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PLAN

1.Diquarks, exotic states and 
nonperturbative lows;

2.Cold superDense Baryonic Matter 
(CsDBM).
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The unique beam – no worldwide  (FNAL closed 
antiproton activity) and p/p ~ 10-5. 1-PHASE –
SIS18  beams?

The unique detector -  ~ 4π -exclusive 
reactions investigation (correlations, backward 
range); working at luminosity ~ 1032 cm-2 s-1 – the 
very rare events can be investigated; PID – close 
to full energy range and neutron registration. 

PANDA advantages
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Diquarks 
(proof of existence and 

properties)
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Diquarks V.T. Kim (1987)

pp -> p+X, pp -> pp+X
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proof of existence and propertiesproof of existence and propertiesproof of existence and properties



9

V.T. Kim (1987)
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arXiv:1007.4705v5 [hep-ph] 25 Sep 2010
Carlos Granados and Misak Sargsian



Tetraquarks (X, Y, Z)?
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Where we can more say about
domination of constituents

quarks?
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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 p
beam

≥ 5 GeV/c in any binary 

large-angle scattering (cm > 40o) reaction 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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Shimanskiy S.S.
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In which range of energy 
to provide investigation?
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C.W. Akerlof et al., Phys.Rev., vol.159, N5, 1138-1149, 1967

pT ~ 2 GeV/c

pp -> pp (900)



1.55 1.83 2.07 2.28 2.48 2.66
pT

?

Color(nuclear) transparency for proton
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8 GeV/c
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pT ~ 2 GeV/c region
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C. Baglin et al., Phys.Lett. B, vol.225, N3, 296-300, 1989

p p
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Which reactions need to 
provide investigation?
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B (p,n,, …D(?)), M (, K , …)
B MN MN B  

(Half)-exclusive NN studies 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:

( ) ( )

( ) ( )

( ) ( ) ( )

q q quark quark

q qq quark diquark

qq qq diquark diquark

  

  

  

Mechanisms of hyperons polarization  
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High pT exclusive reactions -> MPI

diquark
diquark

diquark

without diquark

0ppA  Diquark (S=0)
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} The counting rules and isotopic symmetry
studies, pT ~ 2 GeV/c anomaly(?)  

}

pp studies at xT ~ 1

Detail vertexes studies:

( ) ( ) ( )

( ) ( ) ( )

( )

q q q q quark antiquark

q q qq qq quark antidiquark

qq qq diquark antidiquark
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- reactions with tetraquarks 
production 

Kim’s-bar mechanisms

d-bar

d-bar

d-bar

d

d

d

d-bar

d
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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

d+d-bar

q-bar+d+d
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q-bar

D

Exotic states production

pd

p
d
d

Exotic states production



CsDBM
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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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Structure of Matter

Two ways that
structure is
revealed:

True from atoms
to particles…..

F. Close

p    

*A A  
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SPECTRA
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…с помощью ускорения тяжелых ядер,

обладающих более высоким зарядом, можно

было бы сравнительно дешевым способом в

короткие сроки получить пучки частиц

рекордно высоких энергий.

…it is possible to obtain the record high energy 
particle beams by means of accelerating the heavy nuclei 
with large charges

январь 1971
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Jim Baggott HIGGS
The Invention and Discovery of the ‘God Particle’
Oxford University Press, 2012
FOREWORD
by Steven Weinberg

“Like many other theorists, I did not fully accept the existence of quarks until the 
1973 work of David Gross and Frank Wilczek, and David Politzer. They showed that in 
the theory of quarks and strong nuclear forces known as quantum chromodynamics, 
the strong force gets weaker with decreasing distance”. 



The first experimental data



Leksin G.A., Phys.Atom.Nucl. 65 (2002) 1985-1994
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FHS, ITEP, S.Boyarinov et al.



27.05.2015      PANDA meeting 
Shimanskiy S.S.
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Fluctons Probability inside nuclei
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DIS in the cumulative 
region.
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K.Rith
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Cumulative 
kinematical 
region
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N.P. Zotov, V.A. Saleev, V.A. Tsarev (Lebedev Inst.)
Published in JETP Lett. 40 (1984) 965-968, Pisma Zh.Eksp.Teor.Fiz. 40 (1984) 200-203
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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.B., V.K.Lukyanov, A.I.Titov, PLB, 67, 46(1977)
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31.01.2017 Shimanskiy, LHEP English
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Knot out cold dense nuclear 
configurations

SRC configuration

Multinucleon(multiquark)
configuration





Galoyan A. & 
Uzhinsky V. 

(2016)
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SPIN data



Ratio p/+ (2013)
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31.01.2017 Shimanskiy, LHEP English
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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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Average baryon number <B>

24.11.2015      Shimanskiy S.S. 56

N.N. Antonov et al., JETP Letters, Vol.101, No.10, pp.670-673(2015)
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SPIN data
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31.01.2017 Shimanskiy, LHEP English
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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



The PANDA Detector

beam
interaction
point

solenoid

dipole

EM and hadron

calorimeters

target

generator

RICH

drift or wire

chambers

TOF stop

muon counters

12 m

( ) ' { }p p A p X  

20.09.2014      ISHEPP XXII 
2014 Shimanskiy S.S.
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NEWS from Theorists
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arXiv:1605.04090v1 [hep-lat] 13 May 2016
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END
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FODS 
(proton energy 15-50 GeV and 
nuclear beams up to 34 GeV/u)
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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
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C. Blume
High pT Measurements at the CERN SPS

arXiv:nucl-ex/0609022v1 15 Sep 2006
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27.05.2015      PANDA meeting 
Shimanskiy S.S.
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Fiz. Elem. Chast. At. Yadra. 2005. V. 36. P. 954

27.05.2015      PANDA meeting 
Shimanskiy S.S.
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