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The plan 
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1. The Cold Dense Baryon Matter – where it is? 
 

2. The Ace in Our Hands – cumulative processes. 
 

3. Why the high pT? 
 

4. FLINT, SPIN and FODS 



The Cold Dense Baryonic 
Matter – where it is? 
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An example of useless compressed baryonic 
matter 



How well we know the strong NN-
interaction and structure of the nuclear 

matter (nowadays situation) ? 
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Let us look at the nucleon-nucleon 
interaction:     
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•   
• Deuteron is 

weakly bound  

• Large radius 
 

• di-neutron and 
di-proton 
unbound 
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•   
• Deuteron is            

weakly bound 

 

•   
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•                    

 

Rnp 
The Cold High Dense Nuclear Matter  

Internal momentum  250 MeV/c 
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DEUTERON STATIC PROPERTIES FROM  
NN-POTENTIALS 
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+ CERN Yellow 
Report  
2007-005, p.75 

SPS Time (CERN) 
RHIC Time(BNL) 
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H ~ 1017 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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Some observations are easier to interpret 
than others... 



The Ace in Our Hands – 
cumulative processes. 
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Cumulative
particle
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PI 

PII 

{ 

{ 

XI 

XII 

{ 

{ 

AI 

AII 

- кинематическая граница 
для NN-взаимодействия 

} 
S>S0 



XI  [0,AI]   and XII  [0,AII]   

XI = XII = 1 - for  free NN-interaction 

              kinematical borders 

15 

Кумулятивные и подпороговые процессы 

                    
                     Scumulative>> S0 



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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} 

Subthreshold processes,FLINT(ITEP), SPIN and FODS(IHEP) 
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V.S. Stavinsky JINR Rapid Communications N18-86, p.5 (1986) 
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А – dependence (1974-…) 

1

_ _
( ) ~

_ _n

A для тяжелых ядерd
р А

А для лёгких ядерdp


 




  



5/3

2

_
( ') ~

_

A для dd
p А А

dp A для t




 
  



18 



19 



          A.A. Baldin’s parameterization 
 
      Phys. At. Nucl. 56(3), p.385(1993) 
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Inclusive data parameterization 

C1 and C2 are constants 
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A+Aπ- 
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 Antimatter production.  
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Fermi Motion and Short Range Correlation (SRC) 
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P
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Fluctons 
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The deep inelastic scattering experiments made at SLAC in the 1960s established the 
quark-parton model and our modern view of particle physics 

electron 

proton 

p1 

p2 

Seeing what the nucleons are made of 

 protons have point-like constituents 
 quarks 

The angular distribution of the scattered 
electrons reflects the distribution of charge 
inside the proton 
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K.Rith From Nuclei to Nucleons (Summary) 
Nuclear Physics A532 (1991) 3c-14c 
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eA-DIS 
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A.Stavinskiy, ITEP seminar, 11.4.2007 
eA scattering JLAB data 



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         ----- 

30 

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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Fluctons Probability inside nuclei 
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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.B., V.K.Lukyanov, A.I.Titov, PLB, 67, 
 46(1977) 

1. Why the high pT? 
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Phys.Rev. C85 (2012) 054904 
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Phys.Rev. C85 (2012) 054904 
 



Why the high pT? 
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The Counting rules 
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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 p
beam 

≥ 5 GeV/c in any binary 

large-angle scattering (cm > 40
o) reaction at large momentum 

transfers          : 

 

                                             A + B -> C + D  

 

where n
A
,n

B
,n

C
 and n

D
 the amounts of elementary constituents  in  A,B,C 

and D. 

 

                 s=(p
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B
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Q t 
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CERN 2004-001 
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Which pT  and xT are interesting? 
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C.W. Akerlof et al., Phys.Rev., vol.159, N5, 1138-1149, 1967 

pT ~ 2 GeV/c 

pp -> pp (900) 
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E.A. Crosbie et al., Phys.Rev. D, vol.23, N3,1981 

pT ~ 2 GeV/c 

0(90 )p p pp 



pT ~ 2 GeV/c region 

( )
(90 . .)

( )

opp pp
R c m

pp pp










C. Baglin et al., Phys.Lett. B, vol.225, N3, 296-300, 1989 

p p



High pT + NUCLEI 
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arXiv:1208.3668v1 [nucl-th] 17 Aug 2012 
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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. 



1.55 1.83 2.07 2.28 2.48 2.66 
pT 

? 

Color(nuclear) transparency  
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B.Van Overmeire, J.Ryckebusch, nucl-th/0608040  

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



      The Correlation Measurements 
                  pA->h+Х 
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xT ~ 1 



FLINT, SPIN and FODS 
 

53 



  

  

,,o,… high pt 

А2 

Fluctons 

Dense baryon system 

А: С,Ве,Не,… 

А1 

FLINT@ITEP:12С + Ве→ γ + Х 



FLINT@ITEP:12С + Ве→ γ + Х 

A.Stavinskiy,12.04.2011,Dubna 

40-70° 

Target 

Synchrotron 
Magnets 

Calorimeter 
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FLINT 
data 



STATE  RESEARCH CENTER OF RUSSIA 

INSTITUTE FOR HIGH ENERGY PHYSICS                                            

LAYOUT OF IHEP EXPERIMENTAL AREA 

U-70 

p –up to70 GeV, 

A – up to34 GeV/u 

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,  

A 

 • Fast extraction 

 • Slow extraction 

 • Extraction by crystal 

 • Internal targets 

- Running experiments 

- Experiments under preparation 

High 

intensity 

area 
57 



The current fixed target experiments at high 
pT  (xT~1) region. 

