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The Cherenkov Telescope Array cta

cherenkov telescope array

- Next generation gamma-ray observatory
- Huge improvement in all aspects of performance

x10 better sensitivity, better FoV2+ angular resolution, wider energy
coverage, collection area >few km , wider survey capabilities

- User facility /| proposal-driven observatory -

CTA Consortium time (Key Science Projects) to Iead off

- An mternatlonal project ~ €300M capltal cost
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cherenkov telescope array
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Australia contributes funding
to the "GCT"” SST

SST-2M GCT SST-2M ASTRI




CTA Consortium  jyly 2016 ( Cta

(CTAC)

32 Countries

over 200 Institutes
over 1300 Members
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.. CTA observing time

Current model

Contributing parties pool their time:

* Open time (accessible to scientists in contributing
countries)

* CTA Consortium time (legacy Key Science Projects)

* Director's Discretionary Time

All data will become public to worldwide community after

some proprietary period
(cf. C. Boisson)

Deployment status

Key Science Projects

commissioning

Start Consortium time
2017/18 share

2021122 -
Controlled by the CTA Observatory (CTAO) "™

>




Status (Nov. 2016) — Bologna meeting Oct
st

- Pre-production phase: towards 1 telescopes on site(s)

- Securing funding to prepare for full prod'uction phase:
'Implementation’ funding threshold (62%) immi@.ent

- Austral'ia
CTAC member |
beneflts sy key science prOJects (40% tlme)

e ernance pohmesmeturlng 1 '
= pgrenewed MoUs, CTAO founding agreement u'l'lﬂEl'way)

IAC {SMM)

- Strong and growing links with Australian astronomy
— multi-messenger astronomy




GCT Prototype (Small Slze Telescope) — Dec. 2015 Paris

" Australia - LIEF 2015 + 2017-21 support for GCT hardware and commissioning.




Other prototypes.....
MST (Berlin) SST-2M ASTRI (Sicily)

SST-1M (Cracow)




San Pedro
Martir,
Mexico

Northern
Hemisphere

Southern
Hemisphere

Ground breaking Oct. 9 2_%?5

X
La Paima, Canary
Islands, Spailn

Paranal,
Chlile Aar, Namibla

J

Chosen sites
Backup sites

13 June 2016 - CTA HQ (Bqiagnglta Management Centre (DESY Berlin)
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CTA South : Paranal, Chile

Vulcano Llullaillaco
6739 m, 190 km east

Celle Almgrenes
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(Cerro Paranal
Very Large Telescope \
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Negotiations with ESO ongoing: Infrastructure sharlng/plggyback




016
7 TETRGIES

RII-’olgu"i?ding

anagement
iafythen Campus




CTA Science Case - on arXivsoon  ESEZEEH Special Cta
H' izsuePVojl.
KEY SCIENCE PROJECTS [EBRY &2 o N>

2013)

Three Themes
1. Cosmic Particle
Acceleration il

— Galactic Plane Survey

— Galactic Centre Survey

— Large Magellanic Cloud Survey
— Extragalactic Survey

— Transients 2. Probing Extreme

— Cosmic-Ray PeVatrons Environments

— Star-Forming Systems —

— Active Galactic Nuclei
— Clusters of Galaxies 3. Phys '

— Dark Matter Beyond Standard
Model ___




CTA Performance

Energy coverage ~20 GeV to >200 TeV

Differential Sensitivity
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A factor of 5-10
Improvement in
sensitivity in
the domain of
about 100 GeV
to some 10 TeV.

Extension of the
accessible
energy range
from well below
100 GeV to
above 100 TeV.




Gamma Rays from multi-TeV particles

5 -
o
10 decay

Inverse

Compton (IC
Interstellar__#" ¥ (1)

Radiation i\?
Field (ISRF) * CMB

Protons: Gamma-rays and gas targets are generally spatially correlated
(need to map atomic and molecular ISM — mm radio astronomy)

Electrons: Gamma-ray (IC) + non-thermal X-ray, radio emission (synchrotron)
highly couple




The Galactic Plane Survey ( Cta

Credits: The CTA Consortium

CTA will carry out a survey of the full Galactic plane
using both the southern and northern CTA

observatories.

The Survey will provide a complete and systematic
view of the Galaxy to facilitate our understanding of
Galactic source populations and diffuse emission, and

a comprehensive data-set and catalogue.

The CTA GPS will be a factor of 5 - 20 more sensitive
than surveys carried out by earlier or existing
atmospheric Cherenkov telescopes.

— 300 to 500 new sources!

