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Outline:

Something old
Something new

Something borrowed
Something dark

Recent MAGIC Science Highlights
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The MAGIC Telescopes

● Two 17-meter telescopes

● La Palma, 2200m asl

● First Telescope in operation 
since 2004

● Stereoscopic Observations 
since 2009

● Major Upgrades in June-
November 2011 and June-
August 2012 (readout 
systems, MAGIC-I camera) 
to increase the duty cycle, 
improve the sensitivity

● Low energy threshold 50 GeV (25 
GeV with sumtrigger)

● FoV 3.5 degrees

● Sensitivity 0.8% Crab in 50h 
(>250 GeV)

> 160 sources
Galactic and Extragalactic
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Gamma-rays from the Cluster itself?



  

Crab pulsar and its nebula



  

Cherenkov Telescope Array
Low-energy section:
4 x 23 m tel. 
Parabolic reflector
FOV: 4-5 degrees
energy threshold
of some 10 GeV

Core-energy array:
23 x 12 m tel. 
Davies-Cotton reflector
FOV: 7-8 degrees
mCrab sensitivity
in the 100 GeV–10 TeV
domain

High-energy section:
32 x 5-6 m tel. 
Davies-Cotton reflector
(or Schwarzschild-Couder)
FOV: ~10 degrees
10 km2 area at 
multi-TeV energies



  

The Perseus Cluster of Galaxies seen by MAGIC

Bernlöhr et al. 2013, Astroparticle Physics, Special Issue



  

CTA  Science: Surveys

-Surveys constitute an unbiased, systematic, exploratory approach and are 
therefore critical for energy domains that are opening up. 

-CTA can carry out a Galactic plane survey as extensive as the current Galactic 
Plane Scan by H.E.S.S (in five years and 2000 hours) with a uniform sensitivity 
of 3 mCrab (in ~250 hours), beneath all current individual detections: access to 
dozens of supernova remnants and pulsar wind nebulae allowing for the first 
time population studies of these objects at VHE gamma-rays.

-First extragalactic blind survey by IACTs: CTA could reach a sensitivity similar 
to the flux level of the faintest AGNs currently detected at the VHE in 30 
minutes exposures and with 740 such pointings access a fraction π of the sky: 
new unexpected classes of extragalactic VHE gamma-ray emitters, constraints 
on dark matter in TeV regime, probe the diffuse emission.



  

CTA Science: Shortest timescales

-Flares from blazars (observed now down to minute 
timescales)

-The low-energy range of  CTA extends to tens of GeV. 
GRBs have been detected to radiate at such rest-frame 
energies, and the enormous collection area of CTA will 
allow spectral studies of GRBs at sub-minute time-scales.

-Minute timescale variations of Galactic sources such as 
relativistic outflows from highly magnetized binaries. 
Transients produced by accretion and connected ejection 
have been observed in radio and X-ray bands for many 
Galactic sources; CTA could reveal the gamma-ray 
behavior of such phenomenology.

 -Unprecedented probes for fundamental physics, such as 
studies of violations of Lorentz invariance.



  

CTA

Design study phase concluded in Fall 2010

 ➜ Design Concepts for the Cherenkov Telescope 
Array

(arXiv:1008.3703)

FP7-supported Preparatory Phase: Fall 2010 – Fall 2013

➜ Technical design, sites, construction and 
operation cost

➜ Legal, governance and finance schemes

➜ Small + medium-sized telescope prototypes

Aim for 

start of deployment in early 2014

first data in 2016/17

base arrays complete in late 2018

Improvement vs. current instruments:
Diffuse continuum:  x5
Angular resolution for point sources: x2 
FoV for surveys: x2
Energy resolution for lines: x1.5
all-sky survey for point-like emission line 
sources:  x 30
pointed observation of a 0.5°continuum 
source: x 5



  

Crab pulsar



  

VHE gamma-rays as probes of Cosmology 

Extragalactic 
background light and 
Intergalactic Magnetic 
field: History of 
Structure formation of 
the Universe

 

Figure M.Raue



  

VHE gamma-rays as probes of Cosmology

Adapted from M. Meyer



  

VHE gamma-rays as probe of Cosmology

● Constraints from the current instruments:

Adapted from D.Mazin



  

VHE gamma-rays as probe of Cosmology

Slide from: D. Semikoz



  

VHE gamma-rays as probe of Cosmology

● Magnetic field produces:

-Extended emission around the 
point source, detectability depends 
on the telescope sensitivity

-Time delay of the secondary 
emission: Blazars with hard 
spectra: bright in the VHE (0.1-10 
TeV) energy band and 
preferentially be not-so-bright in 
the HE (0.1-10 GeV) band, to 
make the cascade emission visible 
on top of the direct primary source 
emission. Good examples are the 
brighest VHE blazars, like Mrk 
421 and Mrk 501. 



