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What is Constituent(Color) Quark Condensate 
Of Nuclear Matter?

CQC
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100 Blokhintsev in 2008
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How we can detect a nuclear matter 
with the high density?

The quantum theory saying: we need to study 
the processes with extremely high transfer 

momentum.

What we can see in processes 
with different probes ?
1. Hadrons and nuclei probes

2. Electromagnetic probes 
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Hadrons and nuclei probes

1.High pT processes

2. Cumulative and subthreshold
processes
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In 1973 were published two artiles :

Matveev V.A., Muradyan R.M., Tavkhelidze A.N. Lett. Nuovo Cimento 7,719 (1973);

Brodsky S., Farrar G. Phys. Rev. Lett. 31,1153 (1973)

Predictions that for momentum pbeam ≥ 5 GeV/c in any binary 
large-angle scattering (θcm > 40o) reaction at large momentum 
transfers          :

A + B -> C + D

where nA,nB,nC and nD the amounts of elementary constituents  in A,B,C 
and D.

s=(pA+pB)
2 and     t=(pA-pC)

2,

and s
ppdt

d 8~ −

>− ππ

σ

Q t= −
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Mardor’s thesis, 1997

8 GeV/c
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8 GeV/c
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Color(nuclear) transparency in 900 c.m.
quasielastic A(p,2p) reactions

The incident momenta varied from 5.9 to 14.4 GeV/c, 
corresponding to 4.8 <Q2 <12.7 (GeV/c)2.
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nucl-th/0608040 v2 21 Nov 2006
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1.55 1.83 2.07 2.28 2.48 2.66pT

?
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PHYSICAL REVIEW C 70, 015208 (2004)

COLOR TRANSPARENCY
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High pT suppression in AA-collisions

Color transparence region

Cronin effect and CT
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Cumulative and Subthreshold
processes
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Cumulative
particle

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)

Shimanskiy S.S. 

PI

{XI

{

PII



21

y0

X I >1 X II > 1

X I > 1,
X II > 1 S0- kinemat.

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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Fermi motion or Short Range Correlation (SRC) mechanism
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Flucton hypothesis

P
/~ ( )h K h KGP Kσ ⋅

, , , , ,...p pA Xnp π κ+ → +
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A.A. Baldin’s parameterization

Phys. At. Nucl. 56(3), p.385(1993)
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A.A. Baldin’s parameterization for cumulative and 
subthreshold particle production
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Subthreshold particleproduction in 
to the flucton-flucton mechanism

2 2
/~ ( )h K h KP G Kσ ⋅
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Inverse slope for subthreshold production must be the less 
then T0/2

(near the phase space border).

T0/2T0

L.S. Schreder et al.,PRL,1787(1979) J.Stachel et al.,Phys.Rev.C33,N4(1986)
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DIS with leptons
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K.Rith From Nuclei to Nucleons (Summary)
Nuclear Physics A532 (1991) 3c-14c
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JLAB data
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JLAB dataJLAB data
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JLAB data
A.Stavinskiy, ITEP seminar, 11.4.2007
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JLAB data
JLAB Phys Seminar Dec05  K. Egiyan

Having these data, we know almost full (≈99%) nucleonic picture of nuclei 
with A ≤ 56

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

3He 92 ± 1.6 8.0 ± 1.6 0.18 ± 0.06

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

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 %
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Cumulative (subthreshold) particle production 
are very nice processes to investigate the 

high dense state of the cold nuclear matter.

Two theoretical ways to describe these 
phenomena:

•Fluctons will open new possibilities

•Fermi motion and SRC

(quark stars, diquark condensate…)
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The main questions

Do we see multiquark states inside nuclei 
or it’s SRC of nucleons?

Which properties of these objects?

Shimanskiy S.S. 



39

High pT road (E850/EVA)
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E850/EVA (BNL)
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We need more complete investigation in the
range of maximal pT in semi-exclusive (and
exclusive) experiment setup for 
comprehension of the nature of cumulative
processes and CT.
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S.S. RNP 2005 Proceedings
nucl-ex/0604014
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QCD phase diagram
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H ~ 1017 Gs

E~ 1019  V/cm



45

+ CERN Yellow Report
2007-005, p.75

SPS Time (CERN) RHIC Time(BNL)
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Proceeding DSPIN`07, p.409, Dubna 2008
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NICA Collision place for SPIN physics
(deuteron beams example)
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“spin crisis” of 70’s
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A.D.Krish hep-ex/0511040
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THANK YOU FOR 
ATTANTION!
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