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LHC

Unexpected long-range correlations 

observed in pp and p-Pb  similar to Pb-Pb collisions
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Forward-backward multiplicity correlations in pp collisions ALICE Collaboration
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Fig. 9: 2D representation of bcorr at (a)
√
s = 0.9 TeV and (b) at

√
s = 7 TeV for separated h -j window pairs with

d h=0.2 and d j=p /4. To improve visibility, the point (hsep,jsep)=(0,0) and thus bcorr=1 is limited to the level of

the maximum value in adjacent bins.
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Fig. 10: Correlation strength bcorr as a function of hgap in pp collisions for data taken from Fig. 5 and compared to

MC generators PYTHIA Perugia 0 (solid line), Perugia 2011 (dotted line) and PHOJET (dashed line) for
√
s = 0.9,

2.76 and 7 TeV collision energies, windows width d h is 0.2. The bottom panels show the ratio of the data to MC.

better description of the data than PHOJET. Qualitatively similar conclusions can be drawn from the

comparison of the d h -dependence in experimental data and MC as shown in Fig. 6.

Note that PYTHIA also describes the correlations in h -j windows reasonably well, see Figures 7 and

8, while PHOJET gives a good description only for
√
s = 0.9 TeV and significantly underestimates the

data at 7 TeV.

The difference between the experimental data and the results obtained with MC generators is more visible

in Fig. 11, which compares the measured ratio of bcorr at
√
s = 2.76 and 7 TeV with respect to 0.9 TeV

as a function of hgap to MC calculations. The measured ratios show an increasing trend as a function of
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√s = 0.9 TeV              √s = 7 TeV 

ALICE, JHEP 05 (2015) 097; arxiv:1502.00230

Short-Range(SR) and Long-Range(LR) components

Strong energy dpendence for LR) 

In PYTHIA the LR is dominated by MPI

Forward-backward multiplicity correlations in pp collisions ALICE Collaboration

1 Introduction

We report a detailed study of correlations between multiplicities in pp collisions at 0.9, 2.76 and 7 TeV.

The correlations are obtained from event-by-event multiplicity measurements in pseudorapidity (h ) and

azimuth (j ) separated intervals. The intervals are selected one in the forward and another in the backward

hemispheres in the center-of-mass system, therefore the correlations are referred to as forward-backward

(FB) correlations.

The FB correlation strength is characterized by the correlation coefficient, bcorr, which is obtained from

a linear regression analysis of the average multiplicity measured in the backward rapidity hemisphere

(⟨nB⟩nF
) as a function of the event multiplicity in the forward hemisphere (nF):

⟨nB⟩nF
= a+ bcorr ·nF . (1)

This linear relation (1) has been observed experimentally [1–4] and is discussed in [5–7]. Under the

assumption of linear correlation between nF and nB, the Pearson correlation coefficient

bcorr =
⟨nBnF⟩− ⟨nB⟩⟨nF⟩

⟨n2
F⟩− ⟨nF⟩

2
(2)

can be used for the experimental determination of bcorr [2]. Since the parameter a is given by a =

⟨nB⟩− bcorr⟨nF⟩, it adds no additional information and usually is not considered [5–7].

Heretofore, FB multiplicity correlations were studied experimentally in a large number of collision sys-

tems including e+ e− , m+ p, pp, pp and A–A interactions [3, 4, 8–13]. No FB multiplicity correlations

were observed in e+ e− annihilation at
√
s = 29 GeV. This was interpreted as the consequence of inde-

pendent fragmentation of the forward and backward jets produced in this process [14]. In contrast, in pp

collisions at the ISR [13] at
√
s = 52.6 GeV [4] and in pp interactions at the SppS collider [15] sizeable

positive FB multiplicity correlations have been observed. Their strength was found to increase strongly

with collision energy [3], which was confirmed later at much higher energies (
√
s 1 TeV) in pp colli-

sions by the E735 collaboration at the Tevatron [12] and in pp collisions by the ATLAS experiment at

the LHC (
√
s = 0.9 and 7 TeV) [16]. One of the observations reported by ATLAS is the decrease of bcorr

with the increase of the minimum transverse momentum of charged particles.

The STAR collaboration at RHIC analysed the FB multiplicity correlations in pp and Au–Au collisions

at
√
sNN = 200 GeV [17]. Strong correlation was observed in case of Au–Au collisions, while in pp

collisions bcorr was found to be rather small (∼0.1). In the present paper we relate this to the use of

smaller pseudorapidity windows as compared to previous pp and pp measurements.

