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antiproton beams
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ions, antiprotons
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Collider basic requirements: beams from p to Au

L ~ 1027 cm-2c-1(Au) √SNN= 4-11 GeV; L ~ 1032 cm-2c-1(p) √Spp=12-27 GeV
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MPD

SPDBM@N
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MOTIVATION

To look for different flavor hadrons together with

charmonium-like states (conventional and exotic) in

pA and AA collisions to obtain complementary

results to the ones from e+e- interactions, B-meson

decays and pp\bar interactions (on a restricted

scale of energy)



HADRONIC PHYSICS BEFORE AND AFTER 2003



QUARKONIUM-LIKE STATES



QUARKONIUM-LIKE STATES



NON-STANDARD EXOTIC HADRONS

Evidence for QCD exotic states is a missing piece 
of knowledge about the nature of strong QCD  





RESULTS WERE OBTAINED FROM THESE EXPERIMENTS





MPD INNER TRACKING SYSTEM BASED ON MAPS

mpd.jinr.ru/doc/mpd-tdr
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D+ RECONSTRUCTION

V. Kondratev
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X(3872) as a DD* molecule + a cc-“core” mixture?
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Specific model by 

Takizawa & Takeuchi, PTEP 9, 093D01

most of the time looks
like a  D0D*0 molecule

_ _

-- “consensus” opinion (?) --

≈0.5 fm

Vol ~ (8 fm)3 Vol ~ (0.5 fm)3

Polosa:   “Multiquark Hadrons,” pg 56 

Achasov:  MPLA 30, 1550181 (2015)

Impossible!
wave fcn overlap is too tiny, <10-3



The production experiments with proton-proton and proton-nuclei collisions with √SpN ≥ 8 GeV

may be well suited to test the structure of X(3872) and, possibly, other exotic mesons.

In near threshold production experiments with the √SpN ≈ 8 GeV energy range, XYZ mesons

can be produced with typical low kinetic energies of a few hundred MeV.

Since the survival probability of such “molecular” inside nuclear matter should be very small,

XYZ meson production on a nuclear target with A ~ 40 or larger should be strongly quenched.

Thus, if this hybrid picture is correct, the atomic number dependence of X(3872) production at

fixed √SpN for A ~ 40 or larger should have a dramatically different behavior than that of the Ψ‘,

which is a long-lived compact charmonium state.



SUMMARY

♦ Many observed exotic states remain puzzling and can not be explained for many years.

This stimulates and motivates for new searches and ideas to obtain their nature.

♦ Modern facilities with hadron and heavy ion collisions should provide good opportunities

for identification of charged and neutral particles and shed light on the nature of exotics.

♦ The experiments with pp and pA collisions at NICA can obtain some valuable information

on the charm production. For hadronic decays the ITS should greatly enhance the research

potential (reconstruction and selection).

♦ Measurements of charmonium-like states may be considered as one of the “pillars” of the

pp and pA program at NICA.
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Toolkit for MultiVariate Analysis

TMVA is a ROOT package for training, testing and performances evaluation of 

multivariate classification techniques.

Analysis is generally organized in 2 steps : 

 Training phase  

At this stage  the variables from the signal and background samples are    

trained according the classifier chosen by the user. The results of the 

classification is written into weight files, traducing the initial N input variables V

to one dimensional variable R (response) :

VN → R

 Application phase  

At this stage the data classification, reading from the weight files, is applied to 

the data to be analyzed.

The classifier BDT (Boosted Decision Trees) has been chosen 

for the analysis phase when reconstructing D mesons

V. Kondratev






