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Delphes in a nutshell

• designed to deal with hadronic environment 
• well-suited also for e+e- studies 
• detector cards for: CMS (current/PhaseII) - ATLAS - LHCb - FCC-hh - 

ILD - CEPC - FCCee (IDEA/CLD) - CLICdet

• Includes:
• pile-up
• charged particle propagation in B field
• EM/Had calorimeters
• particle-flow

• Provides:
• leptons, photons, neutral hadrons
• jets, missing energy
• heavy flavour tagging

• Delphes is a modular framework that simulates the response of a 
multipurpose detector in a parameterised fashion
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• Full simulation (GEANT):
• simulates all particle-detector interaction (e.m/hadron showers, nuclear 

interaction, brem, conversions)

• Experiment Fast Simulation (ATLAS, CMS ..)
• simplify geometry, smear at the level of detector hits, frozen showers

• Parametric simulation (Delphes, PGS):
• parameterise detector response at the particle level(efficiency, 

resolution on tracks, calorimeter objects)
• reconstruct complex objects and observables(use particle-flow, jets, 

missing ET, pile-up ..)

• Ultra Fast (ATOM, TurboSim):
• from parton to detector object (smearing/lookup tables)

Detector Simulation

102-103 s/ev

10-102 s/ev

10-2 - 10-1 s/ev
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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

Parametric simulation paradigm

→ (usual) paradigm adopted in the context of FCC studies
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Philosophy

• The interest in the TH/pheno community is to assess the physics reach at 
the highest possible energies sqrt(s) = 10, 14, 30 TeV 

    (at any rate, such a detector would perform great also at 1.5, 3 TeV)

• Need to be able to reconstruct: mu, ele, jets,  tops,  V up to  pT  = 15 TeV 

• μ μ → μ μ , e e , j j, t t~ (hadronic) , V V (hadronic)
• μ μ → EW-inos, stops → SM

With many respects, the constraints from physics at high pT are similar:
to the FCC-hh and CLIC (also easier to start from existing detector concept)

→ delphes card for muon collider is an hybrid of the FCC-hh and CLIC cards
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Philosophy

• Goal of the Delphes card (and physics studies):

• define a target for the detector 
performance (free of BIB)

• study benchmark physics channels 
with target performance

• study impact of variations of detector 
performance around nominal on physics

• iterate on detector design 
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BIB vs FCC-hh

At MuonCollider can afford low power pixel sensors thanks to low BX rate (70 
kHz)  e. g MAPs  (30 μm x 30 μm):

    → occupancy:  0.6%    (700 / (1cm2 / 30 μm2)) ~ 2x HL-LHC or 0.5x FCC-hh 

But … non pointing background!

charged fluence: 400-700 (cm-2 / BX)

Muon Collider

FCC-hh

charged fluence: 330 (cm-2 / BX)

@first pixel ~ 2 cm from beam-pipe
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Particle Propagator/DTF

from CLIC

from FCC-hh
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Tracking efficiency/resolution

inspired from FCC-hh

electron efficiency muon efficiency pion efficiency

track resolution muon resolution



10

Calorimeters/PF

Calorimeters inspired from CLIC

Valencia R=0.5 inclusive 
Jet resolution

PF-pion resoPF-ele reso

PF jet  
include BIB smearing  
from CLIC stage 3

EM resolution from CLICdet
Hadronic resolution  
from CLICdet

Tracking resolution  
from FCC-hh
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E/mu/gamma efficiency

inspired from CLIC det

electron reco 
efficiency

muon reco 
efficiency

photon reco 
efficiency
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BTagging (Medium Working point)

inspired from CLIC det

70% b-tag eff
2% c-mistag

0.2% l-mistag
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Tau-tagging

inspired from CMS/FCChh

2% l-mistag

80% tau-tag eff
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Forward muon collection

• Forward Muon collection:
• 2.5 < |η| < 8.0
• energy resolution:10%

|η|most forward muon
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Muon Collider card

• “Final” v0 can be found here:

• https://github.com/delphes/delphes/blob/master/cards/delphes_card_MuonColliderDet.tcl
• https://github.com/delphes/delphes/tree/master/cards/MuonCollider

• Added: 

• Forward muon collection
• Jet Substructure
• Validation

https://github.com/delphes/delphes/blob/master/cards/delphes_card_MuonColliderDet.tcl
https://github.com/delphes/delphes/tree/master/cards/MuonCollider
https://github.com/delphes/delphes/blob/master/cards/delphes_card_MuonColliderDet.tcl
https://github.com/delphes/delphes/tree/master/cards/MuonCollider
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Comments

• The performance that has been encoded in the Delphes muon collider card is 
to be intended as a “target” performance for the highest possible energy

However (disclaimer):

• Nothing will be written in stone, should be intended as a moving target 

• Users should explore variations around target performance to assess 
sensitivity of physics reach as a function of particular detector choices, and 
impact of beam induced background


