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“Studying of the Color(constituent) 
Quark Condensate (CQC) 
with the light ion beams”

S.S. Shimanskiy (JINR, Dubna)
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In Russia there are two accelerators 
to perform baryon matter 

investigations (Dubna and Protvino).

Some time in future will be two new 
projects – JPARC(Japan) and 

FAIR(Germany).
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Beams
Intensity (particles per cycle)

available 
now

next step

p                   2.5·1010 1013

d                   5·1010 1013

d↑ 3·108 5·1010

4He                      8·108 2·1012

7Li                    2·109 5·1012

10B                       2·107 1010

12C                   6.5·108 2·1012

24Mg                  1.2·108 5·1011

40Ar                        108 1010

56Fe 106 1011

84Kr                    103 5·108

JINR

Veksler & Baldin 
Laboratory of High 

Energies
Dubna

NUCLOTRON
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STATE  RESEARCH CENTER OF RUSSIA
INSTITUTE FOR HIGH ENERGY PHYSICS

LAYOUT OF IHEP EXPERIMENTAL AREA

U-70
70 GeV

L=1.5 km

Booster
1.5 GeV

30 MeV
RFQ Linac

100 MeV
Linac

RAMPEX (IHEP,UoM, JINR)

MIS ITEP

ISTRA-M

VES

(INR, IHEP, JINR)

SPIN@U7
0
(Michigan,
Virginia,
Protvino,
TRIUMF)

Project OKA
(IHEP, INR,
JINR)

TNF (IHEP, INFN, JINR)

ND (IHEP, JINR)

SVD (IHEP, MSU)

FODS

E=70 GeV, 
I=1.7•1013 ppp
Beams of π, K, p, e, ν

• Fast extraction
• Slow extraction
• Extraction by crystal
• Internal targets

- Running experiments

- Experiments under preparation

High 
intensity

area
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DSPIN’07
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Proceeding DSPIN`07, p.409, Dubna 2
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We can see the CQC phase in 
ordinary nuclear mater and 
highlight  this state in pA- and
AA-collisions. This state directly
connected with properties of 
the core for NN-interaction. 
We don’t know well NN-
interaction in overlapping range.  
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•
• Deuteron is 

weakly bound 
• Large radius
• di-neutron and 

di-proton 
unbound
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•
• Deuteron is 

weakly bound 
• Large radius

•
• Deuteron is            

weakly bound

•
• Deuteron            
•

Let us look at the nucleon-nucleon 
interaction:

Let us look at the nucleon-nucleon 
interaction:

Rnp
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Gomel 2007

Shimanskiy S.S.

Deuteron static properties
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QCD phase diagram
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+ CERN Yellow Repo
2007-005, p.75

SPS Time RHIC Time
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What if we compress/heat the system so much that 

the individual hadrons start to interpenetrate?

I.Way for Cold
QG phase

II.Way for Hot
QG phase

?
≡

Stars evolution -
direct directionUniverse evolution –

back in time

Cumulative and high pT physics

1. Multiquarks states in the cold
nuclear matter or …

2. Properties of the multiquarks
states, high density states  

3. Stars evolution, dark matter

Heavy AA-collisions

1. QGP, sQGP, CGC, 
GLAZMA or …

2. Early time of Universe
evolution 

Final phases will be equal or not?
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H ~ 1017 Gs

E~ 1019  V/cm
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How we can detect a nuclear matter 
with the high density?

he quantum theory saying: we need to study 
e processes with extremely large transfer momentum

What we can see in processes with different probes ?

Electromagnetic probes 
Hadrons and nuclei probes
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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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CERN (BCDMS) data
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JLAB data
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A.Stavinskiy, ITEP seminar, 11.4.2007
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A.Stavinskiy, ITEP seminar, 11.4.2007
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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 (%)

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 %

JLAB Phys Seminar Dec05  K. Egiyan
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Hadrons and nuclei probes

1.High pT processes

2. Cumulative and subthreshold
processes
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( 2)~ ( )A B C Dn n n n

A B C D

d tf
dt ssσ − + + + −

+ −> +

s
ppppdt

d 10~ −

>−

σ

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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S.J. Brodsky, J.F.Gunion
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pp (at 90o c.m.s.) 
and cumulative

physics with polarized 
beams.



NC2008   20 06 2008 Shimanskiy S



NC2008   20 06 2008 Shimanskiy S
S.S.Shimanskiy
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S.S.Shimanskiy
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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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Evidence for Color Transparency and Direct 
Hadron Production at RHIC 1 
By Stanley J. Brodsky 

The QCD color transparency of higher-twist 

contributions to the inclusive hadroproduction cross section where 

the trigger proton is produced directly in a short-distance 

subprocess can explain several remarkable features of high-pT 

proton production in heavy ion collisions which have recently been 

observed at RHIC: (a) the anomalous increase of the p → π ratio 

with centrality (b): the more rapid power-law fall-off at fixed xT of 

the charged particle production cross section in high centrality 

nuclear collisions, and (c): the anomalous decrease of the number 

of same-side hadrons produced in association with a proton trigger 

as the centrality increases. These phenomena provide new 

perspectives for interpreting QCD processes in the nuclear medium. 

