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● Exclusive Vector Mesons: 
    ⚬ 𝛶(1S), 𝛶(2S) and 𝛶(3S) → e+e-    
    ⚬ Heavy vector mesons can probe gluon GPDs
       → provide information about gluon saturation

● Preliminary Study: Tracker resolution using Invariant mass 
spectrum of 𝛶(1S), 𝛶(2S), and 𝛶(3S) in the electron (muon) channel 
by ePIC

   → ePIC TDR
   → Benchmark

● Current status:
Obtained the invariant mass resolution of three 𝛶 states in electron 
(muon) channel, depending on the upsilon rapidity regions, using 
both truth seeding and realistic seeding 

Introduction
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Sample Production Steps
● Simulation Procedure:
   1. eSTARlight: generate Upsilons 1S, 2S, and 3S each with the HepMC3 output
      (Generated the sample using the ratio for the yields 1 : 0.45 : 0.33 from the STARlight paper)
   2. Combined three HepMC3 files into one
   3. afterburner under eic-shell: add beam effects 
   4. npsim under eic-shell: detector (Geant4) simulation
   5. eicrecon under eic-shell: reconstruct events and tracks

  

↑ Sample production work flow from EICrecon introduction
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https://github.com/eic/estarlight
https://arxiv.org/pdf/1607.03838.pdf
https://github.com/eic/afterburner
https://eicrecon.epic-eic.org/#/get-started/eic-shell
https://eicrecon.epic-eic.org/#/
https://eicrecon.epic-eic.org/#/tutorial/01-introduction


Sample / Software Information

● Input Information of the Sample:

   ⚬ ep 18 x 275 GeV

   ⚬ 𝛶 (NS) to e+e-  (𝜇+𝜇-) 

   ⚬ 0.001 < Q2 < 10 GeV2

   ⚬ No limit on W

● Software Information:

   ⚬ Generated under eic-shell

   ⚬ epic version: v24.07.0

   ⚬ eStarlight version: v1.2.0

   ⚬ AfterBurner version: v0.1.1

   ⚬ EICrecon version: v1.15.0
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ePIC Detector Geometry

● The central detector instruments the -4 < 
𝜂 < 4 region with full coverage of the 
range |𝜂| < 3.5 

● This resolution study focuses on 𝛶 
states reconstructed by the Si tracker 

  

↑ From EIC Yellow Report
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https://www.sciencedirect.com/science/article/pii/S0375947422000677?via%3Dihub


● Fit to Double Sided Crystal Ball (DSCB) functions
⚬ Double Sided Crystal Ball (DSCB) function

DSCB(m;𝜇,𝜎,𝛼L,nL, 𝛼H,nH) = 

e-0.5t2 if -𝛼L< t < 𝛼H 
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where t = (m - 𝜇)/𝜎

Fit Model: DSCB

resolution

● Constraints:
⚬ Used the same tail parameters (n, 𝛼) for three 𝛶 states 
⚬ Scaled m and 𝜎 of 𝛶 (2S) and 𝛶 (3S) peaks with PDG mass 

values:  PDGmassnS

PDGmass1S m(𝜎)𝛶nS = m(𝜎)𝛶1S *
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Rapidity of Upsilon (e+e-)
Realistic Seeding (ChargedReconstructedSeededParticle)

1 2 3 4 5

● Separate the regions depending on 
the reconstructed upsilon rapidity:

 
   ⚬ 1:  -3 < y < -1
   ⚬ 2:  -1 < y < 0
   ⚬ 3:   0 < y < 1
   ⚬ 4:   1 < y < 2
   ⚬ 5:   2 < y < 4
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Upsilon Invariant Mass Fit (e+e-)

1 2 3

Realistic Seeding (ChargedReconstructedSeededParticle)
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Upsilon Invariant Mass Fit (e+e-)

4 5

Realistic Seeding (ChargedReconstructedSeededParticle)
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Pseudorapidity of Daughters (e+e-)
Realistic Seeding (ChargedReconstructedSeededParticle)
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Upsilon Invariant Mass Fit (𝜇+𝜇-)

1 2 3

Realistic Seeding (ChargedReconstructedSeededParticle)
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Upsilon Invariant Mass Fit (𝜇+𝜇-)

4 5

Realistic Seeding (ChargedReconstructedSeededParticle)
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Pseudorapidity of Daughters (𝜇+𝜇-)
Realistic Seeding (ChargedReconstructedSeededParticle)
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Summary & Outlook
● Tracker resolution study to separate 𝛶(1S), 𝛶(2S), 𝛶(3S) states using simulation
    ⚬ eSTARlight (generate seeds) → AfterBurner (beam effects) → npsim (digitalization) 
       → EICrecon (reconstruction)

● The resolution of the three 𝛶 states was obtained using DSCB fits in the region of 0.001 < Q2 < 10 
GeV2 with the realistic seeding