In the Northern Hemisphere, the CTA will
complement/extend observations made by HAWC. CTA

will go deeper by a factor of 5 - 10 compared to
HAWC, at much lower energy and with substantially

better angular resolution.




CTRREECch

e e.g. Galactic objects

» Newly born pulsars and
the supernova remnants
» have typical brightness
such that HESS etc can
see only relatively local
(typically at a few kpc)
objects

» CTA will see whole Galaxy

e Survey speed
~300xHESS




Free-escape
boun,,ﬁ.‘dary

Forward Shock

Image from Giovanni Morlino




CTA Galactic Plane TeV Surveys : Major Issue

. '.Im‘ ’ '

Funk et al 2012

- CTA will provide Galactic Plane TeV Gamma-ray maps
at ~arc-min scales
(sub-arc-min possible — with high quality cuts)
2

0] 0]
- >3 sources perdeg |b|<0.2 |l|<30  (Dubus etal 2013)

- Diffuse TeV components visible?
from CR 'sea' — maybe i S
local CR accelerator enhancements — yes / A

Confusion guaranteed (same as for Fermi-LAT at GeV energies!)

- Mapping the ISM on arc-min scales over the plane will be essential




H.E.S.S. RX J1713.7-3946

The sharpest gamma-ray image so far!

PSF (68%) ~ 2 arcmin (FWHM ~ 5 arcmin)
HESS Collab. arXiv:1609.08671

Year
Live-time
Energy
PSF (Reg)

Q‘,'S

PSF

2016
164h
> 0.25 TeV
2.9 arcmin

31,000

: : O https://www.mpi-hd.mpg.de/hfm/HESS/pages/home/som/2016/09
2004 2006 2016 P/ s pg.de/hfm/HESS/pages/home/som/2016/09/




Angular resolution

8l Towards 1 arc-min
(68% PSF) and better

i Imaging of shocks!

SN 1006 ¥ SN 1006
CTA resolution §§ H.E.S.S. resolution




Angular Resolution 68% PSF (HESS, CTA..)
Acharyara etal 2013




www.atnf.csiro.au/research/HI/sgps

HI (atomic H), OH, CS
Gasldensity-3
710 cm

ATCA

3 -3
~10 cm

o n |
" R BATAZBIREXNEG

National Astronomical
Observatory of Japan

HEAT — THz (Antarctica)

[CI] + [CII]

CO, NH , CS, SiO...
3 3to4 -
>10 cm

Mopra Telescope
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CSIRO




Gamma-ray spectra from local and escaped CRs
e.g. Aharonian & Atoyan 1996

Molecular Cloud

Source @100 pc
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From Gabici & Aharonian (2007) Slide from Richard White




CTA 50h Observation - CRs escaping accelerators Acero etal 2013

—ee  SiMUlated spectrum (CTA-I), 50.0h, d=50 pc S N R age 2000 yr
S

m—— simulated spectrum (CTA-l), 50.0h, d=100 pc CI OU d maSS1 O M
s Simulated spectrum (CTA-I), 50.0h, d=200 pc sun
d =1 Kkpc
28 0.5 2
D=10 (E/10GeV) cm/s
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PeV CRs escape first and
arrive at the cloud first!

Probe for CR PeVatrons
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But confusion guaranteed
in Gal. Plane!
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0.1 1 10 100 Need wide ISM surveys
energy E(TeV) — Mopra, Nanten2,
Nobeyma, ASKAP (S&N)




Dense gas clumps
(gamma-dark)

0

CR-illuminated

CR-driving Dense gas clump

shell

CR-cloud » *

"CR propagation
along B flux tube

|sotropic Anisotrpic

®

CR overdensity

CR diffusion — not
necessarily
Isotropic!

Malkov etal 2013
Nava & Gabici 2013

— Nearby clouds will
see different CR
densities

— Need detailed
maps of ISM gas +
B-field direction

B-field Faraday RM

Jansson & Fararr et al
2012




CR Diffusion Into Molecular Clouds e.g. Gabici etal 2007,

R = distance CR travels into
molecular cloud core

R ~sqrt[6 D(E , B) t]

B ~ 10(n / 300cm™)"% 4G EEEEAYE

x=diffusion suppression factor

— Low energy CRs can't reach cloud core.

— Harder TeV spectra from cores.

