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Realistic clustering in MPD TPCRealistic clustering in MPD TPC

The hit reconstruction 
algorithm contains the 
following main steps:

1) Searching for extended 
clusters in (Pad-Time) for 
each pad raw.

2) Searching for peaks in 
time-profile for each pad in 
the found extended 
cluster.

3) Combining the neighboring 
peaks into resulting hits.
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Tracking in MPD TPCTracking in MPD TPC
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Tracking in MPD TPCTracking in MPD TPC
MpdRoot reconstruction. Tracking

TPC tracking efficiency

Efficiency of TOF matching

Momentum resolution

Primary vertex resolution
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Clustering in GEMClustering in GEM

There are realistic hit finder in GEMs 

For the GEM stations procedure of 
the fake hits production is 
implemented
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  Event Display for the NICA experimentsEvent Display for the NICA experiments

BM@N event data:
GEM points and reconstructed tracks 

MPD event data:
TPC hits and EMC towers 

Au­Au Elab = 4.GeV

Au­Au √sNN = 7.GeV

based on EVE package

Au­Au E = 4A GeV 



Theoretical predictionsTheoretical predictions

Signatures of quark­gluon plasma 
formation and the chiral phase
transition. The expected behavior 
of the various signatures is plotted 
as a function of the measured 
transverse energy, which is a mea­
sure of the energy density, in the 
region around the critical energy 
density εc of the transition. When 
two curves are drawn, the hatched 
curve corresponds to the variable
described by the hatched ordinate 
on the right. See text of review for 
details

The Search for the Quark-Gluon 
Plasma

arXiv:hep­ph/9602235
John W. Harris, Berndt Müller
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Heavy Ion Experiments at the AGSHeavy Ion Experiments at the AGS

5 large experiments:   E802/866/917, E810, E814/877, E864,E895.
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Heavy Ion Experiments at the Heavy Ion Experiments at the 
SPSSPS
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Strangeness in QGPStrangeness in QGP

In 1982 J. Rafelski and B. Müller predicted that enhancement of strangeness
production is a signal of   QGP  
 “Strangeness Production in the Quark­Gluon Plasma”
                                                                               Phys. Rev. Lett. 48(1982)

“ A substantial enhancement of production rates of multi­strange anti­
baryons in nuclear collisions  in particular at central rapidity and at high­
est transverse masses  has therefore been proposed as a characteristic 
signature of QGP.”

                                                                          Phys. Lett. 62(1991)

Idea:Idea: if s­(anti)quarks are created at QGP stage, then their number should 
not be changed during further evolution since s­(anti)quarks number is small 
and since density decreases => there is no chance for their annihilation!
Hence, we should observe chemical enhancement of strangeness 
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Onset of deconfinement Onset of deconfinement 
(NA49/61)(NA49/61)

Gazdzicki M. Gorenstein M.
Acta. Phys. Pol., B30: 2705 1999

Statistical Model of the Early Stage
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Heavy Ion Experiments at RHICHeavy Ion Experiments at RHIC
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The Quark-Gluon-Plasma is Found at The Quark-Gluon-Plasma is Found at 
RHICRHIC

The early measurements have revealed compelling 
evidence for the existence of a new form of nuclear 
matter at extremely high density and temperature – 
a medium in which the predictions of QCD can be 
tested, and new phenomena explored, under 
conditions where the relevant degrees of freedom, 
over nuclear volumes, are expected to be those of 
quarks and gluons, rather than of hadrons. This is 
the realm of the quark gluon plasma, the predicted 
state of matter whose existence and properties are 
now being explored by the RHIC experiments.
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STAR BES QGP  signaturesSTAR BES QGP  signatures
The particular observables that STAR has identified as the essential drivers of our run plan 
are:
  
  (A 1) Constituent quark number scaling of v‐ ‐ ‐

2
 , indicating partonic degrees of freedom;  

  (A 2) Hadron suppression in central collisions as characterized by the ratio R‐
CP

 ; 
  (A 3) Untriggered pair correlations in the space of pair separation in azimuth and pseudorapidity,     ‐
            which elucidate the ridge phenomenon;  
  (A 4) Local parity violation in strong interactions, an emerging and important RHIC discovery in its ‐
           own right, is generally believed to require deconfinement, and thus also is expected to turn off  ‐
           at lower energies.  
 
