

Array b s

hat role do accoleral ndp':.rllnlmp ay in feedback on star

Exploring Frontiers
in Physics

The Cherenkov Telescope Array Consortium, Science with the Cherenkov Telescope Array (World
Scientific Publishing, 2019), ISBN 978-981-3270-08-4, arXiv: 1709.07997, DOI: 10.1142/10986



CTA Key Science Projects

Galaxy
& . Clusters
1 § O
“??q'l
Dark Matter _ | ExGal _ 6\’0 —AGN —| @
Programme Survey \@q N
- Star .|
& Forming —— — Transients — HE¥l
aaaaa Systems
PR e LMC R
’ . 0\\ Survey | | -
: \(%
Galactic &
Plane —

Survey

| Galactic |

— PeVatrons——

Centre

i




cherenkov

Galactic Plane Survey (GPS) cta == s

Previous plane surveys with VHE gamma rays:

Background:

VERITAS ~2% Crab
{:= ’ Fermi-LAT > 50GeV map

HAWC

Overhead sky, E>7 TeV . HE.S.S. ~1% Crab_

8 HESS.
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= Previous work important, but at medium sensitivity and at high E
= Need for a full plane survey at high sensitivity and high resolution



Galactic Plane Science

Population Studies

population”
models

FfPreIiminary

10! 4 i

detected
sources _

10° 4

-  PWN

— SNR

— gamma-cat
— Al

i

10-1 10°
F (1-10 TeV) [%cu]

Precision Morphology

(a) CTA lepton-dominated case (Ap/Ae=0.01)

Ap/Ae = 0.01
ma= 2.0
cutoff = 300 TeV

DEC (J2000) [degree]
-39.0

DEC (J2000) [degree]
-39.0

(b) CTA hadron-dominated case (Ap/A«=100)

R. Zanin

Ap/Ae = 100
gamma = 2.0
cutoff = 300 TeV
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Reaching the entire Galaxy
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[kpc] L. Tibaldo

See L. Tibaldo “Survey of the Galactic Plane with
the Cherenkov Telescope Array” (poster)
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ApJ 840, 74 (2017)
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GPS Plan & Attributes vl

First high sensitivity survey at TeV energies

Full-plane survey at arc-minute resolution
sansitivity in mCrab

Expect many100’s of new sources: e.g.

PWNe, SNRs and binaries afl S &2 L &8 S .;.” 80"
Detailed view of diffuse y-ray emission:
MWL information of high importance
Great potential for new discoveries ! - ' =< GPS
~ Coverage
%
Simulated
GPS Skymap

(CTAC)

Latitude (deg)

330 320 310 300 290 280 270
Longitude (deg)



Galactic Centre with CTA cta

Slide courtesy of L. Tibaldo
8° CTA FoV

Fermi PSF CTA PSF
(50 GeV) A (3 TeV)

VLA + Spitzer + Chandra

: Wang+ 2010 MNRAS 492 895
Spitzer
Credit: NASA/JPL Caltech

= wealth of VHE diffuse emission & sources, Bzey O
including the only known PeVatron HESSToCEeeE AN Y

. J . y : uncertamt'y‘ F 'C"f.?r'Afgca‘lisation

= giant particle outflow (Fermi bubbles) © 4. Uncertdlnty

» ideal region for dark matter searches | '
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Galactic Centre Survey 2

Optical Bulge
= First 3 years: deep survey of e
central region (525h, in i
addition to GPS exposure) ol
t%‘ﬂg
= Later: an extended survey § “
3
out to 10° (300h) {0 o
& @Q{l :
= (Observing plan to be optimized
based on CTA characteristics
and MWL perspective -

Galactic Longitude
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Extragalactic Survey e
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Extragalactic Survey e
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= Large gap in E not covered by any sensitive instrument
= Precisely where most extragalactic sources lie
= Survey designed to cover this gap over large portion of the sky
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Extragalactic Survey e
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= Large gap in E not covered by any sensitive instrument
= Precisely where most extragalactic sources lie
= Survey designed to cover this gap over large portion of the sky
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Extragalactic Survey e

- Fermi/LAT 2FHL catalog
Detectable sources within CTA surveys

-180°

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

galactic latitude (deg)

Sources in Fermi/LAT Catalog: 320
AGNs detected by IACTs: 59

90°
galactic longitude (deg)

=  Survey of %4 sky to limiting sensitivity of 5 mCrab
= Unbiased determination of blazar luminosity function

= EGal Survey connects to Galactic Plane Survey & covers Coma,
Virgo, Cen A, & Fermi bubbles (N)

= \Wide-survey: excellent for transients and something unexpected !



