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• Flexible geometry implemented in 
FCCSW, alternative to LAr baseline

• Simulated 4 different geometries:
• 30 Layers, 3.5mm W (30 × 1.0 X0)

5.6mm Pb

• 50 Layers, 2.1mm W (50 × 0.6 X0)

3.4mm Pb
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FCC-hh Geometry Implementation

Absorber (W or Pb), varying thickness

Substrate (Si), 450µm

Epitaxial (Si), 18µm

e-
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FCC-hh Geometry Implementation
10GeV photons at η≈0, 0≤φ≤2π.

Analogue ECAL DECAL
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FCC-hh Geometry Optimisation

• Similar performance of DECAL up to around 300GeV
• Above this level, saturation significantly impacts performance of DECAL



• From CLICdet (CLIC_o3_v14), 
modified ECAL segmentation, 
18µm epi, 50×50µm pixels

• In lcgeo on GitHub, cvmfs soon

• Pandora PFA already includes 
DECAL options
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CLIC Geometry Implementation

https://github.com/iLCSoft/lcgeo/tree/master/CLIC/compact/CLIC_o4_v14
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Pixel Aspect Ratio Optimisation

• Model per-pixel effects 
(DigiMAPS custom 
package)
• Charge collection efficiency 

/ charge spread
• Electronic noise
• Dead area
• Non-uniformity of 

threshold
• Clustering algorithm at 

pixel level

https://etheses.bham.ac.uk/id/eprint/8458/
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• Trade off boundary crossing vs multiple occupancy 

• Study performed using Mokka v08-05

Pixel pitch

https://etheses.bham.ac.uk/id/eprint/8458/


Pixel Aspect Ratio Optimisation
• Illustrated using: 20 GeV γ in full Mokka simulation

50µm pitch, 18µm epi

• Each contribution to E/E added in sequence

• Raw – no noise, 100% charge collected

• Charge Spread – diffusion of e-h pairs to diodes 

• Signal Noise – add thermal/electronic noise to 

pixels with hits

• All Noise – adding noise as above but to all pixels

• Dead space – area of chip for logic, memory, …

• Clustered – nearest neighbour methods, mitigate 
effects of charge spread / boundary crossing

CALICE Meeting   2/10/2019     Robert Bosley, Birmingham 7



8

10GeV 50GeV 250GeV

Pixel Configuration Studies (Preliminary)

Nominal 50GeV Energy: 
30µm pitch, 12µm epi:

𝜎𝐸
𝐸
=
16.1%

𝐸
⊕
0.5%

𝐸
⊕ 0.4%

Optimal configuration highly 
dependent on energy 
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• Silicon-based sampling calorimeter (DECAL & 
analogue) implemented in FCCSW, included as 
alternative technology in CDR

•DECAL implemented in CLICdet on GitHub

•Pixel configuration studies show optimal configuration 
highly dependent on particle energy

• In future, will bring experience with DECAL 
simulations to ALICE FoCal test beam studies.
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Conclusions



Backup
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Boundary Crossing Effect
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FCC-hh Results (50 X 0.6X0, W)

12
Analogue Digital

https://indico.cern.ch/event/656491/contributions/2939182/

https://indico.cern.ch/event/656491/contributions/2939182/


Multiple Occupancy
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• Two particles, only count 1 in each pixel.
• Effective undercount of hits



Resolution vs pixel pitch

14



Resolution vs Epi thickness
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DESY TB March 2010: Shower Multiplicity 
in TPAC Stack

Demonstrated the DECAL concept



CERN TB September 2010: Shower 
Multiplicity in EUTelescope

DECAL concept holds to higher energies


