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ϒ-rays interact with the atmosphere at a height of 15-30 km above ground 
  Creates an air shower of cascading interactions over 10 km in length  

  Image the air shower with 
multiple telescopes  to 
determine the direction and 
energy of the ϒ-ray 

  Ground-based detection 
o  Energy range ~30 GeV - 100 TeV 
o  Cherenkov light pool area of ~105 m2  

Detecting VHE (E > 30 GeV) ϒ-rays:  
Imaging Atmospheric Cherenkov Technique 
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see also Trevor Weekes:  
TeV Gamma-Ray Astronomy 



  Energy threshold  ~ 25 to ~100 GeV. 

  Point-source integral flux sensitivity: 0.7 to 1.0 % of the Crab 
Nebula flux in 50 h  (~10-12 cm-2 s-1 above 300 GeV). 

 Above 300 GeV, ~100 times more sensitive in 50 hours than 
Fermi-LAT in 1 year  - for a given source. 

 Gamma-ray FoV ~ 3º - 5º  diameter. 

 Angular resolution ~ 0.1º. 

  Energy resolution ≈ 15%. 

MAGIC VERITAS H.E.S.S. 

Characteristics of current generation of IACTs 

3 

Water Cherenkov: see Jordan Goodman:  
Results from Milagro and Status of HAWC 



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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The ideal solution…  



for lowest energies 
 (~20 GeV – 1 TeV):  
few large telescopes   

~70 SSTs  

~25 MSTs + 
~36 SCTs extension  

Science optimization under budget constraints:  
  Array area increases with γ energy. 
  Mirror area decreases with γ energy. 

 large array of small  
 telescopes,  
 sensitive about few TeV  
 7 km2 at 100 TeV  

CTA Concept 

~km2 array of medium-sized 
telescopes for the 100 GeV to 
10 TeV domain. 

4 LSTs  
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Figures: Slava Bugaev 

Color scale: number of triggered telescopes for 500 GeV showers 

4 x 3.5° FoV 25 x 8° FoV 61 x 8° FoV 

2x 

3x 

4x 

130 m spacing 130 m spacing 130 m spacing 

Minimum Number of Triggered Telescopes 

Extending the Mid-Size Array 

US focus: maximizing performance in core energy 
range of IACT technique. 

  Want: 

  Effective Area dominated by contained showers. 

  Increase typical event multiplicity & image 
quality to improve shower characterization. 

  Implies: 

  Contribution of 36 additional telescopes. 

  Developing novel Schwarzschild-Coude design w/ 
secondary mirror & excellent angular resolution. 
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One observatory with two (asymmetric) sites for all-sky 
coverage operated by one consortium. 

CTA: Cherenkov Telescope Array 
 Southern Array 
  Full energy and sensitivity 

coverage: some 10 GeV to 
above 100 TeV. 

  Angular resolution: 
0.02°-0.2°. 

  Large field of view. 

    Galactic + Extragalactic 

Northern Array 
  Complementary to SA for 

full sky coverage. 
  Energy range: some 10 

GeV to few TeV. 
  Limited field of view. 

   Mainly Extragalactic 9 



Site candidates 

+30 

-30 

Warning: map not quite accurate 

Two sites to cover full sky 
at 20o – 30o North, South. 
 To be selected in Fall 2013 
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medium-sized telescope"
(12 m diameter reflector)"

large-sized telescope"
(28 m diameter reflector)"

small-sized telescope"
(4 m diameter primary)"

medium-sized telescope (SC)"
(10 m primary, 5 m secondary)"
 - new design led by US groups"
 - provides wide field of view"
 - MRI funded prototype"

CTA Telescope Designs 
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Schwarzschild-Couder Telescopes "

location of prototype SC telescope:"
VERITAS site at Mt Hopkins, AZ"

propose: 36 SC telescopes at "
Southern CTA site"

by design provides large field of view (8-9o)"
and compact camera (SiPM detectors)"
(0.07o x >11,000 pixels and high QE)"

primary mirror: 9.7 m diameter"
secondary mirror: 5.4 m diameter"

SC prototype with reduced secondary mirror "
and camera -> begin construction in 2014"
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Telescope Parameters 

13 



Differential Sensitivity (in units of Crab flux) 
for detection in each 0.2-decade energy band 

LST 

MST 

SST 

background and 
systematics limited 

rate (=area) limited 
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background limited 

H.E.S.S./VERITAS	  
100	  hrs	  (approx)	  



Fermi LAT"
(3 yr)" ~2-3x improvement in 

core energy range 
from US contribution"

T. Jogler et al. 2012, proceedings of "
Gamma2012, Heidelberg (arXiv: 1211.3181)"

Sensitivity of CTA 

30-40% improvement in TeV 
PSF for SC telescopes & 
double contained effective 
area  2-3 x improvement in 
core energy range. 
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68% Containment Radius of the 
gamma-ray PSF as a function of 
energy for SC- (green and blue 
lines) and DC-like (red and cyan 
lines) telescopes. 

