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SPD at energies                          GeV 
and QCD 
TOPICS

• Helicity amplitudes of elastic pN scattering & spin observables in p-d and d-d 
elastic and quasi-elastic scattering

• Polarized large angle pN elastic scattering
• Color transparency
• Deuteron structure at short distances, SRC in nuclei,

dimensional scaling, multiquark configurations
• Single spin asymmetries in  p+p(A)->π X, pX and quark models
• Charm production of pN- collisions
• Hypernuclei
• Search for Physics beyond the Standard Model

3.4 10NNs = −
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Basics of QCD …

Quantum Chromodynamics 

• Quite possibly, the most remarkable theory we have ever invented
• One line and two definitions are responsible for the 

origin, mass and size of (almost) all visible matter!

NUCLEUS 2020 - St. Petersburg, Russia                                                            
(pgs = 52) Craig Roberts. Strong Interactions and the Emergence of Mass 7

F. Wilczek, QCD Made Simple
Physics Today 53N8 22-28, (2000) C.Roberts, NUCLEUS-2020

(3)cSU
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…. and SPD NICA

Asymptotic freedom           color  confinement 
Spontaneously broken chiral  symmetry

SBCS:  at                 Global flavor symmetry
Goldstone bosons                  ChEFT , 

MPD NICA: search for phase transitions in AA- collsions (deconfinement, CSR)
The SPD NICA  at                                  :                            
search for  transition region

(CCR, color transparency,  multiquarks, …, phase transitions(?))

⇔

(3) (3)L RSU SU×
( , , )Kπ η

0qm →

/ , / 1, 1CSB CSB CSBm q GeVπ Λ Λ Λ 

3.5 10NNs GeV= −

,hadrons q g→
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pN ELASTIC SCATTERING●

Soft ( small –t,-u) and 
Hard  ( large –t, -u > mN

2)  collisions

NN forces is a basis of nuclear physics.
NN elastic scattering is a basic process in nuclear reaction
It is important to study all their spin components via 

measurement of the  amplitudes of NN elastic scattering 
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A. Sibirtsev et al, EPJA (2010);  Regge parametrization  of pp amplitudes   at  pL=4-5 GeV/c

5 helicity pp –amplitudes of pp- scattering                                   10 (!) observables
for complete polarization experiment. SAID   data base  p< 3 GeV/c

1 5,..., ⇒φ φ

O. Selugin, PEPAN Letters 13  (2016) 116
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Yu.N. U., J. Haidenbauer, A. Temerbayev,
A. Bazarova,  arXiv:2011.04304 [nucl-th]  
NUCLEUS- 2020

Test of pN amplitudes:
pd elastic   scattering  

within the Glauber model
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Regge model fails?
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1
0{ }( )p d pp S n+ → +

* *| |,| |, Re , Imε β εβ εβ

Complete polarization experiment in 
collinear kinematics (Yu.N.U):   

Quasielastic pd-scattering 

pn->pn:

Also dd-elastic
and dd->pp(1S0)+nn(1S0)
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Search  for T-invariance violation in 
double polarized pd – scattering 
(see also below : N. Nikolaev et al.)09.06.2021 15



V.A. Baskov, O. D. Dalkarov A. I. L’vov et al.
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Pion cloud effect,
A.Anselm, V. Gribov (1972);
L. Jenkovsky et al (2018)

Soft pp scattering



● Spin-spin   effects in  pp-elastic at 90cmϑ = 
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Hard pp elastic scattering



Hard pN elastic scattering
25 7 , 5 10 :

1/ 0.1NN

s GeV t GeV

r t fm

= − − = −

− ≤

Some  aspects of QCD dynamics in pp(90o)-elastic: 

i) unexpected   oscillations at s=10-20 GeV2

ii) contradicts to pQCD ANN=1/3

10( , 90 ) ,pp
cmd s sσ ϑ −= 



iii) Bump in  color transparency in pA -> p+p+(A-1) at 4.9 5.5NNGeV s GeV≤ ≤

An explanation  by Brodsky@de Teramond(1988) : octoquarks at the threshold ,ss cc
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Future data on ANN in pn-pn elastic scattering will be very important to get more insight 
into this issue due to different spin-isospin dependence of p-n (T=0) as compared to p-p.

This can be done at NICA SPD.
What is relation to  LHCb pentaquarks from  decay of ?

2 5

2 2
3 3

0;
1| | ; 3 | | ;
3NN

PQCD PQCD

pQCD
NNA A

φ φ

σ φ σ φ

= =

= = =

Octoquark resonances: 1J L S= = =

uudccuud
uudssuud 3s GeV=

5s GeV= [ / ]pp p J pψ→

/b J pψΛ →
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● COLOR TRANSPARENCY
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A.H. Mueller,1982;
S. Brodsky, 1982



M.Strikman, 5 October, 2020
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For baryons CT
observations are
less clear –bump.



