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The Schwarzschild-Couder Telescope for CTA cla’
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» Candidate for a Medium Sized Telescope for CTA

» With an advanced telescope optical system

» Aplanatic dual mirror optical system
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» Correction of spherical and comatic aberrations :
» Increased FoV

» Demagnification of shower images to be compatible
with a compact high-resolution SiPM camera

» Main challenges: Mechanical stability and mirror
alignment

» First Prototype (pSCT) inaugurated in January 2019 at
the Fred Lawrence Whipple Observatory, Arizona
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Single anad dUO| mMirror MSTs (cta

1 TeV EM shower(y) 3.16 TeV hadronic

Impact distance: 100m shower (proton)
Impact distance; Om
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~2k PMTs el S S e b T R angular r.esolu’rlcgn
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Main advantages:
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cherenkov telescope arra

precao UC
o January 2020: detection o

o Endorsement by the CTA Consortium for supporting

the development and construction of SCTs to add to

the array and complement single-mirror MSTs

Next steps:

o Ongoing (NSF/INFN funded MRI): populaf
focal plane to ~11k channels with upgraded SiPMs and
electronics
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https://doi.org/10.1016/j.astropartphys.2021.102562

The CTA SCT project ) nﬁ-"“

~30 participating Institutions

8 June 2015 _
Milestones:
Design parameters o 1st construction: 06-23-2015
Optical system: f/0.58, F=5.59 m o |nauguration: 01-17-2019
S%planats:q=ﬂ:ﬁﬁﬁ; a=0.666 . 1St ||ght 01_23_201 9
S : Primary (M1) diameter: 9.66 m . . - -
K- . M1 type: aspheric segmented (16+32) o December 2019: optical alignment achieving
- BT Secondary (M2) diameter: 5.42 m preconStrUCtion estimated PSF

M2 type: aspheric segmented (8+16) o January 2020: detection of the Crab Nebula

Field of View: & deg
Focal plane diameter: 72 cm

Septem ber 2016 Effective collecting area (including .
— sl UGS LRSS L o Endorsement by the CTA Consortium for sup

i SRl the development and construction of SCTs to
Photon detector: SiPM . .
Number of pixels/channels in the IACT the array and complement single-mirror MS
camera: 11,328 Next steps:
Angular pixel size (imaging): 0.067 deg o Ongoing (funded MR') pOpUlation o)
Angular pixel size (triggering): 0.134 deg to ~11k Channels Wlth upgraded SIP

electronics

e fécal plane
and
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The pSCT optics

Primary Secondary

» Primary mirror (M1):
diameter 9.7 m

» 16 P1 + 32 P2 panels

» Secondary mirror (M2):
diameter 5.4 m

» 851 + 1632 panels

» Focal length: 5.586 m

» To achieve the PSF of the Optical System in the FoV compatible

with the SiPM pixel size (6mm), / B
w /
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: : cta
Opfics alignment L_/

» Use a de-focused star projected on the focal plane
» Alignment based on the focusing/defocusing of each pair of panels

» Characteristics of individual images (major and minor axes and elongation) used to guide
relative global positioning of M1, M2, FP

» Creation of response matrices

» Each S1 reflects from 2
P1s (and a small fractig
of 4 P2s)

» Each S2reflects fro

0
....
o

the focusin
of each P1
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Optics commissioning
4.2

® Up Going
® Down Going

B
o

' 2 38
v Correction based on
¥ 3.6 .
K 5 alignment at 77°
X
© 3.4
. e o
X 3.2
N
BI 30
Ribeiro+2021 https://doi.org/10.22323/1.395.0717
40 50 60
Achieved PSF design goal of Elevation (°)
2.9 arcmin in December 2019 Ribeiro+2021 https://doi.org/10.22323/1.395.0717
Achieved PSF of ~3' g€ross an
elevation range of 77°-40° 9
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The pSCT camera R

177 modules
11,328 image pixels

» Modular design:

» 9 backplanes, 177 modules, 11'328 pixels | . 7 Lall” f.@:}'.m

» Each module contains focal-plane module | /8 g | B ﬂ'?
(FPM) + Frontend electronics (FEE) i [