SC-like 

DC-like 



γ-Ray Science &  
ν Connections 

Seeing the High-Energy Universe with 
the Cherenkov Telescope Array – The 
Science Explored with the CTA 

Special Issue: 

ASTROPARTICLE PHYSICS Volume 43 
(2013) 1-350 

The CTA Consortium + O(20) scientists 
canvasing relevant fields 

Overview articles + Case studies 



 Where and how are particles accelerated in our Galaxy and beyond?   
 What makes black holes of all sizes such efficient particle accelerators?   
 The flaring sky: short-timescale phenomena at very high energies? 

 What do high-energy gamma-rays tell us about the star formation 
history of the Universe and the fundamental laws of physics?   

 What is the nature of dark matter?   
 What surprises will we see?   

Key Science Issues 
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 High sensitivity. 

 >4 orders of magnitude dynamic range in 

flux between strongest and faintest sources. 

 Wide spectral range. 

 >4 orders of magnitude coverage in energy, 

up to 100s of TeV. 

 10-15% energy resolution. 

 Resolved source morphology. 

 Angular resolution as good as 0.02°. 

 Source localization to 10 – 20”. 

 Well-resolved light curves. 

 Minute-scale variability of AGN. 

  Large field of view. 

  Serendipitous discoveries. 

  Surveying capabilities. 

  Full-sky survey at O(1%) Crab 

in about 1 year. 

 Monitoring capabilities. 

 Use sub-arrays for AGN monitoring. 18 



© TeVcat   (20/Sept/2012)  

~150 Sources 

The VHE Gamma-ray Sky 
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Science with γ’s and ν’s 
Gamma Rays and Neutrinos are both neutral messengers from the sites 
of cosmic-ray acceleration. 

  Presence of VHE neutrino emission is an unambiguous signature of 
hadronic particle acceleration. 

 Breaks degeneracy between models of electromagnetic emission! 

  IceCube is uniquely sensitive to the presence of very high energy 
charged particles in environments where the opacity for charged 
particles and gamma rays is high! 
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Understanding Nature’s Particle Accelerators 
  Growing indirect, direct evidence for acceleration of hadronic CRs in SNRs, 

but 
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  Extragalactic CRs: 

  Acceleration sites 
– GRBs? AGNe? 

  Composition? 

  Fermi, CTA, HAWC, 
IceCube will provide 
complementary 
information on all 
these questions. 

  Maximum energy? 
  SNR population responsible for bulk of 

Galactic CRs? 
  Injection, acceleration, confinement/escape, 

diffusion into ISM… 



IC 443: CTA simulated spectra (blue points), 50 hrs."

Morphology studies with CTA:"
- (left) RX J1713.7-3946 from 50 hr data"
  - using XMM image as template"
- (below left) RX J1713 actual distance (1 kpc) "
- (below right) RX J1713 at a distance of 4 kpc "

Supernova Remnant Studies with CTA 
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RX J1713.7-3946: H.E.S.S. 



CTA  

Current Galactic 
VHE sources (with 
distance estimates) 

 HESS  

* CTA as ultimate 
survey machine  

 * CTA as ultimate 
 flare machine  

 at 25 GeV, for flares  
 10000 times more 
 sensitive than Fermi  

 * Coherent full- 
 sky coverage 
 from two sites  

Supernova Remnants (& More): Population Studies 
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(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)  

SN 1006 

SN 1006 
H.E.S.S. resolution 

SN 1006 
CTA resolution 
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Supernova Remnants: Resolving Features 



Quick Hits: Galactic Plane Survey 
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o  Dubus et al. 2012 (AP special issue) 
o  240 hrs, -60 < l < 60 
o  3 mCrab sensitivity 

o  Simulated population of 
o  SNRs & PWNe. 



Quick Hits: 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. 

Simulation of GRB 080916C seen by GBM + LAT 
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Quick Hits: Flaring AGN / Radio Galaxies 
  Low threshold, high 

sensitivity  probe 
much shorter variability 
time scales than existing 
instruments. 

  Ex: PKS 2155-304 flare 
seen by H.E.S.S. in 
2006: 
  Shortest measured 

variability scale 173 ± 
28 sec. 

  CTA can reach 25 ± 4 
sec. 

  For Doppler factor of 
20, implies spatial 
scale < 1 AU. 

  Can probe limits of 
jet formation, particle 
acceleration time 
scales! 

28 

H. Sol et al., Active Galactic Nuclei under the scrutiny of CTA, Astropart. Phys. (2012), http://dx.doi.org/10.1016/ j.astropartphys.2012.12.005  

PKS 2155-304, HESS 
Aharonian et al. 2007 

1-min time bins 

PKS 2155-304, CTA 
Simulated light curve 

7.5-sec time bins 



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

9

Quick Hits: Resolving Extragalactic Structures 

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) 
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Quick Hits: Indirect Dark Matter Searches 

 

  

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 ! 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 !-ray signal from DM annihilation in galaxy 
clusters is entangled with the !-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 !-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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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 5! 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 "+"- (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 !-ray flux from annihilation of DM particles 
should be highest in the Galactic Center (GC). 
However, conventional !-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 
in energy range. 

