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Existing Facilities
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¤Major Germany role in HESS and MAGIC projects 
(MPG+DESY+Universities) +VERITAS in Arizona (4x12m 
telescopes, DESY is partner)

MAGIC 
2x 17m 
La Palma

HESS
1x28m
4x12m 
Namibia

Since 
~2004

à Karl	Mannheim	+	David	Berge	



The Cherenkov Telescope Array
¤ A global effort to build the first true VHE observatory 

ª A user facility serving a wide community
à Data access to all German scientists

¤ A huge improvement in all aspects of performance
ª ~100 telescopes on two sites for access to the whole sky

Current Full Economic 
Cost Estimate: €400M
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® transients
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NASA

See ’Science with CTA’ 
https://arxiv.org/abs/1709.07997
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Alerts & Triggers
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¤Alerts and triggers to CTA for variable/transient objects
ª Including gravitational waves, neutrinos, FRBs, optical transients, …

¤Triggers from CTA** à whole community
ª Rate expected to be low – but identified events likely to be extremely 

important: GW/ν sub-threshold, redshift measurement, …
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CTA Simulated Light Curve
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e.g. Dark Matter Annihilation
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using
LST, MST, SCT, SST

DM mass (TeV)
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-W+500 h, W
Aar, 30 GeV threshold
Statistical errors only

HESS GC halo (112 h)
Fermi dSph stacking (10 dSphs, 4 yrs)
Galactic Halo
Sculptor dwarf
LMC

CTA
Galactic
Halo

Current Limits
¤ Approx. expected 

self-annihilation 
cross-section for a 
thermal relic of 
the big bang

¤ Very real potential 
to discover the 
nature of dark 
matter with CTA

¤ Highly 
complementary to 
other searches
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Resolving Power

16

¤ Example: nearby active galaxy Centaurus A

HESS centroid
error

CTA
centroid
error

8° CTA FoV
Fermi 
(10 GeV)

HESS
(3 TeV)

CTA
(3 TeV)

*Breaking news (TeVPA) -
extension along jet measured 

using HESS at ~4 σ
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Design Drivers
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¤All sky coverage 
à Two sites:

ª CTA-South: Paranal Chile
ª CTA-North: La Palma, Canary Islands
(main requirements: minimum clouds, 
altitude ~2km)

¤Wide energy coverage
à Multi km2 coverage at highest energies, 
sensitivity to very low Cherenkov densities 
or lowest energies
à Multiple telescope  sizes

ª Many small and a few large, core region 
covered by medium size

¤Precision/sensitivity
à High telescope multiplicity events 
à Many telescopes

CTA-N

CTA-S

300 TeV γ

16 SSTs



CTA-North
Observatorio del Roque de los Muchachos of the 
Instituto de Astrofisica de Canarias (IAC) at 2200 m 

CTA-South
European Southern Observatory (ESO) site at 2100 m



CTA-North
Observatorio del Roque de los Muchachos of the 
Instituto de Astrofisica de Canarias (IAC) at 2200 m 

CTA-South
European Southern Observatory (ESO) site at 2100 m
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¤a

Paranal
La	Palma

1	km

LST
23	m
4	N+S

MST
12	m
15	N+
25	S

SST
4	m
70	S



Telescope Roles
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Decreasing gamma-ray flux (~E-2..3)
compensated by increasing 
effective area

CTA-S



CTA Partners
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¤CTA Consortium >1400 
individuals from 31 nations

¤ Including the teams of 
VERITAS, H.E.S.S. & MAGIC



CTAO and CTAC
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¤ CTA is a partnership between a scientific 
consortium (CTAC) and a legal entity with overall 
responsibility for construction and operation (CTAO)
ª CTAC Spokespersons: Werner Hofmann & Rene Ong

¤ CTAO gGmbH founded 2014 as interim legal entity
ª CTAO European Research Infrastructure Consortium  (ERIC) 

as final legal entity - expected early 2020 
ª Board of governmental representatives (+CTAO) preparing

¤ Director Prof Frederico Ferrini (from 1st March 2018)
ª Formally director of the European Gravitational Obs.

¤ Project Manager Wolfgang Wild (from 1st Sept. 2017)
ª Former proj. man. for European part of the ALMA Obs.

¤ Project Office established in Bologna
ª Bologna as future ERIC HQ
ª Science Data Management Centre to be hosted on the 

DESY campus in Zeuthen
+JH: CTAO Project Scientist



CTAO
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Igor Oya & Matthias Füssling
WP Coordinators
CTAO gGmbH

Temporary 
accom. for 

SDMC
Zeuthen

Since
9/2018

Bologna 
Office 
since 

3/2017



Germany 
in CTA
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U. Hamburg

U. Bochum

U. Dortmund

DESY

HU Berlin

U. Potsdam

U. Würzburg

U. Erlangen-
Nürnberg

MPP
München

U. Tübingen

U. Heidelberg

MPIK

Univ.

