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H.E.S.S.  Cherenkov Imaging Telescopes 

              (22o S  1800m a.s.l. Namibia)

Note size of car!



QUESTIONS
- Parent particles hadrons and/or leptons?
- Particle acceleration – how and where?
- Particle & photon transport/diffusion?
- Mystery of unidentified sources!
- New types of particle accelerators?

HESS  Gal. Plane
Survey
(Chaves etal 2009)

SuperNova remnants ~ 15%     
Pulsar Wind Nebulae ~ 35%
Unidentified                ~ 35%
Binary (XRBs etc.)      ~10%
Stellar Cluster             ~ 3%
Diffuse                         ~ 2% 





  

Gamma-rays (GeV to TeV Energies)
- Gamma rays: Highly effective tracer of  particle acceleration
- Now many TeV gamma-ray source types + astro/particle physics impact: 
                          
     - Data analysis techniques – extended sources
      - Supernova remnants                                        
      - Pulsars & pulsar-wind nebulae 
      - X-ray binaries, jets and ISM, transients     

      - Galactic centre region
      - Unidentified TeV sources 

      - Massive stellar clusters and star formation regions 
      - Formation of molecular gas; ISM dynamics; magnetic fields

      - Active Galaxy Cores – supermassive black holes
      - Starburst galaxies
      - Globular clusters

      - Constraints on extragal. IR background → cosmology
      - Indirect search for dark matter, quantum gravity (Lorentz invariance), axions

      - Cosmic ray electrons 

→ Many successes with HESS et al. but we want/need to do more......



CTA (Cherenkov Telescope Array)   0.05 to >100 TeV coverage

http://www.cta-observatory.org/

  → >10x more sensitive than HESS et al.



May 2013  
> 1000 scientists



LST – Large Size Telescope   (28m diam)                            
MST – Medium Size Telescope (12m diam)                        
SST – Small Size Telescope (4-6m diam)

LST                             MST                 SST



MST Prototype (DESY Berlin)



CTA SSTs – ASTRI http://www.brera.inaf.it/astri/

- Led by INAF (Italy)
- 8 MEuro funding

 → Mini-Array of 3-5 SSTs 

- SST prototype  2014
- SCT optics
- Mini-array 2016 at CTA South Site
- Several Camera Development Groups

 

UK-Led Camera  CHEC
(Compact High Energy Camera)

- Funding for two prototypes

- CHEC-M    MAPMTs
    'conventional' PMTs

- CHEC-S     SiPMTs
       silicon PMTs



CTA – Possible Telescope Layout at Southern Site (~70 tels.)

Note: Smaller array at Northern Site (~10 tels.)



CTA  Diff.Flux Sensitivity (Crab units)        Bernloehr etal 2013



CTA  Angular Resolution                                     Acharyara etal 2013

CTA – 2 tels

>=10 tels



CTA Survey Sensitivity Dubus etal 2013

CTA : 1 to 10 hours
HAWC : 1 to 5 years  
Fermi : 10 years (off/on plane)





Candidate Sites

Site recommendation at 
Warsaw CTA general meeting
(23-27 Sept) 



CTA & ISM Surveys....



Gamma Rays from multi-TeV Cosmic-RaysGamma Rays from multi-TeV Cosmic-Rays  (p, He ...etc)(p, He ...etc)  

.
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GAS CLOUD

Gamma-Rays (+ Neutrinos)

 

                                                                                                     

CRs deflected by magnetic fields

 

Observational Signature

→ Gamma-rays and gas are spatially correlated

→ Intimate connection with mm- radio astronomy (tracing gas)

           .......we expect gamma-ray flux  F
γ
 ~ k

CR
 M

gas



                               

- CTA will provide Galactic Plane TeV Gamma-ray maps 
           on ~1-3 arc-min scales.

- >3 sources per deg2    |b|<0.2o   |l|<30o                 (Dubus etal 2013)

- Diffuse TeV components visible? 
                           from CR sea – maybe
                           local CR accelerator enhancements – yes
- Confusion guaranteed. 

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

Galactic Plane: CTA Survey Issues



Gamma-Rays from Escaping Cosmic-Rays

Casanova etal 2010
(Gabici etal 2009)
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Age = 1600 yr, 
  d = 1 kpc

Slow diffusion
   D = 1026 cm2/s

→ Expect ~degree-scale TeV emission
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CR propagation 
along B flux tube

Isotropic                 Anisotrpic

CR overdensity 

Malkov etal 2013
Nava & Gabici 2013

→ Nearby clouds will 
see different CR 
densities

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

CR diffusion – not 
necessarily
Isotropic!



Gamma-Rays from Escaping Cosmic-Rays

Acero etal 2013

CR accelerator inside       
cloud 105 M

sun 
  

CTA Detections
(50hr)

e.g. Aharonian & Atoyan 1996, Gabici etal 2009, Casanova etal 
2010 Malkov etal 2013, Nava & Gabici 2013

→ Passive clouds 
nearby CR 
accelerators 
detectable by CTA

→ Need arc-min ISM 
maps to disentangle 
CTA survey sources



CTA  Angular Resolution                                     Bernloehr etal 2013

 → Arc-min resolution!
 → CTA may detect & resolve molecular 

    cloud cores  (few 100M
sun

 near CR accelerators)

Cloud core typical 
radius (1pc; Jeans) 
d= few kpc



Molecular Gas towards TeV Sources    e.g. Mature SNRs
 (e.g. Nicholas et al 2011, 2012, Maxted et al 2013)

W28                                                                                CTB 37A
  Good TeV/ISM match                                           Partial TeV/ISM match

CS(1-0) image
CS(2-1) black contours
HESS TeV white dashed 
            contours



  

How do we trace the gas? Use radio lines... 

HI  (atomic H)                               CO (H
2
)                         NH

3
, CS, SiO... (H

2
)

Gas density 
~101 to 2 cm-3                                ~103 cm-3                                         >104 cm-3

                                                                         4' beam FWHM                              
                                                                                                                                  CO as well! ATCA

Parkes



HEAT                                 STO

Tracing atomic and ionised Carbon
 
[CII] + [NII] + [CI] + CO(7-6)    Freq 400 to 1900 GHz



- Relevant ISM surveys/studies (talk: Burton)

- Array layout and analysis techniques (talk: Stamatescu)

- Camera hardware (talks: Clay, Jackson)

- Atmospheric characterisation (talk: Veitch)

- Astroparticle physics – dark matter (talk: White)

- Radio facilities in Australia (talk: Edwards)

- Theoretical high energy astrophysics

- X-ray astronomy

CTA – Australian Interests
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