CT

/DWIA IAT σ σ=

no CT

L.L. Frankfurt et al. PRC 56 (1997)
pd->ppn
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A NEW  PROBLEM

D. Bhetuwal et al ( Hall C ), PRL 126 (2021) 082301
“Ruling out color transparency in quasi-elastic 12C(e,e’p)
up to  Q2 =14.2  [GeV/c]2”,   

See also contribution by A. Larionov
on CT in 12C-12C and Ca-Ca collisions
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VNN
Neutron stars
EMC

Aυ −
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Ladygin V. P.
06.10.2020
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Poor data on spin properties of 2N and 3N SRC 



Deuteron structure at short distances and SRC in A

O. Hen, G. Miller, E. Piasetzky,
Rev. Mod. Phys. 89 (2017)
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deuteron

Yu.N. U., A. Uvarov , NUCLEUS-2020

pp (1S0) dominates over pn(3S1-3D1)  at q> 1 GeV/c

Deuteron and pn(1S0) internal momentum distribution

09.06.2021 28



Ladygin V. P.
06.10.2020
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CONSTITUENT COUNTING RULES (CCR)
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Search for dibaryon resonances 
V.I. Komarov (2018)

B. Kostenko:  d+d->d+d*

( 90 )o
cmpp d Xϑ→ = +

2 2
*

0 *,
4

d
dlab

d

M Mq M M n
E

ε−
= = +
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VECTOR MESONS   PRODUCTION     IN  NN COLLISIONS
(F.E. Tomasi-Gustafsson )
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pQCD does not explain single and double spin 
asymmetries in ( )pp Xπ π+ −→
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The model of chromomagnetic polarization of
quarks (CPQ) , V. Abramov, 2009-2020
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J.M. Richard, Q. Wang, Q. Zhao, PRC 91 (2015) 014003
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● SEARCH FOR PHYSICS BEYOND  
THE   STANDARD   MODEL
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DM in light of AMS-02 measurements

• Dark matter > 26%
• AMS-02: Potential signal at 
𝑚𝑚𝐷𝐷𝐷𝐷~80 GeV

• High theoretical uncertainties: 
20-50%1

• Stat. sig.: from (> 5σ) to (~ 1.1σ)

Measuring Antiproton-Production Cross Sections for 
Dark Matter Search ( Reham El-Kholy)

09.06.2021 37



Potential Coverage by NICA SPD

Necessary parameter-space coverage1 to match AMS-02 precision:

3% within contours

30% outside contours

Accounting for hyperon-induced 
antiprotons via reconstruction of 
secondary vertices2

*

*
max

p
R

p

E
X

E
=
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N. Nikolaev, F. Rathman, A. Silenko, Yu. Uzikov, PLB 811  (2020) 135983
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NA61/SHINE: pp->K+(π+)X
A.Aduszkiewicz et al. PRC 102 (2020)

The horn in the region of SPD NICA ?
What about  pn-channel?
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See  also CDR of the SPD NICA



TO  CONCLUSION  
● Which experiment is the most important  and unique

among above  considered suggestions ? 

● There is no some "crucial  observable" to test the QCD

● Others suggestions  for  the first stage  of the   SPD NICA
are welcome                   

Thank you for your attention!
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BUCKUP 
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Problems of soft PP interactions
A. Galoyan and V. Uzhinsky

New Two-particle PT correlations

Averaged projections of
associated particle
momentum (Pass,x) on 
trigger particle momen-
tum (Px Λ) in  pp interac-
tions at Ecms=10 GeV. 
Open points – Pythia 6.4
calculations.  Closed ones
are FTF calculations.

There is a big difference
between model predic-
tions!  
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L-quarks, R-antiquarks R-quarks, L-antiquarks

PDF and polarized tau-leptons production

A. Aleshko, E. Boos, V. Bunichev

Energy of pi-meson depends on polarization of tau-lepton

224s GeV=
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SP have energy smaller than 50
MeV. The main mechanism of
their formation is Compton
scattering of soft gluons on
valence quarks at the final stage
of hadronization with the photon
radiation: q + g -> γ + q.

Over 30 years several
experiments have confirmed the
increased yield of SP compared to
theoretical calculations, but there
is still no comprehensive
understanding and explanation of
this phenomenon.

Soft Photon (SP) study yield in proton and 
light nuclei interactions at SPD-NICA setup

E.Kokoulina, V. Nikitin

50th and 51st Nuclotron’s runs. 

E
X
O
T
I
C
S
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A possible explanation: 
charm quark resonances
at the charm threshold  or 
exotic multi-quark states 
(see above large angle pp-
scattering)
S. Brodsky ,  G. F. de 
Teramond, PRL (1988)
However, the region is too 
broad for resonances

( Dutta et al 2013)
4.9 5.5NNGeV s GeV≤ ≤

PUZZLE CT in play-> p+p+(A-1) at BNL
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pQCD QIM
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M.Sargsian (2014)
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V.Komarov et a.l PLB 553 (2003);
J.Haidenbauer, Yu.N. U. PLB 562 (2003) 
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