Complements IceCube searches in the neutrino channel. 

Assuming b b-bar decay channel 

LAT 2-year result from Ackermann et 
al. 2011, Phys. Rev. Lett. 107, 241302. 
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Status, Plans, & 
Schedule 



 Members  (27 countries)  
 Interested to join  
Canada, Australia, Israel  

CTA Consortium members  
27 countries          + 1 in last year  
171 institutions     + 19 in last year  
1058 persons  + 198 in last year  

 COMMUNITY 

 CURRENTLY ENGAGED IN CTA  
  (subset of future user community)  



Recommended by Relevant Roadmaps … 
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Design Phase  
 up to 2010  

 Preparatory / 
Pre-construction 

   Phase  
  2011-2014  

 Construction 
  Phase  
late 2014-2019  

Operation Phase 
 (up to 30 years)  
  Early science 
starting 2016/17  

“By signing this Declaration of Intent, the signatories – 
Ministries and Funding Agencies – wish to express their 
common interest in participating in the construction and 
operation of CTA.”  

So far signed by  
Argentina   
Austria  
Brazil   
France  
Germany   
Italy   

Japan  
Namibia   
Poland  
South Africa   
Spain  
Switzerland  
UK   

Cherenkov Telescope Array: Global Timeline 
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Cherenkov Telescope Array: US Timeline 
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CTA as an Open Observatory 
Currently Envisioned: 
  Large Key Science Programs 

(surveys) use 1/3 to 1/2 of time. 
  Bulk of time open for proposals 

from participating countries. 
  Accessible for scientists 

worldwide. 
  No access fees for individual 

proposals. 
  All data available on the CTA 

Archive after a proprietary 
period. 

  Fully open access for CTA 
Archive.  

36 

 Open formats and tools following astronomy standards 
(FITS) to represent and analyse data and instrument response 
functions (IRFs). 

 User-oriented data center & Virtual Observatory interfaces. 



1451 

157 

FERMI 

VHE gamma astronomy is now well 
on-track… 

37 



… but needs CTA to continue. 

CTA 
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Summary 
  CTA will provide guaranteed science & discovery potential. 

  A natural way to extend Fermi and VERITAS/H.E.S.S./
MAGIC science. 

  Proven technology combined with judicious innovation. 
  On track for construction starting in next couple years, 

early science beginning ~2016. 
  Will serve a large and diverse community. 

  Broad multi-wavelength, multi-messenger impact 
complementing IceCube, HAWC, Fermi. 

  US contribution: Novel telescope design will make a major 
impact in 0.1- 10 TeV range. 39 



Backup Slides 
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LARGE 23 M TELESCOPE 
OPTIMIZED FOR THE RANGE BELOW 200 GEV  

   400 m2 dish area  
 27.8 m focal length  
 1.5 m mirror facets  

 4.5 deg. field of view  
 0.1 deg. pixels 

   Camera diameter over 2 m 

Carbon-fibre structure  

Active mirror control  

4 LSTs on each site  



MEDIUM-SIZED 12 M TELESCOPE 
OPTIMIZED FOR THE 100 GEV TO ~10 TEV RANGE  

100 m2 dish area  
16 m focal length  
1.2 m  mirror facets  

7-8 deg. field of view  
~2000 x 0.18 deg. pixels  

25 MSTs on South site  
15 MSTs on North site  



MST PROTOTYPE IN BERLIN  



PHOTOMULTIPLIER CAMERAS  

Recording signal waveform for “interesting” (triggered) images  

Options:   
- Capacitor pipeline + analog trigger + (identical) “drawers”  

- NectarCam  
- DragonCam  

- Flash-ADC + digital trigger + rack-based electronics  
- Flashcam  



SMALL  TELESCOPE 
OPTIMIZED FOR THE RANGE ABOVE 10 TEV  

 Multiple options under study:  

- Conventional single mirror, PMT camera  
- Single mirror, silicon sensor camera  
- Dual mirror optics, silicon & MAPMT camera  

70 SSTs on Southern site  

ASTRI Design  
4.3 m mirror  
9.6 deg. foV  
0.25 deg.  pixels  



COMPACT SILICON CAMERAS  

30 cm  

Hamamatsu  
SiPM  
50 x 50 mm2  

16 x 16 pixels  
(grouped 2 x 2)  

64 Channel  
TARGET-based  
electronics module  



MEDIUM-SIZED DUAL MIRROR TEL. 
EXTENDING THE MST ARRAY  

9.7 m diameter  
50 m2 dish area  
5.6 m focal length  

8-9 deg. field of view  
11000 x 0.07 deg. pixels  

Extend South array   
by adding 36 SCTs  
contributed mostly by US  