 A search for signatures of a phase transition and a critical point. The particular observables 
that we have identified as the essential drivers of our run plan are:
  
     (B 1) Elliptic & directed flow for charged particles and for identified protons and pions, which         ‐
               have been identified by many theorists as highly promising indicators of a “softest point” in   
               the nuclear  equation  of  state; 
     (B 2) Azimuthally sensitive femtoscopy, which adds to the standard HBT observables by allowing  ‐ ‐
               the tilt angle of the ellipsoid like particle source in coordinate space to be measured; these     ‐
               measurements hold promise for identifying a softest point, and complements the 
momentum                space information revealed by flow measurements, and ‐
     (B 3) Fluctuation measures, indicated by large jumps in the baryon, charge and strangeness           ‐
              susceptibilities, as a function of system temperature – the most obvious expected                     
              manifestation of critical phenomena.
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Studying the Phase Diagram of          Studying the Phase Diagram of          
               QCD Matter at RHIC               QCD Matter at RHIC



20/45

STAR BES I resultsSTAR BES I results

Ridge effect

Phys. Rev. C88, (2013), 014902
Number of constituent quarks scaling

Chiral Magnetic Effect

Stephen Horvat     Quark Matter 2015

High PT suppression
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PRL 112 (2014) 162301
R. Lacey, PRL 114, 142301 (2015)

STAR BES I resultsSTAR BES I results

R 2
out ­  R

2
side − reflects the 

lifetime of the collision 
fireball and was predicted  to 
reach a maximum for 
collisions in which a 
hydrodynamic fluid forms at 
temperatures where the 
equation of state is softest.

The rapidity­slope of the 
net proton directed flow 
v1 , dv1 /dy. This quantity 
is sensitive to early 
pressure gradients in the 
medium.
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STAR, PRL 112, 032302 (2014)

STAR BES I resultsSTAR BES I results

The kurtosis of the event­by­event distribution of the net 
proton (i.e. proton minus antiproton) number per unit of 
rapidity, normalized such that Poisson fluctuations give a 
value of 1.

 In central collisions, published results in a limited 
kinematic range  show a drop below the Poisson baseline 
around √sN N =27 and 19.6 GeV.

 New preliminary data over a larger pT range, although at 
present still with substantial error bars, hint that the 
normalized kurtosis may, in fact, rise above 1 at lower 
√sN N , as expected from critical fluctuations..
 
The grey band shows the much reduced uncertainties 
anticipated from BES­II in 2018­2019, for the 0­5% most 
central collisions.
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STAR BES programSTAR BES program

I II
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CP — critical point 
OD  —  onset of deconfinement,
            mixed phase,1st order phase     
             transition 
HDM  —  hadrons in  dense matter 
PDM  —  properties of  deconfined       
                matter

Resent & future experiments for Resent & future experiments for 
HICHIC
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NNuclotron based uclotron based IIon on CCollider follider fAAcilitycility

 Beams –  p,d(h)..197Au79+

Collision energy  √s= 4-11 GeV/u (Au), 12-27 (p)

 Beam energy (fixed target) - 1-6 GeV/u

Luminosity: 1027 cm-2s-1(Au), 1032 (p)

               Experiments:

2 Interaction points – MPD and SPD

Fixed target experiment  BM@N
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Event generators + exp. data Event generators + exp. data 
databasesdatabases

✔ UrQMD
✔ QGSM
✔ PHSD

✔ Hybrid UrQMD
✔ vHLLE_UrQMD
✔ 3FD(Theseus)

32902 files
  ~ 106 events
    for each
interaction

  Interactions
AuAu  MC
 pC  MC+exp 
CC

  Energy   s
 2, 4, 7, 9, 11 
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BM@N experiment at NICABM@N experiment at NICA
AuAu Ebeam = 4 GeV
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BM@N experiment at NICABM@N experiment at NICA

ToF-700

DCH-1,2

ZDC

ToF-400
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BM@NBM@N Λ Λ00 reconstruction reconstruction
 (E (Ekinkin

beambeam = 4.0 AGeV) = 4.0 AGeV)

mailto:BM@N
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MPD experiment at NICAMPD experiment at NICA

 MPD event display
 AuAu √s = 11 GeV  
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NICA White PaperNICA White Paper
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NICA advantagiesNICA advantagies

✔  Maximum in K + /π + ratio is in the NICA 
energy region,

✔  Maximum in  /  ratio is in the NICA Λ π
energy region,

✔  Maximum in the net baryon density is in 
the NICA energy  region,

✔  Transition from a baryon dominated 
system to a meson  dominated one happens 
in the NICA energy region.

J. Cleymans
MPD collaboration Meeting April, 2018
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Thank you for attentionThank you for attention

    WelcomeWelcome
 to NICA physics to NICA physics
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