SLAC-PUB-13082
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Cumulative and 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:

•Fermi motion and SRC (will 
produce equal final QG phase for 
cold and hot evolution ways of 
nuclear matter)

•Fluctons will open new possibilities 
(quark stars, diquark condensate…) 
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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)

PI

PII

{

{

XI



NC2008   20 06 2008 Shimanskiy S

XI ∈ [0,AI] and XII ∈ [0,AII]
XI = XII = 1 - for  free NN-interaction

kinematical borders

Cumulative and Subthreshold processes

Scumulative > S0
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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

}

y0

X I >1 X II > 1

X I > 1,
X II > 1 S0- kinemat.
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min
( cos )

... ( )c c c
I II

E P
X N Q X X

m
μβ θ− ⋅ ⋅

= = ≅ + ≡

μ+ Nmin⋅m → mc + [ Nmin⋅m + Δ]

for  Eμ >> mi , Ec

Fragmentation regions

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

(XI⋅MI) + (XII⋅MII) → mc + [XI⋅MI + XII⋅MII + m2 ]

1/ 2 1/ 2 1/ 2
IImin min( ) min[( ) ]I I IIS S X P X P= = ⋅ + ⋅

Common case for AA-collisions

Stavinsky (1970’s)
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Stavinsky added new condition which fix XI and XII.

For quak-parton models we don’t have this condition 
and will need to integrate over XI and XII. 

In quark-parton models we take MI=M2=0. This is a 
difference between Bjorken and Stavinsky variables X.

(What will connect with X mass or momentum?)

But may be in high pT region we can use this condition for 
quark-parton models too!?

Stavinsky’s X connect with mass and flucton models.

Quasibinary reactions we can find in the region of 
high pT phenomenons.
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A.A. Baldin’s parameterization

Phys. At. Nucl. 56(3), p.385(1993)

11
2 2 22, min

,

1 1( 2 )
2 2

( )

I II I II I II

I II
I II

I II

П X X X X S
m

P P
M M

γ

γ

= + + ⋅ ⋅ ⋅ = ⋅
⋅

⋅
=

⋅

Inclusive data parameterization
1 13
3 3 3 3

13
2

2 3 1
1 2

exp( ),

2200[ ], 0.127

I IIX X

I II
d ПE C A A

Cdp

C mb GeV c sr C

σ + +

− −

⋅ = ⋅ ⋅ ⋅ −

= ⋅ ⋅ ⋅ =
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A.A. Baldin’s parameterization for cumulative and 
subthreshold particle production
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P k

k

P k

k

~ () )( ,NNn k XKπσ σ π⋅ → +

0( )~N n kσ σ⋅

Fermi motion or Short Range Correlation (SRC) mechanism

, , ,...pp A Xπ κ+ → +

,...,n pp A X+ → +
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P
/~ ( )h K h KGP Kσ ⋅

, , , , ,...p pA Xnp π κ+ → +

Flucton hypothesis
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Г.А.Лексин, ЯФ,т.65,2042(2002)
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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
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Fiz. Elem. Chast. At. Yadra. 2005. V. 36. P. 954
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Very nice phenomenological 
description of cross sections 
(using scale variables X) but 
huge problems to describe 

cumulative polarization 
phenomenons.

Where is the road to resolve problem of the nature of 
cumulative(subthreshold) particle production?
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Do we see multiquark states inside nuclei 
or it’s SRC of nucleons?

Which properties of these objects?

The main questions
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The first attempt to find answers
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p +”D”

x

y

z

-k

k
p

p

n

High pT road (E850/EVA)

0 1 2p p pk = ++
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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.
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S.S. RNP 2005 Proceedings
nucl-ex/0604014
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Cumulative particle production pA
collisions at 10 GeV/c

“The Horn”

“The Horn”

Non-monotonic behavior at AGS/SPS
NA49 Phys.Rev.C66:054902,2002

Plot from Claudia Hoehne, QM’05



NC2008   20 06 2008 Shimanskiy S

The situation is very similar for 
cumulative(subthreshold) and high pT

processes where is very good description of
cross sections(using constituent picture) 

and very bad understanding how to describe

polarization.
“Counting rules” and the phenomenology 

give us direction for future physical 
investigations. 

Huge polarization effects (high pT
pp-collisions and s.o.) give  

additional tools. 



NC2008   20 06 2008 Shimanskiy S

Gomel 2007

Shimanskiy S.S.

THANK YOU FOR 
ATTANTION!



NC2008   20 06 2008 Shimanskiy S



NC2008   20 06 2008 Shimanskiy S



NC2008   20 06 2008 Shimanskiy S



NC2008   20 06 2008 Shimanskiy S

With polarized ion beams we have 
real possibility to resolve many problems as
are:

-“spin crisis”* of 70’s (pÆpÆ,pÆnÆ,nÆnÆ);

- color transparence (pÆA, pÆ3He(d)Æ);

-cumulative(subthreshold)  particle
production – to discovery the new 
state of nuclear Matter as 
“color quark condensate”

…
*) next slide
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A.D.Krish hep-ex/0511040
spin crisis” of 70’s
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