— Depends on B-turbulence
(e.g. Morlino & Gabici 2015)

— Don't expect electrons to penetrate!!
(due to sync. losses)

Inoue etal 2012

10 TeV proton 1 TeV proton

mol. cloud core




Angular Resolution 68% PSF (HESS, CTA..)
Acharyara etal 2013




Hadronic Gamma-Rays from Clumpy ISM
SNR RXJ1713

Inoue et al. 2012 Gabici & Aharonian 2014

diffuse intercloud n ~1 cm?

wind bubble
n ~0.01 cm? ’

- .
RT7, -

stellar wind

E2 F(E) [TeV/cm2/s]

Fermi-LAT
HESS

massive star

o

dense clumps sur,
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ey LG 10° yr play critical role in hadronic
n=B/5MM:; = 4, c/3n (Skilling 1975) component




Cosmic-ray PeVatrons ‘ Cta

Cosmic rays are primarily energetic nuclei, which
fill the Galaxy.

Supernova remnants might be able to satisfy the
cosmic-ray energy requirement if they can
somehow convert ~10% of the supernova kinetic
energy into accelerated particles.

Credits: The H.ESS. Collaboraiton  CTA will perform deep observations of known

PeVatron at Galactic sources with particularly hard spectra. Moreover, it

Centre will search for diffuse gamma-ray emission from

- continuous CR source the vicinity of prominent gamma-ray bright SNRs.
The interactions of such runaway PeV particles with
the ambient gas produce gamma rays with a
characteristic hard spectrum extending up to ~100
TeV.




Transients
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Crab flare assuming I'=50. The variable tail
from 10 to 100 TeV is clearly detectable.

z=4 3, E>30GeV, 0.1 sec time bin
'_ High-statistic measurements
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above a few tens of GeV
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The assumed GRB template is the measured
TR Fermi-LAT light curve above 0.1 GeV,
l Wy h 'm l " ] ;i extrapolating the intrinsic spectra to VHE with
LA L ' 1 Y 10 power-law indices as determined by Fermi-LAT.
Time trom GRB [sec] We expect to detect ~1 GRB yr- sitel.

Excess [/Bin]
N
O




Active Galactic Nuclei ‘ Cta

AGNs are known to emit variable radiation across
the entire electromagnetic spectrum up to multi-
TeV energies, with fluctuations on time-scales from
several years down to a few minutes.

VHE observations of active galaxies harbouring

super-massive black holes and ejecting relativistic
outflows represent a unique tool to probe the
physics of extreme environments, to obtain precise
measurement of the extragalactic background
light (EBL) and to constrain the strength of the
intergalactic magnetic field (IGMF).

Credits: ESA/NASA

Also TeV-Detected

- Radio galaxies _ . .

- Starburst gal. AGNs will be useful to investigate fundamental

- Grav. lensed physics phenomena such as the Lorentz invariance
flare violation and signatures of the existence of axion-

like particles.




Active Galactic Nuclei

Testing emission scenarios
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cta

A set of high-quality
spectra from different
blazar types and
different redshifts is
needed to
unambiguously
distinguish intrinsic
spectral features, such
as shown here, from
external absorption.

Zech etal 2013, Cerutti etal 2015,
CTA Science Case (2016 in prep)




Active Galactic Nuclei Cta

Testing variability in AGNs

Sampling blazar fluxes
TP below the light-crossing
time scale of the SMBH,
Te ~ 3hr x (M/10°Mg), is a
key strategy to
understand the flickering
behaviour of blazars on
short time scales.

50 15 I ' 1 7 T 1 T T l 1 1 T [ L] T
PKS 2155-304 : CTA Simulation (Sol etal 2013)

of TeV flare (HESS 2007)
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Such measurements put
strong constraints on the
bulk Doppler factor, as
well as on particle
acceleration and cooling
processes.
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Active Galactic Nuclei

Emitted
spectrum

Energy flux

>
Energy

2r

Background
light

High
absorption

Low
absorption

>

HESS hmits
—#— Fermi/LAT limits

1.8F
1.6
1.4F

=@= CTA prediction

EBL scaling factor
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Credits: D. Mazin & The CTA Consortium

cta

The AGN KSP will lead to
the first precision
measurement of the EBL
spectrum at z~0 and to a
determination of its
evolution up to z~1.

CTA will observe a large
sample of blazars
located at different
redshifts. The detection
of high-redshift sources,
more likely during flares,
would allow us to
measure the evolution of
the cosmic optical
background.