14.09.2012 58 

IHEP, Protvino 
p  up to  70 GeV 
d, 12C up to 34 GeV/u 

SPIN 

FODS 

PRELIMINARY 

The first SPIN data for 
cumulative particles (x>1) 
at xT~1.  

0(50 ) ( , , , ) (35 )p GeV A C Al Cu W h Lab X  



SPIN setup (IHEP, Protvino) 



мишень C Al Cu W 

Толщина(г/см2) 0.86 0.81 0.90 0.64 

Мишени закреплены на одной 

рамке и вводятся в пучок поочередно, 

одна за одной.  Так удается  

минимизировать систематику  в измерении 

отношения выходов частиц на разных 

мишенях   на уровне  7%  

Блок управления 

Мишенная часть 

Target station 



SPIN parameters 

• Registration angles 220 – 550.  The first measurement for 350.  
 

• Momentum resolution σ(p)/p≈3×10-3 

 

• Azimuthal acceptance Δφ≈100 mrad, polar  angle  acceptance  Δθ≈40 mrad 

 

• The setup capture for momentum changes from 5.5% at 1 GeV/с  till 

3.5%  at 6 GeV/с. 

 

•  Beam intensity up to ~ 1013. 

 

• Accessible range of momentum at 350 :   P<6.6 GeV/c 

 



   

мишень 
A[ mb∙c∙GeV-1∙sr-1] B[c∙ GeV-1] C[c2∙ GeV-2] D[c3  ∙ GeV-3] 

C 
629.8±13.8 -1.626±0.012 -0.272±0.024 0.0146±0.0005 

Al 
1165.0± 84.9 -1.473 ±0.069 -0.266±0.021 0.0132±0.0019 

Cu 
3374.8±190.9 -1.612 ±0.056 -0.191± 0.016 0.0059±0.0014 

W 
10290.0±1116.8 -1.604+0.102 -0.171±0.029 0.0040±0.0025 

The first cumulative particle investigation 
at high pT region, PT> 2.5 ГэВ/с 

Kinematical limit for 
elastic  NN scattering 

 The first results have been presented at RAS session , ITEP,Nov. 24 2011 



Solid lines: HIJING 1.3  http://www-nsdth.lbl.gov/~xnwang/hijing/doc.html 
Dot lines: UrQMD 3.3 http://urqmd.org/ 

Comparisons MC with SPIN data  



A-dependence  
 

We deal with multinucleon configuration, but local this interaction? 
 

A



Local processes in NN kinematic 



 С ростом поперечного импульса  
наблюдается значительно больший 
выход протонов по отношению к 
пионам.   
 
 Отсутствие зависимости p/π - от 
атомного числа  при больших Pt 
может рассматриваться как 
указанием на локальный механизм 
образования частиц и малый вклад 
процессов вторичного 
взаимодействия 

p/ ration  

FODS: В.В. Абрамов и др., ЯФ, т.41, вып.2, 357-370(1985) 

Cronin: D. Antreasyan et al.,Phys. Rev. D 19, 764–778 (1979). 



SPIN(IHEP, protvino) 
p+A->h +X (350 lab system), with 50 GeV proton beam   

FODS: В.В. Абрамов и др., ЯФ, т.41, вып.2, 357-370(1985) 

Cronin: D. Antreasyan et al.,Phys. Rev. D 19, 764–778 (1979). 

preliminary 

preliminary 



Cumulative A-dependence: 

1

2
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1 3 3

2
~

II

II

II

X

A II

IIA

f A

f A

 
 

  
 
 

Откуда следует, что  отношение сечений, умноженное 
на обратную А-зависимость должно быть близко к 
константе.  

отрицательные пионы 
протоны 
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Flucton fragmentation – same side flow 



( )

( , )

p p

p p p pp

  

 

 

 

, , intpp pA AA eractions

FODS (IHEP, Protvino) 
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THE END 
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The Highest Energy 
RHIC and LHC 
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pp -> π + X 
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• quantify departure from binary scaling in AA 

 ratio of yield in AA versus reference collisions 

• e.g.: reference is pp  RAA 

 

 

 

• …or peripheral AA  Rcp (“central to peripheral”) 

The nuclear modification factor 
at RHIC and LHC 

AApp

AA
AA

1

Yield

Yield

Nbin
R 

central AA,

periphAA,

periph AA,

central AA,
cp

Yield

Yield

Nbin

Nbin
R 

FA - CERN Summer Student 
Lectures - August 2011 
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CT region 



14.09.2012 76 

pT~2 GeV/c anomaly at high energy  
(RHIC and LHC) 



77 

J.W. Cronin et al., Production of hadrons at large transverse momentum at 200, 
300, and 400 GeV, Phys.Rev. D, v.11, N 11, 3105-3123 (1975) 

V.S. Pantuev Physics of Atomic Nuclei, 2009, Vol. 72, No. 12, pp. 1971–1981 

pT ~ 2 GeV/c region 


