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“Spin plays a dramatic Jekyll and Hyde role in the theatre of 
elementary particle physics, acting sometimes as the harbinger of 
the demise of a current theory, sometimes as a powerful tool in 
the confirmation and verification of such a theory”.

“Спин играет драматическую роль Джекилл  и Хайда в театре 
физики элементарных частиц, иногда  выступая  в качестве 
предвестника упадка существующей теории, а иногда, 
выступая в качестве мощного орудия проверки  и 
подтверждения такой теории”. 



Plan

1. Which Spin and other problems 
at NICA energies are interesting 
to study at high pT range?

2. How we could make discoveries.



Non polarized processes and problems
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C.W. Akerlof et al., Phys.Rev., vol.159, N5, 1138-1149, 1967

pT ~ 2 GeV/c
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pT ~ 2 GeV/c

pp -> pp (900)

Krisch A. and Leksin G. –
Substructure of nucleon



pT ~ 2 GeV/c region
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C. Baglin et al., Phys.Lett. B, 

vol.225, N3, 296-300, 1989
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(dd or ud or uu)

КВАРКОВАЯ ЭКЗОТИКА
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https://arxiv.org/abs/1606.07108
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Phys.Rev.C 83 (2011) 054606
arXiv:1007.4705v5 [hep-ph]2010
Carlos Granados and Misak Sargsian

Who can predict
nn -> nn to pp -> pp?



Quark counting rules
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In 1973 were published two articles :

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 > 40
o) 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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… + Spin ?
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Fiz. Elem. Chast. At. Yadra. 2005. 

V. 36. P. 954



Spin problems



Preface

In purely hadronic physics, too, there are tantalizing questions regarding 

spin dependence. There exists a whole array of semi-inclusive experiments like 

pp —► πΧ with a transversely polarized proton beam or target, or pp —►

hyperon + X, with an unpolarized initial state in which huge hyperon spin 

asymmetries or polarizations — at the 30%-40% level! — are observed. These 

experiments are very hard to explain within the framework of QCD. The 

asymmetries all vanish at the partonic level and one has to invoke soft, non-

perturbative mechanisms. All such mechanisms predict that the asymmetries 

must die out as the momentum transfer increases, yet there is no sign in the 

present data of such a decrease. 

In exclusive reactions like pp —► pp the disagreement between the data 

on the analysing power at large momentum transfer and the naive QCD 

asymptotic predictions is even more severe, but here at least there is an 

escape clause: the theory of exclusive reactions in QCD is horrendously 

difficult. 

SPIN IN PARTICLE PHYSICS 
ELLIOT LEADER 

Imperial College, London 

© Cambridge University Press 2001 
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A. Krisch, 28.02.2010 LHEP Seminar

NICA energy range?
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“New directions in science are 
launched by new tools much more 
often than by new concepts.
Новые направления в науке запускаются новыми 
инструментами(методиками) гораздо чаще, чем новыми 
концепциями.

The effect of a concept-driven 
revolution is to explain old things in 
new ways.
Эффект концептуальной революции состоит в том, чтобы 
объяснить старые вещи по-новому.

The effect of a tool-driven revolution 
is to discover new things that have to 
be explained”
Эффект инструментальной революции заключается в 
открытии новых вещей, которые должны быть объяснены.

From Freeman Dyson ‘Imagined Worlds’

New detectors –> new capabilities

http://upload.wikimedia.org/wikipedia/commons/3/3d/Freeman_Dyson.jpg


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!



Some unique features for NICA

а) new ring fill modes (all bunches with the same polarization in 
both rings) and the operation (sequential switching-on of the 
spin-flippers in the rings):

 1st ring             +++… |ххх| - - -… |----| - - -… |xxx| +++ |----| +++…

2nd ring      +++… |----| +++… |xxx| - - -… |----| - - - |xxx| +++…

        (+ +)           (- +)             (- -)           (+ -)        (+ +) 

|ххх| - spin-flipper switching-on, no data taking

|----|  - spin-flipper switching-off, no data taking

b) there are no problem with measurement of the bunch 2 
bunch luminosity and no problem to reverse the polarization at 
the ion source during ring fillings!

Working with spin-flippers at NICA
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NN Elastic scattering with
polarized deuteron beams :

p n p n

p p p p

n n n 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
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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  



Physics of Atomic Nuclei, Vol. 85, No. 2, 2022

arXiv:2109.12025v1 [hep-ph] 24 Sep 2021
DIQUAKS
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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



39

High pT exclusive reactions -> MPI

p+ p - >  + KN (K + N)

diquarkdiquark

pp
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K N
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Ya.I.Azimov, PNPI Winter School 2013
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q

q

q q

pp

ത𝑞

pp - reactions with direct pentaquarks production 

Exotic states production

q

dd

pentaquarks

baryonss
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q
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pp

ത𝑞ത𝑞

pp - reactions with direct tetraquarks production 

Exotic states production

d – diquark !

q q

tetraquarks



Thank you for attention
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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.



B.Van Overmeire, J.Ryckebusch, 

nucl-th/0608040 



𝑝𝑝 → 𝑝𝑝
𝑝𝑝 → 𝑛𝑛−?

𝑝𝑝 → 𝑝𝑝 + 𝜋𝜋(𝐾𝐾)

𝑝𝑝 → ΛΛ + 𝐾𝐾(𝜋𝜋)
𝑝𝑝 → 𝐵 ത𝐵 + 𝑙+𝑙−

𝑝𝑝 → 𝑀 ഥ𝑀 + 𝑙+𝑙−

} 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

+ − −

+ − −

+ − −

47ҧ𝑝𝑝 → 𝑙+𝑙− + 𝑙+𝑙−

PANDA

Скачок в сечении упругого рассеяния?
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Direct reaction to tetraquarks production in 

d-bar

d-bar

d-bar

d

d

d

d-bar

d

q-bar

q

qq-bar

Diquark proof

Exotic states production

pp
PANDA



- reaction with tetraquarks +pentaquark 
production

d-bar

d

d

d+d-bar

q-bar+d+d

49

q-bar

D

Exotic states production

pd

p
d
d

PANDA
29.08.2023
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