130 GeV Dark Matter Line at Fermi-LAT Hotspot?
(Weniger 2012) Unfortunately No.

—a&— H.E.S.S.Il Data Line Scan (15.2 h) DM halo at Fermi-LAT HS
~——— H.E.S.S.Il Data Line Scan (15.2 h) DM halo at GC

—— MC sensitivity limits (15.2 h)
- = = MC sensitivity limits (112 h)

HESS J1745-
‘ SS J1741-302

- HESS J1745-303

¢ Weniger 130 GeV line (3.7 yr)
Fermi-LAT (2015) (5.2 yr)
—e— H.E.S.S.1 CGH (2013) (112 h)

. Collab Rhys Rev. Lett




CTA Dark Matter Gal.Centre (r<1 ) 500hr yy =>

H.E.S.S. GC
(112h 2013)

-
-

—Fermi- Fvy
(LAT Weniger
A A‘g“ 130GeV line

|

s

CTA 500h
Einasto profile

CTA Consortium - Science Case (in prep)
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Observing Strategy: Context Cta

Optical imaging with angular resolution in the range of microarcseconds will reveal details
across and outside stellar surfaces but requires kilometer-scale interferometers.

By connecting independent telescopes electronically only, the noise budget of intensity
interferometers then relates to the electronic time resolution of a few nanoseconds (light-travel
distance of ~0.5m), both circumventing atmospheric turbulence, and enabling the use of less
precise light collectors such as Cherenkov telescopes for imaging in the optical/UV.

(1)

[.(1) (I;(l) L.(1)

X

The angular resolution achievable by CTA exceeds that of the Hubble Space Telescope by almost
three orders of magnitiude (although limited to bright sources only) making CTA the optical
equivalent of ALMA.

Slid

e from D. Dravins (Bologna CTA Meeting)




Australia's Roles in CTA:
CTA Hardware & Array Design

- Telescope hardware & commissioning (ARC LIEF funding)
- Atmospheric characterisation (LIDAR, cloud monitoring)
- Analysis techniques & effect of clouds on CTA performance

Multi-wavelength/messenger strengths
- ISM surveys/studies (Mopra, ATCA, ASKAP, SKA)
(sub)arcmin surveys vital for CTA's Galactic science
- Radio continuum: transients/steady (ATCA, MWA, UTMOST, ASKAP, SKA)
- X-ray astronomy (e-ROSITA, XMM-Newton, Chandra)

Theory Strengths
- Theoretical high energy astrophysics (e.g. Galactic Centre, jets/outflows)
- Astro-particle physics — Dark matter properties

Great potential to link with....

- Radio (ASKAP-EMU, -POSSUM, -VAST/CRAFT, MWA, UTMOST)
- Optical (e.g. GALAH, Skymapper), interferometry, transients

- Cosmic-rays (Pierre Auger Obs.)

- Grav. Waves (A/LIGO)

- Neutrinos (IceCube)




Thank you....

@ G. Pérez, IAC {SMM)




Sub-GeV CR penetration into MCs — lonisation rates
Review by Gabici & Montmerle 2015

\lllllll | LI A I IIIIIIII
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- |solated MCs
Padovani & Galli 2013 % 4

-

- SNR/MC assoc

- 1C443, W51C, W28
- Vaupre etal 2014,
Indriolo etal 2010,

- Ceccarelli etal 2011
- Coaal Lol Ll Ll

1 020 1 021 1 022 1 023 1 024
N(H,) [em™?]

O

10—18

— low E CRs less penetrating in denser clouds ;
— synergies with ionisation rate tracers: HCO+/DCO+; H ; OH etc..




i Visr: —20.2—-9.1 km s~
Dense Cores filter out external v i

electrons! e.g. RXJ1713.7-3946: =
Sano etal 2013 ;

- CO(2-1) Nanten2 contours +X-ray images

Declination (J2000)
10 counts s~ pixel™!

30 TeV electrons, 6 keV X-rays,
n=10 /cc, B~400uG
See also Uchiyama et al 2007

Suzaku 1-5 keV (left) and 5—10 keV (right) images
Clump C  (Visa:-16.6--7.4 kms™)
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Horizon 2020
European Union funding
for Research & Innovation

\S\erlci The Astronomy ESFRI and Research

Infrastructure Cluster

ESHL%'@FR',’%, R]ﬁ :}ﬁ é?p synergies beteen:

https://www.asterics2020.eu




TeV (10 eV) Gamma-Ray Cherenkov 'image' as

detection: viewed by each
telescope

Gamma-ray

Stereoscopic Cherenkov
Imaging

Huge effective -2
collection area> 10 m

p.
(cf. Fermi-LAT 0.1 — 20 GeV -1m )

Alr shower

— Light pool

Detection by
fast cameras
in telescopes




Cherenkov light pool

10,000,000

Eff. detection
area (m?)

