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How many the diquark publications?
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From the inclusive experiments to the
correlations and the exclusive experiments
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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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2014





2016



- 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



The unique beams: – wide range of kind 

of the beam particles (antiproton and 

polarization) and p/p up to 10-5.

The unique detectors:  ~ 4π (exclusive 

reactions, correlations, backward range); 

detection all kinds of particles; working at 

luminosity ~ 1032 cm-2 s-1 (the rare event 

can be investigated); PID – close to full 

energy range and high momentum 

resolution.

Main advantages
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HIGH pT ISSUES at SPD

1.Diquark properties. 
2.Nature of the spin effects.
3.Exotic states and flavor universality.
4.FSI (with s,c-quarks participation).
5.N – hypernuclei.

6.Nature of CsDBM.
7.Subthreshold J/ production.
8.The Deuteron spin structure.
9.np dilepton production anomaly.
10.… 
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Why the high pT is needed? 

The Counting Rules
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( 2)
~ ( )A B C Dn n n n

A B C D

d t
f

dt ss
 − + + + −

+ − +

10
~

pp pp

d

dt
s

 −

−

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.

s=(p
A
+p

B
)2 and     t=(p

A
-p

C
)2,

and
8

~
p p

d

dt
s

 

 −

−

Q t= −



Shimanskiy S.S.



Shimanskiy S.S.

S.J. Brodsky, J.F.Gunion 
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NN-interactions and SPIN problems
(pT~ 2 GeV/c anomaly)

Which the energy range is interesting?



20.12.2018 26

C.W. Akerlof et al., Phys.Rev., vol.159, N5, 1138-1149, 1967

pT ~ 2 GeV/c

pp -> pp (900)

Krisch A. and Leksin G. –

non pointlike structure

of nucleon
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pT ~ 2 GeV/c

pp -> pp (900)
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AIP Conf.Proc. 1560 (2013) 470-474

Prog.Part.Nucl.Phys. 69 (2013) 1-27



p

p

p

p

p

p n

n

n

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.



1.55 1.83 2.07 2.28 2.48 2.66pT

?



pT ~ 2 GeV/c region

( )
(90 . .)

( )

opp pp
R c m

pp pp





→
=

→

C. Baglin et al., Phys.Lett. B, vol.225, N3, 296-300, 1989

p p



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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pT~2 GeV/c anomaly at high energy 
(RHIC and LHC)
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SPIN
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DIQUARK

45



46



47



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



49

PHYSICAL REVIEW D 94, 034039 (2016)
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DIQURK DYNAMIC
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Parton Distribution Function
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pp - > pp + X, pp -> D + X
reactions with diquarks

Kim’s mechanisms

d

d

d

d

d

d

d

d
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q

q

q q

Diquark proof

Exotic states production
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Diquarks V.T. Kim (1987)pp -> p+X, pp -> pp+X
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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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NN Elastic scattering with
polarized deuteron beams :

n

p

p n p

n

p

n

p

n

p

n + →

 + →

 + →

+

+

+

for calibration

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

( )N N

N

BB K

N N NN

N

K → +

→





→

}

}

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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Way to resolve these problems
MPI and Exclusive reaction
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0 0

( ) 2

7( )

N
R

N

 

 

+ −

= =

0 0

( )
0

( )

N
R

N

 

 

+ −

= →

High pT exclusive reactions -> MPI

diquark
diquark

diquark

Without
diquark

( ) 0n ppA → Diquark (S=0)



Exotic states and 
flavor universality
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Ya.I.Azimov, PNPI Winter School 2013



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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STATIC



pp - reactions with diquarks and
тетракварки

Kim’s mechanisms

d

d

d

d
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q

q

q q

q q

q-bar q-
bar



pp - reactions with pentaquarks production 
and …

d

d

d

d

d

d

q-bar

d

66

q
q

qq

K - interaction

Exotic states production
d

q

q q



- reactions with tetraquarks 
production in 

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



- reaction with tetraquarks 
+pentaquark production

d-bar

d

d

d+d-bar

q-bar+d+d
68

q-bar

D

Exotic states production

pd

p
d
d
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