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Detecting High Energy Gamma Rays 

High Sensitivity 

HESS, MAGIC, CANGAROO, 

VERITAS, CTA 

Large Aperture/High Duty Cycle 

Milagro, Tibet, ARGO, HAWC 

Low Energy Threshold 

Fermi 

Large Effective Area 

Excellent Background Rejection (>99%) 

Low Duty Cycle/Small Aperture 

>50 GeV (5 x 1010 eV) 

Space-based (small area) 

“Background Free” 

Large Duty Cycle/Large Aperture 

100 MeV – 300 GeV 

Large Effective Area 

Good Background Rejection 

Large Duty Cycle/Large Aperture 

> 1 TeV (1012 eV) 
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Detect shower in the 

atmosphere 

 

What reaches the 

ground? 

Some particles 

Cherenkov light  
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Detecting >100 GeV -Rays 
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Simulation of Shower in Milagro 

http://scipp.ucsc.edu/milagro/Animations/AnimationIntro.html 
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Simulation of Shower in Milagro 

http://scipp.ucsc.edu/milagro/Animations/AnimationIntro.html 
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Cherenkov Radiation 

Figure from Emma Ona Wilhelmi  
http://www.gae.ucm.es/~emma/tesina/node4.html 
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Milagro: Water Cherenkov Detector 

e m  
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Simulation of Shower in Milagro 

http://scipp.ucsc.edu/milagro/Animations/AnimationIntro.html 
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Simulation of Shower in Milagro 

http://scipp.ucsc.edu/milagro/Animations/AnimationIntro.html 
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Shower Direction & Core Position 

Real air shower event Simulated gamma-ray shower 
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Simulation of Shower in Milagro 

http://scipp.ucsc.edu/milagro/Animations/AnimationIntro.html 



12 

Milagro’s Successor: HAWC 

High Altitude Water Cherenkov Detector 
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VERITAS: Imaging Atmospheric Cherenkov Telescope 

Whipple Observatory Basecamp (el. 1275 m) at foot of Mt. Hopkins  

Very Energetic Radiation Imaging Telescope Array System 
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Atmospheric Imaging Technique 

Area = 104 – 105 m2 

 ~60 optical photons/m2/TeV 

-ray 

12 m Mirror 

499-PMT camera 

500-MHz FADC  

electronics 

Cherenkov image 
-rays above ~100 GeV
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Shower Direction & Core Position 



γ-ray Shower 

Energy: 1 TeV 
Impact Distance: 100m 

DC 

SC 

Proton Shower 

Energy: 3.16 TeV 
Impact Distance: 0m 

16 
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Image of a Supernova Remnant 

RX J1713-3946 

RX J1713.7 -3946 

 

•First image of 

a -ray source 

–HESS result 

 

•Contours are 

ASCA 1–3 keV 

 

•Color is VHE 

-rays 

 

•Acceleration of 

particles (e±? 

p?) to >100 TeV  

 



Discovery of VHE Crab Pulsar 

18 

E. Aliu et al. 2011, Science 334, 69–72 

Work led by, A. Nepomuk Otte 

 UCSC postdoc, now asst. prof. at Georgia Tech 



TeV activity coincides  

with near-apastron  

passage 
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Microquasar or binary pulsar? 

From Mirabel 2006, Science 312, p. 1759 
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Every dark run in good agreement ! 

1 period = 1 month = 1 dark run 

Radio Galaxy: M 87 

– Giant radio galaxy 

(class of AGN) 

– Distance ~16 Mpc, 

redshift 0.004 

– Central black hole 

~6 x 109 Msun 

– Jet angle 15°–

30° 

– Knots resolved in 

the jet 

– Jet is variable in all 

wavebands 
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Every dark run in good agreement ! 

1 period = 1 month = 1 dark run 

M 87 – Radio and TeV flares 

– Rapid TeV flares 

coincident with the 

core brightening  

– TeV particles 

accelerated within 

~100 Rs of BH 

– Best determination 

so far of location of 

particle acceleration 

V. Acciari et al. 2009, Science 325, 444 
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Every dark run in good agreement ! 

1 period = 1 month = 1 dark run 

Markarian 501 – July 9, 2005 

Rapid flare 
– MAGIC telescope 

(Albert et al., submitted 
to Astrophys. J.) 

