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Imaging Atmospheric 
Cherenkov Telescopes 
IACTs
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From current IACTs to CTA
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light-pool 
radius 100-150 m 
~ telescope spacing 

sweet spot for trigger 
and reconstruction: 
most showers miss it

large detection area 
more images per shower  
lower trigger threshold

Credit: Werner Hofmann
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The Cherenkov Telescope Array
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• two sites for full sky 
coverage 

• > 100 telescopes of 
different sizes: optimal 
performance over wider 
energy range

Paranal, Chile

La Palma, Canary Islands, Spain



/26



/26

Sensitivity
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Sensitivity vs observation time
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Angular resolution

 9
event analysis optimized for best sensivity, 
angular resolution can be improved
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First CTA telescope in La Palma
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Status
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Novel: Open Observatory
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CTA Observatory 
User Community

CTA Consortium

CTA 
Observatory

Key Science Projects

Observation Proposals

DATA

~40% of time 
over first 10 years 
• large amount of coherent 

observations, technically difficult  
•legacy datasets
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Science Book

• Science capabilities
• Dark matter program (see talk 

by G. Zaharijas)
• Key Science Projects
• Science beyond gamma rays
• Synergies  

 13https://arxiv.org/abs/1709.07997
https://www.worldscientific.com/worldscibooks/10.1142/10986

https://arxiv.org/abs/1709.07997
https://www.worldscientific.com/worldscibooks/10.1142/10986
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Fermi and the CTA core program

• CTA Science book mentions Fermi 108 times  
• unique: Fermi surveys the whole sky and overlaps in energy 

with CTA

 15
Fermi skymap > 50 GeV (2FHL)
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Census of gamma-ray sources
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Galactic Plane Survey 
(GPS) KSP 

1600 h

Extragalactic survey KSP 
1000 h

Large Magellanic 
Cloud (LMC) KSP  
340+150 h

Fermi sources > 50 GeV (2FHL)
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New sources

• Fermi bubbles, Cygnus 
cocoon, …

• observing strategy to 
sample sources comparable 
or larger than field of view
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5. KSP: Galactic Centre

5 KSP: Galactic Centre

Figure 5.1 – A schematic representation of the Galactic Centre KSP. This figure shows one possible observa-
tion strategy for CTA. The deep survey region is shown in red, with the Galactic bulge extension shown in cyan
(with each circle representing a 6� field of view for a typical CTA configuration). Several object positions are
overlaid with blue dots for reference, in particular Sgr A*, the supermassive black hole that lies at the geometric
center of the galaxy.

The Galactic Centre Key Science Project is comprised of a deep exposure of the inner few degrees of
our Galaxy, complemented by an extended survey to explore the regions not yet covered by existing
very high energy (VHE) instruments at high latitudes to the edge of the bulge emission. A schematic
representation is shown in Figure 5.1, with details of the observation strategy and possible options given
in Section 5.2.

The region within a few degrees of the Galactic Centre contains a wide variety of possible high-energy
emitters, including the closest supermassive black hole, dense molecular clouds, strong star-forming
activity, multiple supernova remnants and pulsar wind nebulae, arc-like radio structures, as well as the

Cherenkov Telescope Array
Science with CTA

Page 58 of 211

Galactic center survey KSP 
800 h
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Old sources, new very-high-energy emitters
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The Astrophysical Journal Supplement Series, 209:34 (34pp), 2013 December Ackermann et al.

Figure 19. Folded pulse profiles of γ -ray pulsars associated with 1FHL sources, obtained with 3 yr of P7CLEAN Fermi-LAT data. The blue histogram (y-axis scale
on the left) represents the weighted “low energy” (>100 MeV) light curve (using the 2PC spectral model). The filled histograms (y-axis scale on the right) show the
events above 10 GeV (pink) and 25 GeV (black).
(A color version of this figure is available in the online journal.)

