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Supernovae 

Pulsar wind neb. 

Stellar clusters,… 

Binary systems 

Unidentified 

AGN 

Starburst-Gal. 

TeV sky today (~212 sources, 62 unidentified) 



Detecting very high energy  
gamma rays on the ground: 
Cherenkov telescopes 





Cherenkov Image 

Cherenkov “light pool” 
on the ground: 
area ~105 m2 



dormant now H.E.S.S. 

50 GeV to ∼ 50 TeV,  
collecting area ∼ 105m2,  

∼ 4º FoV, angular res. ~ 0.1º  

(TeV) 



Key design goals: 
 10-fold increased sensitivity at TeV energies 
 10-fold increased effective energy coverage 
 Larger field of view for surveys 
 Improved angular resolution 
 Full sky coverage: an array in each 

hemisphere 

CTA: What one can (hopefully) afford 
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31 countries, 92 parties, 202 institutes, 1466 members (513 FTE) 



+30 

-30 

Warning: map not quite accurate 





  CTA PERFORMANCE  

 



CTA ANGULAR RESOLUTION  

 



CTA SCIENCE CASE 



(http://adsabs.harvard.edu/abs/2017arXiv170907997C) 
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-   Probing IGMFs  



 



Key Science projects 



CTA 

Current Galactic 
VHE sources (with  
distance estimates) 

HESS 

CTA  

REACH 



EXAMPLE: GALACTIC PLANE SURVEY 

H.E.S.S. 

CTA, for same exposure 

expect ~500 detected sources 



COSMIC ACCELERATORS 

TEVS -> PEVATRONS: 

Black Hole Binaries  

  (Microquasars) 

AGNs (blazars, radio-galaxies, seyferts) 

 

Supernovae 



COSMIC RAY PEVATRONS (~1015 EV) 

 Detection gammas up to  E ~100 TeV will imply: 

  

 emission is hadronic 

 SNR is  PeVatron (because ~100 TeV 

photons are produced by ~PeV protons) 

 

(CTA coll., ApJ, 2017) 



Large Magellanic Cloud  

CTA 
Current  

Global view of a near star-forming galaxy at TeV energies 

More than 60 SNRs 



D. Mazin, CTA General Meeting, Munich, 2014, April 7-11 3

7 



Galactic Plane and Extragalactic Survey  



D. Mazin, CTA General Meeting, Munich, 2014, April 7-11 3

9 
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  Resolving Complex Sources 



TDR Reviews, Nov/Dec 2014 41 



BLACK HOLE SOURCES: PEVATRONS, TRANSIENTS  

Black Hole Binaries  

  (Microquasars) 

AGNs (blazars, radio-galaxies, seyferts) 

GRBs 



TRANSIENTS WITH CTA 

Huge opportunity for  
short-timescale phenomena:  
GRBs, AGN/Microquasar 

flares ... 



CTA WILL RESOLVE GRB LIGHT CURVES ! 

CTA is potentially capable of resolving GRBs light curve in exquisite detail  

 

GRB template is the measured Fermi-LAT light curve above 0.1 GeV extrapolating 

the intrinsic spectra to VHE 

 

We expect to detect ~1 GRB/yr / site  



AGN: ORIGIN OF VARIABILITY AT ALL SCALES?        

LOCATION AND SIZE OF EMISSION REGION? 

2 minute bins 

PKS 2155-304 flare 
arXiv:0706.0797 

H.E.S.S. 

isotropic luminosity 1046 erg/s 

(luminosity of Milky Way: 1044 erg/s) 

Time [minutes]             

TeV Flux            

➜ 200 s variability -> emitting zone <RS or 

very high Lorentz factor  G> 100 

CTA:  flares should be detectable 

within seconds rather than minutes 



SEARCHING FOR DARK MATTER 

ANNIHILATION 

V. Springel et al. 

arXiv:0809.0894  

Does dark matter annihilate producing gamma rays?   

What is the (dark) matter content?  

CTA prospects for CDM signatures: 

  

- Around the Galactic center 

- In dwarf galaxies 

- In clusters of galaxies 

 

  



DARK MATTER ANNIHILATION 

Canonical 

cross section 







  

  Probing Intergalactic Magnetic Fields 

 

(Sol et al. 2013) 

Bsim>10−15 G  

Axion conversion ?? 



PHOTON PROPAGATION: LI VIOLATION 

g 

HESS, arXiv:1101.3650 
arXiv:0810.3475 

Quantum gravity effects -> arrival time delays 
between photons of different energies travelling 
large distances -> variation of light speed 
(non-trivial refractive index of the vacuum)   

Earth AGN 



Complex, structured VHE source (BH) 

Gas clouds illuminated by Pevatron? 

Dark matter halo emission? 

Launch of Fermi bubbles? 

GALACTIC CENTER REGION 

5 sigma contours 



Complex, structured VHE source (BH) 

Gas clouds illuminated by Pevatron? 

CTA 

GALACTIC CENTER REGION 

5 sigma contours 



CTA 

GALACTIC CENTER REGION IN GAMMA RAY 



Sao Paulo 

Made in 

Brazil 
CTA  ASTRI Mini-Array 

MST camera support 

LST support 



Slide by V. de Souza  



(Slide by V. de Souza) 



BRAZILIAN BUDGET FOR CTA SO FAR  

 FAPESP : total budget awarded: R$ 17.3M 

 
 Thematic Project (Elisabete de Gouveia Dal Pino, IAG-USP):  

   12,2 M  R$   +   2,7 M R$ (posdoc scholarships and international   

    school) 

 

 JP Grant  (Paramita Barai, IAG-USP): 618 K R$ 
 

 Thematic Project (Vitor de Souza, IFSC-USP): 1,8 M R$ 

 

 FAPERJ : total budget awarded: ~ R$ 500 K 

  



The ASTRI Mini-Array: CTA precursor 

Mini-array with 9 SST-2M telescopes at the 

CTA south site (Chile): our 3 telescopes are 

currently in  construction ->  in 2019 

Italy 

Brasil 

South  

Africa 



CTA 

ASTRI Telescopes  



Brazilian engineers @ ASTRI: 

structure/software development 

Active optics tests (Torino) 

• With Daniele Gardiol & Federico 

Russo 

 

Performed task: 

• Segment motion 

• Data colection and callibration 

• Repeatability verification 

 

M1 Interface elaboration  (Catania) 

• W/ Matteo Munari, Salvo Scuderi, 

Enrico Giro, Luca Stringhetti, Elisa 

Antolini  

 

Performed task: 

• Actuator configuration as in  CANopen 

• Screens preparation for driving motors 

• interface implementation with users, 

scheduling tests, etc. 

• Teaching on operation of logics for 

future change and implementation 

• Teatching hardware & software 

Beckhoff 

 

 



CTA-BR NEEDS 

 Shareholder in CTA-Observatory on behalf of Brazil (under 

negotiation with MCT-C) 

 Increase the current investiments at least 10 MEuro 

 Country wide participation  

 Currently mainly FAPESP 

 Partners in national industries (currently a few involved) 
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