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[1] Anomalous centrality variation of minijet angular correlations in Au-Au collisions at 62 and 200 GeV 
from STAR. M. Daugherity(QM2008), J.Phys.G35:104090,2008 
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The data showed a sharp transition at  some definite energy-dependent centrality: 
growing of peak amplitude and stretching of width. 

New	
  phenomena	
  in	
  AA	
  collisions	
  observed	
  by	
  STAR	
  [1]	
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A sudden increase of the peak amplitude and  η width of the near-side low p_t ridge were 
found  at an energy-dependent centrality point marked by  the definite number of participating 
nucleons Npart.                          (M. Daugherity(QM2008), J.Phys.G35:104090,2008) 

Same-side Gaussian peak width. Points show eleven centrality 
bins for each energy (84-93%, 74-84%, 65-74%, 55-65%, 
46-55%, 37-46%, 28-37%, 19-28%, 9-19%, 5-9%, and 0-5%) 
transformed to tranvserse density. 

22,06,2~ −±= fmcritρ

Anomalous centrality variation of minijet angular correlations in Au-Au collisions at 62 and 200 GeV 
from STAR. M. Daugherity. QM2008, J.Phys.G35:104090,2008	
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Hypothesis:	
  
•  The	
  	
  onset	
  of	
  phenomena	
  of	
  the near-side low pT ridge 

in AA collisions is relevant to the string	
  percola8on	
  
phase	
  transi8on	
  that	
  happens	
  at	
  some	
  definite	
  
("cri8cal")	
  number	
  of	
  par?cipa?ng	
  nucleons	
  Npart.	
  

•  As	
  a	
  result	
  of	
  interac8on	
  between	
  strings	
  the	
  new	
  
kind	
  of	
  par?cle-­‐emiQng	
  sources	
  appear,	
  the	
  
phenomenon	
  could	
  be	
  characterized	
  by	
  the	
  long-­‐
range	
  correla?ons	
  in	
  the	
  event-­‐by-­‐event	
  studies	
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Concept	
  of	
  interac>ng	
  chromoelectric	
  
tubes	
  -­‐	
  1988	
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Couple	
  of	
  formulas	
  from	
  	
  this	
  1988	
  paper	
  by	
  Abramovsky	
  et	
  al.:	
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Mo?va?on:	
  	
  more	
  of	
  Theory	
  

“Fig. 1. Sketch of the one and two flux tubes configurations considered. On the 
left a single flux tube elongated in space-time rapidity generates azimuthally sym- 
metric flow. On the right a configuration with two strings leads to an azimuthally 
asymmetric flow in the transverse plane” [2]. 	
   	
   	
   	
  

	
   	
   	
   	
  	
  

This old concept of interacting chromoelectric tubes [1],   extended 
in rapidity,  may be illustrated by some  nice figure from the quite 
recent paper [2] : 

[1] Abramovskii V. A., Gedalin E. V., Gurvich E. G., Kancheli O. V. , Long-range azimuthal 
correlations in multiple-production processes at high energies, JETP Lett., vol.47, 337-339 , 1988 
[2] Piotr Bozek,  “Observation of the collective flow in proton-proton Collisions”,  arXiv://
0911.2392v2 [nucl-th] 22 Jan 2010 

…more… 
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Two	
  stage	
  scenario	
  of	
  par?cles	
  produc?on	
  

9 

p-­‐‑p  case,  low  energy  	


[1]A.Capella,    U.P.Sukhatme,    C.I.Tan    and    J.Tran    Thanh    Van,    Phys.    Le?.    B81    (1979)    
68;    Phys.    Rep.  236    (1994)    225.          	

[2]A.B.Kaidalov,    Phys.    Le?.,    116B(1982)459	


qsea
p-­‐‑p  case,  high  energy  	


I  stage:  strings  formation.  	


Slide from report: E. Andronov, A. Seryakov 
NA61/NA49 Collaboration meeting Dubna, 10/04/14 
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Two	
  stage	
  scenario	
  of	
  par?cles	
  produc?on	
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A-­‐‑A  case	


[1]A.Capella,    U.P.Sukhatme,    C.I.Tan    and    J.Tran    Thanh    Van,    Phys.    Le?.    B81    (1979)    
68;    Phys.    Rep.  236    (1994)    225.          	