In the case of J1836+5925, only two events are detected above
25 GeV. Although the asymptotic approximation fails to reveal
significant pulsations (P = 5.5 × 10−2, above the significance
threshold of 0.05), the Monte Carlo simulations demonstrate that
the false positive rate is actually 1.0 × 10−2, so the >25 GeV
pulsations, in fact, pass the threshold. Table 9 summarizes the
results of the pulsation analysis. Out of the 25 γ -ray pulsars
associated with 1FHL sources for which the pulsation analysis
was performed, 20 show evidence for pulsations above 10 GeV
(P10 < 0.05) and 12 of these (listed in bold in Table 9) show
evidence for pulsations above 25 GeV (P25 < 0.05). Figure 19
shows the pulse profiles of these 20 pulsars, including the
weighted low-energy (>100 MeV) pulse profile, along with
the folded >10 GeV and >25 GeV photons.

Five γ -ray pulsars associated with 1FHL sources show no
pulsations above 10 GeV:

1. PSR J0205+6449, associated with the SNR 3C 58, is
thought to be one of the youngest pulsars in the Galaxy
and is shown in 2PC to have a GeV PWN.

2. PSR J1023−5746 is coincident with HESS J1023−575
and is identified as a promising GeV PWN candi-
date (e.g., Saz Parkinson et al. 2010; Ackermann et al.
2011c).

3. PSR J1112−6103 is identified in 2PC as having significant
extended off-peak emission.

4. PSR J1418−6058 in the Kookaburra complex is coincident
with the Rabbit PWN and thought to be powering the PWN
candidate HESS J1418−609.

22

The Astrophysical Journal Supplement Series, 209:34 (34pp), 2013 December Ackermann et al.

BL Lac FSRQ AGN of unknown type

PSR SNR PWN

Other Galactic object Other (non-beamed) Extragalactic object No association

Figure 8. Sky map showing the sources by their source class, as reported in Table 4. The projection is Hammer–Aitoff in Galactic coordinates.

(An extended color version of this figure is available in the online journal.)

asymmetry between the northern and southern Galactic hemi-
spheres seems evident: the number of BL Lac objects and FSRQs
is larger in the northern hemisphere, while the number of AGNs
of unknown types seems to be larger in the southern hemisphere.
The Galactic latitude distributions for these source classes are
depicted in Figure 9, showing that the fraction of BL Lac objects
and FSRQs in the southern hemisphere is 42% (108 sources out
of 259) and 39% (28 sources out of 71) respectively. The frac-
tion of AGNs of unknown type in the southern hemisphere is
71% (41 out of 58), suggesting that many of these sources must
be BL Lac objects and/or FSRQs.

A similar north/south asymmetry with a larger number of
sources was previously observed and reported in 2LAC and
attributed to the slightly different exposure and the known non-
uniformities of the counterpart catalogs. In this work, we also
consider AGNs with |b| < 10◦ (which were excluded from the
2LAC paper), and they show another asymmetry: the fraction
of known BL Lac objects and FSRQs is smaller at low latitudes,
while the number of AGNs of unknown type is slightly higher
(at the level of 2 standard deviations). The lower fraction of BL
Lac objects and FSRQs at low Galactic latitudes is certainly
affected by the lower sensitivity of LAT to detect sources in
this region due to the higher diffuse background (see Figure 3).
Yet in this work we find that the asymmetry in the counterpart
catalogs must also play a role in the lower fraction of blazars
at low Galactic latitudes, as indicated by the higher fraction of
AGNs of unknown type for these latitudes.

The unassociated sources are fairly uniformly distributed
outside the Galactic plane, with a substantial increase in density
for |b| < 11.◦5 (| sin b| < 0.2). It is to be expected that
a large fraction of the low-latitude unassociated sources are
pulsars, SNRs and PWNe; but given the distributions shown in
Figure 9, unassociated blazars are undoubtedly also present at
low Galactic latitudes.

4.2. Basic Properties of the 1FHL Sources

Figure 10 shows the distribution of significances (σ , derived
from the TS values on the assumption of four degrees of free-
dom) for the 1FHL sources grouped as extragalactic, Galactic,
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Figure 9. Galactic latitude distributions of BL Lac, FSRQs, AGNs of unknown
type, and unassociated 1FHL sources. The distributions were normalized to the
total numbers of source associations in each of these source classes, namely
259, 71, 58, and 65, respectively.
(A color version of this figure is available in the online journal.)
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> 100 MeV 
> 10 GeV 
> 25 GeV

1FHL Catalog

• source classes newly observed 
to reach the CTA domain: 
pulsars, GRBs, … 

• e.g., pulsars 
• three detected by current 

IACTs
• Fermi found a dozen 

interesting as targets for 
CTA
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The flaring gamma-ray sky

• widespread rapid gamma-ray variability
• GRBs, AGNs, gamma-ray binaries
• new classes: novae, PWNe (Crab) 

• Transients KSP includes follow-up of Fermi flares and 
investigation of new transient classes discovered by Fermi

 19

–
29

–

Fig. 5.— Positions of 2FAV sources and flares on the sky, in Galactic coordinates and Hammer-Aito↵ projection.

