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Why fast parametric detector 
simulation?

• Easily scan detector parameters

• Reverse engineer detector that 
maximises performance

• Preliminary sensitivity studies 
for key physics benchmarks



• Delphes (at FCC-hh)

• PAPAS (at FCC-ee)

Outline
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Delphes
github.com/delphes

http://github.com/delphes
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What is Delphes ?

• designed to deal with hadronic environment 
• well-suited also for e+e- studies 
• detector cards for: CMS - ATLAS - LHCb - FCC-hh - ILD - CEPC
• fully integrated within the FCC software (FCCSW)
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FCC-hh

Delphes

Delphes

Tracking

Tracking

HCAL

ECAL
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Particle-Flow

• EM (had) deposit 100% in ECAL (HCAL)
• No propagation in calorimeters
• No clustering (topological) clustering, exploiting pre-defined grid
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Particle-Flow



11

Tracking in Dense environment (NEW!)
Instrinsic tracking angular resolution



New Features
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PAPAS
github.com/HEP-FCC/papas

http://github.com/HEP-FCC/papas


What is PAPAS?
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Approach:
• parameterise detector
• fast simulation/particle flow 

reconstruction
• Python and C++ versions of 

Papas

Papas:  Parameterized Particle Simulation

Main authors:     Colin Bernet      Alice Robson
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Parameters used to define:
‣simple geometry  
(cylinder)  

‣acceptance model

‣resolution model

‣(+ B field)

Detector Parameterisation



Particle Flow
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Neutral

hadronPhoton

Charged

hadron

Track

• Papas uses a very similar particle flow algorithm as in CMS
• Builds calo-clusters out of realistic stochastic energy deposit 
• Finds  “connected” sets of clusters/tracks

• Build particles from “connected” clusters/tracks
• Neutral excesses are created using the full ECAL+HCAL 

information




Particle Flow
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Effect of tracker on Z-mass reconstruction

No tracker: calorimetric reconstruction of all particles



Example
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Aim:  measure ZH inclusive cross-section at 240GeV, 500 fb-1 

• Generate: ZH, ZZ, WW samples
– two lepton channel
– determine recoil
– cuts and normalisation as in LEP3

• 600k events in total
• more tuning needed for e and mu resolution
        (a bit too coarse)



Conclusions

• Delphes and PAPAS fast-simulation tools have been presented

• Delphes originally designed for hadronic environment (pile-up, simple 
particle-flow, optimised for high pT objects)

• PAPAS originally designed for e+e- (more advanced particle-flow)

• Both tools can nevertheless be used in e+e- and hh environments

• Thorough comparative study will be performed soon …

• Try them out at: 
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github.com/HEP-FCC/fcc-tutorials

http://github.com/HEP-FCC/fcc-tutorials
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Thank you



FCC-hh detector
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Tracker 
• -6 < η < 6 coverage
• pixel : σrϕ ~10μm, σZ ~15-30μm,  X/X0(layer) ~ 0.5-1.5%
• outer : σrϕ ~10μm, σZ ~30-100μm,  X/X0(layer) ~ 1.5-3%

Calorimeters
• ECAL: LArg , 30X0, 1.6 λ, r = 1.7-2.7 m (barrel)
• HCAL: Fe/Sci , 9 λ, r = 2.8 - 4.8 m (barrel)
• endcaps and fwd to be defined (investigating HGCAL …) 

Magnet
• central R = 5, L = 10 m, B = 4T
• forward R = 3m , L = 3m , B = 4T

Muon spectrometer
• Two stations separated by 1-2 m
• 50 μm pos., 70μrad angular



FCC-hh detector
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FCC-ee detector - IDEA
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