– Flux doubling times ~2 
minutes 

– Indication of a 4±1 
minute lag between 
lowest and highest E 
events 

– Constrains details of 
emission 

 

0.25–0.6 TeV 

0.6–1.2 TeV 

1.2–10 TeV 
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Size of Emission Region 

•Instantaneous flash emits photons from 1, 2, and 3 at the 

same time 

•Observer sees them arrive at different times: 

T2 – T1 ~ d/c 

T3 – T1 ~ d/2c 

•Duration of flash seen by observer is at least of order d/2c 

long for opaque emission region; d/c for transparent one 

•Short bursts must come from small regions 

d 

T1 
T2 

T3 

1 

3 

2 
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Emission Region in Motion 

•If emission region is moving towards observer, 

apparent time between events is reduced 

•Limiting case: v = c & = 0  Tobs = 0 

•Apparent motion can be superluminal 

t1 

t

2 

T1 

T2 

Tobs = T2 – T1 

tlab = t2 – t1 

= v/c 

= 1/(1 - 2)1/2 

v 



26 

Emission Region in Motion 

•Time intervals seen by observer are ~22 times 

shorter than intervals at source 

•Lorentz factors of 10 to 50 not uncommon 

•Emission region not ~2 light minutes across, but 

still small  
 

t1 

t

2 

T1 

T2 
= (t2 – t1) – (v(t2 – t1) cos )/c 

= tlab (1 – cos ) 

 tlab (1 – )          (for cos  ~ 1) 

tlab (1 – )(1 + )/2   (for  ~ 1) 

 tlab (1 – 2)/2 

 tlab /(2 2 ) 

T2 – T1  

Tobs  

v 



The CTA Concept 

light pool radius  

R ≈100-150 m 

≈ typical telescope spacing 

Arrays in northern and southern hemispheres for full sky coverage 

4 large (~23 m) telescopes in the center (LSTs) 
Threshold of ~30 GeV 

≥25 medium (9–12 m) telescopes (MSTs) covering ~1 km2 

Order of magnitude improvement in 100 GeV–10 TeV range 

Small (~4 m) telescopes (SSTs) covering >3 km2 in south 
>10 TeV observations of Galactic sources 

Construction begins in ~2015 



From current arrays to CTA 

Light pool radius  

R ≈100-150 m 

≈ typical telescope spacing 

Sweet spot for 

best triggering  

and reconstruction: 

Most showers miss it! 

Large detection area 

More images per shower 

Lower trigger threshold 
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A Novel Telescope for CTA 

Schwarzschild-Couder optics 

Camera using multianode 

photomultiplier tubes or 

Geiger-APDs with integrated 

electronics 



Simulated Galactic Plane surveys 

H.E.S.S. 

CTA, for same exposure 

Expect ~1000 detected sources over the whole sky 



Dark matter searches with Fermi 

& CTA 

 

  

Dark Matter Detection Prospects for 

the Cherenkov Telescope Array   
D. Nieto1 for the CTA Consortium2  
1Columbia University 
2See http://www.cta-observatory.org  

 for full author & affiliation list 

Introduction 
The Cherenkov Telescope Array (CTA) is an international project 

for a next-generation ground-based gamma-ray observatory. CTA, 

conceived as an array of few tens of imaging atmospheric 

Cherenkov telescopes, is aiming to improve on the current 

generation sensitivity by an order of magnitude, with an energy 

coverage from a few tens of GeV to 100 TeV. CTA can potentially 

provide clues about the nature of the dark matter (DM) component 

of the Universe. Here we study the CTA prospects for detection of 

DM, evaluating different possible array layouts (see Fig. 1), based 

on the expected performance of the instrument as obtained from 

Monte Carlo simulations.  

 

 

 

 

 

 

 

 

 

 

 

 

In the cold dark matter scenario (CDM), weakly interacting 

massive particles (WIMPs), with masses in the GeV-TeV range, 

fulfill the role of the DM particle. If such WIMPs annihilate to 

standard model particles, the expected photon flux can be 

expressed as: 
 

 

 

 

  

In the following, we explore the sensitivity of CTA to the 

aforementioned expected gamma-ray flux, considering different 

observation strategies and classes of targets. 

Dwarf spheroidal gal- 

axies (dSph) show 

astrophysical factors in 

the range of 1017-1019 

GeV2 cm-5 and an ex- 

pected low g ray back- 

ground. Considering 

100 h observations on 

Segue-1 dSph, annihi- 

lation cross sections 

down to 10-24~cm3s-1 

could be excluded (see 

Fig. 5). Assuming the 

same observation time 

and a canonical annihi- 

lation cross section of 

3x10−26 cm3s−1, we find 

that the minimum as- 

trophysical factor that 

would provide a detec- 

tion by CTA would be 

~1021 GeV2 cm -5, as 

shown in Fig. 2. 

Galaxy Clusters 
The g-ray signal from DM annihilation in galaxy 

clusters is entangled with the g-ray flux 

originated by the embedded astrophysical 

sources and by cosmic-ray interactions within 

the intracluster medium. Spectral features as 

well as the peculiar spatial extension of the DM-

induced signal may help to disentangle it from 

the conventional emission. Disregarding the 

contribution from such conventional emission, 

and in the specific case of the Fornax galaxy 

cluster, annihilation cross-sections down to 

10-25~cm3s-1 could be probed with 100 h 

observations, as shown in Fig. 5.  

http://www.cta-observatory.org 

We present the dark matter detection prospects of the planned 

Cherenkov Telescope Array for different array layouts. We 

explore several observational strategies and classes of targets 

and we show the complementarity of Fermi-LAT and the 

Cherenkov Telescope Array for indirect dark matter searches. 