[2]A.B.Kaidalov,    Phys.    Le?.,    116B(1982)459	
 Slide from report: E. Andronov, A. Seryakov 

NA61/NA49 Collaboration meeting Dubna, 10/04/14 
10	
  



Transverse plane 
schematics of formation 
and decay of  the 
"macroscopic" cluster  
composed of several 
overlapped strings  - red,  
and the “ordinary strings - - 
- blue 

Multiplicity density and mean p_t 
 in case of fusion of n strings(M.Braun, C.Pajares): 
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Transverse	
  par?cle	
  density	
  

22,06,2~ −±= fmcritρ

S
d
dNch /
2
3~

η
ρ =

Anomalous centrality variation of minijet angular correlations in Au-Au collisions at 62 
and 200 GeV from STAR. M. Daugherity. QM2008, J.Phys.G35:104090,2008 

12	
  



String model. Estimate of string percolation parameter. 

With growing energy and/or atomic 
number of colliding particles, the number of 
strings grows and they start to overlap, 
forming clusters, new type of particle 
emitting source.  
At a critical density a macroscopic cluster 
appears that marks the percolation phase 
transition.[3] 
 

- number of strings, πr0
2 string transverse  area, S overlap area of two nucleons. 

r0=0,2-0,3 fm – change of string radius value results in different percolation parameter 
NStr 

[3] C. Pajares // arXiv:hep-ph/0501125v1 14 Jan 2005 
[4] N. Armesto, M.A, Braun, E.G. Ferreiro, C. Pajares// Phys. Rev. Lett. 77, 3736 (1996) 

)(
)()(

2
0

bS
rbNb str π

η =

ηс = 1,12-1,175 ([4]) 

)(/)()( 2
0 partpartstrpart NSrNNN πη =

Percolation parameter: 

S
Nstr - ? 
S - ? 

ValentSeastr NNN +=

collpartSVstr aNNNNN +=+=)3(

[6]	
  Ncoll,	
  see:	
  G.Feofilov,A.Ivanov “Modified Glauber moel”//Journal of Physics: Conference 
Series 5 (2005) 230–237 
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New! Our calculation   

S-­‐?	
  

SrNstring /20πη =

Percola?on	
  s?ng	
  theory[3-­‐5]	
  

S
d
dNch /
2
3~

η
ρ =

Transverse	
  par?cle	
  density	
  

]1[2,06,2~ 2−±= fmcritρ
]4[175,112,1 −=critη crit

crit

n
ρ~

	
  Percola?on	
  model	
  	
  parameters	
  	
  	
  
at	
  the	
  “cri3cal“	
  point	
  

[3] C. Pajares // arXiv:hep-ph/0501125v1 14 Jan 2005 
[4] N. Armesto, M.A, Braun, E.G. Ferreiro, C. Pajares// Phys. Rev. Lett. 77, 3736 (1996) 
[5]V.V. Vechernin, R.S. Kolevatov, 2007,  Yad. Fiz., 2007, Vol. 70, No. 10, pp. 1858–1867. 

Parameters of the model 

ρ~

~ 

collpartSVstr aNNNNN +=+=)3(
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Table 1.  Our first estimates of number of particles 
emitting sources  Nstr in case of r0=0.2 fm   

	
  

√s, GeV AA 
collisions	
  

Npartcrit(√s) 	
   S(b)= 	
  

S(Npartcrit(√s)), 	
  

fm2 	
  

    

ηcrit 	
  
Nstr 	
  

  	
  

Nv  	
   Ns	
  

 	
  
 

 

fm-2 	
  

62 	
  

AuAu 	
  

90 	
   62,0 	
   1,15 	
   531 	
   90 	
   441 	
      2,8 
±0,2 	
  

200 	
  

AuAu 	
  

36 	
   38,7 	
   1,15 	
   303	
   36 	
   267	
       
2,9±0,2 	
  

critρ~
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collpartSVstr aNNNNN +=+=)3(
Estimates of parameter     : 

[1] Anomalous centrality variation of minijet angular correlations in Au-Au collisions at 62 
and 200 GeV from STAR. M. Daugherity(QM2008), J.Phys.G35:104090, 2008 
[2] G.Feofilov, A.Ivanov “Modified Glauber model”, Journal of Physics: Conference Series 
5 (2005) 230–237 
[3] O.Kochebina and G.Feofilov, http://arxiv.org/abs/1012.0173 
 

Nstr	
  is	
  defined	
  basing	
  on	
  values	
  of	
  Npart	
  from	
  	
  [1].	
  	