The background image shows the maximum significance detected for each pixel, in either the low-, or high-energy

band. The red crosses represent the 2FAV sources. The flares used to construct the 2FAV are also shown: yellow

circles are flares with the best determined position from the TS maps. Flares with worse TS map positioning are in

orange, if they have been assigned to a cluster, or cyan otherwise. Flares with only FAVA positions are in magenta if

they have been assigned to a cluster, green if they constitute a separate cluster. For all the flares, the radius of the

drawn circles is equal to r95.

2FAV catalog of 
flaring gamma-ray sources
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Open Observatory legacy

• CTA is the first ever ground-
based gamma-ray open 
observatory

• Fermi has been inspiring
• data format and analysis 

tools 
• data access
• interactions with other 

observatories
• preparation of the team 

Science program 

 20
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Targets for CTA

• 1556 sources in 3FHL
• count limited, number of 

sources increases linearly 
with time

• > 3000 sources at the 
beginning of CTA scientific 
operations  

 22

1FHL

3FHL

VERITAS, MAGIC, H.E.S.S. 
begin operations

2HWC



/26

test

Complementary imaging capabilities

 23

Spitzer 
Credit: NASA/JPL Caltech 
+ Fermi bubbles 
Ackermann+ 2017 ApJ 840 43A

VLA + Spitzer + Chandra 
Wang+ 2010 MNRAS 492 895

Fermi PSF 
(50 GeV) HESS PSF 

(3 TeV)

CTA PSF 
(3 TeV)

8° CTA FoV

Sgr A*

HESS localisation 
uncertainty CTA localisation 

uncertainty

• Fermi: large field of view, low background
• CTA: high angular resolution, high 

statistics

GC

Arches

Quintuplet

GC region
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Broadband spectral coverage

 24

PKS 2155-304 
AGN KSP

variable sources benefit from 
Fermi coverage at the time of 
CTA observations 
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Transient triggers
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In the mid-1960s, gamma-ray bursts (GRBs) were discovered
by the Vela satellites, and their cosmic origin was first established
by Klebesadel et al. (1973). GRBs are classified as long or short,
based on their duration and spectral hardness(Dezalay et al. 1992;
Kouveliotou et al. 1993). Uncovering the progenitors of GRBs
has been one of the key challenges in high-energy astrophysics
ever since(Lee & Ramirez-Ruiz 2007). It has long been
suggested that short GRBs might be related to neutron star
mergers (Goodman 1986; Paczynski 1986; Eichler et al. 1989;
Narayan et al. 1992).

In 2005, the field of short gamma-ray burst (sGRB) studies
experienced a breakthrough (for reviews see Nakar 2007; Berger
2014) with the identification of the first host galaxies of sGRBs
and multi-wavelength observation (from X-ray to optical and
radio) of their afterglows (Berger et al. 2005; Fox et al. 2005;
Gehrels et al. 2005; Hjorth et al. 2005b; Villasenor et al. 2005).
These observations provided strong hints that sGRBs might be
associated with mergers of neutron stars with other neutron stars
or with black holes. These hints included: (i) their association with
both elliptical and star-forming galaxies (Barthelmy et al. 2005;
Prochaska et al. 2006; Berger et al. 2007; Ofek et al. 2007; Troja
et al. 2008; D’Avanzo et al. 2009; Fong et al. 2013), due to a very
wide range of delay times, as predicted theoretically(Bagot et al.
1998; Fryer et al. 1999; Belczynski et al. 2002); (ii) a broad
distribution of spatial offsets from host-galaxy centers(Berger
2010; Fong & Berger 2013; Tunnicliffe et al. 2014), which was
predicted to arise from supernova kicks(Narayan et al. 1992;
Bloom et al. 1999); and (iii) the absence of associated
supernovae(Fox et al. 2005; Hjorth et al. 2005c, 2005a;
Soderberg et al. 2006; Kocevski et al. 2010; Berger et al.
2013a). Despite these strong hints, proof that sGRBs were
powered by neutron star mergers remained elusive, and interest
intensified in following up gravitational-wave detections electro-
magnetically(Metzger & Berger 2012; Nissanke et al. 2013).

