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FCAL detector purposes in
future e+e- linear accelerators

» | umiCal:

®» Precise infegrated luminosity measurements (Bhabha events)

» Extend calorimetric coverage to small polar angles. Important for physics analysis
LHCal :

» Extend thie hadronic calorimeter coverage

Beam
» Medsure instant luminosity

tadgging of high energy electrons to suppress backgrounds to potential BSM
rocess

hielding of the accelerator components from the beam-induced background

roviding supplementary beam diagnostics information extracted from the
ttern of incoherent-pair energy depositions



FCAL detector designs in future e+e- linear
accelerators

» | ymiCal:
®» Flectromagnetic sampling calorimeter

» [ayers of 3.5 mm thick tungsten plates with 1 mm gap for silicon
nsors (30 for ILC, 40 for CLIC)

Cal:

» Sampling Calorimeter

» 79 |layers of 16mm thickness. Absorber . fungsten or iron

» BeamCal:

» Sampling calorimeter based on tungsten plates (30layers for ILC,
40 layers for CLIC)

» Due to large dose, rad hard sensors (GaAs, Diaomond, Sapphire)



FCAL detector simulation in future e+e- linear
accelerators

» || C » CLIC

» Geometry model of FCAL ( positions, » | umiCal and BeamCal
internal structure) is implemented, reconstruction working with
updated according to new L’ DD4hep geometry

®» Reconstruction software for LumiCal » | umiCal and BeamCal
and BeamCal present (FcalClusterer reconstruction performance since
Marlin module) adopted for DD4HEP moving code shows decent results.

» Simulations within DD4hep
environment and validation started
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BeamCal simulation in future e+e-

accelerators

» Cover the angles between 10 mrad to 43 mrad

Different methods of background generated :

» “Pregenerated” based on MC event

each pad

Reconstruction :

» Clusteyalgorithm : pad clustering
after subtraction of average
bgckground

» Jhower fitting algorithm :
estimation of the profile of the

shower from electron
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» “Gaussian” based on estimation of the energy deposition in

CLIC simulations
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LumiCal simulation In future e+e- linear
accelerators
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LHCal simulation in future
e+e- linear accelerators

» | ocafted between the LumiCal and BeamCal

» Tofal thickness : 463 mm

» Simulation of tungsten-Si and iron-Si with different incident

particles
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» Hardware




LumiCal sensor

Silicon senor, 320 um thickness
DC coupled with read-out electronics
p+ implants in N-type bulk
4 radial pads, pitch 1.8 mm
4 azimuthal sectors in one tile, each 7.5 degrees
12 tiles makes full azimuthal coverage

40 modules were produced by Hamamatsu

4 sectors:
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.mive radius R = 195.2 mm |

/

3 X 100 ym guard rings :

Inner active radius R = 80.0 mm
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LumiCal test at DESY in 2016

New LumiCal module design : 750 um thickness. Tmm between tungsten
planes

» Eight modules fully equipped with generic read out (256 channels)

®» Two modules were installed without fungsten planes : test of a tracker in
front of LumiCal for electron/photon identfification

Six modules formed the LumiCal

DESY with 1 to 6 GeV electrons. Creation of a ey beam
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LumiCal in 2016
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BeamCal test at DESY
INn 2010

» GaAs plate with Al metallization: 500 um thick

» 45 deg files, segmented into 12 rings, 5x5mm?2 pads

» S/N rafio and CCE are good: CCE ~33% at 60V, S/N
~19 for all channels.

» /Edges loss of about 10% of the signal




» |deq to test sapphire sensors parallel fo the beam line

signals (U-3)

BeamCal test at DESY in 2013

Detector - 8 sensors,
4 readout channels
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Sapphire is a very promising wide-bandgap
material for HEP applications

Produced in large quantities for industrial
purposes, not expensive

Perfect electrical properties, excellent
radiation hardness, but presently low charge
collection efficiency



BeamCal in 2017/

» New design of the detector

» Serious study has started

baseline
~_ _PCB ~0.2mm

Transverse view: Sensor strip in depth:
150 x 150 mm 7.5%x 150 mm
Sensors
Beam
_’
3.0 l.ay.er;
pads 7.5 x 7.5 mm
pads 7.5 x 7.5 mm




Radiation damage in
electromagnetic shower

» BeamCal maximum dose ~100 MRad/yr

» Study is performed at California University of Santa Cruz

» Exposition of Si, GaAs, Sapphire, Silicone carbide
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= Electronics




LumiCal readout in 2014
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Development of an ASIC for the 2014 test beam

Charge amplifier shaper with different gain (MIP/electron)
8 front end channels

De/véopmen’r of an 8 channel 10 bit ADC
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Signal to noise ratio ~19
Cross Talk < 1%

Count
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New readout : FLAME

functionalities in a single ASIC

» [ AME: project of 16-channel readout ASIC in CMOS 130nm, front-
end&ADC in each channel, fast serialization and data transmission, all

0 FLA

Prototype serializer ASIC

GRIERIRRRRRRNGEEE N SEW WD)

[ 2]

[ =] e
=3 vld
=

ey | PE—
T || SAR'ADC-
8 channels

i =

=
52 4
=
LB
= |
:8!
=
=
=
=
BA

Iillznl::‘beudet
" FLAME channel x16 Initial
test{1:0) = serializer
159450 MSps
) 3.3-0.9 Ghps
} + x16 A A
- FLAM prOTOType : E EI o 15-45 MHz| ut.»:.s.n [
Calibration Channel biasing Slow control DLL Multi-phase PLL )
rototype 8-channel FE+ADC ASIC [ — HQM
sendate s 3| I» Do oo o Do > [

Sampling CLK

Differential 5P 15-4% MHz

First tests are encouraging : FE
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BeamCal readout

» Firstly, BeamCal is hit by beam halo (muons)

» MIP deposition, low noise electronics
» Clean environment

» Good for calibration

® | arge deposit energy

Physics readout

| slope integrator for calibration signal
1. Integrate baseline (negative gain)

Calibration halo signal is deposited and held
Switch to physics mode, process and digitize Vop

Then integrate calibration signal and digitize Voc

» ~25ns later, BeamCal is hit by collision scattering
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Conclusion

» The precise and complete geometry of the FCAL detectors has been
implemented in the mainframe of ILD and CLIC software. Simulations and
reconstructions have been realized or are ongoing.

» A ultfra compact LumiCal has been tested and the preliminary results look
encouraging

» Different BeamCal options have been tested and a real prototype in under
study

» | umiCal prototypes of key blocks readout fabricated and first promising
results obtained. BeamCal readout chip is under intensive study



