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The GCT Camera

* UK, US, Germany, Japan, Netherlands, Australia

e 2 prototype cameras
e CHEC-M based on MAPMs
* CHEC-S based on SiPMs

* At least 3 Pre-Production phase cameras

* 35 Production phase cameras

e Philosophy: High performance at low cost
» ~150 kE
* Full waveforms (128 ns) from
2048 pixel at 1 GSample/s at
an event rate of 600Hz




The GCT Camera
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The GCT Camera
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Front End Module - TARGET

Samtec 40 pin connector to the backplane carrying raw
data, trigger and sync signals and power

Xilinx Spartan 6 Samtec individually
FPGA shielded coaxial ribbon
(on reverse of PCB) cables for analogue
signals and preamplifier
power

Front-end buffer
module consisting of 4
x 16 channel
preamplifier boards
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Front-most front-end
buffer PCB forming
the interface to the
focal plane plate

Mechanical
standoff with
threaded hole for
securing the
TARGET module
to the backplane

High Voltage
supply TARGET ASIC
. 12532\/\23? providing 16 channels
12 bit resolution), of dlgltlsﬁéogneﬁzg

Individual amplifier
circuit

High Voltage connection to the
MAPM

(cable secured and pins insulated
during normal operation)

MAPM
(Hamamatsu H10966B)



CTA WP1 Deliverables ?

The First CHEC Module

\..now in the /ab and commissioned

CTA-Levell-Trigger feasibility study.
Month 12

Performance:
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CTA WP1 Deliverables ?

Complete Trigger + Data chain R [l

CTA-Levell-Trigger feasibility study. m/s ==k
Month 12 (e

Achieved for the first time all camera Trigger + Data chain
readout triggering on light pulses
(full waveform acquisition at ~500Hz)

From my slides in 2015

GCT Camera - Commissioning o <
.

CTA-Levell-Trigger Prototype design.
Month 36




Pulse width
> 5.4 ns (using 200 ps laser)
> 7.5ns (using LED flasher)
> LED flasher performs as expected

>  Monte-Carlo simulations indicated that

5.5.—-10.5 ns was optimal ) )
P Pulse arrival time

< 1ns (meets CTA requirements)
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* Single P.E. measured for : — _
every pixel at 1100 V " sl 0
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* Uniform illumination via laser ? | 9 e < BF
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Further Lab Measurement — Transfer Function

* Transfer function of each
cell(16k) in each TARGET-5 ASIC
measured

* Readout camera:
e 128 nsx 2048
e 500 Hz

e (Calibration run for entire camera
takes ~3 min

* Averages of transfer functions
per ASIC used as look-ups to
calibrate raw ADC counts

0 500 1000
baseline - 1050[DAC]
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Integration with Telescope structure
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First Event Recorded
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First Event Recorded
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GCT prototype inauguration
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CTA Telescope Prototype, the Gamma-ray Cherenkov Telescope, Inaugurated on 1 De
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Meudon (92190)

A Meudon, ce télescope va scruter les confin
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Photo Credits: Akira Okumura

On 1 December 2015, I'Observatoire de Paris hosted the inauguration of the Gamma-ray Cherenkov Telescope (GCT) prototype. TES
the Cherenkov Telescope Array (CTA)

The event was held at the Observatory’s Meudon site with speeches and pi ons by from I'Observatoire de H
Council (STFC), Region lle-de-France, the CTA and GCT consortia
Claude Catala, President of 'Observatoire de Paris, opened the presentation saying, “The GCT prototype represents an immense ¢
worked day and night over the last couple of weeks to make this happen.”
Following the presentation, attendees were given a tour of the telescope and its camera, which captured CTA's first Cherenkov ligh S
The telescope is one of the very first to use the Schwarzschild-Couder dual-mirror optical design, which has recently been recognized as well- sun
large field of view and allowing the construction of telescopes and cameras that are more compact than the single-mirror systems that are currenti}
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The GCT Camera

* UK, US, Germany, Japan, Netherlands, Australia

e 2 prototype cameras
e CHEC-M based on MAPMs
* CHEC-S based on SiPMs

* At least 3 Pre-Production phase cameras
* 35 Production phase cameras

e Philosophy: High performance at low cost
» ~150 kE
* Full waveforms (128 ns) from
2048 pixel at 1 GSample/s at
an event rate of 600Hz




MAPM Vs. SiPM

MAPM
Multi Anode PhotoMultiplier

|

PMT technology with common
photocathode and a matrix of
dynode chain.

SiPM
Silicon PhotoMultiplier

Very fine pixelated Geiger Mode
avalanche photodiodes. (Reverse

biased PN junction operating above
breakdown voltage.



MAPM Vs. SiPM

MAPM SiPM
Multi Anode PhotoMultiplier Silicon PhotoMultiplier
- Fragility (sealed vacuum tube) Ruggedness

+

Operation under high voltage
Aging

Limited photon detection efficiency
Sensitivity to Earth magnetic fields
Limited pulse height resolution

Time FWHM (1 ns)
Low dark noise

+ + + +

+ +

Low voltage operation (~ 20-100 V)
Resistance to high light levels

High photon detection efficiency in
principle achievable

Insensitivity to magnetic fields
Excellent pulse height resolution
Rapidly decreasing cost

Time FWHM (>20 ns)

Dark Noise

Strong Temperature dependence
Cross talk



MAPM Vs. SiPM

MAF
Multi Anode P

SiPM
Silicon PhotoMultiplier

PMT technology with common Very fine pixelated Geiger Mode
photocathode and a matrix of avalanche photodiodes. (Reverse
dynode chain. biased PN junction operating above

breakdown voltage)



Impact on FEE

e Has to accommodate for SiPM —> different preamp.

 TARGET — ASIC split into 2. Waiting for new batches to come.

* Firmware needs improvement in the comms. Looking at standard Ethernet core

* Driver software developed, under debugging. To account for multi version, multi-
purpose cases.



Schedule

2015 2016 2017 2018 2019 2020 2021

Prototyping

1st Prod camera
on-telescope and

Pre-Prod design

CHEC-M complete (Nov 2016) verified (April
On telescope (Nov 2015) CHEC-S evaluated 3 Pre-Prod caméfts) 35 Prod cameras
_ (Aug 2016) on telescopes and on-telescopes
CHEC-S built verified (June 2018) and verified
(March 2016) IPre-Production .] (April 2021)
\ ) Prod Photosensor
choice
Pre-Prod 3 )\ —
Choice fully funded/ L y
Overlap Y
where 35 cameras + upgrade of pre-
procurement production cameras if
begins

needed
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