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Towards full-scale SPD project
(status)



Asymmetries in high pT hadron production

• Diquark properties.

• Confinement laws.

• Nature of the huge spin effects.

• Deuteron spin structure.

• Properties of the plain N- and NK-

interactions.

• Exotic states – H(), pentaquarks, …

• Nature and properties of  the cold super dense 

baryonic matter (CsDBM) (pA and AA).

• Dilepton production puzzle in np-interaction. 



Working groups have been set up:

• Interim Steering Committee (13 members)

• Physics program
• Theory (OV Teryaev)
• Simulations (AP Nagaytsev, AV Guskov, SS Shimanskij)
• Local polarimetry (VP Ladygin)

• Detector
• Overall design (VA Anosov, IV Moshkovskij) 
• Magnet (AD Kovalenko)
• Vertex detector (NI Zamjatin)
• Tracking (TL Enik)
• FEE - INFN Turin ? 
• Trigger & DAQ (AV Koulikov, VN Frolov, VM Slepnev, I. Konorov) 
• TOF-RPC  - IHEP Protvino ?
• ECAL - OP Gavrishchuk
• Muon range system (GD Alekseev)

• Software ( OV Rogachevski, A Tkachenko)



Roadmap (cont’d)

• Preparation of the Technical Design Report (2019 – 2020)

• Signing up of contracts for construction of the main detector 
systems: magnet, tracking system, muon range system, EM 
calorimeter, local polarimetry, trigger and DAQ system, etc. 
(2020);

• Construction of the detector (2021-2025)

• First measurements – 2025.



ПОЕХАЛИ!
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DEUTERON STATIC PROPERTIES FROM 
NN-POTENTIALS
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Многокварковые конфигурации.

Как их можно увидеть и исследовать?
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Правила кваркового счета
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)

Предсказывалось, что для pпучка ≥ 5 ГэВ/с и углов см > 40o

Здесь nA, nB, nC и nD число составляющих кварков в адронах A, B, C и D.

s=(pA+pB)2          и t=(pA-pC)2,

где PX – четырех-импульсы адронов. Например: 
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Где видны указания на 
подструктуру в нуклонах и 

ядрах?
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arXiv:hep-ph/0410304 v3 23 May 2005

Are There Diquarks in the Nucleon?

M. Cristoforettia b, P. Facciolia c, G. Ripkaa d, and M. Trainia

We study in detail the physical properties of the 0+ diquark, using the Random Instanton 
Liquid Model. We find that instanton forces are sufficiently strong to form a diquark bound-
state, with a mass of ∼ 500 MeV, which is compatible with earlier estimates. We also compute 
its electro-magnetic form factor and find that the diquark is a broad object, with a size 
comparable with that of the proton.
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Tetraquarks (X, Y, Z)
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Ya.I.Azimov, PNPI Winter School 2013
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DIQURK DYNAMIC
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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
Carlos Granados and Misak Sargsian
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Какие состояния у ядерной 
материи могут быть?

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

SPS Time (CERN)
RHIC Time(BNL)
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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.Burov, V.K.Lukyanov, A.I.Titov, PLB, 67, 46(1977)
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Нам необходимо ответить на  
вопрос:

- есть ли
многонуклонные(многокварковые)
состояния в обычной ядерной материи 
или реализуется сценарий SRC ?

S.S.Shimanskiy
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Knot out cold dense nuclear configurations

SRC configuration

Multiquark
configuration

p







N.N. Antonov et al., JETP Letters, Vol.101, No.10, pp.670-673(2015)



Ratio d/p
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SPIN data



pp - > p + X, pp -> D + X reactions with diquarks

Kim’s mechanisms
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q

q

q q
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SPIN data
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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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“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


The tools
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NICA project

new design & conception





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





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!



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

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

d
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Tagging station

d

Magnet

MagnetMagnet

Magnet

Magnet Magnet

ZD HCAL&n ZD HCAL&n

BHCALneutron
detector

BHCAL&neutron
detector

3He 

p 

p 

3He 

(p,d)

(p,d)

nn

56

SPD

The tagging stations can be used as polarimeter!
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pp -> pp (900)
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Nonpolarized beams 

Color(nuclear) transparency 
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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  
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High pT exclusive reactions -> MPI

diquark
diquark

diquark

Without
diquark

( ) 0n ppA  Diquark (S=0)



pp - reactions with pentaquarks production 
and …
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q
q

qq

N - interaction

Exotic states production
d

q

q q



The FAIR Project
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NUSTAR
radioactive ion 
beams

PANDA
antiproton beams

CBM
relativistic nuclear 
collisions

APPA
ions, antiprotons

SwedenFrance IndiaFinland Germany Poland UK Romania Russia Slovenia



The PANDA Detector

beam
interaction
point

solenoid

dipole

EM and hadron

calorimeters

target

generator

RICH

drift or wire

chambers

TOF stop

muon counters

12 m

( ) ' { }p p A p X  
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} 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
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- reactions with tetraquarks 
production 

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

Exotic states production



- reaction with tetraquarks 
+pentaquark production

d-bar

d

d

d+d-bar

q-bar+d+d
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q-bar

D

Exotic states production

pd

p
d
d

Exotic states production







ALICE
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pT ~ 2 GeV/c region
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C. Blume

High pT Measurements at the CERN SPS

arXiv:nucl-ex/0609022v1 15 Sep 2006
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