1,000,000

100,000

1 10
Energy (TeV)

@

Small Telescopes SST)

Medium Size Telescopes (MST)

Large Telescopes (LST)

100

Decreasing gamma-ray flux (~E-
compensated by increasing
effective area

1000

)




Organization: observatory

(Cta,

Users of
high-level
data products

Data Products
and Support

Users of
archival
data

Proposals

Open Time
users

~

Definition,
IKCs,
KSP

cherenkov
telescope
array




LMC Survey Cta

io

Three luminous examples of cosmic-ray
sources in an external galaxy.

HESS Collab. (2015)

il _. el | 30 Dor Ciis the first super-bubble detected
oot Ascanase 12000 ; at VH E_

Declination (J2000)

Declination (J2000)
Daclination (J2000)

Super-bubbles may provide the right
conditions for particle acceleration up to
L4 very high energies.

| 30 Dor'C="Superbubble

Simulation includes currently detected
sources, plus ten point-like sources with
L 17ev)~10% erg §‘1, and a handful of
regions enriched in cosmic rays.

h rrents.atu:sv s A silalt;o. i - Excellent prospeCtS for CTA inVGStigationS Of
the LMC.

Credits: The CTA Comsortium




LETTER

do0i:10.1038/naturel7147

N
Acceleration of petaelectronvolt protons in the SES_S]%
Galactic Centre

HESS Collaboration*

+00.6

—_——

NN

Galactic longitixie (degreo Galactic longitude {degroes)

- Hard spectrum from diffuse region 70pc E

= CUtOff =~ PeV energleS E [ Diffuse emission (x 10) = I
. . . —— Model (best fit): diffuse emission

- Continous CR InjeCtOf' over ~few1 OOOyr " mz:i(g:gzzgzgzzz:§§§§‘g§tii:ggz

— Central BH most likely accelerator P e ] B

— Could explain galactic CRs >0.1 PeV Y BT R

1 10

if BH more active in past. o
(SNRs may still contribute some PeV CRs)




HESS Galactic Plane Survey (HGPS) — Skymaps Deil et al 2015

— 77 sources (13 new sources)
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12 — pulsar wind nebulae

6 — SNRs

6 — composite SNRs .

3 - binaQ/ (NS/BH + star) ' e
50 — unidentified (confused associations) incl. G(

Preliminary Mostly sources with
multiple associations
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The Mopra Galactic Plane CO Survey
lar

g w”

/\0’ , . £ # . p :
L 1\ tp://wWw:phys.unswéetlu.au/mopraco/

35” beam@ ~0.1 km/sresolution;galso 70" CO survey Barnes etal 2015)
CO(1-0), CO(1-0),C 0O(1-0), C 0O(1-0)
| = 265 to 358; b = £0.5deg mostly complete

extension to £1.0deg =2 to 10deg (compare to Dame etal 2000 ~8arcmin beam)

Nanten CO(1-0) Mizuno etal 2004

» o
A 3 - .

Wi . A e e o ©
e e v

£ . 3
Mopra CO Survey 2016 ,
10 0 350 340 330 320 310

Data cubes publicly available once processed
| = 320 — 330 deg available now
Complementary to Nanten2 CO (+ThruMMs) surveys over wider area

& Nobeyama CO survey (20" beam) in the north (Nishimura etal 2015)
& GASKAP HI/OH, VLA-THOR HI




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
Collaboration « Gamma-ray bursts
« Galactic transients

Credits: The LIGO Scientific

Currently: « High-energy neutrino transients
HESS follow-ups of . gGravitational wave transients
Parkes SUPERB FRBs, Radio, optical, and X-ray transients

« Serendipitous VHE transients




+Missing Gas :"Dark™ HI & H,

Inferred by MeV/GeV gamma-ray observations
e.g. Greiner etal 2005, Ackermann etal 2011

Dark molecular gas has little/no Perhaps one-third of the

molecular gas is “"dark”?!
CO, but carbon and OH present Wolfire, Hollenbach & McKee, 2010

— optically thick HI (Yasuo Fukui)

M(Ry,) = 1x108 M,

— OH 1.6/1.7 GHz lines
(Parkes, ASKAP)

[M(Rﬂz) - M(Rco)]/M(RH!)