HGF MPG



Germany in CTA
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MST

DESY
MPIK
Berlin

Erlangen
Tübingen

D: Structures & 
Cameras

LST

MPP
Dortmund
Hamburg
Würzburg

D: Structures 

SST

MPIK 
Erlangen

DESY

D: Cameras

Plus:
Array Control 
Calibration
Data Management



LST
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¤ 390m2 dish
¤ 28 m focal 

length
¤ 4.5o field of 

view
¤ 1855x 0.1o

pixels
¤ Fast slewing 
à 20 s

¤ 4 LSTs South, 
4 LSTs North
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D.	Mazin
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Watch live at http://www.lst1.iac.es/



LST Camera
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¤Prototype 
camera ready 
at sea level in 
La Palma
ª High QE 

PMTs
ª 1 ns sampling 

ASIC (DRS4)
¤Telescope 

integration 
imminent
ª Inauguration 

10th October 



Prototype @ Adlershof, BerlinMST
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¤ ~100m2 dish
¤ 16m focal length
¤ 7.5o field of view
¤ ~1800x 0.18o pixels
¤ 25 MSTs South, 15 

MSTs North



MST 
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¤Tel. Structure is a DESY-led 
international partnership

¤Adlershof activities
ª Mirror and actuator technology 

evaluation
ª Condition monitoring and 

metrology of structure
à Refinement/finalisation of design

0.97Hz

4.25Hz

Example of oscillation of the camera frame along the horizontal axis during wind excitation

CEA

INAF

IFJ-PAN

IFJ-PAN
/ CEA



MST
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¤Guide star 
camera testing 
on MAGIC

Preliminary PSF of  
the MST prototype

¤PSF 
measurement 
Adlershof

Pixel 
Size



MST Cameras
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¤ Two camera designs with different architecture and technology, 
both fulfilling CTA requirements
ª NectarCam based on Nectar ASIC, FlashCam with commercial FADCs

¤ Unified interface to telescope structure, cameras exchangeable
1. Summary and introduction 1.3 Summary of plans

Outer support
triangle (7.3.4.1.1.5)

PDP plate
(PBS 7.3.4.1.1.3)

Front plate 7.3.4.1.1.2 w/
lid‐system 7.3.4.1.2
and window 7.3.1.4.3

Camera insulation 
case w/ rear doors 

(7.3.4.1.1.1)

Inner structure
(7.3.4.1.1.4)

Racks for electronics 
(part of 7.3.4.1.1.4)

Figure 1.2 – Exploded view of the FlashCam MST-sized camera.

• High, sustained input data rate capabilities at the camera server of > 2 GByte/s, including event
building and data formatting.

• Dead-time free operation up to burst event rates of > 50 kHz and sustained rates of > 30 kHz, with
transmission of digitized signal traces to the camera server.

The following features provide additional functionalities to the camera:

• Time-synchronized current monitoring of camera pixels with configurable shaping time and contin-
uous readout mode to be used for optical astronomy in parallel to normal Cherenkov operation

• Flexible trigger scheme: different algorithms can be configured and parametrized depending on
observation conditions.

• Delayed external trigger capability, allowing to read out telescopes in array triggered events, even
if the camera did not trigger by itself, or upon a second, lower-threshold trigger, due to 32 µs
dead-time free ring buffer for FADC data.

• Self-test capability (during data taking and during daytime), partially running in parallel with data
taking.

• Extended monitoring of signal chain and camera performance.

1.3 Summary of plans

The FlashCam team is preparing for the production of 25 cameras for the MST telescopes of CTA. The
production of more cameras can also be managed, if required and funding permits. The development
and production plans of FlashCam are well aligned with the CTA project phases. Fig. 1.4 shows the three

CTA Construction Project
MST FlashCam TDR

Page 7 of 117 MST-TDR/140530 | v.1.10 | 12 May 2015

FlashCam NectarCam

Common (also LST) 
1.5” PMT + light guide

à 5cm pixel
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Rack-based digitising electronics, commercial 250 MHz FADCs
25 kHz readout of waveforms for all pixels – deadtime free
Prototype completed early 2017 
à extensive performance + stress testing

FlashCam
D: Tübingen, Erlangen, MPIK

+Switzerland & Austria
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¤ Integration/ 
Test campaign 
FC@Adlershof
Sept. 2017

¤Despite non-
optimal Berlin 
conditions –
Cherenkov 
images!



SSTs
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¤Smaller size makes different photosensors/optics viable
ª Silicon photomultipliers and dual reflector option

¤Advanced prototyping efforts for three designs
ª SST-1M in Krakow, dual mirror: ASTRI in Sicily, GCT in Paris

¤Consolidation underway
ª Decision on technologies expected in early 2019 

¤ ~8m2 dish
¤ ~9o field of view
¤ ~0.2o pixels
¤ 70 SSTs in South
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SST-1M

GCT

ASTRIGCT ASTRI SST-1M



CHEC
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¤Dual mirror option for SSTs –
ª CHEC-M (multi-anode PMTs) tested in Paris on GCT
ª CHEC-S (SiPMs) ready for field tests in Sicily
ª 2048✕ 6mm pixel, 1 ns sampling (TARGET ASIC)

¤ International Partnership
ª Germany, UK, NL, Japan, Australia

¤German Groups
ª Uni. Erlangen 
ª DESY
ª MPIK



SCT
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¤Dual mirror 
alternative for 
medium energy 
coverage

¤Prototype 
being 
commissioned 
now at 
VERITAS site
ª US led
ª DESY, MPIK, 

Erlangen 
contributions
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Next Steps
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¤Final technology choices 
ª SST by early 2019

¤Site development
ª Southern site 

ª Conclude agreements (v. soon!)
ª Detailed infrastructure – design à build

ª Northern site 
ª Detailed planning of Phase-1 ongoing
ª Phase-1 is infrastructure + LSTs 2-4 + one MST 

¤Legal/financial
ª Final MoU signatures exp. 2018
ª ERIC creation exp. early 2020
ª IKC agreements à telescope mass production

CT
A

-S
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www.cta-symposium.com



Questions?
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arxiv.org/abs/1709.07997





Theme 1: Cosmic Particle Acceleration 
• How and where are particles accelerated?
• How do they propagate?
• What is their impact on the environment?

Theme 2: Probing Extreme Environments 
• Close to neutron stars and black holes 
• Relativistic jets, winds and explosions
• Cosmic voids 

Theme 3: Physics Frontiers
• What is the nature of Dark Matter? 
• Is the speed of light constant?
• Do axion-like particles exist? 