» FPMs form a curved focal plane facing . B ,ﬂ“““‘"“ﬂ’“""

1 trigger pixel

secondary mirror
» Current configuration:
» 25 modules, 1536 pixels, 2.68° FoV

» Hamamatsu (S12642-0404PA-50(X), USA, 16
modules, 3x3 mm2 ) + FBK (NUV-HD3, Italy, 9

modules, 6x6 mm?2 ) Silicon Photomultipliers
(SIPMs)

» SIPM pixels — smaller than traditional PMTs —
providing much higher resolution
air shower image

» Better angular resolution

» Better background rejection

<R
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FBK NUV-HD SiPM | ——

gl et it PGB © - .
» INFN involved in the development |
and testing of SiPMs suitable for
Cherenkov light detection in the - P 1=
Near Ultraviolet (NUV SiPMs) ' f!lf! IR
» NUV High-density (HD) SiPMs R " bonding pads | :
produced by Fondazione Bruno il N e A
Kessler (FBK, Trento, Italy) s e —
» Main features:
> Wlde dyr]OmIC rOﬂge §250 H—?—3 continuous Xenon lamp
3200 -+ pulsed LED
» High Fill Factor (FF) §1s0 - Cherenkov
» Increased PDEaf NUV [ l 1
WavelengThS %25 000 .2509835 “T00 125
» Low correlated noise o

~¥-410 (nm)
~4-465 (nm)
~#-540 (nm)

590 (nm)

» 40 x 40 um? cell

[
(=}
©

» 46X 6 mm?ared

400 800

600
Wavelength (nm)

6 8
Vov (V) .| .|
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FBK NUV-HD SiPM r

» 4x4 SIPM matrices assembled and tested |

» 36 FBK NUV HD3 optical units assembled, |
tested and characterized at INFN
laboratories in Italy

» Study of performance and homogeneity in
terms of breakdown voltage, gain, signal to
noise ratio (SNR), and dark count rate (DCR)

[ 48 arrays 1 48 arrays
[ 36 arrays on pSCT [ 36 arrays on pSCT

u = (32.2 = 0.2) kHz/mm?2
3) ADC ch o = (5.4 = 0.2) kHz/mm?

3) ADC ch

3) ADC ch
3) ADC ch

g U= (7.46 + g
g 4 |o=(035* 5
3 [=(1.44 + 3
S o=(0.37 + S

oOo||OoOo
ool oo

40
Gain/OV (ADC channels) DCR/OV (kHz/mm?2)
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F cherenkov telescope array

Ambrosi+2022 https://doi.org/104016/j.nima.2022.167359
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cta

cherenkov telescope array

Frontend electronics

» Front-End Electronics (FEE) functionalities: 64 amplification temperature

circuits monitoring

» Amplification and digitization of SiPM signals

» Waveform data sampling and transfer to storage
» Low-level trigger generation

» Control of SiPM bias voltage

» Temperature monitoring and stabilization of FPM

» Electronics distributed over 2 circuit boards, primary
and auxiliary

16 current monitors | FPGA
for star tracking % |

» Based on TARGET/ chips 4 x 16 channel | Highvoltage
custom TARGET SiPNi control
» 7th generafion TeV Array Readout with GSa/s digitizers + triggers temperature

sampling and Event Trigger 2 > P’ — control

Adams+2022
https://doi.org/10.1

» Samples and digitizes 16 input channels s 8.1.014007
» Analogue ring buffer of 16k capacitors

» Storage of analogue waveforms @1GSa/s
» Trigger generation based on the sum of four <isis5e, ~ P A
adiacent pixels B I | R <C><c>> ] 3
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Crab detection with pSCT (.

