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Plan

1. Why so important the high pT physics in 
energy range up to ~ 10NNs GeV

2. Polarization studies with polarized ion
beams. 

3. pp (at 90o c.m.s.) and cumulative
physics with polarized beams.
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Why so important the high pT physics 
in energy up to ~ 10NNs GeV ?
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QCD phase diagram

Tc ~ 170 MeV

ρ
~ 5 - 10 nuclear

Quark-Gluon
Plasma

Hadron gas

Nuclear
matter

Neutron Star

SPS
AGS

Early Universe LHC
RHIC

Baryon density

Te
m

pe
ra

tu
re

εc ~ 1 GeV/fm3

~ 10 μs after 
Big Bang

} Cold QG
Phase
(const.q)

Hot QG phase (gluons)



What if we compress/heat the system so much that 

the individual hadrons start to interpenetrate?

I.Way for Cold
QG phase

II.Way for Hot
QG phase

?
≡

Stars evolution -
direct directionUniverse evolution –

back in time

Cumulative and high pT physics

1. Multiquarks states in the cold
nuclear matter or …

2. Properties of the multiquarks
states, high density states  

3. Stars evolution, dark matter

Heavy AA-collisions

1. QGP, sQGP, CGC, 
GLAZMA or …

2. Early time of Universe
evolution 

Final phases will be equal or not?
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Stars can have magnetic fields ~ 1018 Gs 



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



nucl-ex/0508026
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Polarization studies with 
polarized ion beams.

Need to help us in finding of answers for:

1. Do we really see multiquark states in nuclear 
mater (diquark in a proton)?

2. How are constituents interact (not as predicted by pQCD)?



Beams
Intensity (particles per cycle)

available 
now

next step

p                   2.5·1010 1013

d                   5·1010 1013

d↑ 3·108 5·1010

4He                      8·108 2·1012

7Li                    2·109 5·1012

10B                       2·107 1010

12C                   6.5·108 2·1012

24Mg                  1.2·108 5·1011

40Ar                        108 1010

56Fe 106 1011

84Kr                    103 5·108

JINR
Veksler & Baldin

Laboratory of High 
Energies
Dubna

NUCLOTRON
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“The possibility to accelerate 
a Polarized  Beam of   

p, d, t, 3He
at JINR nuclotron”

Presented by Yuri Filatov at DSPIN07 05.09.2007

Nuclotron-M, NICA and polarized ion beams

Polarized ion source based on CIPIOS(IUCF)
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How we can define constituents?

Quark counting rules



( 2)~ ( )A B C Dn n n n
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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          и t=(pA-pC)2,

and s
ppdt

d 8~ −

>− ππ

σ

Q t= −
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nucl-th/0307032 v1 9 Jul 2003
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pp (at 90o c.m.s.) 
and cumulative

physics with polarized 
beams.
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8 GeV/c
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8 GeV/c
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Color(nuclear) transparency in 900 c.m.
quasielastic A(p,2p) reactions

The incident momenta varied from 5.9 to 14.4 GeV/c, 
corresponding to 4.8 <Q2 <12.7 (GeV/c)2.
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High pT suppression in AA-collisions

Color transparence region

Cronin effect and CT

S.S.Shimanskiy
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PHYSICAL REVIEW C 70, 015208 (2004)

COLOR TRANSPARENCY
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Cumulative(subthreshold) processes.



Fermi motion and SRC

P k

k

pA -> π, Κ,     ...+ X

pA -> p,n + X

~ ( ) ( , )n k NN K Xπσ σ π⋅ → +

0~ ( )N n kσ σ⋅
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P k

k
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Fluctons 
(cumulative particle production)

P

pA → h + X

/~ ( )h K h KP G Kσ ⋅

S.S.Shimanskiy
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Г.А.Лексин, ЯФ,т.65,2042(2002)



Fiz. Elem. Chast. At. Yadra. 2005. V. 36. 
P. 954
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The situation is very similar for 
cumulative(subthreshold) and high pT
processes there are very good description of
cross sections(using constituent picture) 
and very bad understanding how to describe

polarization.
“Counting rules” and the phenomenology give 

us direction for future physical investigations. 
Huge polarization effects (high pT

pp-collisions and s.o.) give 
us additional tools. 
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Proceedings RNP 2005
S.S. nucl-ex/0604014CUMULATIVE(SUBTHRESHOLD) PROCESSES
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With polarized ion beams we have 
real possibility to resolve many problems as
are:
-“spin crisis”* of 70’s (pÆpÆ,pÆnÆ,nÆnÆ);

- color transparence (pÆA, pÆ3He(d)Æ);

-cumulative(subthreshold)  particle
production

…
*) next slide
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A.D.Krish hep-ex/0511040“spin crisis” of 70’s
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Thank you for attention!
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