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Percolation of strings in AA and pp
collisions

Предполагается осудить доклад Brijesh Srivastava на сессии ALICE AIM:
"Sudden increase in the degree of freedom in dense QCD matter" 

https://indico.cern.ch/event/957574/

и сопоставить с результатами  O. Kochebina, G. Feofilov,” Onset of 'ridge 
phenomenon' in AA and pp collisions and percolation string model” in Proc. 
XX Baldin ISHEPP, PoS(Baldin ISHEPP XXII)069 , arXiv:1012.0173 (2010).

https://indico.cern.ch/event/957574/
http://arxiv.org/abs/arXiv:1012.0173


https://indico.cern.ch/event/957574/

Brijesh Srivastava "Sudden increase in the 
degree of freedom in dense QCD matter”

Ниже несколько слайдов из данного доклада

https://indico.cern.ch/event/957574/




Сегодня:

 Статью P. Castorina, R. V. Gavai, H. Satz “The QCD Phase Structure at 
High Baryon Density” Eur.Phys.J.C69:169-
178,2010https://arxiv.org/abs/1003.6078

предлагаю обсудить потом отдельно

 Пока сегодня отдельное внимание на предпосылках  перколяционной 
модели

 Brijesh Srivastava "Sudden increase in the degree of freedom in dense 
QCD matter”

https://indico.cern.ch/event/957574/

 Ниже несколько слайдов из данного доклада для обсуждения

https://arxiv.org/search/hep-ph?searchtype=author&query=Castorina,+P
https://arxiv.org/search/hep-ph?searchtype=author&query=Gavai,+R+V
https://arxiv.org/search/hep-ph?searchtype=author&query=Satz,+H
https://arxiv.org/abs/1003.6078
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Theoretical Motivations

 2-stage scenario of color string formation 
and decay:

A.Capella, U.P.Sukhatme, C.--I.Tan
and J.Tran Thanh Van,

Phys. Lett.  B81 (1979) 68; Phys. Rep.,236(1994) 225.

A.B.Kaidalov K.A.Ter-Martirosyan , 
Phys.Lett., 117B(1982)247.

 Do these color strings interact 
and what is the signal? 

Abramovskii V. A., Gedalin E. V., Gurvich E. G., 
Kancheli O. V. ,  JETP Lett., vol.47, 337-339 , 1988 .

 Color string fusion phenomenon: M.A.Braun and C.Pajares, 
• Phys. Lett. {\bf B287} (1992) 154;\\ Nucl. Phys. {\bf B390} (1993) 542, 549;

 Color Glass Condensate and  Glasma flux tubes see e.g. L.McLerran, 
Nucl.Phys.A699,73c(2002) 

…both are defining the initial conditions before the QGP and predicting 
the LRC – but in a different way! (see N.S.Amelin, N.Armesto, M.A.Braun, E.G.Ferreiro and 

C.Pajares, Phys. Rev. Lett., 73 (1994) 2813)
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Summary by Brijesh



O.A. Kochebina, G.A. Feofilov

The XX International Baldin Seminar on High Energy Physics Problems 

"Relativistic Nuclear Physics and Quantum Chromodynamics", 

JINR,October 8, 2010 , Dubna, Russia

( http://relnp.jinr.ru/ishepp/)

St. Petersburg State University 
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Shape changes little from 
peripheral to the transition

83-94%
55-65%

Smaller change from 
transition to most central

Low-pT manifestation of 
the “ridge”

0-5%

Variation of low-pT “ridge” with centrality (Npart).
(pt> 0.15 GeV/c )

[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
21

Large change 
within ~10% 

centrality

46-55%

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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Npart

For 200 GeV 
“Critical value” Npart≈40

We estimate:
For 62 GeV
“Critical value” Npart≈90

S
d

dNch /
2

3~


 

Transverse Particle Density 

STAR 

Preliminary

200 GeV
62 GeV

~

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~  fmcrit

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

Variation of low-pT “ridge” with centrality (Npart).

S

Npart

STAR Preliminary

200 GeV
62 GeV



Our hypothesis:

• The  onset of this phenomena of the near-side low p_t
ridge in AA collisions is relevant to the string 
percolation phase transition that happens at some 
definite ("critical") number of participating nucleons 
Npart.