— CIl, C+ ~THz lines
(Nanten2, HEAT, STO2, SOFIA,
STO2, DATES

Graphic adapted from J. Dawson

Inflow

> -
HI

-

) = b




MopraGam

The Mopra 7/12mm.Survey of Galactic #¢
Gamma-Ray Sources

http://www.physics.adelaide.edu.au/astrophysics/MopraGam/

Main ISM Tracers

CS(1-0), SiO(1-0), CH OH
3

Targets
Since 2012 observed over ~40 bright UnID TeV gamma and high energy

sources (>1500 hrs)

— Determine distance to cloud components (often difficult with CO)
— Understand particle propagation
— Disentangle hadronic/leptonic components

Coverage is limited to discrete sources — ATCA Systematic survey MALT45+




Galactic Plane Survey ‘ Cta

Full-plane coverage: longitude * 180°, latitude b = 10°

- 1
- >
: _ . = | _
o .
1
1 1 S0 ¢
Lungitude (dey

Deeper inner galaxy exposure: { £ 80°

Fine detail revealed with ~arcmin PSF

J. Knddlseder and CTA Consortium




SimelioRdorlh MY Sizn Telsssopes (SST-GCT)

2014 2015 2016 2017 2018 2019 2020

LIEF#2 funding (5yr)
cameras+dishes +
commissioning

Overlap where
procurement

begins

3 Full Cameras _ Production

LIEF#1 funding (1yr) \

~ Y
Richard White For ~2-3 cameras 32 Full Cameras + Upgrads of Pre-

. _ production cameras if needed
July 2nd SST Review, Heidelberg

Timeline for all other aspects of CTA v. similar..




MALT45 7mm Survey with ATCA (Jordan etal 2013, 2015)

> 5x more sensitive than Mopra

CS(1-0) peak pixel image with HOPS NH3(1 1) contours

!. ‘\'j_"?) ‘w

. ~ D
"'*Je\xo o. &

Scutum-Centaurus arm {near side)
.

N —

Norma arm (far side)

Norma arm (near side)

Proposal to extend to “Full Strength MALT 45" | = 300 to 360
— dense gas ISM survey: Essential legacy for CTA's Galactic science




Angular resolution (arcsec)
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FOR IMMEDIATE RELEASE
8 December 2015

CTA Prototype Telescope
Achieves “First Light”

Paris, France — On 26 November 2015, a prototype
telescope proposed for the Cherenkov Telescope
Array, the Gamma-ray Cherenkov Telescope (GCT-
Figure 1), recorded CTA’s first ever Cherenkov light
while undergoing testing at 'Observatoire de Paris in
Meudon, France. The GCT is proposed as one of
CTA’s small size telescopes (SSTs), covering the high
end of the CTA energy range, between about 1 and

300 TeV (tera-electronvolts). Another SST prototype,
the ASTRI telescope, captured the first optical image

in May 2015 with its diagnostic camera.

FIGURE 1: GCT Prototype

Signal Level




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

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?

Adapted from ). Knddlseder.
More information on Astroparticle Physics, Vol. 43, 1-356 (2013) & CTA Contributions to the 2015 ICRC Conference [arXiv:1508.05894]



Radio to TeV SED: » H.E.S.S. 2007
Young Supernova Remnant i —
RXJ1713.7-3946 R e

)
e.g. Zirakashivilli & Aharonian 2010 _ %3;5%

F(E)E?, erg cm2s™!

synch.

7o shell

log E, eV

ATCA, Parkes, MOST used in many Galactic gamma source studies: SNRs,
Pulsar Wind Nebulae, Pulsars, Massive stellar clusters...




Radio to TeV SED: AGN Blazars

VLA HST UIT EUVE ___ROSAT __ EGRET __ Cerenkov

: * wﬁfv

. oy Uyd e

Optical uv X-rays '
Infrared

Radi
_a 10 ". +
+ 12

+1':i-+

%Synchrotron Inverse-Compton

& Markarian 421 - broad-band spectrum

i

| | l ]
10 15 20 25
log frequency (Hertz)

http://vega.bac.pku.edu.cn/~wuxb/agn/text.html

ATCA (+ MWA recently) used in gamma blazar/AGN studies
— e.g. flare follow-ups
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CTA : Prospects for pulsed emission studies

i Pulsed component
Geminga  gxtrapolation p=3.52
\, Crab

S
b

(deOnaWilhemi etal 2012)

2
=

2 ¢y

)

=

CTA Sensitivity
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1PC (46 pulsars)

S
=

'
Ll A lAal e :u.ll AL Ao laLl i 14;14'11[ LA

10-? 10 1 10
Energy [GeV]

10°

Assume Crab-like power law extension
— ~40% of Fermi 1PC pulsars potentially detectable (optimistic?)

- Vela pulsar now detected by HESS-II
- Crab pulsed to >1 TeV — new electron component needed — new opportunities for CTA.




