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Plan

1. Cold Quark-Gluon Phase (Region of Quark Dominance)

2. Cumulative (and subthreshold) processes

3. DINR at high pT as probes of the cold dense nuclear 
matter

4.    Which high pT problems for spin are interesting 

in our energy range?

5.    pT~2 GeV/c anomaly 

6.    What “new” we can propose?

7.    How its can be done?
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Cold Quark-Gluon Phase
(Region of Quark Dominance)
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+ CERN Yellow Report
2007-005, p.75
2008-005

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

Nuclear Physics A 837 (2010) 65–86
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H ~ 1017 Gs

E~ 1019  V/cm

!



6

Cumulative (and subthreshold) 
processes
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High pT processes, Cumulative and 
Subthreshold particle productions are 
very nice tools to investigate the high 
dense state of the cold nuclear matter.

Back to Rutherford (high transfers processes) 
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Hard Hadron - Nucleus Processes And Multi - Quark Configurations In Nuclei.
A.V. Efremov, V.T. Kim, G.I. Lykasov, (Dubna, JINR) . JINR-E2-85-537, Jul 1985. 14pp. 
Published in Sov.J.Nucl.Phys.44:151,1986, Yad.Fiz.44:241-249,1986
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DIS  at x > 1
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K.Rith From Nuclei to Nucleons (Summary)
Nuclear Physics A532 (1991) 3c-14c
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To check this idea SLAC existing data were reanalyzed

 The old SLAC data were analyzed
 A/D ratios were extracted for A=4,12, 27, 56

 Evidence for scaling is obvious 

 Scaling factors were used to estimate 2-nucleon SRC
probabilities in nuclei A relative to D 

However

 Data for nuclei A and for D were measured in large 
difference of kinematics, the theoretical calculation 
were  used to obtain data at the same Q2 and xB

for heavy nuclei and D 

 Absolute probabilities were no able to obtain

 xB interval used was limited (<1.6)  

 Systematic and dedicated measurements are 
needed

Frankfurt,Strikman,Day, Sargsian, Phys.Rev. C ‘93

JLAB Phys Seminar December05  K. Egiyan
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A.Stavinskiy, ITEP seminar, 11.4.2007JLAB data
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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 Dec2005  K. Egiyan
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Hadrons probes
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Cumulative
particle

PI

PII

{

{

XI

XII

{

{

AI

AII

} S>S0

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

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

In quark-parton model  (XIPI) + (XIIPII)  mc  + M(XI,XII)

In cumulative processes 

Kinematic’s 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

}
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X
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>1 X
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 > 1

X
I
 > 1,

X
II
 > 1 S

0
- kinemat.
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A.A. Baldin’s parameterization

Phys. At. Nucl. 56(3), p.385(1993)
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Fluctons

P

pA  h + X

/~ ( )h K h KP G K 
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Fermi motion and SRC

P
k

k

pA -> p,K,...X

pA -> p,n + X

~ ( ) ( , )n k NN K Xp  p  

0~ ( )N n k 

p

p

P
k

k

“Nuclear collider”
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Isotopic scalar state
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Isotopic scalar state
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Stachel et al.
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Stachel et al.
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Subthreshold flucton-flucton production

2 2
/~ ( )h K h KP G K 
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T0 T0/2

Inverse slope for subthreshold production must be the less then T0/2
(near the phase space border).
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DINR at high pT as probes of the 
cold dense nuclear matter (xT  1)
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E850/EVA (BNL)
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Knot out cold dense nuclear configurations

SRC configuration

Multiquark
configuration

p
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CT (xT = 1)
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p

p
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p n

n

n

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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B.Van Overmeire, J.Ryckebusch, nucl-th/0608040

J. Aclander et al., Phys.Rev. C 70, 015208 (2004)
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PHYSICAL REVIEW C 70, 015208 (2004)

COLOR TRANSPARENCY
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Which high pT problems for spin are 
interesting in our energy range?
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A.D.Krish hep-ex/0511040

“Spin crisis” of 70’s
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Alan Krisch 
DSPIN’09, Dubna

Nuclotron energy range
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Shimanskiy S.S. 

