
“The Nonperturbative laws of 
QCD in Experiments (Part II)”

S.S. Shimanskiy (JINR, Dubna)



JINR NEWS N4, 2005 http://www1.jinr.ru/News/News_4_2005.pdf



HIGH pT ISSUES at SPD

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.
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CsDBM investigation
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N. Cabibbo and G. Parisi, Phys. Lett. B59 (1975) 67

The first QCD Phase Diagram

Curious “warnings” in the paper:
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+ CERN Yellow
Report
2007-005, p.75

SPS Time (CERN)
RHIC Time(BNL)
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H ~ 1016 Gs

E~ 1019  V/cm
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Structure of Matter

Two ways that
structure is
revealed:

True from atoms
to particles…..

F. Close

p ++ + → +

*A A → +
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The Beginning





It is possible to obtain the record high energy 
particle beams by means of accelerating

the heavy nuclei with large charges

January 1, 1971





The first introduction of the term “cumulative 
effect”
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Jim Baggott HIGGS
The Invention and Discovery of the ‘God Particle’
Oxford University Press, 2012
FOREWORD
by Steven Weinberg

“Like many other theorists, I did not fully accept the existence of quarks until the 
1973 work of David Gross and Frank Wilczek, and David Politzer. They showed that in 
the theory of quarks and strong nuclear forces known as quantum chromodynamics, 
the strong force gets weaker with decreasing distance”. 

“Как и многие теоретики, я не вполне принимал существование существование 
кварков до 1973 года, до работы Дэвида Гросса, Фрэнка Вильчека  и Дэвида 
Политцера. Они показали, что в теории кварков и сильных ядерных 
взаимодействий, называемой КХД , сильное взаимодействие становиться 
слабее с уменьшением расстояния”.  



The first experimental data



На рисунках приведены спектры протонов,
измеренные на ускорителе ИТЭФ под углом 1370 в
реакции р+С→ р+Х [2]. Стрелки показывают
положения ожидавшихся квазиупругих
максимумов для рассеяния на многонуклонных
кластерах типа d,t,He. Присутствие в спектре
частиц, за пределами ограничений кинематики рр
взаимодействия ясно видно. Это были первые
измеренные спектры протонов в кумулятивной
области при начальных энергиях несколько ГэВ.

Баюков и др., Изв. АН СССР т.30, 1966, с.521

ЯФ т.18, с.1246, 1973

ITEP data for proton spectra
(G.A.Leksin et al.)



SPECTRA
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Cumulative
particle
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} S>S0

V.S. Stavinsky JINR Rapid Communications N18-86, p.5 (1986)

(XIMI) + (XIIMII) → mc + [XIMI + XIIMII + m2 ]
Quark-parton model

(XIPI) + (XIIPII) → M(XI,XII)

kinematic limit for free NN-
interaction
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Cumulative processes:

1) XI ≤ 1 and XII > 1   Fragmentation

2) XII ≤ 1 and XI > 1   regions

3) XI > 1 and XII > 1   Central region

y
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X
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0
- kinemat.
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Cumulative kinematical region
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+ Nminm → mc + [ Nminm + ]

for  E >> mi , Ec

Fragmentation regions

V.S. Stavinsky JINR Rapid Communications N18-86, p.5 (1986)

(XIMI) + (XIIMII) → mc + [XIMI + XIIMII + m2 ]

1/ 2 1/ 2 1/ 2
IImin min( ) min[( ) ]I I IIS S X P X P= =  + 

Common case for AA-collisions

Stavinsky (1970’s)



Schroeder L.S. et al. // Phys. Rev. Lett. 1979. V. 43, n. 24. P. 1787
A.M.Baldin et al., Yad.Fiz., 20, 1975, p.1201



Г.А. Лексин, Яд.Физ. т.65 (2002) 2042
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FHS, ITEP, S.Boyarinov et al.



А – зависимость (1974-…)
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В это же время группа Кронина обнаружила похожую 
сильную А-зависимость в процессах 
рождения частиц с большими рТ !!!



27.05.2015      PANDA meeting Shimanskiy 
S.S.
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Fluctons Probability inside nuclei
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Shimanskiy S.S. 
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Stachel et al.
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Stachel et al.





