
CTA —�
A New Observatory for Very High Energy 
Gamma-Rays
David A. Williams
Santa Cruz Institute for Particle Physics
University of California, Santa Cruz

For the CTA Consortium
http://www.cta-observatory.org




Cherenkov
Telescopes

Blue Cherenkov light beamed forward
Illuminates ~105 m2 on the ground 
Short flash of few nanoseconds
Intensity O(10 photons/m2) @ 1 TeV



Meteor track
Clue: 
imaging the cascade
geometry ➜ photon direction
intensity ➜ photon energy
shape ➜ cosmic ray rejection


Multi-telescope systems
provide a 3D view of the
cascade



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 sensitivity 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



CTA compared to Fermi – steady sources

Funk & Hinton



Simulated Galactic Plane surveys

H.E.S.S.

CTA, for same exposure (~5 hours per position)

Expect ~1000 detected sources over the whole sky

Funk et al., Amer. Inst. Phys. Conf. Proc. 1085, 886 (2008)



(Credit:X-ray: NASA/CXC/Rutgers/
G.Cassam-Chenai, J.Hughes et al.; 
Radio: NRAO/AUI/NSF/GBT/VLA/
Dyer, Maddalena & Cornwell; 
Optical: Middlebury College/
F.Winkler, NOAO/AURA/NSF/CTIO 
Schmidt & DSS) 

Resolving complex sources

SN 1006 — a 
detected VHE 
gamma-ray source

SN 1006
H.E.S.S. resolution

SN 1006
CTA resolution



in shocks, knots, or hot spots, which could be identified with the
angular resolution of CTA. Conversely, the detection of an ex-
tended VHE halo around M 87 would be very challenging but
could be possible with CTA (see Fig.11), assuming, as seen by
Fermi in Cen A, a flux in the lobes of 50% the flux detected in
the TeV range during a low state of the source [3] for an ex-
tension of 0.2 degrees corresponding to the extension of radio
maps.
Generally speaking, nearby radio galaxies offer the oppor-

tunity of unique studies of extreme acceleration processes in
relativistic jets and in the vicinity of supermassive black holes.
Given the proximity of the sources and the larger jet angle to
the line of sight compared to BL Lac objects, the outer and
inner kpc jet structures are potentially resolvable by CTA, en-
abling us to look for possible VHE radiation from large scale
jets and hot spots besides the central core and VLBI jet, and
to spatially pin down the main site of the emission. With the
help of simultaneous multiwavelength observations and tempo-
ral correlation studies, different sections of the jet and the core
can be probed, down to the smallest pc (milliarcsecond) scale,
only accessible to VLBI radio observations or timing analysis.
Further studies of variability with CTA will strengthen the lim-
its on the size of the emission region and clarify the correla-
tions with other wavelengths. Long-term monitoring and the
search for intra-night variability would be two major goals to
constrain the physics and start characterizing this new popula-
tion of sources. Remembering the basic classification of extra-
galactic radio sources, one could consider highly variable VHE
radiogalaxies as likely core-dominated gamma-ray sources, and
poorly variable ones as possibly lobe-dominated gamma-ray
sources. Needless to say that this VHE population is still lack-
ing a standard unifying model and obviously deserves further
analysis.
In contrast to the three other VHE radiogalaxies, IC 310 was

initially not recognized as having a specifically remarkable non-
thermal activity. Its serendipitous discovery at VHE in the field
of NGC 1275 emphasized our current poor knowledge on VHE
populations. Only recently it appeared in the Fermi catalog and
was then identified as a potential TeV source. Two emission
zones can be considered, the central engine and the inner jet
as commonly described for TeV BL Lacs, or the bow shock
created by interaction of the fast moving host galaxy with the
intracluster gas [59]. Astrometric and angular resolution ca-
pabilities of CTA should distinguish between them. However,
the first option appears favored because of the detection of few-
dayscale variability. Indeed, IC 310 was already mentioned in
the literature as a FR I source which may have a non-thermal
activity related to the BL Lac phenomena, but at weaker levels
than characterized by the standard definition of BL Lac objects
[70]. VHE instruments are therefore possibly on the way to
solve some long-standing difficulties of AGN unification which
proposes that BL Lac are FR I radiogalaxies seen along their jet
axis, namely the problem of ”missing BL Lac” and the ques-
tion of the still elusive transition population between beamed
BL Lacs and unbeamed FR I galaxies [71]. Surveys at VHE
could have the capability to recognize a population of low lu-
minosity or misdirected BL Lacs, difficult to identify at lower

energies, and thus ”bridge the gap” between genuine BL Lacs
and FRI radiogalaxies.
Recent and fast developments on VHE radiogalaxies show

that present VHE instruments start to provide an original view
of non-thermal activity from central AGN engines and inner
jets, with the capability to directly probe a very specific re-
gion, still not fully identified and unreachable by other means,
in the close vicinity of SMBH, such as for M 87. The next
generation of IACT will explore this still missing link between
SMBH magnetospheres and the physics of jets and extended
radiosources. One can also anticipate that it could provide de-
cisive constraints on the fundamental question of the total en-
ergy budget of some non-thermal sources where the contribu-
tion of the extended gamma-ray emission appears quite signifi-
cant, such as for Cen A.

Figure 10: The diffuse gamma-ray emission detected by Fermi from the giant
lobes of the radiogalaxy Cen A [68]. Depending on the actual VHE spatial
distribution, and the sensitivity and angular resolution performance of CTA,
the structure of the extended VHE emission on the kpc scale in the central part
of the galaxy can be probed (here the white circle corresponds to the LAT PSF
of 1 degree).

3.4. Seyfert galaxies
There is a growing evidence that relativistic jets are not only

seen in blazars and radio galaxies but in several types of Seyfert
galaxies as well. About 5% of narrow-line Seyfert 1 (NLS1)
galaxies are radio-loud (RL) [72], and show flat spectra to-
gether with variability in the radio band, suggesting the pres-
ence of relativistic jets. This hypothesis has recently been
confirmed by the detection of a small number of RL-NLS1s
with Fermi-LAT [73]. The measured GeV spectra are typi-
cally steep, with Γ = 2.5 − 2.8, which makes the detection of
RL-NLS1s with CTA challenging. However, at least two RL-
NLS1s (PMN J0948+022 and SBS 0846+513) have shown sig-
nificant variability [74, 75], with gamma-ray luminosities that
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CTA should be able to resolve Cen A

Fermi LAT >200 GeV 
background-subtracted counts 

map of Cen A 
Abdo et al. 2010, Science 328, 725 

Fermi LAT PSF at 10 GeV 
CTA PSF at 100 GeV (≥2 images) 
CTA PSF at 300 GeV (≥10 images) 

(68% containment) 

Expect to detect hundreds of AGN 



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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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; µ+µ- and τ+τ- 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 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 
galaxy (DSG)  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. 

 

Doro et al., Astropart. Phys. 43, 189 (2008)



A simulated GRB (E > 30 GeV)

from
Gamma-Ray Burst Science in the Era of Cherenkov Telescope Array
(Astroparticle Physics special issue article) 
Susumu Inoue et al.


CTA Simulation of GRB 080916C seen by GBM + LAT

30 s for slew 



An exciting new high-energy instrument

§ Guaranteed science studying known high-energy sources

§ Analogous to the advance from EGRET to Fermi-LAT

§ Initial operations will potentially overlap with Fermi

§ Proven technology combined with judicious innovation

§ Will serve a large and diverse community

§ Discovery potential of a leap in capability


