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PLAN 

1. Cold Dense Baryonic Matter (CDBM) is 
reality or fiction? 

 

2. The discovery and study of CDBM. 

 

3. High pT probes and SPIN data. 

 

4. Unique PANDA features.  
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CBM at FAIR 



What will be investigate at 
CBM? 



5 

+ CERN Yellow Report  
2007-005, p.75 
2008-005 

Nuclotron-SPS Time (CERN) 

Nuclear Physics A 837 (2010) 65–86 

RHIC Time(BNL) 

27.05.2015      PANDA meeting 
Shimanskiy S.S. 

5 



27.05.2015      PANDA meeting 
Shimanskiy S.S. 

6 



7 
27.05.2015      PANDA meeting 
Shimanskiy S.S. 



CDBM 

1.Cold - exists inside ordinary nuclear matter as 
a quantum component of the wave function 
(with own probability and life time). 

2. Dense - several nucleons can be in a volume 
less than the nucleon volume. The mass will be 
several nucleon masses. The small size means 
that the multinucleon(multiquark) configuration 
seeing  as point like objects in processes with 
high transfer energy. 
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CDBM - continuation 

3. Baryonic Matter – enhancement of 
baryonic states and suppression of sea 
and gluon degrees of freedom (mesons 
and antiparticle). 
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The discovery and study of 
CDBM. 
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Structure of Matter 

Two ways that 
structure is 
revealed: 

True from atoms 
to particles….. 

F. Close 

p    

*A A  
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DIS with Leptons 
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N.P. Zotov, V.A. Saleev, V.A. Tsarev (Lebedev Inst.) 
Published in JETP Lett. 40 (1984) 965-968, Pisma Zh.Eksp.Teor.Fiz. 40 (1984) 200-203 
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Phys.Rev.Lett. 96 (2006) 082501 
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Having these data, we know almost full (99%) nucleonic picture of nuclei with 
A  56 

     Single particle (%)           2N SRC (%)         3N SRC (%) 

    56Fe          76 ± 0.2 ± 4.7         23.0 ± 0.2 ± 4.7        0.79 ± 0.03 ± 0.25 

      12C          80 ± 02 ± 4.1         19.3 ± 0.2 ± 4.1        0.55 ± 0.03 ± 0.18 

       4He          86 ± 0.2 ± 3.3         15.4 ± 0.2 ± 3.3        0.42 ± 0.02 ± 0.14  

       3He          92         ± 1.6           8.0         ± 1.6        0.18        ± 0.06 

        2H          96         ± 0.8           4.0         ± 0.8         ----- 

Fractions 

Nucleus 

 
 
 
 

Using the published data on (p,2p+n) [PRL,90 (2003) 042301]  estimate the isotopic composition of 2N SRC in 12C 

                                                                 app(12C)    4 ± 2 %   

a2N(12C)  20 ± 0.2 ± 4.1 %                       apn(12C)  12 ± 4 % 

                                                                  ann(12C)    4 ± 2 % 

JLAB Phys Seminar Dec05  K. Egiyan 
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SPECTRA 

27.05.2015      PANDA meeting 
Shimanskiy S.S. 

19 



27.05.2015      PANDA meeting 
Shimanskiy S.S. 

20 



Fluctons Probability inside nuclei 
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А – dependence (1974-…) 
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The same time Cronin team at FNAL have seen about the same 
A-dependence for pA(for 200, 300, 400 GeV protons) high pT  

Particle production 
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Schroeder L.S. et al. // Phys. Rev. Lett. 1979. V. 43, n. 24. P. 1787 
A.M.Baldin et al., Yad.Fiz., 20, 1975, p.1201 
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eA – program at JLab 
R.Subedi et al., Science 320 (2008) 1476-1478   
e-Print: arXiv:0908.1514 [nucl-ex] 

12C - structure 

RNP – program at JINR 
V.V.B., V.K.Lukyanov, A.I.Titov, PLB, 67, 46(1977) 
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Why need high pT probes? 
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Correlation Measurements 
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E850/EVA (BNL) 
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Correlations 
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      The Correlation Measurements with hadrons 
      pA->h+Х 

xT ~ 1 

Magnet Spectrometer 

Tracker 
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SPIN - Magnet 
Spectrometer 

protons 
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Flucton fragmentation – same side flow 
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Momentum up to 6.5 GeV/c and  pT  up to 3.5 GeV/c 



h+ - spectrum 
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Physics of Atomic Nuclei, 2013, Vol. 76, No. 10, pp. 1213–1218 



A-dependence  
 

We deal with multinucleon configuration, but local this interaction? 
 