Crab Pulsed Emission (MAGIC Collab. ICRC2015)
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The Sky above 50 GeV C a

Source Types
‘ PWN

Bi XRB PSR G
. B:Rﬂfy amma

a HBL IBL FRI FSRQ
Blazar LBL AGN
{unknown type)

o Shell SNR/Molec. Cloud
Caomposite SNR
Superbubble

‘o Starburst
‘o DARK UNID Other

uQuasar Star Forming
Region Giebular Cluster
Cat. Var, Massive Star
Cluster BIN BL Lac
(class unclear) WR

360 F-LAT sources E>50 GeV

UNID GAL
- 14% 11%

Wakely & Horaﬁggttp:/ [tevcat.uchicago.edu/
175 TeVCat sources

UNID
20%

—

GAL

“ Tt
&

SNRs and PWNe + BL Lacs 11 Unc. Blazars v Unassociated
Pulsars o FSRQs 4 Others o Extended

2FHL Ackermann et al., 2016, ApJS, 222, 5

Oonly 25% of the 2FHL sources have been previously detected by Cherenkov telescopes.
2FHL provides a reservoir of candidates to be followed up at very high energies.



CTA Dark Matter
W W

——— HESS GC halo (112 h)
Fermi dSph stacking (15 dSphs, 5 yrs)
WMAP9
Planck TT,TE,EE+HowP .
- CTA Galactic halo, 500 h, W W

1 2 345 10 2030
DM mass (TeV)

CTA Consortium - Science Case (in prep)




TeV gamma-ray production:

1. Cooling Time t = E / (dE/Dt)

Pi-zero decay: t,, = (noppfe)™" =~ 5.3 x 107 (n/cm?)~1 yr

IC scattering:  tjc ~ 3 x 10%(Urea/eV /ecm?®) 1 (E./GeV) ™}

Bremsstrahlung: 3, =~ 4 x 107 (n/cm?®)~! yr

Synchrotron: A - 1 10%(B/uG)=%(E,./TeV)™!

ooling times leadqd 10 radiative propagaton IImits 1or particies
0.5

2. Diffusive Transport: distance ~ [6 D(E,B) t]

(for turbulent B-field)
for diffusion coefficient D(E,B)

ISM density n; B-Field B(n)

— ISM has critical influence on gamma-ray source size and spectra.
— Need to measure ISM over degree scales, and at arc-min
resolution




Cl, CO, Hl towards G328 region (1x1 deg) (Burton et al 2013, 2015)
Cl (2-1) — HEAT 2' beam
CO(1-0) — Mopra 30" beam
Hl — Parkes/ACTA 2' beam

3D pixel (voxel) analyis — 50% increase in Cl/ CO ratio at cloud edges.




CTA Observatory gGmbH ‘ Cta

Founded in summer 2014; located at Heidelberg

Shareholders
Austria (Univ. Innsbruck)
Czech Republic (Academy of Sciences)
France (CNRS, CEA) Associates

Germany (DESY, MPG) -
ltaly (INAF) :
Japan (ICRC) .
Spain (IAC)

Switzerland (Univ. Zurich)

UK (STFC)

Provides legal and organisational framework
Runs central CTA Project Office




Brightest Sources

CTA Sensitivity
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ROYAL ASTRONOMICAL SOCIETY
Mon. Not. R. Astron. Soc. 416, 3075-3082 (2011) doi: 10.1111/5.1365-2966.2011.19255.x

Milli-mag optical photometry
and occultation studies.

Cherenkov telescopes as optical telescopes for bright sources: today’s
specialized 30-m telescopes?

Brian C. Lacki®'?*

' Department of Astronomy, The Ohio State University, 140 West 18th Avenue, Columbus, OH 43210, USA
2Center for Cosmology and Astro-Particle Physics, The Ohio State University, Columbus, OH 43210, USA

Accepted 2011 June 14. Received 2011 June 6

ABSTRACT

Imaging Atmospheric Cherenkov Telescopes (IACTS) use large-aperture (3-30 m) optical
telescopes with arcminute angular resolution to detect TeV gamma-rays in the atmosphere.
I show that IACTs are well suited for optical observations of bright sources (V < 8-10),
because these sources are brighter than the sky background. Their advantages are especially
great on rapid time-scales. Thus, IACTs might study many phenomena optically, including
transiting exoplanets and the brightest gamma-ray bursts. In principle, an IACT could achieve
millimagnitude photometry of these objects with second-long exposures. I also consider the
potential for optical spectroscopy with IACTS, finding that their poor angular resolution limits
their usefulness for high spectral resolutions, unless complex instruments are developed. The
high photon collection rate of IACTSs is potentially useful for precise polarimetry. Finally, =

briefly discuss the broader possibilities of extremely large, low-resolution telescopes, includin; On the Use of Cherenkov Telesco pes for Outer Solar
a 10arcsec resolution telescope and space-borne telescopes. .
System Body Occultations

Key words: techniques: photometric — techniques: polarimetric — techniques: spectroscopis
— telescopes.

