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We would like to Acknowledge that the land we meet on today is the 
traditional lands for the Wurundjeri and Boonwurrung people, who 
are part of the Kulin Nation. We respect their spiritual relationship 
with their Country. We also acknowledge the Wurundjeri and 
Boonwurrung people people as the traditional custodians of the 
Melbourne region. 

Credit: Wikipaedia

https://gl.wikipedia.org/wiki/Ficheiro:Map_Victoria_Aboriginal_tribes_%28colourmap%29.jpg



Ground-based detection of gamma rays:  >200 sources

                           

HESS/VERITAS/MAGIC/HAWC/LHAASO  running  ~2028+

Next generation → CTAO, SWGO….. 

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

http://tevcat.uchicago.edu/



TeV (1012 eV) Gamma-Ray 
detection:

Stereoscopic Cherenkov 
Imaging

Cherenkov 'image' as
viewed by each
telescope

Combination:

  

Huge Collection Area > 105 m2 

(cf. Fermi-LAT 0.1 – 20 GeV - 1m2 )

<= ~1000m



 ~ 10x improved sensitivity; <1 arc-min angular resolution
~ Transients <1hr duration   >1000x better than Fermi-LAT
– Seven Australian universities involved  (LIEF, NCRIS/AAL)

                                                  
– Northern Array: 4 LSTs + 9 MSTs (La Palma, Spain) 1st telescope in operation!

– Southern Array: 2 LSTs + 14 MSTs + 42 SSTs (Paranal, Chile)    
                         prep. work underway 
                                                                     → construction completed ~2029/30        
                      

SST – small sized telescopes
MST – mid-sized 
LST – large sized

- CTA HQ, Bologna
- CTA Data Centre, Berlin

https://www.ctao.org/



CTAO Consortium (CTAO-C)
- 25 Countries constructing telescopes and
           leading Key Science Programs

CTA Observatory (CTAO-ERIC)
- Legal entity owning and operating CTAO telescopes at S & N sites.
   [9 member countries, 1 strategic partner, 3 third parties, ESO]

CTA-Australia   (U.Adelaide, WSU, ANU, UNSW, Monash, U. Syd., Curtin)

    - >25 scientists, >10 students, ~3 FTE
    - >2 MEuro from ARC-LIEF + NCRIS (AAL)
    - CTAO 3rd party + CTAO-C member

First “open access” observatory 
in TeV gamma-ray astronomy 
Key Science Projects ~ 40% time   CTAO only
Open time                   ~ 30% time   CTAO only
Remaining time for Chile, Spain, DDTs, ESO, guests
     https://www.worldscientific.com/worldscibooks/10.1142/10986



Australia will be a “3rd Party” with AAL as Australia’s 
representative.

3rd Party agreement now being finalised: rights and obligations, 
potential regular payments and avenues for other in-kind contributions 
to CTAO-ERIC:

access to Australian radio and optical facilities to support KSPs and 
other CTAO science (now under discussion)  credit for CTAO access?→ credit for CTAO access?

- ANU 2.3m telescope for optical polarimetry   CTAO-Pol 
- ATCA access  GHz radio     + other radio facilities.. 

CTAO-ERIC Council:         James Murray, Gavin Rowell

CTAO AFC (Accounting and Finance Committee):         Anne Green

CTAO-C Board:         Gavin Rowell
   
                                               
 

CTAO-ERIC: Australian Involvement



CTAO Array Sites (South & North)

CTAO-South 
51 telescopes

+ extra ~7 telescopes 

CTAO-North 
13 telescopes



CTAC/CTAO/CTAO-Aust News Apr+ 2025

- CTAO-ERIC   
commenced Jan.
      

- CTAO-North  LST-2,3,4 
          construction. LST-1 physics

- CTAO-South site preparation; 
      roads, power….
                   
- Early science from “Intermediate Arrays”:
    2027+  → get ready!

- USA  $4M funding (SSTs, SCTs)

- Key Science Projects: Planning underway!



https://www.cta-observatory.org/wp-content/uploads/2021/08/CTA-Performance-prod5-v0.1-North-
NorthSouth50h-DifferentialSensitivity-OtherInstruments.png

CTAO Energy-Flux Sensitivity for  ‘Alpha’ arrays



CTAO-South Performance – Improved Angular Resolution

FreePACT (Likelihood free inference for pixel charge distribution) 
(Schwefer etal 2024) 

Angular Resolution



CTA’s Prospects for Transients   (CTA 2022)  