    (electron channel)
    ⚬ -3 < y < -1: 𝜎 = 83.6 ± 1.8 MeV
    ⚬ -1 < y < 0: 𝜎 = 54.6 ± 0.6 MeV
    ⚬  0 < y < 1: 𝜎 = 55.0 ± 0.6 MeV
    ⚬  1 < y < 2: 𝜎 = 93.3 ± 1.6 MeV
    ⚬  2 < y < 4: 𝜎 = 160.6 ± 11.6 MeV

● Future work:
   ⚬ Resolution studies including ECal
   ⚬ Include the study to the Benchmark simulation with the monthly sample production

    (muon channel)
    ⚬ -3 < y < -1: 𝜎 = 76.3 ± 1.2 MeV
    ⚬ -1 < y < 0: 𝜎 = 51.7 ± 0.5 MeV
    ⚬  0 < y < 1: 𝜎 = 52.9 ± 0.5 MeV
    ⚬  1 < y < 2: 𝜎 = 87.0 ± 1.2 MeV
    ⚬  2 < y < 4: 𝜎 = 161.7 ± 11.9 MeV
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Backup Slides
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About eSTARlight
● eSTARlight generator:

 A Monte Carlo that simulates coherent vector meson photo- and electro-production in electron-ion 
collisions. 

● eSTARlight github: https://github.com/eic/estarlight?tab=readme-ov-file
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https://github.com/eic/estarlight?tab=readme-ov-file


About AfterBurner

↑ beam parameters from AfterBurner GitLab

● AfterBurner adds to MC:
   ⚬ Crossing angle
   ⚬ Beam effects (divergence, crabbing kick, etc.)
   ⚬ Vertex spread (position, time)

● Details about how AfterBurner works: 
https://github.com/eic/documents/blob/master/re
ports/general/Note-Simulations-BeamEffects.pdf

● AfterBurner Github:
https://github.com/eic/afterburner?tab=readme-o
v-file
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https://eicweb.phy.anl.gov/monte_carlo/afterburner/-/blob/main/cpp/afterburner/EicConfigurator.cc#L471
https://github.com/eic/documents/blob/master/reports/general/Note-Simulations-BeamEffects.pdf
https://github.com/eic/documents/blob/master/reports/general/Note-Simulations-BeamEffects.pdf
https://github.com/eic/afterburner?tab=readme-ov-file
https://github.com/eic/afterburner?tab=readme-ov-file


ePIC Tracker Geometry
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MC Truth Seeded Tracking

↑ Tracking logic from Barak’s presentation
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https://indico.bnl.gov/event/19357/contributions/76384/attachments/47446/80442/track_recon_051123.pdf


Rapidity of Upsilon (e+e-)

1 2 3 4 5

● Separate the regions depending on 
the reconstructed upsilon rapidity:

 
   ⚬ 1:  -3 < y < -1
   ⚬ 2:  -1 < y < 0
   ⚬ 3:   0 < y < 1
   ⚬ 4:   1 < y < 2
   ⚬ 5:   2 < y < 4
         

Truth Seeding (ChargedReconstructedParticle)
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Upsilon Invariant Mass Fit (e+e-)

1 2 3

Truth Seeding (ChargedReconstructedParticle)
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Upsilon Invariant Mass Fit (e+e-)

4 5

Truth Seeding (ChargedReconstructedParticle)
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Pseudorapidity of Daughters (e+e-)
Truth Seeding (ChargedReconstructedParticle)
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Realistic Seeded Tracking

↑ Tracking logic from Barak’s presentation
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https://indico.bnl.gov/event/19357/contributions/76384/attachments/47446/80442/track_recon_051123.pdf


● ‘GeneratedParticles’ Branch
  

● ‘MCParticles’ Branch
  

● ‘ReconstructedChargedParticles’ Branch
  

0    1    2      3    4     5      6

Some Branches in EICrecon Output Tree

final states particles

daughter electron and positron

not always true
store 0 for mass
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Upsilon Resolution in STAR

↑ From R. Vogt et al., RHIC-II Heavy Flavor White Paper, 2008
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https://www.phenix.bnl.gov/WWW/publish/frawley/rhic2_heavy_whitepaper/whitepaper/old/rhic2_hf_iop_feb15.pdf


Detector Simulation Issue with Ion Energy

● Another problem with the sample in eA collisions:

   ○ After adding beam effects using AfterBurner, the speed of the detector simulation is so 

slow.. (10 events ~ 1 hour and 10 mins)

     → splited the file into 1000 containing 100 events each

     → timeout in the reconstruction step 

● It’s a known issue: 

https://indico.bnl.gov/event/23379/contributions/91676/attachments/54499/93261/FFDe

tector_performance_BGU.pdf#page=7
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https://indico.bnl.gov/event/23379/contributions/91676/attachments/54499/93261/FFDetector_performance_BGU.pdf#page=7
https://indico.bnl.gov/event/23379/contributions/91676/attachments/54499/93261/FFDetector_performance_BGU.pdf#page=7

