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“Multiquark configurations in 
baryons and nuclei”

Stepan Shimanskiy (JINR)
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SPD at NICA
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“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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Polarized beams

▪ pp at  spp = 12 - 27 GeV,  Lav ≈  1032 cm-2s-1

▪ dd at sNN =   4 - 13 GeV

▪ longitudinal and transverse polarization in SPD and MPD

Physics tasks

• Nucleon spin structure studies

Drell-Yan pairs             Direct photons               J/ψ production

• spin-dependent effects in elastic pp, pd and dd scattering; 

• spin effects in exclusive hadron production;

• spin effects in production of hadrons with  high pT

SPD/NICA will provide a unique opportunity not available at other facilities

to study all the eight nucleon PDF in one experiment 

and obtain comprehensive information on the nucleon spin structure 

at high statistical level and with minimal systematic uncertainties.  

Timeline

❖ open a project for the SPD design: Jan.  2019

❖ preparation of CDR: 2019

❖ preparation of TDR (+ prototyping); stage I: 2020 – 2022 

stage II:                                2023

❖ construction of the detector: 2022 – 2025 

❖ first measurements: 2025

Spin Physics Detector (SPD)



- close to 4π geometrical acceptance;
- high-precision (~50 µm) and fast vertex detector;
- high-precision (~100 µm) and fast tracker, 
- good particle ID capabilities;
- efficient muon range system,
- good electromagnetic calorimeter,
- low material budget over the track paths,
- trigger and DAQ system able to cope with event rates at luminosity of 1032

(cm.s)-1,
- modularity and easy access to the detector elements, that makes possible 

further reconfiguration and upgrade of the facility.

Requirements for the SPD



NICA Collision place for SPIN physics
(deuteron and other beams, the first time all 

isotope states for NN system: pp, pn,nn.)
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SPD

The tagging stations can be used as polarimeter!



HIGH pT ISSUES at SPD

1. Diquark properties. 

2. The Confinement laws.

3. Nature of the spin effects.

4. The Deuteron spin structure.

5. FSI (with s,c-quarks participation).

6. Nature of CsDBM.

7. np dilepton production anomaly.

8. Exotic states.

9. Subthreshold J/ production.
… 10
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DIQURKS
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STATIC
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18.09.2018 ISHEPP XXIV 2018

Tomasz Skwarnicki (Syracuse, USA)
Exotic hadrons with heavy quarks: experimental 
perspective

STATIC
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(Colored) diquarks in QCD
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_attractive color force

(perturbatively: half as strong as in the meson)

quarks will pull apart in any sextet 
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Not a particle, just a 
building block in QCD

quark quark

Diquark can go in a place of antiquark in a hadron;
antidiquark in place of quark.

Exotic Hadrons, Dubna, Sep.18,2018 
Tomasz Skwarnicki
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STATIC



Hadrons from diquarks?

vs.

Light and heavy baryon 
spectroscopy is sensitive to 
this question

Role of diquarks in building hadrons?

Still an open question! 

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
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DYNAMIC
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DYNAMIC



22.09.2018 Shimanskiy S.S. (JINR) ISHEPP XXIV 2018 21

DYNAMIC
arXiv:1007.4705v5 [hep-ph] 25 Sep 2010
&Phys.Rev. C83 (2011) 054606
Carlos Granados and Misak Sargsian
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How can we prove the existence 
of diquarks and determine their properties?
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MPI
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NN Elastic scattering with
polarized deuteron beams :
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New data!

By the way we will have the 
counting rules verification!

pd, nd and dd – too!
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B (p,n,, …), M (, K , …)
B MMN BN → + +

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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Mechanisms of hyperons polarization  

07.08.2018 Shimanskiy S.S. (JINR) HSQCD 2018
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EXOTICS
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Ya.I.Azimov, PNPI Winter School 2013



pp - reactions with diquarks and
тетракварки

Kim’s mechanisms
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pp - reactions with pentaquarks production 
and …
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- reactions with tetraquarks 
production 

Kim’s-bar mechanisms

d-bar
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q-bar

q

qq-bar

Diquark proof

Exotic states production

pp

Exotic states production



- reaction with tetraquarks 
+pentaquark production

d-bar

d

d
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q-bar+d+d
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MULTIQUARKS
AND

CsDBM investigation
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H ~ 1015  Gs

E~ 1019  V/cm
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The Beginning





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

the heavy nuclei with large charges

January 1, 1971



Structure of Matter

Two ways that
structure is
revealed:

True from atoms
to particles…..

F. Close

p ++ + → +

*A A → +

40



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



Г.А. Лексин, Яд.Физ. т.65 (2002) 2042
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Phys.Rev.Lett. 96 (2006) 082501

45
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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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Knot out cold dense nuclear configurations

SRC configuration

Multiquark
configuration

p

07.08.2018 Shimanskiy S.S. (JINR) HSQCD 2018



Average baryon number <B>
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N.N. Antonov et al., JETP Letters, Vol.101, No.10, pp.670-673(2015)
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pp - > p + X, pp -> D + X reactions with diquarks

Kim’s mechanisms
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Ratio d/p
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SPIN data
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N.N. Antonov et al., JETP Letters, Vol.101, No.10, pp.670-673(2015)
SPIN data
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,,(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

07.08.2018 Shimanskiy S.S. (JINR) HSQCD 2018 55
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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



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

~ 0.2 c-1

~ 0.01 c-1

Shimanskiy S.S. (JINR) ISHEPP XXIV 2018
22.09.2018
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