Nuclotron-M energy range
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pT~2 GeV/c anomaly
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pT  2 GeV/c
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8 GeV/c
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8 GeV/c
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1.55 1.83 2.07 2.28 2.48 2.66pT

?
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CT region



53



54

p0 at s=62 and 500 GeV:
Unpolarized cross section

s=500 GeV: PHENIX Preliminary

May need inclusion of NLL to NLO

s=62 GeV: PRD79, 012003 (2009)

Data below NLO at =pT by (3015)%

A.Bazilevsky SPIN-Praha-2010, Jul 18-24
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From soft to hard

xT scaling: 

)(
1

3

3

Tn
xG

sdp

d
E 



Running (Q2)
Evolution of PDF and FF
Higher order effects
Etc.

 n=n(xT,s)

Soft region: n(xT) increase with xT

If ~exp(-pT)

Hard region: n(xT) decrease with xT

Stronger scale breaking at lower pT

2 GeV/c at s=62 GeV pT~2 GeV/c – transition from 
soft to hard scale?

 
 2004.62log

log 4.62200 
n

PRD76, 051106 (2007)

A.Bazilevsky SPIN-Praha-2010, Jul 18-24
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What “new” we can propose?



57

We need more complete investigation in the range of maximal pT

in semi-exclusive and exclusive experiments that’s why will need 
new experimental setups for comprehension of the nature of the 
cumulative processes and CT.
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How its can be done?
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PNPI (Gatchina) spectrometer 2008
(E < 2GeV proton beams)



MARUSYA (JINR)
(4.5 GeV/u > E > 0.5 GeV/u)
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STATE  RESEARCH CENTER OF RUSSIA

INSTITUTE FOR HIGH ENERGY PHYSICS

LAYOUT OF IHEP EXPERIMENTAL AREA

U-70

70 GeV

L=1.5 km

Booster

1.5 GeV 

30 MeV 

RFQ Linac

100 MeV

Linac

RAMPEX (IHEP,UoM, JINR)

MIS ITEP

ISTRA-M

VES

(INR, IHEP, JINR)

SPIN@U7

0

(Michigan,

Virginia,

Protvino,

TRIUMF)

Project OKA

(IHEP, INR,

JINR)

TNF (IHEP, INFN, JINR)

ND (IHEP, JINR)

SVD (IHEP, MSU)

FODS

E=70 GeV, 

I=1.7•1013 ppp
Beams of π, K, p, e, ν

• Fast extraction

• Slow extraction

• Extraction by crystal

• Internal targets

- Running experiments

- Experiments under preparation

High 

intensity

area
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FODS 
(proton energy 20-50 GeV and 
nuclear beams up to 30 GeV/u)

DC DC DC DC DC PC
S S

S SPC PC

C

H H

1 2 3 4 5

1 1 2 2

3
4 5

9°

TOP VIEW

SIDE VIEW (ALONG THE ARM AXIS)

STEEL

HCAL
SCOCH

MAGNET

m

T1
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FODS 2010 upgrade

The event rate per day for 2H target
(elastic pp at 900 c.m.s.)
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SPIN@U70
(proton energy 20-50 GeV)



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
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Collider experiments at NICA
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NICA Collider 2T- 534 

The main elements of spin manipulation

I.Meshkov, Yu.Filatov  Polarized Beams in NICA,   SPIN2010,   Sep 27-Oct02, 2010, Juelich

Spin rotators 

around vertical 

direction by p/4

Fist part of 

Siberian Snake with 

longitudinal axis

Second part of 

Siberian Snake with 

longitudinal axis

Spin rotators 

around vertical 

direction by p/4

Spin rotators 

around vertical 

direction by -p/4

p/4 -

p/4

-

p/4

p/4
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NICA Collision place for SPIN physics
(deuteron and other beams)

d

Tagging station

Tagging station

d

Magnet

MagnetMagnet

Magnet

Magnet Magnet

ZD HCAL ZD HCAL

BHCAL

BHCAL

3He

p 

p 

3He

Rotator Rotator

Rotator
Rotator

(p,d)

(p,d)
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With polarized ion beams we have 
real possibility to resolve many problems as
are:

-“Spin crisis” of 70’s (pp,pn,nn);

- Color transparence (pA, p3He(d));

-Cumulative (subthreshold)  particle
production – to discovery the new 
state of nuclear Matter …

Shimanskiy S.S. 
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“NEW”- exclusive reactions

where B – baryons N, , B+M …,

M – mesons or leptons

(diquarks,       -vertex…).

( )N N BB MM M   

qq
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p

For example

p

p

p

p

p
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END



H2O Phase Diagram


