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NN-interaction and Clusters in Nuclei at High Energy Region



Let us look at the nucleon-nucleon 
interaction:    
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The Cold High Dense Nuclear Matter

Internal momentum  250 MeV/c
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DEUTERON STATIC PROPERTIES FROM 
NN-POTENTIALS
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+ CERN Yellow Report
2007-005, p.75
2008-005

Nuclotron-SPS Time (CERN)

Nuclear Physics A 837 (2010) 65–86

RHIC Time(BNL)
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P + “D” ---> P + D 
G.A. Leksin

L.S. Azhgirei et al.
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Cumulative processes
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Fluctons Probability inside nuclei
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• the weak dependence of the slope on the type of particle 
incident on the nucleus for the observed spectra, which 
indicates the existence of a source in the nuclear matter 
itself and not its creation during a collision;

• the source of cumulative particles is isotopically symmetric: 
there is an equality of the exit cross sections for particles 
with the opposite isotopic spin (π+/π- ≈ p/n ≈ t/3He ≈1);

• close yields K+/π+ (X) ≈1 and baryon dominance;

• there is a strong A-dependence and with an increase in the 
degree of cumulativeness the exponent at A increases and 
can exceed unity

Unusual features of cumulative processes
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Г.А. Лексин, Яд.Физ. т.65 (2002) 2042



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 production20.09.2014      ISHEPP XXII 2014 
Shimanskiy S.S.
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Phenomenological description



A.V. Efremov (1976) Parton description 
(FLUCTONS)
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Шиманский С.С.



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

(XIMI) + (XIIMII) → mc + [XIMI + XIIMII + m2 ]

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

Common case for AA-collisions





A.A. Baldin’s article

Phys. At. Nucl. 56(3), p.385(1993)
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Inclusive data parameterization
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A.A. Baldin’s parameterization for cumulative and subthreshold 
particle production
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T0 T0/2

Inverse slope for subthreshold π- meson production 
must be the less then T0/2

(near the phase space border).



eA - DIS
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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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FLUCTONS

SRC



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.Burov, V.K.Lukyanov, A.I.Titov, PLB, 67, 46(1977)
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New Era with High pT Particles Production
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XII ITEP School 1985





3

,,(o),… high pt

А2

Fluctons

Dense baryon system

Флуктон-флуктонные

взаимодействия

А:С,Ве,Не,…

А1

I.G.Alekseev et.al.(FLINT), ЯФ 71(2008)1; 
A.Stavinskiy, EPJ Web Conf. 71 (2014) 
00125; 
K.R. Mikhailov et al., Phys.Atom.Nucl. 77 
(2014) 576;
ЯФ 77 (2014) 610 

ITEP high pT data



Knot out cold dense nuclear configurations

40

SRC configuration

Multiquark(multinucleon)
configurations

p

<B>  ~  1

<B>  ?
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Flucton case

<B>  >  1

<B>  <  1

Knock out of a nuclear fragment

Collision with hot flucton - small 
explosion
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Flucton case (cont.)

<B>  >  1

Knock out of a flucton in an excited state

? for SPD, PANDA and
J-PARC-HI

AA-interactions!?

http://inspirehep.net/search?p=collaboration:%27J-PARC-HI%27&ln=ru


FODS

IHEP, Protvino

20.09.2014      ISHEPP XXII 2014 
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N.N. Antonov et al., JETP Letters, Vol.101, No.10, pp.670-673(2015)

p(50 GeV/c) + A(C, Al, Cu, W) -> c (350) +X



A-dependence for π

A :
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N.N. Antonov et al., JETP Letters, Vol.101, No.10, pp.670-673(2015)

-/+



SPIN(IHEP, protvino)
p+A->h +X (350 lab system), with 50 GeV proton beam  

FODS: В.В. Абрамов и др., ЯФ, т.41, вып.2, 357-370(1985)

Cronin: D. Antreasyan et al.,Phys. Rev. D 19, 764–778 (1979).



Ratio d/p
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D/p ratio

p/π ratio
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+ d/p problem,
cum. Region ~0.25

p/ ratio ~ 20













57
18.06.2014 RNP' 2014 Stara Lesna, 
Slovakia





(d) (t)

CT for Nuclei  and parton-A interaction
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1.Cold - exists inside ordinary nuclear matter as a 
quantum component of the wave function (with some 
probability and life time).

2. superDense - 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.

3. Baryonic Matter – enhancement of baryonic states 
and suppression of sea and gluon degrees of freedom 
(mesons and antiparticles production).

CsDBM
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Температура в центре Солнца ~ 15 000 000 К(эВ)

Температура КГП около 170 МэВ



“This is not the end.  It 

is not even the 

beginning of the end.  

It is, perhaps, the end 

of the beginning…”

-- Winston Churchill

A Final Thought…



Спасибо, что пришли и слушали!
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(dd or ud or uu)

КВАРКОВАЯ ЭКЗОТИКА



V.T. Kim
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B (p,n,, …), M (, K , …)
B MMN BN → ++

Exclusive NN study at xT ~ 1

( )N N

N

BB K

N N NN

N

K → +

→





→
}

Detail vertexes studies and 
spin structure of the 
interaction vertexes:

( ) ( )

( ) ( )

( ) ( ) ( )

q q quark quark

q qq quark diquark

qq qq diquark diquark

+ − −

+ − −

+ − −

Mechanisms of hyperons polarization  



Physics of Atomic Nuclei, Vol. 85, No. 3, pp. 300–304, 2022 arXiv:2109.12025v1 [hep-ph] 24 Sep 2021
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High pT exclusive reactions -> MPI

diquark
diquark

Diquark ud only

With uu and ud
diquarks

( ) 0n ppA → Diquark (S=0)

Without
diquark
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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

?



Final phases will be equal or not?

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 



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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Fiz. Elem. Chast. At. Yadra. 2005. V. 36. P. 954
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