Forward-backward multiplicity correlations in high energy pp and A–A collisions also raise a consider-

able theoretical interest. First attempts to explain this phenomenon [7, 18–20] were made in the frame-

work of the Dual Parton Model (DPM) [2] and the Quark Gluon String Model (QGSM) [21, 22]. They

provide a quantitative description of multiparticle production in soft processes. In improved versions

of the models, collectivity effects arising due to the interactions between strings, which are particularly

important in the case of A–A interactions, were taken into account [23–26]. These effects are based on

the String Fusion Model (SFM) proposed in [27, 28]. It was shown that these string interactions lead to

a considerable modification of the FB correlation strength, along with the reduction of multiplicities, the

increase of mean particle pT, and the enhancement of heavy flavour production in central A–A collisions

[23, 29, 30].

FB correlations are usually divided into short and long-range components [2, 7]. In phenomenological

models, short-range correlations (SRC) are assumed to be localized over a small range of h -differences,

up to one unit. They are induced by various short-range effects from single source fragmentation, in-

cluding particles produced from decays of clusters or resonances, jet and mini-jet induced correlations.

2

Forward-Backward multiplicity correlations in pp@LHC      



Causality requires that correlations –if they exist - of Long Range in 

rapidity between particles (A and B) must be  made  very early 

.

5

Long-Range Correlations: 

a general question - WHY?

A.Dumitru et al./ Nuclear 

Physics A 810 (2008) 91-108 

X. ARTRU and G. MENNESS1ER,

“STRING MODEL AND 

MULTIPRODUCTION”, 
Nuclear Physics B70 (1974) 93-115
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The initial conditions for the QGP formation in A-A collisions:  

Color string fusion phenomenon (SFM)        Color Glass Condensate (CGC) and 

M.A.Braun and C.Pajares Glasmaflux tubes, L.McLerran,

Phys. Lett. B287 (1992) 154;                                   Nucl.Phys.A699,73(2002);
Nucl. Phys. B390 (1993) 542.                                             T. Lappi and L. McLerran,                               

Nucl. Phys. A772 (2006) 200.

E or B, or  E&B

The color electric and magnetic flux tubes 

just after the collision (see arXiv:0803. 0410)

Schematics of strings formed  just after  the 

collision in cases of  lower and of higher 

energy.  
See talks at this conference% 

Tuomas Lappi, ”Initial conditions in AA and pA collisions” 

Soeren Schlichting,”Initial state and  pre-equilibrium 

effects in  small systems” 

1/Qs



Color-flux tubes as particle emitting sources:

quark-gluon strings
2-stage scenario :

• 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 and  

K.A.Ter-Martirosyan , 

Phys.Lett., 117B(1982)247.

•

See in: Andy Buckley et al.,

General-purpose event generators for LHC 

physics
arXiv:1101.2599, 2011

. ..................................................................................................................................................................................................................................... ........... .....
............... ................................................................. ................................................................. .................... ..................... .................... ................................................................. ................................................................. ....................

.......................
...............
................... ...... .......................................................... .......................................................... ...... ............................................................................................. ...... .......................................................... .......................................................... ...... ........................

..............
........................

..............

.............
...................................... ................................................................................................................................. ................................................................................................................................................................. ................................................................................................................................. ......................................

.............

..............
...............

......... ......... ...........
.........
.........
..........
.......
........
.........
..........
..........

............
..............

......... ......... .............................................................................................................

.............................
.........
.........
..........
.......
........
.........
..........
..........
............
..............

........................................................................................... .......... ............ ..............

.............................................................................................................................................................................

.................................................................................................................................................................................... ........... ...... ...... ..........
................
...........
...........
...........
...........
...........
...........
...........
................

.....................
.............................

........................................
................

...........
...........
...........
...........
...........
...........
...........
................
.....................

...... ................. ......

(a)

z

tqq

(b)

Figure 13: (a) A flux tube spanned between a quark and an ant iquark. (b) The mot ion

and breakup of a string system, with the two transverse degrees of freedom suppressed

(diagonal lines are (ant i)quarks, horizontal ones snapshots of the st ring field).

8.2. Str ing model

An early string fragmentat ion model is that of Art ru and Mennessier,

int roduced above. The most sophist icated and well-known string model is

the Lund one, however. Its development began in 1977, followed by the

first primit ive Monte Carlo implementat ion in 1978. The core framework

was complete by 1983 [159, 160]. Thereafter many di↵erent addit ions and

alternat ives have been studied, but only a few of them are available in the

standard implementat ion in the Pyt hia event generator [161, 162]. It is this

core Lund st ring framework that is presented here.

