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Main Research Interests 

• How are high energy particles accelerated in the 
jets of AGN?  Are they primarily electrons or 
protons? 
• Do gamma-ray bursts produce very high-energy 
gamma-rays, either in the prompt or afterglow 
phase?  What does that tell us about GRBs if they 
do/don’t? 
• What can we learn about the evolution of the 
Universe from the extragalactic background light? 
• How can we build more sensitive instruments to 
address these – and other – questions? 
— VERITAS upgrade 
— CTA, the Cherenkov Telescope Array 
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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 

g-ray 

12 m Mirror 

499-PMT camera 

500-MHz FADC  
electronics 

Cherenkov image 
-rays above ~100 GeV	




Discovery of VHE Crab Pulsar 
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E. Aliu et al. 2011, Science 334, 69–72 
Work led by, A. Nepomuk Otte 

 UCSC postdoc, now asst. prof. at Georgia Tech 
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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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Extragalactic Background Light 
High Energy+EBL –> e+ 

e- 
 

Difficult to measure EBL 
because of foreground 

sources 
 

Test of cosmology 
 

Attenuation by 1/e  
(i.e. e- with = 1) 

for 
 z ~ 1.2 at 100 GeV 

z ~ 0.1 at 1 TeV 
  

Recent modeling 
consistent with the 

published experimental 
results 

Gilmore et al. 2009, 
MNRAS 399, 1694 
(arXiv:0905.1144) 
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Understanding the EBL 
• Search for new, more distant 

blazars (e.g. 4C +55.17) 
• More precise spectral 

measurements of known 
blazars (e.g. Mrk 421) 
• Obtain data at other 

wavelengths to help model 
intrinsic spectra (Fermi, Swift) 
• Obtain redshifts for detected 

blazars (w/ Prochaska, 
Fumagalli) 
• Theoretical modeling of the 

EBL (w/ Primack, Madau, 
Gilmore) Primack et al. 2008, AIPC 1075, 71 

(arXiv:0811.3230) 
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The EBL and Intergalactic B Fields 
	

• Electrons produced by  

High Energy+EBL –> e+ e-  
 Compton scatter off EBL to 
produce more photons 
• Amount that the cascade fans 

out depends on intergalactic 
magnetic field (IGMF) strength 
• Observable effects: 

•  Pair halo 
•  Spectral distortion 
•  Time delays between prompt 

and reprocessed photons 

Figures from Taylor et al. 2011, arXiv:
1101.0932 Log10 E [eV] E
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Blazar: 3C 66A 
• AGN with jet oriented along 

line of sight – BL Lac object 
•  redshift 0.44? 
• Observed spectral index  
Γ= 4.1 ± 0.4stat ± 0.6sys 
• Deabsorbed spectrum 

using Franceschini et al 
2008 model gives 
 Γ= 1.5 ± 0.4 
• At the limit the models can 

tolerate 
• Need firm redshift & more 

VERITAS data 

Crab/10 

Deabsorbed 

V. Acciari et al. 2009, ApJL 693, L104; 
erratum ApJL 721, L203 
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Blazar: 3C 66A 
• AGN with jet oriented along 

line of sight – BL Lac object 
•  redshift 0.44? 0.335–0.41 
• Observed spectral index  
Γ= 4.1 ± 0.4stat ± 0.6sys 
• Deabsorbed spectrum 

using Franceschini et al 
2008 model gives 
 Γ= 1.5 ± 0.4 
• At the limit the models can 

tolerate 
• Need firm redshift & more 

VERITAS data 

Crab/10 

Deabsorbed 

V. Acciari et al. 2009, ApJL 693, L104; 
erratum ApJL 721, L203 



13!A.  Furniss et al. 2013, submitted to ApJ 
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14!A.  Furniss et al. 2013, submitted to ApJ 

3C 66A Spectra — HST 
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GRB 090902B 

Fermi-LAT measured 
light curve  

A. Abdo et al. 2009, ApJL 706, L138 

Simulated VERITAS  
light curves for 

different redshifts  
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VERITAS Upgrade 

56% more  
Cherenkov photons 

New PMT 

Previous PMT 

Cherenkov photons 
at focal plane 

–  Moved 1 telescope (complete) 

–  Install improved trigger system (fall 2011) 
–  Install higher quantum efficiency phototubes (summer 2012) 
–  Investigating faster telescope slewing 

Opportunities to work on the telescope hardware 



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 telescopes in the center (LSTs) 

Threshold of ~30 GeV 
≥25 medium telescopes (MSTs) covering ~1 km2 

Order of magnitude improvement in 100 GeV–10 TeV range 
Small 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 



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 γ�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 γ-ray signal from DM annihilation in galaxy 
clusters is entangled with the γ-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 γ-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 τ+τ- (lower curves). The estimated astrophysical 
factor for Segue 1 is shown for comparison. 
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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 γ-ray flux from annihilation of DM particles 
should be highest in the Galactic Center (GC). 
However, conventional γ-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. 
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A Novel Telescope for CTA 

Schwarzschild-Couder optics 

Camera using multianode 
photomultiplier tubes or 

Geiger-APDs with integrated 
electronics 
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Opportunities 

•  Data analysis with VERITAS – most sensitive instrument in the world 
>100 GeV 

•  Synergy with Fermi, X-ray satellites, e.g. Swift 
•  Optical program for redshifts and source monitoring 
•  CTA development 

— Studies of new, more efficient photosensors 
— Design and construction of the prototype telescope 
— Optimization of full CTA telescope and array 

Postdocs:  Aurelien Bouvier 
Graduate students:  Amy Furniss, Caitlin Johnson 
Undergraduate students:  Lloyd Gebremedhin, Zach Hughes, Andrey 

Kuznetsov 