• As a result of color string interaction the new kind of 
particle-emitting sources appear, the phenomenon could 
be characterized by the long-range correlations in the 
event-by-event studies

• The same may happen in pp collsions at some critical 
energy density reached



Motivation: Theory
Color string formation and decay

“Founding Fathers”:
A two-stage scenario of color string formation and decay:
• A.Capella, U.P.Sukhatme, C.--I.Tan and J.Tran Thanh Van,

Phys. Lett.  B81 (1979) 68; Phys. Rep. {\bf 236} (1994) 225.
A.B.Kaidalov, Phys. Lett.,  116B(1982)459;
A.B.Kaidalov K.A.Ter-Martirosyan ,Phys.Lett., 117B(1982)247.

Do these color strings interact and what is the signal? (Long-range azimutal correlations, growth of 
<p_t> and  elliptic flow --- were predicted for AA and pp --- in 1988 (!):

• 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 (!)

String Fusion Model : 
• M.A.Braun and C.Pajares, Phys. Rev. Lett. {\bf 85} (2000) 4864; M.A.Braun and C.Pajares, Phys. Lett. {\bf B287} 

(1992) 154;\\ Nucl. Phys. {\bf B390} (1993) 542, 549;\\
• N.S.Amelin, M.A.Braun and C.Pajares, Phys. Lett. {\bf B306} (1993) 312;\\ Z.Phys. {\bf C63} (1994) 507.
• M.A.Braun, C.Pajares and V.V.Vechernin, Low pT Distributions in the Central Region and the Fusion of Colour 

Strings, Internal Note/FMD ALICE-INT-2001-16 

…more…
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“Percolating color strings approach''.

With growing energy and/or atomic number of colliding particles, the 

number of strings grows and they start to overlap, forming clusters [3-5].

Fluctuations are due to  the mixture of different type sources !

.

[3] M.A.Braun and C.Pajares, Eur. Phys. J. {\bf C16} (2000) 349.

M.A.Braun,R.S.Kolevatov,C.Pajares.V.V.Vechernin, ''Correlations between multiplicities and 

everage transverse momentum  in the percolating color strings approach'', Eur.Phys.J.C.32.535-

546(2004)

[4] N/Armesto, C/Saldago, U/Wiedemann// PRL94 (2005) 022002.

[5] C. Pajares // arXiv:hep-ph/0501125v1 14 Jan 2005



Motivation: 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…



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):



• One may assume that the formation of  rather 
large "macroscopic" clusters composed of 
several overlapped strings extended in 
rapidity and localized in azimuth could be one 
of the possible processes leading to the 
observed near-side ridge phenomenon.



Transverse particle density

22,06,2~  fmcrit
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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



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)
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ηс = 1,12-1,175 ([4])

)(/)()( 2

0 partpartstrpart NSrNNN  

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



Table 1.  Our first estimates of number of particles emitting sources  

Nstr in case of r0=0.2fm

√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 

~

~

crit~



collpartSVstr aNNNNN )3(
Estimates of parameter :

[2] G.Feofilov,A.Ivanov “Modified Glauber moel”//Journal of Physics: Conference Series 5 

(2005) 230–237

Nstr is defined basing on values of Npart form  [1]. 
Ncoll is defined by using [2]. 
Uncertanties are at the level of 30% (preliminary estimate).

[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

tsecba /

a



[6] G.Feofilov,A.Ivanov “Modified Glauber model”//Journal of Physics: Conference 

Series 5 (2005) 230–237



34

New! Our calculation  

S-?

SrNstring /2

0 

Percolation sting theory[3-5]

S
d

dNch /
2

3~


 

Transverse particle density

]1[2,06,2~ 2 fmcrit
]4[175,112,1 crit crit

crit

n

~

Percolation model  parameters  
at the “critical“ 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

~

~

collpartSVstr aNNNNN )3(



Collective effects: from AA to pp and 
ppbar collisions?

See also:  A.Asryan,  G.Feofilov, Ivanov, A.Grebenyuck,  P.Naumenko, V.Vechernin

“Long-Range Multiplicity Correlation in pp-collisions in  ALICE at the LHC”. Proceedings of The XIX International 

Baldin Seminar on High Energy Physics Problems, JINR, September 29-October 4, 2008 , Dubna, Russia, pp.208-

214 
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New!