CTA Key Science Projects
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PeVatron KSP ™

Q: What sources accelerate hadrons to the knee?

= CRorigin: ~100 year old mystery !

1 particle per m? - second = Standard picture: shock-accel. in
SNRs — satisfies power & spectrum
_  10°
= . Knee ; = BUT: only a few SNRs provide good
‘3 --'_}.{1 particle per m“ — year) : s .
@ 4o y evidence for hadronic acceleration
7]
“ 14 & only up to ~10-20 TeV
;5 10718
L. 3 . 15.0+
\ *Preliminary 12.5
1071 ; 10.0 —
Ankle ""H\ - ;Z %
1026 (1 particle per km? — year) ?ﬁq “ 2:5 '*E
d N N N " 1 1 | T‘- 0-0 Lﬁ
10° 102 10" 10" 10 —25
(hiree Smieiv- U Chicags] Energy (eV) 1.0 0.5 0.0 359.5 359.0
-1

Evidence for PeVatron near GC (H.ES.S., VERITAS)
- Probably not powerful enough, by itself



PeVatron KSP cta

= Search for PeVatrons via the > 100 TeV spectrum
» Use GPS as finder and follow-up (5) brightest sources with no cutoff
» Electrons’ emission suppressed above 100 TeV (Klein-Nishina)
» MWL information critical for identification

Comparison of spectra with CTA sensitivity (50h)

10%0 erg, accelerated protons P cutoff energy
1cm3targetgas 0 7 0.1 PeV
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—_— - b . "==:-.= -------
= 10771 distance 1 kpc ~~ - 3.0 Pev
" e N DD
7
5
o 107124
[l i
3 1 RLLLERTETTTT.. . T T b
L { distance 5 kpc e R L kY
s T AN e T e, :
E ''''''''
-13 |
< 10 : .
™~ i . ’..\
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Star Forming Systems KSP

Key Questions:

= How do CRs propagate and what
is their impact on the ISM?

= What is the relation between star
formation (SF) and particle
acceleration in systems of all
scales?

Methodology: deep observations of
a set of characteristic objects at
different scales.

Motivated by connections seen in
FIR, GeV y-rays and, now TeV vy-
rays.

Carina
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= CTA will usher in a new era in VHE Astrophysics

Rich science program addressing many pressing questions
Great opportunity for discovery of something new !

= Key Science Projects (KSPs)
Major legacy projects, formulated by Consortium over many years
Critical effort to produce long-lasting results and seed GO Programme
Now time to foster links to broader MWL/MM communities

= KSPs reviewed here:
- Galactic Plane Survey: 15t VHE survey @high resolution & high sensitivity
- Galactic Centre: rich region imaged by CTA at arc-min resolution
- Extragalactic Survey: blind survey of ¥4 of the sky to 5 mCrab sensitivity
- PeVatrons: pin down the sources of PeV cosmic rays
- Star Formation Systems: study relation between CRs and SF on all scales

*We gratefully acknowledge financial support from the agencies and organizations
listed here: http://lwww.cta-observatory.org/consortium_acknowledgments
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= CTA will usher in a new era in VHE Astrophysics

Rich science program addressing many pressing questions
Great opportunity for discovery of something new !

= Key Science Projects (KSPs)

Majc ;
% Please help us make CTA "™

. KSP] a great scientific success !
- Galé — —ensitivity

- Galactic Centre: rich region imaged by CTA at arc-min resolution

- Extragalactic Survey: blind survey of ¥4 of the sky to 5 mCrab sensitivity

- PeVatrons: pin down the sources of PeV cosmic rays

- Star Formation Systems: study relation between CRs and SF on all scales

*We gratefully acknowledge financial support from the agencies and organizations
listed here: http://lwww.cta-observatory.org/consortium_acknowledgments
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Large Magellanic Cloud Survey (&GS

340h deep survey of the galaxy Deep and resolved
+150h monitoring of SN1987A external view of a

star-forming galaxy
Scientific objectives — = EEE—

* Particle acceleration in young
and powerful objects 06700y
(SN1987A, 30 Dor C, LMC
P3,...)