A.A. Baldin’s parameterization

Phys. At. Nucl. 56(3), p.385(1993)
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Subthreshold flucton-flucton production

2 2
/~ ( )h K h KP G K 

S. Sh.
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T0 T0/2

Inverse slope for subthreshold production must be the less then T0/2
(near the phase space border).



DIS in the cumulative 
region.
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Shimanskiy S.S.

K.Rith From Nuclei to Nucleons (Summary)
Nuclear Physics A532 (1991) 3c-14c



K.Rith
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Cumulative 
kinematical 
region
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N.P. Zotov, V.A. Saleev, V.A. Tsarev (Lebedev Inst.)
Published in JETP Lett. 40 (1984) 965-968, Pisma Zh.Eksp.Teor.Fiz. 40 (1984) 200-203
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Phys.Rev.Lett. 96 (2006) 082501
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Having these data, we know almost full (99%) nucleonic picture of nuclei with 
A  56

Single particle (%) 2N SRC (%) 3N SRC (%)

56Fe 76 ± 0.2 ± 4.7 23.0 ± 0.2 ± 4.7 0.79 ± 0.03 ± 0.25

12C 80 ± 02 ± 4.1 19.3 ± 0.2 ± 4.1 0.55 ± 0.03 ± 0.18

4He 86 ± 0.2 ± 3.3 15.4 ± 0.2 ± 3.3 0.42 ± 0.02 ± 0.14

3He 92 ± 1.6 8.0 ± 1.6 0.18 ± 0.06

2H 96         ± 0.8 4.0 ± 0.8 -----

Fractions

Nucleus

Using the published data on (p,2p+n) [PRL,90 (2003) 042301]  estimate the isotopic composition of 2N SRC in 12C

app(12C)  4 ± 2 %

a2N(12C)  20 ± 0.2 ± 4.1 %                       apn(12C)  12 ± 4 %

ann(12C)  4 ± 2 %

JLAB Phys Seminar Dec05  K. Egiyan
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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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13.04.2011



E850/EVA (BNL)
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Knot out cold dense nuclear configurations

SRC configuration

Multiquark
configuration

p
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Установка СПИН в ИФВЭ (Протвино)



SPIN



Предварительные данные установки СПИН
реакция р + А -> h (35o ) + Х
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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



pp - > p + 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



Average baryon number <B>
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N.N. Antonov et al., JETP Letters, Vol.101, No.10, pp.670-673(2015)
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SPIN data



3

,,(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
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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 DETECTOR Generation
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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 PANDA Detector 
(antiproton beams 1-15 GeV)

beam
interaction
point

solenoid

dipole

EM and hadron

calorimeters

target

generator

RICH

drift or wire

chambers

TOF stop

muon counters

12 m

' { }p A p X+ → +
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J-PARC HI -2016



The unique beams: – wide range of 
kind of the beam particles (antiproton 
and polarization) and p/p up to 10-5.

The unique detectors:  ~ 4π
(exclusive reactions, correlations, 
backward range); detection all kinds 
of particles; working at luminosity ~ 
1032 cm-2 s-1 (the rare event can be 
investigated); PID – close to full 
energy range and high momentum 
resolution.

Main advantages
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- close to 4π geometrical acceptance;
- high-precision (~50 µm) and fast vertex detector;
- high-precision (~100 µm) and fast tracker, 
- good particle ID capabilities;
- efficient muon range system,
- good electromagnetic calorimeter,
- low material budget over the track paths,
- trigger and DAQ system able to cope with event rates at luminosity of 1032 (cm.s)-1,
- modularity and easy access to the detector elements, that makes possible further 

reconfiguration and upgrade of the facility.

Requirements for the SPD



Implementation of polarized beam program 

81



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



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.)

d

Tagging station

Tagging station

d

Magne
t

MagnetMagnet

Magnet

Magnet Magnet

ZD HCAL&n ZD HCAL&n

BHCALneutron
detector

BHCAL&neutron
detector

3He 

p 

p 

3He 

(p,d)

(p,d)

nn
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SPD

The tagging stations can be used as polarimeter!



protons:

(B||L)max=4(5÷25) Tm

Solenoidal Snake 
at particle 
momentum:

Polarization control in the Collider at s = 0  (1)

p=(2.5÷13)GeV/c

A.D.Kovalenko et al

deuterons:

(B||L)max=4(15÷80) Tm

Necessary integral of the magnetic field









SPD Hybrid system





END