  
Ncoll	
  is	
  defined	
  by	
  using	
  [2].	
  	
  
Uncertan?es	
  are	
  at	
  the	
  level	
  of	
  30%	
  (preliminary	
  es?mate). 
 

a

a

A=0.04 
B=0.1  
See [3] 
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Table 2. Results (rstr=0.25 fm)  
 
 
… the larger are the radii of strings – the smaller  the number of string is …it is natural…. 

2. 
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Collec?ve	
  effects	
  in	
  pp	
  collisions	
  (ellip?c	
  flow)?	
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Mean	
  number	
  Nstr	
  	
  in	
  pp	
  collisions,	
  
	
  our	
  es?mates	
  (here	
  ro=0.25	
  fm)	
  [OK,GF	
  2010,	
  arxiv	
  1012.0173]:	
  

Multipomeron exchange model with collectivity: 
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The	
  toy	
  model:	
  	
  
•  pair	
  of	
  partons	
  from	
  colliding	
  nucleons	
  can	
  form	
  a	
  string	
  
•  strings	
  repel	
  from	
  each	
  other	
  within	
  some	
  distance,	
  and	
  gain	
  

momentum	
  kicks	
  
•  In	
  its	
  rest	
  frame,	
  string	
  decays	
  into	
  par?cles	
  isotropically	
  in	
  

azimuth,	
  but	
  in	
  lab	
  frame	
  par?cles	
  are	
  boosted	
  due	
  to	
  string	
  kick	
  

MC	
  toy	
  model	
  of	
  repelling	
  strings	
  

see poster report by I.Altsybeev 
https://indico.cern.ch/event/287920/session/55/contribution/159 
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contribution to near-side long η-ridge 

contribution to elliptic flow 

MC	
  toy	
  model	
  of	
  repelling	
  strings	
  
Toy emulation of Pb-Pb collision: 
   blue points – strings 
   green arrows – gained kick for string 
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•  Comparison	
  of	
  low-­‐	
  and	
  high-­‐density	
  cases	
  using	
  
difference	
  in	
  mul?plicity	
  correla?on	
  coefficient:	
  

Δb as a function of impact par: Δb as a function of nPart: 
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MC	
  toy	
  model	
  of	
  repelling	
  strings	
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Conclusions	
  
•  The	
  	
  onset	
  of	
  the near-side low pT ridge in AA collisions is compatible  with the 

hypothesis of the string	
  percola>on	
  phase	
  transi>on	
  that	
  happens	
  at	
  some	
  definite	
  
"cri?cal	
  density“	
  characterized	
  by	
  the	
  relevant	
  	
  number	
  of	
  par?cipa?ng	
  nucleons	
  
Npart. 

•  Results show that is possible to search for  the onset of the  “near-side low pT “ridge” 
phenomenon”  in the very central  Pb+Pb  at 17,3 GeV(SPS) , the ridge phenomena 
(and the elliptic flow)  should be seen (and they are there!)  in all centrality classes in 
PbPb collisions at the LHC and could be expected in pp collisions at the energies 
higher then 62 GeV. 

•  Constraints	
  on	
  string	
  	
  percola?on	
  model	
  could	
  be	
  obtained	
  from	
  the	
  data	
  on	
  
anomalous	
  centrality	
  evolu?on	
  data	
  in	
  Au-­‐Au	
  collisions	
  at	
  sqrt(s)=62	
  and	
  200	
  GeV.	
  
This	
  approach	
  allows	
  to	
  	
  make	
  the	
  following	
  es?mates	
  in	
  the	
  framework	
  of	
  quark-­‐
gluon	
  string	
  model)	
  :	
  	
  
1. Number	
  of	
  par?cle	
  emiQng	
  sources	
  (strings)	
  
2. Mean	
  radius	
  of	
  interac?ng	
  	
  strings	
  	
  (or	
  some	
  efficient	
  characteris?c	
  parameter	
  of	
  interac?on)	
  

●  Toy	
  model	
  of	
  interac?ng	
  strings	
  shows	
  that	
  spa?al	
  anisotropy	
  of	
  strings	
  formed	
  at	
  the	
  
ini?al	
  stage	
  of	
  the	
  event	
  can	
  produce	
  collec?ve	
  pT	
  flow	
  phenomena	
  and	
  near-­‐side	
  
effects	
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