-68°00' g

Declination

« Early stages of the cosmic-
ray life cycle in connection 70°00'§
with galactic properties

Will complement the view e

offered by the GPS and SFS

" | ; " " | " " " " | " M y ; | " s , " |
96°00' 88°00' 80°00' 72°00' 64°00'

KS PS Right Ascension

[ ]
1 120

counts/pixel
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Angular & Energy Resolutions cta === i
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CTA Science
Program

= QOpen observatory

= Proposals for Guest Observer
Programme — essential for major
community involvement

= All data on public archive after proprietary
period (typically 1 year)

= ~40% time in Key Science Projects
(KSPs), carried out by CTA Consortium

KSPs described in
Science with CTA document

arXiv:1709.07997
(published as a book by World Scientific )



CTA: An Open Observatory (da..
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CTA Users

Users of
high-level
data products

Sky maps,
catalogs

Definition,
Data Products Components
and Support Proposals KSP

Users of Open Time CTA

archival users Consortium
data with
data open KEV Science
after 1 year

Projects

All data on public archive after ~1 yr proprietary peri d



Galactic
Discovery
Reach

Young pulsars and SNRs

HESS/
VERITAS

» have typical brightness such
that current instruments can
see only relatively local objects

CTA will see whole Galaxy

Survey speed:
x300 faster than current instruments

80
CTA . .
LS e T me W - e v'mf..- LA TR - Al ' ﬁ"'_‘ s Y e\, -0




Angular Resolution

8° CTA FoV

A b HESS centroid
T - M T " error
3 ' i e
o :: | I : o
: ‘ I o * " 0

0.1° 2°
Typlcal CTA>1TeV

Example: Cen A HESS/MAGIC/VERITAS
Resolution 34
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Important MWL/MM Synergies cta &= i
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= CTA Prototypes = Science Verification = User Operation )
[Low Frequency Radio : ! ! ! ! ! ! ! ! :
[ LOF&R ¥
| DMWA T MIWaA quperade) I : : : : : :
[_VLITE on JVLA —= (20187 LOBO) 3;
[ Mid-Hi Frequency Radio | ( BasT J):
JTVLA, VLEA, eberlin, ATC &, EVN, TV, K VN, VERS, LE&, GET.. @umqruﬂmgnaﬂerfacmtm) ¥
| ASEAD ] . ;
| Eat7 > MeerKAT = SK.A Phase 1 3 ; ;
' SKALS2 anrrmm
| [suh}hl'lllllmeter Flai:llo [ ; }
[ JCMIT, LLAMS, LHIT, IRAM, NDEMA, SBIA, SMT, SFT, Nanienz, Mopra, Nobeyama ... Gnany other smaller famhms) )
| ALMA )
{_EHT (Eototype — > full ops) )
| Optical Transient FactoriesfTransient Finders | : : : : : :
iPalomar Transent Factory —= 2017 Zwicky TF J(TssT ihuildup to full survey mode) I
| PanSTARRS1 —> Pans TARRS? } : ; : : :
[ BRckGEM (Meerlicht single dish prototype in znlﬁ) )
OpticalAR Lar e Facilities | : ;
‘I-?ILS'I;' Eeck, GTC., Gemim. Magellan. .. hanmy utlu::r smaller facilities) . WEFIRST
: : : { JTWST J
X-ray : {eELT (full operation 2024) & TMT (timeline lessclear)? |
| Swift Gnel Uw.:ptml) );
[ MM & Clhandra )i
METAR [ IXPE L ] :
: [ ASTROSAT ] :
: ¢ {_HEMT ) 5 :
: : ( NICER ] : [ XarMm }
: : 5 i [_eROSITA ]
[ Gamma-ray | ; : ; ; ; [IS¥OBI (mel soft gamma-ray +optical ground elemennts) )
[ INTEGRAL y
™ Fermi )
H AR : : : mm =l
.{ L DAMPE ] ) M_]
[Grav. Waves | : 5 : IS0 : : )
["Aﬂnmdueo + Advanced VIRGO 2017) — upprads to incTude LIGO Inda—)
H—| . : : . [(KAGRA ]
Neutrinos : : . . . . § § :
TceCube @INC:E 2011) IceCube-Genz? =
ANTARES [EMBNET-1 TEM3INET2 (ARCA) RT3 |
[UHE Cesmic Rays] : : : : : : : : : :
Telescope Atray = npgrade to Taxd |
I Pierre Auger Observatory = npgde to Anger Prime )

Caveat: Observatory timelines are very uncertain; this represents a notional
picture based on available information
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= E =25 GeV

Advantages: b
over Fermi and HAWC in .+ E=100GeV

= = [E =250 GeV

energy range of overlap for
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= Explosive transients (e.g. 2 100 CTA ;
GRBs, GW events, etc.) % 10110 B
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=  AGN flares g 10 R L :
c e L TIPSR PP
. . E 10 12 min min our :
= y-ray binaries %10_135 1 R
10 10 10° 10°
Time (s)
Disadvantages: | | 7
= Limited FoV (more focused on 2=4.3, E>80GeV, 0.1 sec time bin
follow-ups) B

=  Prompt reaction is critical
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CTA capabilities > Key Science Lk - A
Project devoted to Transients Time from GRB [sec]

GRB (z=4.3) Light curve
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