Brian C. Lacki!

nstitute for Advanced Study, Einstein Drive, Princeton, NJ 08540, USA, brianlacki@ias.edu

-+
O 16 October 2014
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= ABSTRACT

o/ Imaging Atmosphere Cherenkov Telescopes (IACT) are arrays of very large optical
v telescopes that are well-suited for rapid photometry of bright sources. I investigate

their potential in observing stellar occultations by small objects in the outer Solar
System, Transjovian Objects (TJOs). These occultations cast diffraction patterns on
the Earth. Current IACT arrays are capable of detecting objects smaller than 100
metres in radius in the Kuiper Belt and 1 km radius out to 5000 AU. The future
Cherenkov Telescope Array (CTA) will have even greater capabilities. Because the
arrays include several telescopes, they can potentially measure the speeds of TJOs
without degeneracies, and the sizes of the TJOs and background stars. I estimate
the achievable precision using a Fisher matrix analysis. With CTA, the precisions of
these parameter estimations will be as good as a few percent. I consider how often
detectable occultations occur by members of different TJO populations, including
Centaurs, Kuiper Belt Objects (KBOs), Oort cloud objects, and satellites and Trojans
of Uranus and Neptune. The great sensitivity of IACT arrays means that they likely
detect KBO occultations once every O(10) hours when looking near the ecliptic. IACTs
can also set useful limits on many other TJO populations.

I

Key words: Kuiper belt: general — Oort cloud — minor planets, asteroids, general
occultations

1179v2 [astro-ph.EP]



CTA Key Science Projects

Key Science Projects

‘ Active
A A Cosmic Ray | Star-forming Galactic

Question Btk PeVatrons | Systems Nuclei

Understanding the

Origin and Role of

Relativistic Cosmic
Particles

Probing Extreme
Environments

Exploring Frontiers
in Physics

Surveys Targets




From CTA AGN overview by Sol etal 2013
3C279

4+ P1 (June 1991 flare)
+-¢ P2 (Dec. 92 / Jan. 93)
e June 2003
Jan. 15, 2006
= Feb. 23, 2006

10™ 106" 10" 10" 10
v [HZ]

21 1023 1025

1

10° 10

Fig. 4. Broadband spectral energy distribution of FSRQ 3C 279 during the June 1991
and February 2006 flaring state in comparison to 1992/1993 and 2003 observations
where the source was in a quiescent state [39].




http://www.esa.int/spaceinimages/Images/2015/02/Polarised_emission_from_Milky Way_dust

Note: In Gal. plane this is dominantly the foreground B-field direction.
Next Step: ASKAP POSSUM (Faraday rotation measures in great detail)




Galactic TeVatrons and PeVatrons
What are the particle accelerators to E ~ 10'° eV (1 PeV)?

- Shell TypeSBupernova Remnants? [ R Baler rEm

W ~10 erg per SNR
CR ~ 1(B/mG)(AT/100 years) PeV

- Pulsar Wind Nebulae?
Pulsar spin-down power JoimueeRliar PRl e

LI A EU LRI R P, ~ 8 x 10°Z(B/10G)(w/3000Hz)* eV

- WR, O & B stars, Massive Stellar Clusters, Massive Sta¥FRdrmation?
Stellar wind KE B-star L ~10 38-3%rg/s
WR star Lv ~10 ergl/s

w
- X-Ray Binaries, Microquasars, Active galaxies (AGN)?

Accretion power
n=10 to 20%

Galactic  perrro—

AGN Loee ~ 10%° erg s7!




PeV cosmic-rays:

- Show you what the accelerator is capable of
(just like a car at ful throttle..)

— constraints on fundamental parameters
e.g. B field, shock speed....

%fs:«ep . PIXARF




Gamma-rays (~30 GeV to ~500TeV)

Highly effective tracer of high energy particles
High impact results ~ 20 Nature, Science, PhysRevLett papers since 2004

+90  http://tevcat.uchicago.edu/
2pPwN RS
@ starburst
®H8L, 1BL, FRI, FSRQ, LBL,
AGN (unknown type)

® Globular Cluster, Star Forming |/
Region, uQuasar, Cat. Var.,
Massive Star Cluster, BIN, WR |

2 shell, SNR/Molec. Cloud
© DARK, UNID, Other
® XRB, PSR, Gamma BIN
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