Evidence of beaming in some sGRBs was initially found by
Soderberg et al. (2006) and Burrows et al. (2006) and confirmed

by subsequent sGRB discoveries (see the compilation and
analysis by Fong et al. 2015 and also Troja et al. 2016). Neutron
star binary mergers are also expected, however, to produce
isotropic electromagnetic signals, which include (i) early optical
and infrared emission, a so-called kilonova/macronova (hereafter
kilonova; Li & Paczyński 1998; Kulkarni 2005; Rosswog 2005;
Metzger et al. 2010; Roberts et al. 2011; Barnes & Kasen 2013;
Kasen et al. 2013; Tanaka & Hotokezaka 2013; Grossman et al.
2014; Barnes et al. 2016; Tanaka 2016; Metzger 2017) due to
radioactive decay of rapid neutron-capture process (r-process)
nuclei(Lattimer & Schramm 1974, 1976) synthesized in
dynamical and accretion-disk-wind ejecta during the merger;
and (ii) delayed radio emission from the interaction of the merger
ejecta with the ambient medium (Nakar & Piran 2011; Piran et al.
2013; Hotokezaka & Piran 2015; Hotokezaka et al. 2016). The
late-time infrared excess associated with GRB 130603B was
interpreted as the signature of r-process nucleosynthesis (Berger
et al. 2013b; Tanvir et al. 2013), and more candidates were
identified later (for a compilation see Jin et al. 2016).
Here, we report on the global effort958 that led to the first joint

detection of gravitational and electromagnetic radiation from a
single source. An ∼ 100 s long gravitational-wave signal
(GW170817) was followed by an sGRB (GRB 170817A) and
an optical transient (SSS17a/AT 2017gfo) found in the host
galaxy NGC 4993. The source was detected across the
electromagnetic spectrum—in the X-ray, ultraviolet, optical,
infrared, and radio bands—over hours, days, and weeks. These
observations support the hypothesis that GW170817 was
produced by the merger of two neutron stars in NGC4993,
followed by an sGRB and a kilonova powered by the radioactive
decay of r-process nuclei synthesized in the ejecta.

Figure 1. Localization of the gravitational-wave, gamma-ray, and optical signals. The left panel shows an orthographic projection of the 90% credible regions from
LIGO (190 deg2; light green), the initial LIGO-Virgo localization (31 deg2; dark green), IPN triangulation from the time delay between Fermi and INTEGRAL (light
blue), and Fermi-GBM (dark blue). The inset shows the location of the apparent host galaxy NGC 4993 in the Swope optical discovery image at 10.9 hr after the
merger (top right) and the DLT40 pre-discovery image from 20.5 days prior to merger (bottom right). The reticle marks the position of the transient in both images.

958 A follow-up program established during initial LIGO-Virgo observations
(Abadie et al. 2012) was greatly expanded in preparation for Advanced LIGO-
Virgo observations. Partners have followed up binary black hole detections,
starting with GW150914 (Abbott et al. 2016a), but have discovered no firm
electromagnetic counterparts to those events.

2

The Astrophysical Journal Letters, 848:L12 (59pp), 2017 October 20 Abbott et al.

GW170817 
Abbot et al. (2017) ApJ 848L 12

+1.7 s

CTA large telescopes will slew 
to any observable direction in 
< 50 s (goal 20 s)

H.E.S.S. follow up within 24 h 
Abdalla et al. (2017) ApJ 850L 22A

simulated follow up with CTA 
credit: Fabian Schüssler
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Final remarks

• CTA making progress toward scientific operations 

• Fermi helped defining and shaping CTA’s Science program

• Fermi and CTA together: complementary imaging capabilities, 
broadband spectral coverage, time-domain astronomy
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