  

VHE gamma-rays as probe of Cosmology
      The beacons: Blazars

●    The most numerous objects in            
      the gamma-ray sky

●   VHE gamma-rays: ~60 blazars:           
    X-ray selected BL Lacs (HBLs) are      
    most numerous

●    Highest redshift source 3C279            
     (FSRQ, z=0.536), but several (BL       
      Lac) sources with unknown redshift   
     (cannot be used as probes)

● Variability vs. sensitivity of 
experiments: Many sources can be 
detected only during flares.

Red: FSRQs, Blue BL Lacs
Ghisellini et al. 2010



  

VHE gamma-rays as probe of Cosmology

 Blazars
● Many open questions 

about the particle 
acceleration in the 
jets, emission sites 
and emission 
mechanisms

● One of the biggest 
mysteries is the very 
short time scale (<1 
hour) scale 
variability: CTA will 
be ideal tool for 
studying it

Giommi et al. 2011

Figure: J. Biteau



  

VHE gamma-rays as probe of Cosmology

● CTA will:

-Provide insight to the blazar physics in the shortest timescales

-Detect more distant blazars, detect more hard spectrum blazars 
 and provide high quality (high photon statistics) spectra

● This will enable us to:

-Study the evolution of the                                           
Extragalactic Background Light

-Put strong constraints on the                                                
strength of the intergalactic                                                
magnetic field 



  

Indirect detection of Dark Matter

● WIMPs can annihilate to Standard Model Particles and have hadrons and 
leptons as final products of annihilation; neutrinos, cosmic rays, 
electromagnetic radiation from charged products and prompt gamma-rays 

=>indirect detection
● In context of gamma-ray astronomy, the differential flux of gamma-rays from 

within a solid angle ΔΩ around a given astronomical target where DM is 
expected, can be written as:

dΦ(ΔΩ, E)/dE =B
F
*1/4π* (σ ν)/2m2 ΣBR dN/dE *J(ΔΩ)

Boost factor, Particle Physics factor, astrophysics factor



  

Indirect detection of Dark Matter

● Current instruments have already presented some limits, but do not have 
required sensitivity to reach the thermal value of the annihilation cross 
section

● Where to look: high M/L ratio: 

● Dwarf Galaxies, Clusters of Galaxies, Galactic Halo 

Anisotropies in the diffuse gamma-ray background

● CTA will be an excellent experiment for other fundamental physics searches 
as well, especially for Quantum Gravity (QG) and Axion-like particle (ALP) 
searches.   

● Prospects for CTA discussed in Doro, Conrad et al. 2013, 
Astroparticle Physics, 43, 189



  

Indirect detection of Dark Matter

-CTA will have a much higher chance of DM detection compared to the current 
generation of IACT: 

*an extended energy range will allow characterizing WIMPs with lower masses, if they 
exist 

*the improved sensitivity in the entire energy range will improve the probability of 
detection or identification of DM through the observation of spectral features, if any 

*the increased FOV with a homogeneous sensitivity as well as the improved angular 
resolution will allow for much efficient searches for extended sources and spatial 
anisotropies. 

-If signatures of dark matter appear in direct detection experiments, gamma-ray 
observations may provide complementary approach to identify its properties and mass.  

-Moreover, the heavy dark matter candidates would go undetected by                             
the future experiments, while CTA could be the only experiment                              
sensitive in this mass region. 



  



  

Conclusions:
Strong will and strong scientific motivation exists



  

Site selection in 
October 2014

Construction phase 2015->



  

Thank You!



  

Back-up



  

Dwarf galaxies

● Bounds on the annihilation 
cross-section

●

●

●

●

●

●

● Sculptor, DM profiles: cusped 
profile, cored isothermal

● Bounds on Boost factors

●

●

●

●

●

●

● 1TeV WIMP annihilation to 
tau+, tau-



  

Galaxy clusters

● Additional complication as the signal has to be distinguished from 
other gamma-ray contributions (in particular the gamma-ray signal 
from CR interactions should also be spatially extended). Different 
spectral shapes, different spatial extensions have to be used to 
distinguish.

● Exclusion limits assuming                                                                  
no significant CR gamma-ray signal



  

Galactic Halo and Centre

● Galactic centre and plane 
sources of strong gamma-ray 
emission from astrophysical 
origin, target to regions outside 
galactic plane, but still close 
enough to GC to exhibit a 
sizeable gamma-ray flux from 
DM annihilation in the MW 
halo. (angular distance of 0.3pc 
from the GC)

● Using so called ring -method 
improves the sensitivity

● Galactic halo observations 
illustrate best sensitivity for the 
dark matter searches with CTA
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