
MC studies
and Physics Performance

EIC_NET General Meeting



Montecarlo Simulations - Ongoing Activities 

- Tracking perfomances 

- dRICH 

- Physics simulations



EIC Software decision
• 1. Code repository: 

https://docs.google.com/document/d/1jT8CXj1cS9FEa0MbpJBV5jBA0T_vu2UdNDX93IJSo9c/

https://docs.google.com/document/d/16dQ-u2u5CdJIN3_slvcI79vTWJYnQytoQclMu2e-TpY/

PODIO
https://docs.google.com/document/d/1seWDXQr570Tv_yJijUCKgXhla6u5HAV-ibO82PR43Xk/

https://docs.google.com/document/d/1lomak02ztchkwQB2d_f-58gabBOQF9WaPaQhf8kTvfY/edit

here

https://docs.google.com/document/d/1jT8CXj1cS9FEa0MbpJBV5jBA0T_vu2UdNDX93IJSo9c/
https://docs.google.com/document/d/16dQ-u2u5CdJIN3_slvcI79vTWJYnQytoQclMu2e-TpY/
https://github.com/AIDASoft/podio
https://docs.google.com/document/d/1seWDXQr570Tv_yJijUCKgXhla6u5HAV-ibO82PR43Xk/
https://docs.google.com/document/d/1lomak02ztchkwQB2d_f-58gabBOQF9WaPaQhf8kTvfY/edit
https://indico.bnl.gov/category/443/




Tracking performance

§ Geometry studies
§ Event display
§ Volumes

§ Material budget maps as a function of h

§ Initial studies on reconstructed tracks
§ Tracking efficiency
§ Pointing resolution
§ Momentum resolution



ePIC Geometry in DD4HEP

Shyam Kumar



Shyam 
Kumar

Material budget /acceptance studies

h=1

Vertex:
3 x 0.05 % X/X0= 0.15%

Tracking layers OK

h=2.4 h=3.1



Tracking efficiency
https://agenda.infn.it/event/32684/contributions/180271/attachments/97093/134022/Infn_meeting_Shyam.pdf

No Material budget included in tracking
Limited information stored in the reconstructed tracks
e.g.: MC track ID not available ( -à fix available in ≈ 1 month  )

https://arxiv.org/pdf/2103.05419.pdf

Min pT (barrel) : 400 MeV/c

https://agenda.infn.it/event/32684/contributions/180271/attachments/97093/134022/Infn_meeting_Shyam.pdf
https://arxiv.org/pdf/2103.05419.pdf


Next steps

• Look at the D0 reconstruction efficiency





qSimulation chain is working!

dRICH studies

Chadradoy Chatterjee



Updates on simulation

The only step can be of interest (and probably discussion in future?)

qDuring the ATHENA proposal we had been using PhotonCounter class to 
describe the photon interaction property and filling the collection class. This 
has been changed substantially  in the later phase. Now SiPMs are like SiPM
tracker. That was causing loss of photons entering into the Collection Class. 

qThe remedy was to add the Geant4 option fStopandKill to kill the (!photon) 
as soon as it arrives at the sensor active material and not to propagate it any 
further. 

qAfter that description also the sensor surface definition became compatible.   

Chadradoy Chatterjee



A bug in the IRT algorithm while porting from athena to epic framework.  The bug 
caused a eta dependency of the reconstructed Cherenkov angles. The bug is fixed 
now we are compatible with situation in ATHENA

IRT bug fix

Chadradoy Chatterjee



Consistent with theoretical expectations (solid lines). The results use full EPIC 
software chain. Currently we are throwing single MC particle. Reconstructed 
particles are soon to be added

Reconstructed Cherenkov angle 

aereogel gas

Chadradoy Chatterjee





o EpIC: an event generator for exclusive reactions

• Named after EIC and the philosopher Epicurus

• Note: we inspired the name for EIC detecor-1 J

o EpIC uses the PARTONS framework (http://partons.cea.fr), 
takes advantage of:

• two state-of-art GPD models (GK, KM20)

• flexibility for adding new models

o Multiple channels: DVCS, TCS, 𝜋!

