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Heavy-flavour studies
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One of the important issues related to relativistic heavy-ion collisions is 
the mechanism of heavy-flavour (charm and beauty) production. So far, 
b-hadrons are only accessible at LHC. Charmed hadrons are also visible 
at RHIC and SPS. 

Studying the charmonium yield relative to the total charm yield (via 
open charm measurements) would allow disentangling initial and final 
state effects, revealing the properties of hidden and open charm 
transport through the dense medium created in nucleus-nucleus 
collisions.



Landscape of heavy-ion experiments 
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•  At present, MPD/NICA, NA61/SHINE 
at SPS and CBM/SIS100 have charm 
studies in their physics programs. 
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Charm production cross-sections 
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•  W. Cassing, E. L. Bratkovskaya, A. Sibirtsev, “Open charm production in 
relativistic nucleus-nucleus collisions”,  arXiv:nucl-th/0010071, 2001



Charm production cross-sections 
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•  W. Cassing, E. L. Bratkovskaya, A. Sibirtsev, “Open charm production in 
relativistic nucleus-nucleus collisions”,  arXiv:nucl-th/0010071, 2001

   √s = 7 GeV



MPD detector
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Detector features:
•  Minimal dead time, event rate capability up to ~ 6 kHz.
•  Hermeticity, homogeneous acceptance: 2π in azimuthal angle.
•  Highly efficient 3-D track reconstruction (|η|<2), high resolution vertexing.
•  Powerful PID:  π/K up to 1.5 GeV/c, K/p up to 3 GeV/c,  ECal for γ, e+/-.
•  Careful event characterization: impact parameter & event plane reconstruction.

Magnet: 0.5 T superconductor
Tracking: TPC, ECT, IT
Particle ID: TOF,  ECal, TPC
T0, Triggering: FFD

Centrality, Event plane: ZDC

Stage 1: TPC, Barrel TOF& ECal, ZDC, FFD

Stage 2: IT + EndCaps (tracker, TOF, ECal)



Scope of activities
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1. Open charm studies: exclusive decays → Inner  Tracking  
System  (ITS)  performance  evaluation (synergy with ITS 
project) → dedicated track reconstruction methods (“Vector 
Finder”)

2. Semi-leptonic  decays and charmonia → lepton (electron) 
reconstruction and identification (synergy with dilepton 
studies) 
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MPD Inner Tracking System based on MAPS

9A. Zinchenko                                                                                                        NICA Days 03.10.2023



MPD Inner Tracking System based on MAPS

10A. Zinchenko                                                                                                         NICA Days 03.10.2023



MPD Inner Tracking System based on MAPS
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MPD Inner Tracking System based on MAPS
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MPD Inner Tracking System based on MAPS
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MPD Inner Tracking System based on MAPS
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RSF Grant for SpbU

Leader: Vladimir Zherebchevsky 

Superdense nuclear matter and methods of 
its study in experiments at the NICA 
accelerator-storage complex

2023-2025



Track reconstruction: Vector Finder for ITS
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BM@N tracker

 Xe + CsI (T=3.8 GeV, √s=3.3 GeV)



TMVA package: input variables 
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  p+p @ 25 GeV  Pythia8  (Equivalent statistics ~1B events)
Thanks to V.Kondratev for sharing his experience with TMVA package usage



TMVA package: network performance 
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D+(-) 3-prong decays 
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   Cuts on variables    TMVA



Semileptonic decays:  inclusive electrons (83+% of ECAL modules 
will be ready)
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Semileptonic decays:  inclusive electrons (83+% of ECAL modules 
will be ready)
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Semileptonic decays:  inclusive electrons (83+% of ECAL modules 
will be ready)
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  Erratum (2011)



Semileptonic decays: inclusive electrons 
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1. Cross-sections from Pythia8

pp @ 200 GeV: 

minimum bias 28.485 mb, D → e+- 7.833*10
-2

 mb

L = 100 nb
-1

: 2.8*10
+9

 min. bias and 7.8*10
+6

 D electrons 

2. pp @ 25 GeV:

3. Minimum bias 23.921 mb, D → e+- 4.591*10
-4

 mb

4. L = 100 nb
-1

: 2.4*10
+9

 min. bias and 4.6*10
+4

 D electrons



Semileptonic decays: inclusive electrons 
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Hidden charm: J/ → e+e- 
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1. Cross-sections from Pythia8

pp @ 25 GeV:

Minimum bias 23.921 mb, J/ → e+- 

6.458*10
-6

 mb

L = 155 nb
-1

: 3.7*10
+9

 min. bias and 

1.0*10
+3

  J/ electrons

pp @ 11 GeV

J/ → e+- 0.271*10
-6

 mb



Summary 
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 The MPD experiment can potentially contribute to charm studies in heavy-ion 
collisions 

 Further studies of the ITS performance and design optimization for open charm

 Feasibility of open charm semileptonic decay measurement should be demonstrated  

 Feasibility of J/ to e+e- should be studied 
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Backup slides 
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Semileptonic decays:  inclusive electrons - TMVA 
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  p+p @ 25 GeV  Pythia8  (Equivalent statistics ~500M events)
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