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Galactic & LMC Surveys with CTA



Galactic Surveys in CTA's 
Key Science Projects

https://www.worldscientific.com/worldscibooks/10.1142/10986



HESS 2018
HESS Galactic Plane Survey (HGPS)
→ 78 sources (13 new sources)

ie. with adjacent SNR, pulsar, 
stellar cluster...
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VERITAS and HAWC Galactic Plane Surveys (2HWC) 
                            2HWC 39 sources (17 new sources) Abeysekara et al (VERITAS) 2018

Abeysekara etal (HAWC) 2017



Extragalactic
AGN z>0.5, GRBs, Star-bursts,
Gal. clusters,  AGN haloes..

Astro-particle
Dark matter, Lorentz invariance....             Optical    
                                                   Intensity Interferometry, milli-mag photometry

CTA Science Potential



10-year sensitivity (mCrab units)
STP – Short Term Programme
LTP  – Long Term Programme

E > 125 GeV



10-year sensitivity (mCrab 
units)



Galactic Centre Survey with CTA

- Deeper coverage of GC regions |l| < 3 deg 

- Probe north Fermi bubble “foot” towards 
  GC region

- Overlaps with Dark matter searches

Simulated CTA view of GC region 
(excess counts).   Viana et al 2019



How many CTA Galactic sources?
→ Extrapolate HESS Log N vs. Log S
→ >~1000 sources 

CTA



Simulated Galactic Plane with CTA

CTA FoVs (MST, SST)



Image from Giovanni Morlino

ISM Clouds

Diffusive transport
 → B-field, turbulence

Galactic Plane with CTA
1. Diffuse gammas from CR/e ‘sea’
2. Diffuse gammas from local CR/e  
    escaping accelerators
3. Gammas from local sources

Need to model all 
three components 
over degree areas 
at arc-min scales to 
>100 TeV.

 → A new challenge 
   for models

e.g. GALPROP, 
PICARD (large 
scale)….plus many 
small-scale models
 



SNR age 2000 yr

Cloud mass 105 M
sun

d = 1 kpc

D=1028(E/10GeV)0.5  cm2/s

PeV CRs escape first and 
arrive at the cloud first!

Probe for CR PeVatrons

But confusion guaranteed 
in Gal. Plane!

Need wide ISM surveys

CRs escaping local accelerators – CTA will see them! (50hr)
 Acero etal 2013



  

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

      CTA Hi-res cuts/tels 
                   e.g. Cameron et al 2012    

      HESS hi-res cuts
          DeNaurois etal 2009
              HESS 2018

ISM cloud core 
radius at few kpc

→ CTA will resolve ISM cloud cores/clumps
→ CTA will need <= arc-min ISM surveys 



Synergies with interstellar gas surveys

HI  (atomic H), OH, CS                   CO                             CO, NH
3
, CS, SiO... 

Gas density 

~101 to 4 cm-3                                ~103 cm-3                               >10 3 to 4 cm-3

ATCA

Parkes

ASKAP-
GASKAP

  

THz (Antarctica & High-alt)  
 [CI] + [CII]   
 



Mopra CO Peak Intensity (Braiding etal 2018)  @ 35 arc-sec beam              
Data download https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/LH3BDN 

Red: 12CO   Green: 13CO   Blue: C18O

→  Extension to |b| = 1, l>250 deg done  legacy ISM survey for CTA→ legacy ISM survey for CTA



ASKAP  -  Australian Square Kilometre 
Array Pathfinder 
 
- HI & OH lines, B-field & turbulence

New HI + OH survey with the ASKAP
-  ~30 arc-sec resolution
- Commencing 2019
www.atnf.csiro.au/research/GASKAP/



Young SNR RXJ1713 TeV and ISM on Parsec Scales! 

Mopra CO(1-0) Image + HESS > 2 TeV contours

7 pc

CTA will be able to 

probe diffusion 

properties of cosmic 

rays and electrons

(e.g. Gabici etal 2007)

HESS

CTA



Synergies with Radio Continuum Surveys

- Radio synchrotron & TeV gamma-ray (esp. hadronic)
  are often 'relics' of earlier particle acceleration.

- Dark TeV Sources:  
  → Old/evolved SNRs & PWNe?
  → Missing Supernova remnants?

ASKAP – EMU, POSSUM, SCORPIO
MWA - GLEAM

MWA GLEAM 88 MHz  (MWA Prelim 2016)



Leptonic: Synchrotron + Inverse-Compton Evolution
                                       Impulsive particle accelerator e.g. SNR

Source Age

e.g. Aharonian etal 1996,1997
       Manolakou etal 2007
       F. Voisin PhD thesis 2016

2.4THz



Hadronic: CR + ISM Interaction – Spectral Evolution
                                       Impulsive particle accelerator e.g. SNR

Source Age



HESS J1832-085

- MWA SNR candidate G23.11+0.18; Also seen with VLA THOR (Anderson et al 2017)
- Overlaps unidentified TeV gamma-ray source HESSJ1832-085
- No X-ray emission  old-ish (>~10kyr) SNR?→ Maxted etal. 2019



Large Magellanic Cloud Survey 
with CTA

eROSITA first light

CTA Science 2018

Planck

MAGMA
CO HI  Halpha

Fermi-LAT



Simulated LMC with CTA

HESS CTA



Summary: CTA’s Galactic/LMC Surveys

- CTA will conduct several major surveys

  Galactic Plane; Galactic Centre Region; Large Magellanic Cloud
 
  They will be 5-20 times more sensitive than current TeV surveys 

- Complete Galactic census (at HESS detection luminosity)

- TeV source population ~1000 sources or more.

- Intimate links with radio and optical facilities in Australia 
    (steady sources; transient sources)

- ISM surveys; Radio continuum surveys; Optical/Radio followup
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