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Plan 
 

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

2. How we could make discoveries. 
 

3. The nearest plan. 



NN-interactions and the 
nucleon quark structure 
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A. Krisch, 28.02.2010 LHEP Seminar 

NICA energy range? 
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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 pbeam ≥ 5 GeV/c in any binary 
large-angle scattering (θcm > 40o) reaction at large momentum 
transfers          : 
 
                                             A + B -> C + D  
 

   where nA,nB,nC and nD the amounts of elementary constituents  in   
   A,B,C and D. 
 
                 s=(pA+pB)

2     and     t=(pA-pC)
2, 

 
   and 
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Shimanskiy S.S. 
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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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The rate for 
L~ 1030 cm-2c-1: 

~ 0.2 c-1 

~ 0.01 c-1 



10 



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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Color(nuclear) transparency  



SPIN problems 
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ИТЭФ, 09.11.2006 Шиманский С.С. 



CsDBM investigation 



24 

+ CERN Yellow Report  
2007-005, p.75 
2008-005 

Nuclotron-SPS Time (CERN) RHIC Time(BNL) 

Nuclear Physics A 837 (2010) 65–86 

With time the complexity 
is growing for the  
cold high density region  



«Fluctons» 
     “SRC” 
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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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N.N. Antonov et al., JETP Letters, Vol.101, No.10, pp.670-673(2015) 
SPIN data 



Ratios 
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Ratio d/p 
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SPIN data 



«I think that the main problem in understanding of high 
p_T hadrons at the energies of Serpukhov is why you see 
more protons than pions. This was claimed long time ago 
by the Sulyaev's group and I remember hot debates in 
that back in the 80s. Those debated ended up with no 
clear conclusion. Much later an excess of baryons was 
observed by the STAR at RHIC and was called "baryon 
anomaly". Again, no good explanation has been proposed 
so far. I might have my own explanation, but haven't 
written anything so far. Anyway, my point is, if we do not 
understand the mechanism of production of baryons 
dominating at high p_T, we should not make any certain 
conclusions about the cumulative mechanisms». 

Тема Re: Cumulative at high p_T 
От Boris Kopeliovich 
Кому Stepan 
Ответить bzk@mpi-hd.mpg.de 
Дата 23.01.2012 7:42 
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arXiv:1605.04090v1 [hep-lat] 13 May 2016 
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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 
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Nucleon’s Spin 

Are there all? 

( ) ( ) ...qq qqS L+ + +Diquarks part? 
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arXiv:1007.4705v5 [hep-ph] 25 Sep 2010 
Carlos Granados and Misak Sargsian 
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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,Λ, ∆…), M (π, K , …) 

B MMN BN →↑ +↑ +

Exclusive NN study at xT ~ 1  

( )N N
N

BB K

N N NN

N
Kππ↑ ↑→ +

↑→

↑

↑

↑→ ∆∆

}

}
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   



41 

0 0
( ) 2

7( )
NR
N
π π
π π

+ −
= =

0 0
( ) 0
( )

NR
N
π π
π π

+ −
= →

High pT exclusive reactions -> MPI 

diquark diquark 

diquark 

Without 
 diquark 

( ) 0n ppA → Diquark (S=0) 



pp - > BB + 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 
and FSI,hadronization  
laws  (ΛΛ,ΛN,nn)  

(KK,Kπ,ππ)  



Polarization control in the Collider at νs = 0 (4) 
option 1: combination of the solenoids and RF    

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



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

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

d 

Tagging station 

Tagging station 

d 

Magnet 

Magnet Magnet 

Magnet 

Magnet Magnet 

ZD HCAL&n ZD HCAL&n 

BHCAL&neutron 
 detector 

BHCAL&neutron 
 detector 

3He ↑

p ↑

p ↑

3He ↑

(p,d) 

(p,d) 

n n 
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SPD 

The tagging stations can be used as polarimeter! 





FARICH concept 
Focusing Aerogel RICH – FARICH 
 Improves proximity focusing design by reducing radiator 
 thickness contribution into the Cherenkov angle resolution 

Single ring option Multi-ring option 

T.Iijima et al., NIM A548 (2005) 383 
A.Yu.Barnyakov et al., NIM A553 (2005) 70 VCI 2013 46 13/02/2013 



Multi-layer ‘focusing’ aerogels 
• Produced by Boreskov Institute of Catalysis 

(Novosibirsk) in cooperation with Budker Institute since 
2004 

First 4-layer sample produced in 2004 
A.Yu.Barnyakov et al., NIM A553 (2005) 70 

VCI 2013 47 13/02/2013 



Experiment MARUSYA-FLINT at JINR 

• Scheme of experimental set-up  
• MARUSYA-FLINT:  ST -  target station, 
•  M1, M2- scintillation monitors,  
• DM- multiplicity detectors,  
• H- scintillation hodoscopes,  
• ZDC - hadron calorimeter,  
•  PC - proportional chambers,  
• C – cherenkov counter,  
• ML17, K100 - quadrupole lens, 
•  SP-57, SP-40 - dipole magnets,  
• ECal - electromagnetic calorimeter 

Magnetic spectrometer: 
For Pt = 0,3-0,8 GeV/s used magnet SP-57 
For Pt = 0,6-2 GeV/s used magnet SP-57 and SP-40 
  



 ISSUES  

1. Diquark properties. 
2. The Confinement laws. 
3. Nature of the spin effects. 
4. The Deuteron spin structure. 
5. FSI (with s-quark participation). 
6. Nature of CsDBM. 
7. np dilepton production anomaly.  
8. …  



1. Conditions to accelerate the polarized  
    beams (p, d, 3He -?) and the spin-flip system! 
 
2. The target stations for pp, pn, nn and …–interactions 
    + polarimetry. Magnets and cryostats design.  
    Close cooperation with acceleration people  
    is needed since now! 
 
3. Design ZDC with high neutron efficiency. 
 
4. Design and prototype testing of detectors  
   for target stations. 
 
5. MC simulations (detectors and processes). 



THANK YOU 
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