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Cherenkov Telescope Array (CTA)

The Next-generation Very-high-energy
(VHE) Gamma-ray Observatory



Large/Medium/Small Size Telescopes (LST/MST/SST)

SST × (32 + 8)
D = 4 – 6 m
FOV ~10°
E = 1 TeV – 100 TeV

LST × (4 + 4)
D = 23 m
FOV = 4° – 5°
E = 20 GeV – 1 TeV

MST × (23 + 17)
D = 10 – 12 m
FOV = 6° – 8°
E = 100 GeV – 10 TeV

© G. Pérez, IAC, SMM

SouthNorth

LST
MST
SST

1 km2

3 km2



Detection Technique of VHE Gamma Rays

© G. Pérez, IAC, SMM



Detection Technique of VHE Gamma Rays

Stereo Observation

LST 3

LST 1 LST 2

LST 4

4° – 5°

Gamma-ray Source

Air Shower (~10 km)

Atmospheric Cherenkov Light

θ ~ 1°

R ~ 150 m

Δt ~ 5 ns

by MC Simulation Group

© G. Pérez, IAC, SMM© G. Pérez, IAC, SMM
© CORSIKA  
© NASA



Schwarzschild-Couder (SC) Optical System

Candidate for
MSTs by CTA-US
SSTs by Europe-Japan-
US

The !rst dual-mirror 
design for VHE gamma
Achieves

Wide FOV of 8°
Fine angular resolution 
of 4’

Challenges
Segmented aspherical 
mirrors
Accurate mirror 
alignment
Compact multi-pixel 
camera module

Schwarzschild-Couder Telescope for CTA
Original design in Vassiliev et al. (2007) Astropart. Phys.

Segmented
Secondaries

Focal Plane Camera
FOV = 8°

Segmented
Primaries 

5.4 m

9.7 m



Optical System and Ray-tracing Simulation

Segmented primaries and secondaries with aspherical surfaces

Wide FOV of 8° + !ne resolution of 4’ at affordable cost

PSF ~ 6 mm, 11,000 pixel photodetector array, pixel size = 6 mm

SC Telescope with Segmented Mirrors
Original design in Vassiliev et al. (2007) Astropart. Phys.

Photodetector Array at the Focal Plane
A. Okumura et al. (2011) ICRC

52 mm × 52 mm
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Point Spread Functions

Studies on tolerance analysis and mirror alignment are ongoing

Accuracy of ≲0.3’ (rotation) and ≲1 mm (translation) for mirror alignments are 
required

Ideal Mirrors and Alignments Rough Mirrors + Misalignments

Demonstration

Purpose Only !Pixel Size
(= 4‘)

θ = 0.0° θ = 0.8°

θ = 4.0°

θ = 1.0°

θ = 2.0°

θ = 3.0°



Photodetectors and Camera Electronics

Allow compact multi-pixel photodetectors to reduce camera cost per pixel

64 ch multi-anode PMTs (H8500) or multi-pixel photo counters (MPPCs)

Requires compact multi-channel readout working at low power consumption

Multi-pixel Photodetectors
From Catalogs of Hamamatsu Photonics

Focal Plane Camera for Dual-mirror SST
by CTA UK Group

Multi-anode PMT
(8 ch × 8 ch)

52 mm Photodetector Array
Preampli"ers

Front-end Electronics

Back Plane

Multi-Pixel
Photo Counter

(4 ch × 4 ch)

12 mm



The TARGET-1 ASIC + Camera Module

USBFiber

HV

8 × 8 MAPMT
(H8500D-03)

TARGET-1

FPGA

+5V

Requirements
Sampling speed ~1 GSa/s

Signal bandwidth > 380 MHz @ -3 dB

Look-back time > 12 µs

Dynamic range > 9 bits

Crosstalk   < 1%

Time (ns)
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20 ns
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Performance Tests of TARGET 1 (1 p.e. Distribution)
(32 of 64 Channels Shown)
- Pedestal
- LED + Dark ND Filter
- LED + Bright ND Filter
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Fig. 11. Saturation of the TARGET 1 transfer function for
sinusoidal signals at high frequency. This saturation e�ect
has been corrected in the design of TARGET 2.

5.5. Saturation at high frequency393

Section 5.4 presented the transfer function mea-394

sured for DC voltages. An ideal digitizer would fea-395

ture the same transfer function for arbitrarily high396

signal frequencies. In reality, the input bu�er am-397

plifiers cannot slew fast enough to keep up with the398

input signal if the signal frequency and amplitude399

are large.400

This AC saturation e�ect is quantified by mea-401

suring the transfer function at several di�erent402

input frequencies, as shown in Figure 11. The403

measurement was made by generating a sinusoid404

with a voltage-controlled oscillator and splitting it405

with a balanced splitter. One output was routed to406

an oscilloscope for monitoring and the other was407

connected to the TARGET chip. The capacitor-408

dependent DC transfer functions were used to409

convert the recorded ADC counts to voltages, and410

a sinusoid was fit to each recorded waveform to411

determine the sinusoid amplitude as measured by412

the TARGET chip. The recorded amplitude can413

then be compared to the input amplitude (cali-414

brated with the oscilloscope) as a function of both415

input amplitude and signal frequency, as shown in416

Figure 11.417

At low frequency the DC transfer function is418

recovered, but saturation is apparent for high-419

frequency, high-amplitude signals. In addition to420

this saturation behavior, at high frequency the421
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Fig. 12. Analog bandwidth and cross talk. A sinusoidal
signal was input to Channel 8 of the evaluation board,
and all 16 channels were digitized. A balanced splitter was
used to calibrate the signal amplitude on an oscilloscope
simultaneously with the TARGET recordings. The ratio
between the digitized and oscilloscope amplitudes is plotted
for each channel as a function of frequency. To measure
the attenuation on channel 8 (the signal channel), a small
(100 mVpp) input amplitude was used in order to avoid
saturation e�ects. For the other channels (the cross talk
channels), a large (750 mVpp) input amplitude was used
in order to detect the cross talk above noise. For all runs
the internal termination of the TARGET chip was set to
10 kOhm (VERIFY). The cross talk is at the 1-4% level,
and the 3 dB analog bandwidth is 150 MHz. As expected,
cross talk decreases for channels that are located physically
farther from the signal channel: Channel 8 is plotted in
red, channels at intermediate distances are plotted in black,
and channels at the greatest distances are plotted in blue.

TARGET gain is lower than at low frequency,422

even for small-amplitude signals. This is visible in423

Figure 11 as a decrease in the slope of the curves,424

at low amplitude, as the frequency increases. This425

is due to the finite analog bandwidth of the input426

bu�er amplifiers, and is quantified in Section 5.6.427

The AC saturation e�ect has been addressed in428

the design of Version 2 of the TARGET chip and429

it is expected to be removed.430

5.6. Analog bandwidth and crosstalk431

For many applications, the coupling of signals432

into the TARGET ASIC will be quite important.433

Figure 12 shows the measured response, as well434

as observed cross talk between input channels for435
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Fig. 12. Saturation of the TARGET 1 transfer function for sinusoidal signals at high frequency and large amplitude,
as measured (a) and simulated (b). For low amplitude signals, the slope of the curves is independent of amplitude but
dependent on frequency: this is the finite bandwidth of the chip. Additionally, the curves roll over at high amplitude and
do so most at high frequency: this is the saturation e�ect. Measurements and simulations were made with sinusoids and the
DC limit is shown for reference. The saturation has been corrected in the design of TARGET 2. Good agreement between
the measured and simulated response of TARGET 1 provides confidence in our simulation of the TARGET 2 response (c).
In TARGET 2 the bandwidth e�ect is reduced and the saturation e�ect is eliminated.

to be capacitor-dependent, with a mean value of457

3.3 ADC counts (2.2 mV).458

Thermal noise in the capacitors of the TARGET459

storage bu�er contribute significantly to the over-460

all noise level in signal digitization. Given a stor-461

age cell capacitance of 42.0 fF, the thermal noise462

level at an operating temperature of 300 K is ap-463

proximately 0.31 mV, using the relation464

VRMS =
p

kBT/C, (1)465

where kB is Boltzmann’s constant, T is the oper-466

ating temperature, and C is the storage cell capac-467

itance.468
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Performance Tests of TARGET 1 (Bandwidth)

Bandwidth is -3 dB at 150 MHz (expect better bandwidth with some 
optimizations)
Low slew rate, saturates at Vpp of ~300 mV
Already improved with newer TARGET variants

Bechtol et al. 2012 Astropart. Phys.

Crosstalk



The TARGET-2/3/4/5 Evaluation Board

New TARGET variants

Fixed the non-linearity 
problem

Improved cross-talk <1%

Found new problems
Some control parameters 
cannot be set properly

A few bias voltages 
cannot be supplied

Sampling speed is much 
faster than expected 
(~2.3 GHz) 

TARGET 4 FPGA

Fiber I/O

16-Ch
Input

+5 (V)
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Summary

CTA will be the world’s largest VHE gamma-ray observatory 
with 10 times higher sensitivity than those of the current VHE 
telescopes
Dual-mirror telescopes for MSTs and SSTs are under 
development using the Schwarzschild-Couder optical system
Ray trace analyses and feasibility studies of the optical system 
are on going
The TARGET ASIC and camera module were developed and 
veri!ed the basic functions

TARGET 5 will be tested in Sep 2012


