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Nonperturbative QCD problems
and the lightest quarks

Quark-partons m=0

Current quarks            m ~ MeV

Constituent quarks      m ~ 100 MeV

Confinement         Laws ? 

Hadronization     q -> meson  ~ 100%





Ya.I.Azimov, PNPI Winter School 2013



Phys.Atom.Nucl. 74 (2011) 418-425



PHYSICAL REVIEW D 94, 034039 (2016)



Hadrons from diquarks?

vs.

Light and heavy baryon 
spectroscopy is sensitive 
to this question

Role of diquarks in building hadrons?

Additional motivation for 
existence of tetra- and 
penta-quarks.

Does effective mechanism to suppress rapid fall-apart exist?Exotic Hadrons, Dubna, 

Sep.18,2018 Tomasz 

Skwarnicki

Still an open question! 



DIQUARK DYNAMICS



Why high pT is needed? 

The Counting Rules

We deal with dominance of constituent quarks
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Two articles in 1973 were published:

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 p
beam

≥ 5 GeV/c in any binary 

large-angle scattering (cm > 40o) reactions at large  

momentum transfers            :

A + B -> C + D 

where n
A
,n

B
,n

C
and n

D
the amounts of elementary constituents  in 

A,B,C and D.
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Which the energy range is interesting?

NN-interactions and SPIN problems
(pT~ 2 GeV/c anomaly and the
diquark nucleon component)



pp -> pp (900 c.m.s.)
C.W. Akerlof et al., Phys.Rev., vol.159, N5, 1138-1149, 1967

pT ~ 2 GeV/c



pT ~ 2 GeV/c
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C. Baglin et al., Phys.Lett. B, vol.225, N3, 296-
300, 1989

pT ~ 2 GeV/c



Phys.Rev. C83 (2011) 054606
Carlos Granados and Misak Sargsian



SPIN physics and isotopic 
problem



Alan Krisch





Alan Krisch



pA - and AA - interactions
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arXiv:1208.3668v1 [nucl-th] 17 Aug 2012
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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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J.W. Cronin et al., Production of hadrons at large transverse momentum at 200, 
300, and 400 GeV, Phys.Rev. D, v.11, N 11, 3105-3123 (1975)

V.S. Pantuev Physics of Atomic Nuclei, 2009, Vol. 72, No. 12, pp. 1971–1981

pT ~ 2 GeV/c region

27



28



pT~2 GeV/c anomaly at high energy 
(RHIC and LHC)
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D/p ratio

p/π ratio



D/p ratio



V.T. Kim
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“The high pT physics at PANDA(FAIR) and 

SPD(NICA)”

Shimanskiy S.S. (JINR)



HIGH pT ISSUES

1.Diquark properties. 
2.Nature of the spin effects.
3.Exotic states and flavor universality.
4.…

5.Nature of CsDBM and CT.
6.N – hypernuclei.
7.Subthreshold J/ production.
8.… 
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CUMULATIVE PROCESSES





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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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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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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“Flucton”

“SRC”
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Knot out cold dense nuclear 
configurations

SRC configuration

Multiquark
configuration

p



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



Average baryon number <B>

48

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



“New directions in science are 
launched by new tools much 
more often than by new 
concepts.

The effect of a concept-driven 
revolution is to explain old 
things in new ways.

The effect of a tool-driven 
revolution is to discover new 
things that have to be 
explained”

From Freeman Dyson ‘Imagined 
Worlds’

http://upload.wikimedia.org/wikipedia/commons/3/3d/Freeman_Dyson.jpg
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NICA at JINR
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basic facility

SPD 

MPD 
Center NICA

Nuclotron ring (c=251,5 m)

Collider ring (c=503 m)

21/02/2019 V. Kekelidze, JINR SC-125 56

major milestones

BM@N the first 

physics 

run

Booster 

commissioning





Unique beams: – wide range of kind of the 

beam particles (antiproton and 

polarization) and p/p up to 10-5.

Unique detectors:  ~ 4π (exclusive 

reactions, correlations); detection of all 

kinds of particles; working at luminosity ~ 

1032 cm-2 s-1 (rare events can be 

investigated); PID – close to full energy 

range and high momentum resolution.

Main advantages
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From the inclusive experiments to the
correlations and the exclusive experiments



DIQUARK NUCLEON COMPONENT
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Way to resolve these problems
MPI and Exclusive reaction
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Exclusive NN study at xT ~ 1
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The counting rules and isotopic symmetry
studies, pT ~ 2 GeV/c anomaly 

Detail vertexes studies 
and spin structure of 
the interaction vertex:

( ) ( )
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q q quark quark

q qq quark diquark

qq qq diquark diquark

+ − −

+ − −
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Mechanisms of hyperons polarization  



pp - > pp + X, pp -> D(H, N…) + X
reactions with diquarks

Kim’s mechanisms in exclusive reactions
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Diquark proof
Double qd-scatering
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High pT exclusive reactions -> MPI

diquarkdiquark
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Exotic states and 
flavor universality
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- reactions with tetraquarks 
production in 

Kim’s-bar mechanisms

d-bar

d_bar
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q-bar

q

qq_bar

Diquark proof

Exotic states production

pp

d – diquark !



- reaction with tetraquarks 
+pentaquark production

d_bar

d

d

d + d_bar

q_bar + d + d
67

q_bar

D

Exotic states production

pd

p
d
d

d – diquark !
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pp - reactions with pentaquarks production 

Exotic states production
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pp - reactions with tetraquarks production 

Exotic states production

d – diquark !

q q
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The rate for
L~ 1030 cm-2c-1:

~ 0.2 c-1

~ 0.01 c-1





END



«I think that the main problem in understanding of high p_T

hadrons at the energies of Serpukhov is why you see more 

protons than pions. This was claimed long time ago by the 

Sulyaev's group and I remember hot debates in that back in 

the 80s. Those debated ended up with no clear conclusion. 

Much later an excess of baryons was observed by the STAR 

at RHIC and was called "baryon anomaly". Again, no good 

explanation has been proposed so far. I might have my own 

explanation, but haven't written anything so far. Anyway, my 

point is, if we do not understand the mechanism of production 

of baryons dominating at high p_T, we should not make any 

certain conclusions about the cumulative mechanisms».

Тема Re: Cumulative at high p_T

От Boris Kopeliovich

Кому Stepan

Ответить bzk@mpi-hd.mpg.de

Дата 23.01.2012 7:42
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