» First pSCT observation campaign conducted in January and
February 2020

» Detection of gagmma-ray signal from the Crab Nebula with a
statistical significance of 8.6 o

» Total exposure (without correction for acquisition deadtime):
21.6 hours OFF, 17.6 hours ON

» No full MC simulations = simultaneous VERITAS observations used
to identify gamma-rays in shower events

charge
(pe) Nopp

Y (degrees from source)
(0) 23uedyIUBIS [E21ISIIRIS

1
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S
—
o ®
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—_—

Number of event
o

—_
o

Adams+2021
https://doi.org/10.10
16/j.astropartphys.20
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» New cC

» SMART ASIC: Integrated prea

» CTC ASIC: 16-channel 1GSa/s digitizer
» Analog buffer with 16k cells per channel - 16 us storage depth

» CTSTEA ASIC: 16-channel trigger ASIC S ST
» Channels are summed in groups of 4 to obtain 4 trigger pixels per ASIC CTC+CT5TEA FEE modul

» Adjustable threshold for each group
» New backend electronics and mechanics

> Improvement in single photon resolution, lower minimum threshold and lower
noise

> Reduction of noise both on digitized signals and in the trigger circuit

15
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SMART: a SIPM Multichannel Asic for high
Resolution Cherenkov Telescopes

SPI o .
Pre-amplifier designed for photon & c D;gﬁad " 1A0Dt()3't
counfing Digtal control Mgk ro“

nalog
» 16-channel frans-impedance amplifier HMUX
In_ChQO
» 20-bit global adjustment: gain (8 bits), I Analog Channel O - Out_ChO
bandwidth (6 bits), Pole-Zero (6 bits) " -

In_Ch1 I{ Analog Channel 1 g

» 8-bit DAC for SiPM bias fine tuning Out_Chl1
(1 DAC per channel)

I« Analog Channel 15

» Slow monitoring of SIPM current Out_Ch15
(10-bit ADC) s
» 1 MHz LVDS SPI interface Global Bias
Designed by F. Licciulli & G. De Robertis
at the Electronics CAD INFN Bari 16
RICH 2022 Contact: francesco.licciulli@ba.infn.it September 13,
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SMART laboratory tests ¢ o

» Gain, signal-to-noise ratio and pulse width as
a function of configuration bits

» R :gainresistance

» C:filtering capacitance
g o | W
» P7Z: pole zero cancellation 16 signals

» External PZ fixed with discrete components
to match SiPM recovery time

» Output dynamic range:

» 900 mV without external PZ

Entries 9999

» 600 mV with external PZ RMS 60
Gain= (2.41+0.01) mV/pe
» Approx. 800 SMART boards SNR_amplitude= 4.93+0.08

SNR_charge= 5.19+0.08

tested and qualified at INFN labs

FWHM-= (11.6910.19) ns
~ tau=(5.811£043)}ns_

e

™
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cta
Upgraded electronics performcmce (ipidg

Preamps and current

FPM+preamps
and current
sensors (SMART)

CHAAGT DrS TRADNLTION

Entries 7944
Mean 67.64
RMS 49.64

Closer FPM and
preamps

Separate trigger
and digitizer

' Charge (ADC-ns) | b B B i
Civeng “ 18
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UCIC S

» The main features of the SMART were "5
basic functionalities: B

» ADC cadlibration for current readout

» Response to a laser pulse

» Variation of pulse shape vs SMART configuration

» Pulse amplitude variation vs DAC for fine SIPM bias tuning

-
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» Improved ancg

» First prototype installed at the FLWO in Arizo

» Optics aligned reaching pre-construction estimated PSF - Dec 2019
» Crab detection — May 2020

» Camera upgrade ongoing
» Full equipment of the focal plane

» Upgraded camera electronics and mechanics to
reach design performance

Acknowledgements:
https://www.cta-observatory.org/consortium_acknowledgments/
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Thanks for the attention!
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cta
SMART Channel Architecture (

2 Fast Path Channel features:
8 bits Gain & Tail Sup adj e Fasl po’rh goin: 2.8 mV/ph
« Tail suppression:
pulse duration ~ 10ns
« Qutput buffer impedance: 12.5Q
« Current consumption:
from 4.5mA to 6mA
» SiPM bias fine tfuning:

2 + 2 bits

. LSB =12.5mV
« Slow path output & 10 bit AD
To internal LSB = 2MHz

R 23
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cta

cherenkov telescope array

Camera design
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