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Components of CTA

Few large telescopes

~km? array of
for lowest energies

large 5 km? array of
medium-sized small telescopes, for
telescopes rate-limited highest
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The Small-sized telescopes for CTA Cta

E.S.S. > 1 TeV
E.S.S. collab.

H.
credit: H.

HAWC TeV
credit: HAWC collab.

- explore energy range few to
hundreds TeV
- extreme particle accelerators
* sources of cosmic rays up to
the knee
* new physics at highest
energies
- 70 small telescopes over ~5 km?
- field of view > 8°
- few arcmin angular resolution



GCT mechanical design

Paris 2015.

Four masts to
support
secondary.

Adjustable
counterweight.

Primary mirror
rotation
mechanism to
facilitate mirror
installation.

Camera
removal
mechanism
which allows
camera
installation or
removal in 15
minutes.

cta

Primary Mirror (M1) Optical Support Structure (OSS)

Secondary

Mirror (M2) Alt-Azimuth

System (AAS)

Counterweight

Camera power supply
(AUX systems)




The GCT Camera ‘ Cta

* International camera collaboration

— UK, US, Germany, Japan, Netherlands, Australia
 Scope

— 2 prototype cameras

e CHEC-M based on MAPMs
e CHEC-S based on SiPMs

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

« Philosophy
— High performance at low cost

« ~150 k€
* Full waveform digitisation

— Compatible with SST-GATE and ASTRI



CHEC-M Overview c a

Pointing

LEDs Lid motor

Photodetectors

attached to

trigger and

digitisation Telescope
electronics Interface

/

Mounting
eyelets

LED
Flasher
Units

Desiccator
Chiller send/return

Focal

plane plate Power and data

connections

Lid Locking
Mechanism

Motor Bulk-head

Connectors
Enclosure

Thermal
Exchange
Unit



CHEC-M Camera Module c a

Backplane connector carrying raw data, trigger and sync
signals and power

Xilinx Spartan 6 Coaxial ribbon cables for
:: FPGA (under) analogue signals and Front-end buffer
oo, module—4 x 16

preamplifier power )
channel preamplifiers

PCB to interface with

Mechanical the focal plane plate

standoff with
retention for
TARGET module
to the backplane

Eigaae TARGETASIC |
supely 16 channels "
digitisationand ‘

triggering ,'

Individual amplifier
circuit

High Voltage connection
to the MAPM

MAPM
(Hamamatsu H10966B)



Electronics and Readout Cta

TARGET Module

Array/Clock
Interface

———eo
Control,
& Data

Backend Electronics

Any 2 neighbouring
super-pixels

Following camera
trigger data read out
to central location




CHEC-M Backplane and DACQ boards Cta




CHEC-M Commissioning Lab Setup ‘ Cta

Single PE spectrum (1 pixel) 1100 V

%2/ ndf 61.7/49
B Norm 4961 = 49.0
800 Ped -0.1566 = 0.0296

; PedWid 1.067 = 0.028

B SPE 3.494 = 0.157
600 SPEWid 2.049 = 0.107
Lambda 0.9027 = 0.0455

400}

200F




Inauguration of the telescope C a

totype — 2 out of
' taued WHE .jﬁ
1 — earl '

S Photo Akira Okumura



Commissioning and first light

night-sky background in Meudon (Nov 26 2015): 20-100 times brighter than at CTA site




Paris — Observing Conditions Cta

« NSB
— At least 500 MHz

— Nominal operating condition in
Chile: 12 MHz NSB

« Gain
— Lab measurements done gain-
matched to 950 V max

— Onsite: 750 V max, estimated
gain-matching only (1/3 nominal
gain)

« Collection area
— 1/3 mirror area on primary
— No mirror alignment
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First Cherenkov Light
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First Cherenkov Light
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First Cherenkov Light Cta
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First GCT-M On-Sky Data, Peak values ~275 p.e.



First Cherenkov Light
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CHEC-S Second Camera Prototype Cta

« SIPM sensors replace MAPMs
— Hamamatsu S12646-1616PA-50

« Mechanical design improvements
Inc. cooled focal plane

« Redesigned TARGET module with
latest generation ASICs

— Separated digitiser and trigger SiPM d 64 ch | lifi
functionality — TARGET-C &TGTEA  ~ v ccono0r andos cannel preampliitier

« TARGET-C: 1.9 V dynamic
range, improved charge
resolution

« T5TEA: triggering with < 1/4 p.e.
noise

« Reworked safety/control system
 DACQ boards upgraded to 10Gb/s
« CHEC-S assembly test and 2017

Redesigned 3 board TARGET module



CHEC-S Camera Mechanics Cta

Cooled focal plane Improved door seal 2 motors for dual door

SiPM window

Thermal break

New heat exchanger Power relay



Summary

« Characterisation of CHEC-M on prototype in Meudon has
proven the GCT concept.

« CHEC-S design nearing completion: CHEC-S will be Ia:te but
- Is close to the GCT pre-production camera.

. CHEC-S will be built, tested in the lab and on the telescope
prototype at Observatoire Paris-Meudon during 2017.

. Ambitious schedule sees 3 GCT telescopes completed {o]
installation on CTA Southern site in 2018

. Overall we propose to contribute 35 GCTs with mstallat ion
complete on CTA Southern site by late 2021. | S ~r:



