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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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NICA operation in Polarized Mode  

Polarized dd – collisions: 
SPI→ LU-20M → Nuclotron → Collider ‏ 

Polarized pp – collisions: 
SPI→ LU-20M → Nuclotron → Collider ‏ 

Polarized pd – collisions: 
  the scheme include  LU-20 and HILAC both‏
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Implementation of polarized beam program  

Equipment of new polarized ion source SPI and LEBT 
part of beam channel to RFQ section 
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New for-injector LU-20 & SPI 
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May 16 2016: 1st beam in LU-20 

 June 12 2016: 1st beam from the SPI 

RUN #52, d+ 

Energy 750 MeV/u, intensity 109 



Implementation of polarized beam program  

Output beam channels from linac  LU-20 

polarimeter 

to Nuclotron 

D.Krivenkov 
L.Zolin, 
V.Nikitin, 
V.Avdeichikov 
M.Aver’yanov  
et al. 

DSPIN_2017, Dubna, 11-15 September, 2017 
A.D.Kovalenko 



Implementation of polarization program  

Proton and deuteron polarimeter at Nuclotron ring 

V.Ladygin   

et al. 

DSPIN_2017, Dubna, 11-15 September, 2017 
A.D.Kovalenko 



Implementation of polarization program 

Proton and deuteron polarimeter at Nuclotron extracted 
beam (focus F3 point) 

N.Piskunov 
R.Shindin  
K.Legostaeva 
A.Livanov  

et al. 
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НИКА 



Requirements to the facility in polarized mode 

 polarized and non-polarized p-; d–collisions 

 pp(p) at  spp
 = 12 ÷ 27 GeV (5 ÷ 12.6 GeV kinetic energy ) 

  dd(d) at sNN = 4 ÷ 13 GeV (2 ÷ 5.5 GeV/u  kinetic energy )‏ 

   Laverage  ≈  1∙10E32 cm-2s-1 (at spp ≥ 27 GeV)  

 sufficient lifetime and degree of polarization  
 longitudinal and transverse polarization in MPD/SPD 
 asymmetric collision mode, pd, should be possible 

We concentrate design efforts at the pp-mode 
that need extremely high the peak and average 

luminosity  
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1. Работа на NICA со спин-флипперами 

а) новый режимы заполнение колец (все банчи с одной поляризацией в обоих 
кольцах) и работы (поочерёдное включение спин-флипперов в кольцах): 

 1-е кольцо    +++… |ххх| - - -… |----| - - -… |xxx| +++ |----| +++… 

 1-е кольцо     +++… |----| +++… |xxx| - - -… |----| - - - |xxx| +++… 

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

|ххх| - ротатор включён, нет набора данных 

|----|  - ротатор не включён, нет набора данных 

 

б) нет проблемы измерения межбанчивой светимости, нет 
проблемы с разной поляризацией в разных модах при 
работе источника! 



Polarization control in the Collider at s = 0  

option 1: combination of the solenoids and RF    
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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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Tagging station 

Tagging station 
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SPD 

The tagging stations can be used as polarimeter! 









“Физика больших pT”  
(непертурбативная КХД) 
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DEUTERON STATIC PROPERTIES 
FROM  

NN-POTENTIALS 
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pp -> pp (900) 
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Nonpolarized beams  

Color(nuclear) transparency  
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The rate for 
L~ 1030 cm-2c-1: 

~ 0.2 c-1 

~ 0.01 c-1 



ДИКВАРКИ 
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arXiv:1007.4705v5 [hep-ph] 25 Sep 2010 
Carlos Granados and Misak Sargsian 



Diquarks V.T. Kim (1987) 

pp -> p+X, pp -> pp+X 
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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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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

  

  
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Mechanisms of hyperons polarization   
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CsDBM investigation 



Шиманский С.С. 

Поляризованные D 
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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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Knot out cold dense nuclear configurations  

SRC configuration 

Multiquark 
configuration  

p 
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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 



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 





Ratios 
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arXiv:1605.04090v1 [hep-lat] 13 May 2016 
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31.01.2017 Shimanskiy, LHEP English 

45 

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 



EXOTICS 
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Ya.I.Azimov, PNPI Winter School 2013 



 

Ratio d/p 
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SPIN data 



pp - reactions with diquarks and 
тетракварки 

Kim’s mechanisms 
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        - reactions with 
pentaquarks production  

Kim’s mechanisms 
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d 
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q 
q 

q q 

Diquark proof 

Exotic states production 

pp
Exotic states production 

q 

q-bar 



 ISSUES  

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. 
…  



END 