A :
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[2012] 
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Ratio d/p 
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SPIN data 



SPIN data JETP Letters (RUS), v.101, N 10, 746(2015) 

              Published 25.05.2015 
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C W 
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Knot out cold dense nuclear configurations  

SRC configuration 

Multiquark 
configuration  

p 
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Average baryon number <B> 
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Semak A. ISHEPP XXII 2014 



Experiment MARUSYA-FLINT at JINR 

• Scheme of experimental set-up  

• MARUSYA-FLINT:  ST -  target station, 

•  M1, M2- scintillation monitors,  

• DM- multiplicity detectors,  

• H- scintillation hodoscopes,  

• ZDC - hadron calorimeter,  

•  PC - proportional chambers,  

• C – cherenkov counter,  

• ML17, K100 - quadrupole lens, 

•  SP-57, SP-40 - dipole magnets,  

• ECal - electromagnetic calorimeter 

Magnetic spectrometer: 

For Pt = 0,3-0,8 GeV/s used magnet SP-57 

For Pt = 0,6-2 GeV/s used magnet SP-57 and SP-40 

Coordinate system on scintillation hodoscopes provide resolution 2-5% in 

area 0,3-0,8 GeV/s  

  

Romanov D. ISHEPP XXII 2014 



FODS 

IHEP, Protvino 

20.09.2014      ISHEPP XXII 
2014 Shimanskiy S.S. 
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Proposed structure of the two arms FLUKTON detector and  
location in 23rd  proton beam line at U70 

Gapienko V.A. ISHEPP XXII 2014 
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 The unique beam – no worldwide 
 (FNAL closed antiproton activity) and 
 p/p ~ 10-5. 
 
 The unique detector -  ~ 4π -exclusive 
reactions investigation (correlations, backward 
range); working at luminosity ~ 1032 cm-2 s-1 – the 
very rare event can be investigated; PID – close 
to full energy range and high momentum resolution. 

Main PANDA advantages 



Exotic Spectroscopy 
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arXiv:1007.4705v5 [hep-ph] 25 Sep 2010 
Carlos Granados and Misak Sargsian 
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} The counting rules and isotopic symmetry 
studies, pT ~ 2 GeV/c anomaly(?)   

}

pp studies at xT ~ 1  

Detail vertexes studies: 
 

( ) ( ) ( )

( ) ( ) ( )

( )

q q q q quark antiquark

q q qq qq quark antidiquark

qq qq diquark antidiquark

  

  

  
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pp - > pp + X, pp -> D + X 
reactions with diquarks 

Kim’s mechanisms 

d 

d 

d 

d 

d 

d 

d 

d 
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q 

q 

q q 

Diquark proof 

Exotic states production 



FAIR -> FIR 
ЯРМАРКА -> ЕЛЬ 

 

We must not allow the life FAIR 
turned into a FIR forest! 



END 
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Local processes in NN kinematic 

0(0 )p A h X  

Sov.J.Nucl.Phys.37:732,1983 

Production of anti-protons in the proton - nucleus interactions at 10.1-
Gev/c. A.A. Sibirtsev, G.A. Safronov, G.N. Smitnov, Yu.V. Trebuchovsky 
(Moscow, ITEP). 1991. Published in Yad.Fiz. 53 (1991) 191-199 
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JINR PAC, 2010 
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Fiz. Elem. Chast. At. Yadra. 2005. V. 36. P. 954 
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2-х партонный  +  3-х партонный + … 



It is possible to obtain the record high energy  
particle beams by means of accelerating  

the heavy nuclei with large charges 

№ 1,January1971 



Cumulative
particle

PI 

PII 

{ 

{ 

XI 

XII 

{ 

{ 

AI 

AII 

} S>S0 

V.S. Stavinsky JINR Rapid Communications N18-86, p.5 (1986) 

(XIMI) + (XIIMII)  mc + [XIMI + XIIMII  + m2 ]  

Quark-parton model 

(XIPI) + (XIIPII)  M(XI,XII)  

kinematic limit for free NN-
interaction 27.05.2015      PANDA meeting 
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Cumulative processes: 

1) XI  ≤ 1 and XII > 1   Fragmentation 

2) XII  ≤ 1 and XI > 1   regions 

3) XI  > 1 and XII > 1   Central region 
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0
- kinemat.

67 

} 
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A.V. Efremov (1976) Parton description 

3

3
( ) ( ) ( ) ( , , )B A C

d x y
dxdydzF y F x G z v xys t u

d p z z


  

xII       xI  

A  +  B   C  + X 
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