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Fast simulation with Delphes3

Citations include:
“Higgs Physics at the HL-LHC and HE-LHC” - Cepeda, M. et al. CERN Yellow Rep.Monogr. 7 (2019)
“Physics at a 100 TeV pp Collider: Standard Model Processes” - Mangano, M.L. et al. CERN Yellow Rep. (2017) 

“FCC Physics Opportunities : Future Circular Collider Conceptual Design Report Volume 1” Eur.Phys.J. C79 (2019) no.6, 474
“The Compact Linear Collider (CLIC) - 2018 Summary Report” CERN Yellow Rep.Monogr. 1802 (2018) 1-98
Also several studies for ILC, CEPC…etc. 

• It is based on parametrized tracking and calorimeter resolutions. 
• Pythia8-Delphes3 can be run simultaneously. Accepts HEPMC and other formats as well
• It includes bending in magnetic field, granularity of calorimeters (not longitudinal segmentation though). 

PID efficiency/fake-rate, Jet reconstruction, particle flow, missing-energy, b-tagging, tau-tagging  etc.



Jet/Met performance in Delphes vs CMS

This is **not** by construction, it emerges from tracking and calorimetry 
resolution and granularity, as well as implementation of “particle flow”



EIC detector in Delphes
https://github.com/miguelignacio/delphes_EIC/blob/master/delphes_card_EIC.tcl

Tracking resolution, EMCAL resolution and HCAL resolution as in detector handbook.

In addition:
• B=1.5 T, R=0.80 m, L = 1 m
• EMCAL granularity (dphi x deta):

0.0174 x 0.02 for |eta|<3.5
• HCAL granularity (dphi x deta):

0.087 x 0.10 for |eta|<1.0
0.174 x 0.20 for 1.0 |eta|<3.4

• HCAL resolution:
100%/sqrt(E) + 10% in barrel
50%/sqrt(E)  + 10% in encap

• No PID yet, but it can be included (LHCb is in Delphes). 
Need parametrization of efficiency and mis-identification matrix

https://github.com/miguelignacio/delphes_EIC/blob/master/delphes_card_EIC.tcl


Tracking resolution



Tracking efficiency
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PID, which I have not implemented ….





Output



Neutral-current interaction, 100 GeV



Charged-current interaction, 100 GeV

Reconstructed 
“missing 
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Jet/MET performance (particle-flow)



Jet/MET performance (particle-flow)



Azimuthal correlations (generated, reconstructed)



MET performance, 
with and without barrel HCAL



• Delphes for EIC:
• Why have you looked to Delphes?

• Have you used it before? No
• Has / does eic_smear not met / meet your requirements? If so, what are you missing?

Pythia8. B-field. Efficiency losses. Granularity of calorimeters, PID. 
• Could you summarize the features of Delphes (at least the one that are relevant for 

you)?
See above, and more. 

• Delphes for an EIC Detector:
• Could you give us an idea about your work to get an EIC detector into Delphes? 

Here, the steps would be helpful for everyone not familiar with Delphes. From your 
comments, it appears to be that Delphes is well-documented and easy to use. It 
would be interesting if you can show that in your example.
See above and: (is very easy just pick CMS/ATLAS and change parametriations)
https://github.com/miguelignacio/delphes_EIC/blob/master/delphes_card_EIC.tcl

https://github.com/miguelignacio/delphes_EIC/blob/master/delphes_card_EIC.tcl


• Regarding the concerns that came up in the Q&A event:
• Do you know what Monte Carlo formats are supported? For EIC studies, we need LUND 

format (Pythia6 format), HepMC2 and also the BeAGLE format (which provides also 
information about the remnants and has its own format).
HEPMC is supported. 

• Delphes appears to be its own framework. However, is there anything stopping us from 
reading in existing Monte Carlo files and steering Delphes from script? If so, the workflow 
would be similar to eic_smear and users could just switch between Delphes and/or 
eic_smear.
I guess…

• Do you have an idea what maintenance would be needed:
• I would assume that we will store all parameterizations of detector responses etc. as text files. So we 

should be able to find a common format that works for both Delphes and eic_smear.
I would let the user play with parametrizations and keep a website with text. We are grown ups, 
after all.

• We would need a validation script to verify the fast simulation results (something also needed for 
eic_smear).
…

• Whom could we ask for help if needed (assuming that none of us is a Delphes developer)?
Suggestion: keep centralized text with parametrizations, then let users pick and chose. Then work 
would be minimal. Then force users to give the parametrization card for reproducibility. 
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