• Initial and final state radiative corrections are 
implemented based on the collinear approximation

• flexibility for adding all exclusive mesons

Eur. Phys. J. C 82 (2022) 9, 819

The EpIC generator
Salvatore Fazio

http://partons.cea.fr/


• Pure DVCS with 10 GeV electron and 100 GeV proton

• Kinematic cuts:

0.0001 < xB < 0.63

1 GeV2 < Q2 < 100 GeV2

0.04 < |t| < 1.3 GeV2

0.01 < y < 0.6

Radiative Corrections – a first look

Salvatore Fazio



No cut on ∑E –𝑃𝑧 &  𝜖 = 10!"
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Simulated with EpIC

Salvatore Fazio



∑E –𝑃𝑧 > 17 GeV &  𝜖 = 10!"
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∑E –𝑃𝑧 > 19 GeV &  𝜖 = 10!"
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No cut on ∑E –𝑃𝑧 &  𝜖 = 10!#
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No cut on ∑E –𝑃𝑧 &  𝜖 = 10!$
DVCS - 10 GeV x 100 GeV

Simulated with EpIC

Salvatore Fazio



Transverse spin asymmetry – AUT
DVCS+BH+INT - 10 GeV x 100 GeV

Simulated with EpIC

Salvato
re Fazio



• We aim at performing new impact studies for extracting GPDs, similarly to what was done 
for the W.P. [E.C. Aschenauer, S.F., K. Kumericki, D. Mueller - JHEP09(2013)093], now with:
• geant-4 simulation of the detector-1 response and realistic event reconstruction

• state-of-art radiative effects implemented in the EpIC generator
• BH and π0 background subtraction
• state of art models (GK and KM20)  

• INFN people with longstanding experience in the field of partonic imaging: ZEUS@HERA, 
STAR@RHIC, EIC physics case and the EIC Yellow Report initiative

• People involved: 
• Simulation & analysis: E. Aschenauer, S.F., A. Jentsch, P. Sznajder (+ student), K. Tezgin
• Theory guidance and global fits: K. & K.P. Kumericki, H. Spiesberger, H. Moutarde

• We would like to welcome new people from EIC_net!
• We aim at a first publication in 2023 (extraction of CFFs)

Next step: EIC impact studies!
Salvatore Fazio

https://link.springer.com/article/10.1007/JHEP09(2013)093


ü Milestone y21-22

Milestone y23

Future Goal 1

Future Goal 2

Longer term perspectives: 

second experimental apparatus

Spatial 3D imaging – our goals!

Salvatore Fazio



Diffractive PDFs

o Proton DPDFs not yet exploited for the EIC!
• good constrain on the gluon densities though scaling violation

o A DPDF fit releasing the assumption or Regge factorization was never 
done 
• though the HERA data might suggest a breaking. 

o PLAN: Evaluate the impact of the EIC to disentangle to which extent Regge 
factorization holds
• Understand the detector acceptance for inclusive diffractive processes
• Full Monte Carlo chain generation-detector-reconstruction
• Generation of pseudodata to be used in DPDF fit 
• Additional inclusion of the HERA data to evaluate the impact

• Room to collaborate for EIC_net people à please contact us!

Slides by Marta Ruspa



Summary
Several activities ongoing from the detector simulations to the physics simulations

q Tracking : initial studies done, a lot of work to be done
- ACTS available -> check perfomances
- No kinks ,No fake tracks flags, etc,
- Etc.

q dRICH: several issues met at the beginning solved!!! Simulation works. A lot of work 
to be done

q Physics simulations: very good results from EpIC. A lot of work to be done.

Open to anybody interested in simulations (hardware and physics).
Do not hesitate to contact us for further information
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