The 4th International 

Fermi Symposium 
28 Oct – 2 Nov, 2012, Monterrey, CA 

Spatial Signatures 
The extragalactic g-ray background (EGB) is 

thought to be primarily composed of conven- 

tional unresolved sources, but some fraction 

might be generated by DM annihilation. The 

anisotropy power spectra which characterize 

each component are expected to be different. 

Therefore, specific signatures in the EGB power 

spectrum could distinguish a scenario where the 

EGB has a pure astrophysical origin from that 

which contains an additional DM component. 

Fig. 4 shows that for deep exposures and an 

excellent background rejection, CTA will be able 

to resolve these scenarios if the DM component 

of the EGB accounts for more than 20% of the 

total flux. 

Fig. 4: Comparison between simulated anisotropy power 

spectra with a pure astrophysical origin (blue bands) and with an 

additional DM component (20% of the total flux, red bands). The 

assumed observation time is 300 h. The three cases in each plot 

represent the hadronic background rates of 10Hz,1Hz, and 0.1Hz. 
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Fig. 5: Comparison of exclusion curves of Fermi-LAT in 24 

months and expected for 10 years. The exclusion curves for the 

various targets studied in this contribution are also reported for the  

annihilation channel bb: for the dwarf satellite galaxy Segue 1 

(green curve), for the Fornax galaxy cluster in case only DM-

induced gamma-rays are considered (blue line) and for the ring-

method observations of the Galactic Centre vicinities (red line). 
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Fig. 1: Diagrams for three CTA layout examples considered for this work: a compact array 

layout (B, 5 tel. 24 m Ø and 37 tel. 12 m Ø), an extended layout (C, 55 tel. 12 m Ø), as well as a 

balanced layout (E, 4 tel. 24 m Ø,23 tel. 12 m Ø, and 32 tel. 7 m Ø). 
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Conclusion 
Fig. 5 summarizes the constraints that we expect 

with CTA for a WIMP annihilating purely into bb 

in 100 h observation, with the different targets 

discussed above. The best results correspond to 

the observation of the vicinity of the Galactic 

Center, where we expect to be sensitive to 

annihilation cross-sections of the order of 

10−26~cm3s−1. CTA will constitute the most 

sensitive instrument to DM signals at masses 

>100 GeV, complementing the excellent Fermi-

LAT sensitivity at lower energies. It should be 

noted that the presented results must be 

considered as conservative: preliminary 

simulations predict an improvement of a factor 2 

in sensitivity by populating the arrays with 36 

additional Schwarzschild-Couder mid-size 

telescopes (US contribution). Furthermore, 

analysis techniques specifically optimized for 

DM signals are expected to notably improve CTA 

performance for this kind of searches. 

Fig. 2: Minimum value of the astrophysical factor required 

for a 5σ detection after 100 h of observations, versus the WIMP 

mass. These results apply to any DM distribution which can be 

considered a point-like source for CTA. Two annihilation 

channels are considered for arrays B, C, and E: bb (upper 

curves) and t+t- (lower curves). The estimated astrophysical 

factor for Segue 1 is shown for comparison. 
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Fig. 3: CTA sensitivities on the velocity-averaged annihilation 

cross section as a function of the WIMP mass from 100 h of Galactic 

Center observations using the Ring Method. The solid line denotes 

the case of annihilation into bb; m+m- and t+t- spectra are shown by 

the dotted and dashed lines, respectively. The classical annihilation 

cross section for thermally produced WIMPs at 3x10−26 cm3s−1 is 

indicated by the black horizontal line. 
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any possible DM signal in that region. Observations of the DM halo in an annular region 

around the GC, by means of the so-called Ring Method, are able to overcome the 

aforementioned inconvenience and to provide the best sensitivity to a DM signal among all 

studied targets. This technique could probe regions below the canonical annihilation cross 

section for thermally produced WIMPs in 100 h of observations, as shown in Fig. 3. 

Galactic Center Halo 
The g-ray flux from annihilation of DM particles 

should be highest in the Galactic Center (GC). 

However, conventional g-ray sources outshine 

an 

References: Dark Matter and Fundamental Physics with the Cherenkov Telescope Array 

arXiv:1208.5356; accepted for publication in Astroparticle Physics; doi:10.1016/j.astropartphys.2012.08.002  

Fermi dwarf 

spheroidal  and CTA 

Galactic Center 

searches are 

complementary 

Assuming b b-bar decay channel 

 

LAT 2-year result from Ackermann et 

al. 2011, Phys. Rev. Lett. 107, 241302. 

 


