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Motivation    

 To look for different charmonium-like states 
(conventional and exotic) in pp and pA collisions to obtain 
complementary results to the ones from e+e- and ppbar 
interactions 
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Charmonia measurements   
Phys.Lett. B438 (1998) 35-40 
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Charmonia measurements   
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Complex  NICA  

Experim
ents

with
 fix

ed ta
rgets   

    b
ld. 205

NUCLOTRON 
0.6-4.5 GeV/u

PS and
 LU-20 (5MeV/u)

Accelertor complex LHEP 
existing 

In preparation

Collider basic parameters:beams: from p to Au;  
 L~1027 cm-2 c-1 (Au),√s√sNNNN = 4-11 GeV; ~1032 cm-2 c-1 (p), √s√s = 12-26 GeV;       

Collider NICA 

(1-4.5 GeV/u, C=503 m)

KRION-6T+HILac (3MeV/u)

Booster 
(600 MeV/u)

MultiPurpose 
Detector -  MPD 

BM@N
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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)

Detector features:

•  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.

•  Minimal dead time, event rate capability up to ~ 6 kHz.

11

The MPD apparatusThe MPD apparatus
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Software  
 

 1. MpdRoot as a framework

 2. Pythia8, UrQMD3.3 generators

 3. MpdRoot Geant3 transport

 4. MpdRoot TPC Kalman filter – based track and vertex reconstruction
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Running conditions   

 1. p+p at s = 25 GeV

 2. Luminosity L = 1029 cm-2c-1 

 3. Running time 10 weeks: integrated luminosity L
int

 = 604.8 nb-1

 4. Decay channel J/ψ  → e+e- (branching ratio ~6%)
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Detector acceptance for e+(e-) from J/  
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Momentum resolution for e+(e-) from J/  
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Expectations for J/ 

 
 1. X-section 

Jψ 
 from Pythia8 108.7 nb

 2. Statistics: N
Jψ = L

int


Jψ Br
J/ψ  → e+e-

 Eff. = 
604.8 108.7 0.06 0.8 = 3156
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Invariant mass: e- + e+  
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Detector acceptance for   
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Expectations for 
c1

 and 
c2

 

 
 1. X-section c1 

from Pythia6 13.7 nb

 2. Statistics: Nc1
 = L

int
c1 

Brc1 → J/ψ Eff. Br
J/ψ  → e+e-

 Eff. = 
604.8 13.7 0.270.90.06 0.8 = 97

 3. X-section c2 
from Pythia6 66.6 nb

 4. Statistics: Nc2
 = L

int
c2 

Brc2 → J/ψ Eff. Br
J/ψ  → e+e-

 Eff. = 
604.8 66.6 0.140.90.06 0.8 = 244
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Invariant mass: J/ +   
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Reconstructed invariant mass J/(from CDF) 
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X(3872) state 

 
 1. X-section in Pythia8 for X(3872) is 4 nb (X(3872)  (3770) with 
mass 3.872 GeV)

 2. Br (X3872→J/ψ 0) = 5.0%
Br (X3872→e+e- ) = 0.3% → X-section = 12.2 pb

      1000 events at L = 1030 cm-2s-1 : 950 days
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X(3872) J  
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X(3872) J  
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Trigger rate estimates (from SPD)  

A.Guskov
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Trigger and pile-up resolving in ITS 

“A Monte-Carlo study of the NICA/MPD inner 
tracking system main characteristics”

D.Zinchenko, E.Nikonov, A.Zinchenko

Mathematics. Computing. Education.
XXV International Conference

Dubna, Russia, 29 January – 3 February 2018
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X(3872) in p+p and p+A at NICA  
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Asymmetric system: p+p (p+Cu) 6.5+12.5 GeV  
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Pythia8 predictions for X(3872)   
 

 1. X-section of ψ
 
(3770) with m = 3.872 GeV at pp 12.5+6.5 GeV: 

1.3 nb

 2. X-section at pCu: 1.3 * A (=63) = 81.9 nb

 3. Br (X(3872)→J/ψ ) = 5.00%
     Br (X(3872)→D+D-) = 40.45%
     Br (X(3872)→D0D*0bar) = 54.55%

 4. Br (D+->K-) = 9.2%, Br (D0->K-) = 3.8%
 
 5. pCu) * Br(D+D-) * Br(K) = 81.9 * 0.4045 * 0.092 * 0.092 =      
  0.280 nb
   
    0.280 nb => L = 5.9 x 1029 (1000 events / 10 weeks)
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In [1]:  σpAt   = π∙r02 ∙(At1/3 – a/ At1/3)2,                 (1)

r0  = 1.3 fm,  a ≈ 0.3

σpCu   = π ∙ 1.32 ∙(4 – 0.3/4)2  =  818 mb

σpCu  (mb) L 
(cm-2s-1 

)

Rates  
(kHz)

818 10^27 0.818 
818 10^28 8.18
818 10^29  81.8

At At1/3 σm (pAt),  
mb

Estimate to 
Eq. 1, mb

55Fe 3.8 745±20 740

[2] V. Kolesnikov, private communication

Table 2.

Table 1. [2]

Interaction rate estimates  
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Charm in AA   
 

 1. J/ψ
 
 polarization studies

 2. Open charm selection via hadronic decays
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Summary / Conclusions    

 The MPD detector provides good opportunities for the 
reconstruction and identification of charged and neutral 
particles.  

  It can obtain some valuable information on the charm 
production in pp, pA and AA collisions. 

For hadronic decays the silicon ITS should greatly 
enhance the research potential (reconstruction and 
selection). For pp and pA at high luminosity it can be also 
used for triggering and pile-up resolving. 
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