Estimates for pp collisions (preliminary):
Interaction area S=1 fm^2):

√s, GeV

dNch/dy 
(see[7] for ALICE 

/LHCdata) ρ, GeV/fm2 η

Nstr 
(systematic  
errors are 

not shown)

7000 6,02 9,0±0,5 5,8±0,5 24±2

2360 4,68 7,0±0,4 4,3±0,4 18±2

900 3,78 5,6±0,4 3,3±0,3 13±1

200 2,30 3,4±0,3 1,7±0,2 7,1±0,7

130 2,03 3,0±0,2 1,5±0,1 6,0±0,6

62,4 1,64 2,5±0,6 1,1±0,1 4,4±0,5

19,4 1,17 1,8±0,5 0,8±0,1 3,1±0,3

17,3 1,14 1,7±0,3 0,7±0,1 3,0±0,3

SrN str /2

0 
~



Conclusions
• The method for finding the total number of  particle emitting sources (strings ) 

formed in AA collisions at LHC, SPS and RHIC energies and in  pp collisions 
at LHC is proposed. 

• The  onset of the near-side low p_t ridge in AA collisions is consistent with the 
hypothesis of the string percolation phase transition that happens at some 
definite ("critical") number of participating nucleons Npart.

• Results show that is possible to search for  the onset of the  “near-side low p_t 
“ridge” phenomenon”  in the very central Pb+Pb at 17,3 GeV(SPS)   or in  
Au+Au at 19.6 GeV (RHIC), the ridge phenomena should be seen in all 
centrality classes in PbPb collisions at the LHC.

• The string density  obtained in this approach for the case  of protons confirms 
the earlier predictions of possible  collectivity effects in pp collisions that should 
be visible at the LHC

• The new kind of particle-emitting sources (CLUSTERS OF FUSED STRINGS) appears 
as a result of color string interaction in a form of percolation or fusion.  In line with 
String Fusion Model predictions this phenomenon  could be characterized by the 
presence of long-range correlations (including azimuthal),   larger <p_t> of 
emitted particles (and by the larger  strangeness yields)
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LRC: a general question WHY?

(both for pp and AA)
Causality requires that correlations – if they exist – of Long Range in rapidity 

between particles (A and B) detected in any type of collisions in separated 

rapidity intervals must be  made  very early:

X. ARTRU and G. MENNESS1ER,

“STRING MODEL AND 

MULTIPRODUCTION”, 
Nuclear Physics B70 (1974) 93-115

43

A.Dumitru et al./ Nuclear Physics A 810 (2008) 91-

108 
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Forward-Backward (Long Range) Correlations:  
for observables measured in two non-overlapping intervals in 
pseudorapidity space

δηB η gap δηF

nB nF

nB, nF – the event multiplicity 
in the BACKWARD and FORWARD
pseudorapidity windows

44
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The first early experimental indications of LRC
(1988)

45

<nB>nF = a+b*nF
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Two methods of calculation

of multiplicity correlation coefficient b

[1] UA5 Collaboration, Z.Phys,C-Particles and Fields 37,191-213 

(1988) 

[2] A.Capella et al.,Phys.Rep. 236,225(1994)

 Linear regression [1]:

 Correlator [2]:



b 
 N fNb    N f  Nb 

 N f

2
   N f 

2

Dbf
2

Dff
2

<nB>nF=a+b*nF
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Usage of KF particle package in HF and 
Nuclei analyses

“The KF Particle package is optimized for the full physical reconstruction of 

particle decays and of complex decay chains. Developed within the CBM 

Collaboration at FAIR, the KF code is used …to study the production of both 

hadrons with charm and of hypernuclei.

The package is based on the Kalman filter method providing a full set of particle 

parameters together with their errors including position, momentum, mass, 

energy, lifetime, etc. It shows a high quality of the reconstructed particles with an 

improved mass resolution, efficiencies, and signal to background ratios.

It offers tools such as topological or mass constraints, which fully exploit the 

daughter track information to optimize the mother reconstruction.

We will demonstrate this with some examples from ongoing analyses, and briefly 

illustrate how we plan to use the KF package for physics feasibility studies for the 

future stages of ALICE.”

Speaker: Andrea Dubla (GSI) 

















Пример:






