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CTA and the sky at high energies
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CTA and the sky at high energies
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GCT (The Gamma-ray Cherenkov Telescope)

e Dual-mirror telescope proposed for the SST sub-array
Schwarzschild-Couder design (never used before)
M1=4m M2=2m Mirror 1_

« Alt-Az mount, compact  Mirror 2

and light structure (~12 1)

- Compact and

light camera (CHEC)

Counterweight

Chiller Tower
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The GCT camera (CHEC)

e Compact High Energy Camera

e Custom built Asics as FEE:

Low costs: ~150 k€
e Currently two prototypes

~— Lid

Prototype
CHEC-M

LED flashers

0.35x0.35x0.5m3
45 kg ‘ ‘ _
FoV > 8 deg 4% | - apu/

Chiller pipes

2048 pixels (6 - 7 mm) arXiv:1608.03420

Desiccator for humidity
control

F u I I Wavefo rm S Attachment to talescope I 6 xfans Thermal exchange

via machined rear plate unit

Liquid cooling
XDACQ board
Network Switch o Lid & motors

Mounting "\
eyelets I~

LED flashers with
diffusers for
calibration

CHEC-M (first light 2015)
CHEC-S (underway)

Liquid-cooled focal-plane plate
SiPM iil?s

]1\
J

Mechanical

Protective window

Backplane

T5TEA for triggering Sional ?r:}gt%oavrlgl' Timing card |
Target C for sampling and digitization sdevarsponr remowne | Prototype

CHEC-S
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GCT Prototype with CHEC-M

First Cherenkov light with the GCT prototype and CHEC-M
e Elliptical Cherenkov images of particle
showers visible

200

PeakHeight (ADC)

arXiv:1608.03420 |
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GCT Prototype with CHEC-M

First Cherenkov light with the GCT prototype and CHEC-M
e Elliptical Cherenkov images of particle

showers visible
e Full waveform information

PeakHeight (ADC)

for more abstract analysis

150+

bt ool okl arXiv:1608.03420 |

O 10 20 30 40 % 6 70 80 9
Timo (rs)
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GCT Prototype with CHEC-M

First Cherenkov light with the GCT prototype and CHEC-M
e Elliptical Cherenkov im latest observation

| 1 1 1
wwwwwwwwwwww

showers visible campaign 2017 * 8
e Full waveform informat .... % ::j
for more abstract ang .-.... Zg - ¢
- HEEEEEN | :
o muummm | R )
g . HARNEER § .-

Time (rs)
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Samtec 40 pin connector to the backplane carrying raw data, trigger, clock
signals, electronics power (12 V) and SiPM bias voltage (~70 V)

Power board provides low voltages, SiPM bias
voltage trimming and monitoring

FEE - Target

Shielding for all switching components and ASICs

Low-voltage power on separate cable to buffer
SiPM bias voltage

Front-most front-end buffer PCB
forming the interface to the focal
plane plate

Copper heat-sink
arrangement to focal
plane plate

SiPM Tile

Target Module with: ..

e SiPM & PreAmps )
Primary board and auxllllary

e Target Asics O channels o readot

TARGET C and T5TEA ASICs provide

{ ] F PG A 16 channels of digitisation and B
triggering. Slow ADCs provide a parallel Amplifier and shaper

readout stream for monitoring of DC circuits for optimal signal-

o 4 X 1 6 Channe|S signal component to-noise

Cables used to remove radius
of curvature in focal plane

Samtec individually shielded coaxial

BaS|C |nf0 rm atlon ribbon cables for analogue signals .50 mm

Temperature sensor

e Compact, inexpensive design
e Digitization with 12 bit resolution rose iy
e High sampling rate (~1 GSa/s) & large storage (16k cells/channel)

e Formation of trigger signals (analog sum of 4 neighbor channels)

e Digitization and transmission of waveforms on demand

Gamma Ray Astrophysics with CTA - 26.07.17 - David Jankowsky 10
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Performance: TSTEA - Asic for Triggering

Baseline

. . _ 3 AN AN
e First level trigger on module: \\ /
e 4 pixels combined to a superpixel 2 Trigger )
o Settable via various parameters \A f’J
) 1 "V amplified, shaped Signal
e Second level trigger on backplane:
o Check if trigger requirement is met
o [nitiate readout of whole camera T
g 3 100 mVpp pulse at 1 kHz
210“
':103
10?
2 1

100
Threshold [mV]

arXiv:1610.01536
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Performance: TSTEA - Triggering

e First level trigger on module:

e 4 pixels combined to a superpixel

o Settable via various parameters

e Second level trigger on backplane:
o Check if trigger requirement is met

Initiate readout of whole camera

NN AT

Baseline

Trigger \/\

=

W

Trigger Efficiency

"V amplified, shaped Signal

\\\i\\\i\\\i\\\i\\\

o = (0.550 = 0.024) mV

1= (2802 = 0.018) mV |

I ’ L1 ’ L1

Lowest threshold

8 10

12

Pulse Amplitude [mV]
arXiv:1610.01536
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Performance: TSTEA - Triggering

mean — 2.43593 +120.03005 ——
e First level trigger on module: , 1
e 4 pixels combined to a superpixel _ i 1} .
o Settable via various parameters E e = 1* - SRLI
e Second level trigger on backplane: BN A {ﬁf ;}f TR
o Check if trigger requirement is met | o
e Initiate readout of whole camera L5 6Pre1||0|mu:0ary3|o P —
Some results: 05 | S
e Low threshold: < 3 mV sl l
. £ :
e Low noise: < 0.5 mV E 'jﬂﬁ i Fﬁ% ﬁ* iﬁﬁ};ﬁ%ﬁ*ﬁF{ﬂjﬂfﬁ
02 |
L Pre!iminary | | | |

Channel
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Performance: TSTEA - Triggering

ef4

=4

Prelimina

PMT

2050

e First level trigger on module:
e 4 pixels combined to a superpixel
o Settable via various parameters

e Second level trigger on backplane:
o Check if trigger requirement is met

1900

!\\\\g\\\\\\\\\\\\l\\

1850

o Initiate readout of whole camera T
t [ Preliminary |
£ 2050 |
Some results: B
e Low threshold: <3 mV - T
e Low noise: < 0.5 mV o
e Settable to large range of amplitudes - s
with low noise i N
o e B e o

Thresh

Gamma Ray Astrophysics with CTA - 26.07.17 - David Jankowsky 14



\
cta \\ ERLANGEN CENTRE
cherenkov telescope array ;_ H ' Eﬂ';s‘\lg.ls-ROPARHCLE
-y

Performance: Target C — Sampling & Digitization

e Settable on the fly via parameters
e Digitization: Wilkinson counters

800 -
at 500 MHz ]
< oL
e Simultaneous digitization of s 400
16 x 32 samples %99 10 20 30 40 50 60 70
e Sampling frequency of ~1 GSa/s 200 -
|
: a0t
-600 -
-800 - L L L )
0 10 20 30 40 50 60 70
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Performance: Target C — Sampling & Digitization

ADC

e Settable on the fly via parameters == Transfer
e Digitization: Wilkinson counters ¢ Function

at 500 MHZ 20005—
e Simultaneous digitization of 3

16 x 32 samples sonl Preliminary
e Sampling frequency of ~1 GSals . 07500000 1500000 3500 30003800 4080 DAC
° ' > )

Dynamlcl range of > 1.9V Noise
and noise of ~ 1 mV ;

IIIIIIIIII'IIIIIIIII
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Performance: Target C — Sampling & Digitization

. ADC 920 mV pulse
e Settable on the fly via parameters N —— =
-~ (CGalibration T
e Digitization: Wilkinson counters wof TISSING) ot
at 500 MHz Preliminary
e Simultaneous digitization of ol
16 x 32 samples .
e Sampling frequency of ~1 GSals T T e [ns]
e Dynamic range of > 1.9V o 28 mV pulse
and noise of ~ 1 mV “" (Calibration o’ 122
*E missing) '
e Storage of full waveforms Preliminary

o b L Lo b L Lo L Ly
0 10 20 30 40 50 60 70 80

i
920

Sample [ns]
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Summary and Outlook

e CHEC-M:

o Complete characterization in the lab

o Used regularly on telescope structure in Meudon for field tests
e CHEC-S:

e All components are currently under test

o Start of camera integration expected by September this year

e Features further improvements in regards to CHEC-M

e First pre-production telescope GCT-01 likely part of the first partial
operations of CTA in Chile in 2018-2019
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