– GRBs to z ~ 4;  Light curves @ seconds time resolution 
– AGN to z ~ 2 to 3;                 
– Kilonovae within reach (e.g. HESS 2020); 
– Fermi-LAT GeV flares (e.g. 2FAV):   >100 AGN flares/year detectable  (Lee et al 2024)

CTA Science (2018)



CTAO Time Allocation

– Contributing Countries (CC)                    ~70% of time
– Host Time: Chile, Spain, ESO
– DDT   Director's Discretionary Time
– International (Int), non-member time (~8%)

Key Science Projects (KSPs)    ~40% of time       (run by CTAC)
Open Time                                 ~35% of time      (proposals from CTAO countries)

Preliminary



Small-Sized Telescopes (SSTs)

SST-Structures led by INAF Italy 
– Dual-mirror Schwarzschild-Couder optic
– 9 degree field of view
 

SST-Camera led by MPIK Germany 
– SiPM array (2048 pixels) 
– 1ns waveform sampling

**

** U-Adelaide, WSU, U-Sydney, ANU, Monash, 
          UNSW, Curtin-U

**

Contributing Countries
Italy, Germany,  France, UK, Switzerland, 
Japan, Australia (**), The Netherlands, 
Brazil

Total ~ 40 MEuro   Australia ~ 2MEuro



CTAO Small-Sized Telescope Camera (SSTCam)

Gianpiero Tagliaferri,  Richard White

Australia funds SSTCam components:    
          SiPM detectors (14 cameras); ASIC chips (all); Chillers (all)
             



Slide: Simon Lee

SSTCAM     QCAM Testing  June 2025



Slide: Simon Lee



SST Camera Chillers from Australian Industry

Chiller units keep the camera cool and at a stable temperature during operation: 
                dT < 0.2 deg

CTAO-Oz responsible for SSTCam chillers:  ~ 600kEuro  A$950k (45 units, shipping    
      Funding from LIEF #2, #3, #4

Uni. Adelaide: Gavin Rowell, Jose Bellido       
Dept. Industry Liaison for ESO/SKA: Anthony Holzwart

Two companies initially chosen and
are now working with
LaserChill (Vic) 
 
V1 testing at MPIK (2022/23)

→ V2 LaserChill unit delivered to 
        MPIK, Germany
→ First batch order (V3) for 
     Chile discussions now 
     



CTAO-North ~ August 2025

Credit: LST Collaboration





Extreme particle accelerators in the Universe 
Massive star 
clustersCentre of our Milky 

Way

Supernova 
remnants

Pulsars & Pulsar 
Wind Nebulae

'Stellar-sized' 
Black holes

Super-massive black 
holes @ galaxy 
cores

Compact object 
mergers

Novae

Hypernovae



Photons from relativistic (GeV to multi-TeV) particles

→ Clear synergies across radio, optical, X-ray, gamma-ray and 
     neutrino astronomy  (incl.   ISM – radio astronomy)

Cosmic Rays 



CTAO-C Key Science Projects (KSPs)
Major legacy science   



MWL Needs for Key Science Projects (Transients, Variable)

Up ~1000 hr/yr for radio to-optical coverage 
→ huge potential for Australia

 

- Optical polarimetry @ ANU 2.3m telescope,   Vera-Rubin, ESO….       
  
- Radio followup and monitoring (ATCA, ASKAP, MWA, SKA…)
    
             → measure synchrotron component
     

Preliminary



CTAO+SKAO synergies White Paper - TBC

SKAO+gamma synergies chapter in SKAO   
    science book – joint with INAF CTA+ group

  

CTAO+ESO synergies White Paper - TBC

 

MWL Synergies – Opportunities for Australian Leadership 



Galactic Plane: Excitement & Challenges!
CTA will see a confusing mix of local and large-scale diffuse emission 

Simulation of the Gal. Plane with CTA (Ong et al 2019) 

Local: Particles escaping from local sources (Einecke etal 2023, Mitchell etal 2021)

Large-scale diffuse: Diffuse cosmic rays permeating the MW (e.g. Marinos etal 2022)

CTA Field of View 8 deg Diameter:  → Commensal science with many surveys

CTA Field of View 
(MST, SST)



Synergies with Radio Surveys
- Radio synchrotron & TeV gamma-rays are 
   often 'relics' of earlier particle acceleration.
  
 → Old SNRs & PWNe
 → AGN jets
 → ORCs
 → Gal. Clusters
 → Diffuse Emission
 → ISM Surveys (Mopra)
  e.g. Braiding etal 2018, Cubuk etal 2023

Mopra (ISM)

MWA: GLEAM 
  + GLEAM-X

ASKAP: EMU, POSSUM,  
SCORPIO, RACS, GASKAP   

McConnell et al. 2020, Hale etal. 2021, Duchesne 
etal 2023, Thomson etal. 2023, Dickey etal 
2013, 2022, McClure-Griffiths 2018….

ASKAP 943 MHz             Fermi-LAT >1 GeV

Filipovic et al. 2024



  Old Supernova Remnants  - G278.94+1.35  “Diprotodon” 
- Radio synchrotron & GeV gamma-rays 
  
 
 

 

ASKAP 943 MHz

Fermi-LAT >1 GeV

MWA 154MHz

Filipovic et al. 2024



  Old Supernova Remnants  - G278.94+1.35  “Diprotodon” 
- Radio synchrotron + Gamma Rays from  electrons and/or protons  
  
 
 

 



Physics needed:
- Particle  ‘escape’ into ISM vs. time
- 3D gas maps down to ~30 arc-sec scales 
- Particle diffusion, advection, and radiative losses
- B field strength and direction down to 30 arc-sec
    e.g. ASKAP POSSUM

→ Perfect way to search for cosmic-ray accelerators in 
      the Milky Way!
→ e.g. “PeVatrons”   >1 PeV cosmic-rays  

Mitchell  et al 2021       
              

Local accelerators (e.g. SNRs) and their “escaping” CRs

- Cosmic rays escape expanding SNR with 
   radius RSNR(t) (Truelove & McKee 1999) 

- Assume SNR in Sedov phase; age ~102 
   to 105 yr  (e.g. Reynolds 2008)

(see Aharonian& Atoyan 1996, Casanova et al 2010, 
Gabici & Aharonian 2007, Mitchell et al 2021) 



The ‘large-scale diffuse’ component: Cosmic rays permeating the Milky Way after 
travelling >100s pc from their accelerators → interacting with ISM → gamma rays

GALPROP predictions >1 TeV
- Subtract discrete sources from 
 HESS Gal. Plane Survey & estimates 
  of unresolved sources.
    → estimate of TeV diffuse emission

- Compare to GALPROP under 
   variety of inputs (blue region)
→ CTA will detect this emission

Marinos  et al 2022

Galactic Plane: A major astrophysical challenge for CTA



Einecke etal 2023 in prep & ICRC 2023

→ Application to W28 (mature SNR) + adjacent ISM



RXJ1713.7-3946: Young SNR (1600yr)             Rowell etal 2023 in ICRC

Model gamma-ray spectra from escaping CRs in 3D 
Assume acceleration up to 1 PeV,  t

Sedov
~650 yr, R

SNR
= 8.6 pc, E

CR
=1.5x1050erg 

Looking at variations in diffusion suppression c, depth of ISM cloud range 
(52, 100 pc), and t

Sedov
 > 1000 yr   → potential for CTA detection!



RXJ1713.7-3946: Young SNR (1600yr)             Rowell etal 2023 in ICRC

Model gamma-ray spectra from escaping CRs in 3D 
Assume acceleration up to 1 PeV,  t

Sedov
~650 yr, R

SNR
= 8.6 pc, 

E
CR

=1.5x1050erg 

Looking at variations in diffusion suppression c, depth of ISM cloud range 
(52, 100 pc), and t

Sedov
 > 1000 yr   → potential for CTA detection!

Bubble ‘trapped’ CRs



Novae are now also TeV sources!       RS-Oph recurrent nova

MAGIC Collab. (Science 2022)

HESS, Science 376, 6588  (2022)



Active Galaxy Nuclei (AGN) “Blazars” : Radio to Gamma

wiki



Time lags of AGN radio vs. GeV gamma-ray flares 
(Fuhrmann etal 2014)

Radio monitoring of >100 AGN 
(southern) + some gam-ray binaries

[northern - MOJAVE Lister etal 2018]

- Radio monitoring + VLBI >1 GHz 
- X-ray to gamma-rays
   
Triggered by activity in radio, X-ray 
and GeV gamma-rays (Fermi-LAT)

New triggers: 

→ AGN overlapping IceCube 
    neutrino events

→ TeV-active AGN with HESS, 
     and eventually, CTA.

→ High-freq radio v.  important

Ojha etal 2010, 
Mueller et al 2018

High freq favoured for radio-gamma correlation 
(although there are exceptions!)..

Radio + Gamma-Ray Transients



AGN Blazar Flares: MWL Synergies 
MWL light-curve (MAGIC 2018)

BL-Lac S5 0716+714 

PKS 0346-27        ATCA ‘Calibrator’ Database Optical polarisation 
angle – correlation 
with TeV flares!



Synergies with Optical Astronomy
- Transient follow-up and monitoring of AGN, XRBs, Novae, SGRs, GWe...

- Optical polarisation (synchrotron) linked to gamma-ray flaring.
- Development of polarimeter for ANU 2.3m telescope
               

- PICSARR concept (Bailey etal 2023) adapted to fainter targets (AGN)

- Led by WSU team (Nick Tothill et al) 

- Testing prototype at Penrith Obs.
→ User instrument on ANU 2.3m tel.
                      @ Cassegrain focus

- Vera Rubin Obs. >1000’s of transients/night
      Use Fink broker to filter      :https://fink-portal.org/ 

 



TeV Gamma Ray Bursts : A Growing Population!

- Five Long GRBs   GRB180720B, GRB190114C, GRB1900829A, GRB221009A, GRB201216C 
                                z = 0.653         0.424                0.079                 0.151               1.1

- One Short GRB         GRB160821B  (z=0.162)      marginal!         

- GRB190114C & GRB1900829A >1000’s photons > 50 GeV 
               → spectra on hourly timescales

- GRB221009A up to 18 TeV!

- Rapid radio follow-up in place    (HESS+ATCA;  Anderson et al )             

(MAGIC 2019, 2021, 2023;   HESS 2019, 2021, LHAASO 2023)



GW170817 (ns-ns) – followup by H.E.S.S.

HESS Collab. (2017)

FoV FWHM:   HESS  ~3.0 deg

Several pointings required to cover best likelihood region.



GW170817 (ns-ns) – followup by CTAO

HESS Collab. (2017)

CTAO

FoV FWHM:   CTA  5.0 ~ 7.0 deg

                      Single pointing!



GW170817

- HESS prompt follow-up      
  (only upper limit) 
    HESS, ApJ Lett 850, L22 (2017)

But after ~100 days, strong X-
ray synchrotron emission seen 
with Chandra 

 → TeV synch-self-Compton 
   (SSC) prediction
  
  Isotropic non-relativistic 
  wind or relativistic jet   
  (observed slightly off-axis at 
   20 degrees)
 (Takami etal 2014, Rodrigues etal 
  2019, HESS 2020)

 → Near miss TeV detection?
     HESS, ApJLett 894, L16  (2020)

 Troja et al  (2017)



Other Transients Studies in TeV Gammas (with HESS, MAGIC...)

SGR/Magnetar flares
– Triggers from Swift-BAT, Fermi-LAT
– SGR1935+2154 ‘Cluster’ of X-ray bursts in 2021 
    → First links to repeating FRBs!   

Fast Radio Bursts
– Triggers from UTMOST & Parkes-SUPERB
– Campaigns on three repeating FRBs with   
    MeerKAT, eMERLIN, & Swift

X-Ray Binaries (Low-Mass)
– MAXI J1820+070   2018 outburst
– HESS, MAGIC, VERITAS campaign
           → constraints on B field and emission region

Nearby Core-Collapse Supernovae
– Ten SN 4 to 54 Mpc distant  (incl. SN2016adj in CenA)
– Constraints on mass loss rates fewx10-5 to 10-3 Msun/yr

Tidal Disruption Events
– Focus on TDEs with radio jets & non-thermal emission

HESS, MNRAS 515, 1365  (2022)

HESS, MNRAS  517, 4736  (2021)

HESS, ApJ 919, 106  (2021)

HESS, MNRAS  626, A57  (2019)



Dark Matter Search (e.g. Galactic Centre) HESS, PRL 129, 111101  (2022)

– WIMP self-annihilation into quark, lepton, gauge boson 
    and Higgs channels.
– Best constraints for t+t-     → below thermal relic density
– HESS most sensitive constraints >0.5 TeV from gamma

→ severe tests of WIMP theories expected from CTAO!
           (Mangipudi, Balazs, Thrane 2022, Abe etal 2024, 2025)



Summary

- CTAO is rapidly constructing now! 

- Full array (South) completed by 2029/30 

- Early science already CTAO-North

- Early science from CTAO-South  2026/27+

- CTAO-Australia is preparing for early science 
    and Key Science Projects

- Linkages with many radio + optical facilities  
   in Australia  in place and ready to go!

Thankyou        contact: gavin.rowell@adelaide.edu.au



CTAO’s First Telescopes – They Work!

LST-1 
(CTA-North)

ie. real Cherenkov images; Detection of the Crab nebula, 
Crab pulsar and some AGN

LST-1

LST-1

pSCT
pMST



CTAO   Extragalactic Background Light (EBL) Constraints 
     

Greaux, Biteu  (CTAO Symp)

Using simulated AGN population 
detectable by CTA
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