In QCD, a linear confinement is expected at large distances. This pro-

vides the start ing point for the string model, most easily illustrated for the

product ion of a back-to-back qq pair, e.g. in e+ e− annihilat ion events. As the

partons move apart , the physical picture is that of a colour flux tube being

stretched between the q and the q, Fig. 13a. The transverse dimensions of

the tube are of typical hadronic sizes, roughly 1 fm. If the tube is assumed to

beuniform along its length, this automat ically leads to a confinement picture

with a linearly rising potent ial, V (r ) = r . From hadron mass spectroscopy

the string constant , i.e. the amount of energy per unit length, is known to

be ⇡ 1 GeV/ fm ⇡ 0.2 GeV2.

Thispicture isalso supported by lat t iceQCD calculat ions in thequenched

approximat ion, i.e. with a gluonic field but no dynamical quarks. At small

distances an addit ional Coulomb term is required, but the assumpt ion of the

86



Application of string models

Investigations of the charged particles long-range  multiplicity correlations, measured for well separated rapidity 

intervals, can give us information on the number of emitting centers and hence on the fusion of colour strings[2,3].

8

[2] 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 

[3] А. Абрамовский, О.В. Канчели// Письма в ЖЭТФ, т.31, 566, 1980

Fig.1. Quark-gluon strings and schematics for studies of Long-Range  

Correlations (LRC) using  forward (ΔF) and backward (ΔB) rapidity windows [2]
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V.A. Abramovsky, O.V. Kanchely, 

JETP letters 31, (1980) 566; 

Abramovskii V. A., Gedalin E. V., 

Gurvich E. G., Kancheli O. V.,

JETP Lett., vol.47, 337-339 , 1988.

Attraction or repulsion depending 
on the directions of color fluxes
q -- momentum of particle

k -- momentum of the boosted 

string



Color string fusion phenomenon

SFM: M.A.Braun and C.Pajares, 

Phys. Lett.  B287(1992) 154;

Nucl. Phys. 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.

• N.S.Amelin, N.Armesto, M.A.Braun, E.G.Ferreiro and C.Pajares,Phys. Rev. 
Lett. {\bf 73} (1994) 2813.

• N.Armesto, M.A.Braun, E.G.Ferreiro and C.Pajares,\\Phys. Rev. Lett. {\bf 77} 
(1996) 3736.

• M.Nardi and H.Satz, Phys. Lett. {\bf B442} (1998) 14;\\H.Satz, Nucl. Phys. {\bf 
A661} (2000) 104c.

• M.A.Braun, C.Pajares and J. Ranft.\\Int. J. of Mod. Phys. {\bf A14} (1999) 2689.

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

• M.A.Braun, R.S.Kolevatov, C.Pajares. V.V.Vechernin, Eur.Phys.J.C.32.535-
546(2004)

• N/Armesto,M.A.Braun.E.C.Fereiro.C.Pajares,'Z.Phys.C.,67, 489-493,(1995), 

• M.A.Braun,C.PajaresPhys.Rev.Let, v.85.no.23,4864-4867,2000 

• M.A.Braun,C.PajaresEur.Phys.J.C16, 349-359(2000)

•

11

Colour rope model 
Biro, T.S. et al. Nucl.Phys. B245 

(1984) 449-468

C.Bierlich et al., arXiv:1412.6259 

[hep-ph] (The DIPSY model) 

See the talk on string fusion by V.Kovalenko at this conference
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Repulsion of quark-gluon strings and flow harmonics: 
MC model 

Pb-Pb collision at b=4 fm

blue circles – strings 

green arrows – string boosts 
[1] I.Altsybeev, AIP Conf.Proc. 1701 (2016) 
[2] I.Altsybeev, G.Feofilov and O.Kochebina, AIP Conf. Proc. 1701, 060011 (2016).
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[1]  E.Shuryak, ArXiv:1412.8393,29 Dec.2014 

[2] T.Kalaydzhyan and E.Shuryak, arXiv:1402.7363, 

[3] T.Kalaydzhyan and E.Shuryak,, arXiv:1404.1888. 

[4] T.Kalaydzhyan and E.Shuryak, Phys. Rev. C 91, 

054913 (2015) , arXiv:1503.05213 [hep-ph]

QCD string-string interactions 

and “Spaghetti implosion”

T.Kalaydzhyan, E.Shuryak [1-4] Attraction between strings 
due to σ-meson exchange 
and concept 
of σ-meson cloud[3]  

Small sigma-string 

coupling 

is compensated 

by large number

of strings [3]

flows [3]

http://arxiv.org/abs/1503.05213
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QUESTIONS:

1) What is the number of these sources extended in rapidity  
and produced

in case of small systems, 

in particular, in pp 
collisions?

2) Is the density of these sources suffients to start overlap 
and to interact producing new kinds of particle production 
sources?



ESTIMATE-1

MPI in pp

14



Collectivity in PYTHIA: Color Reconnection and 

Long-Range correlations (LRC) 

15

[1] A. Asryan, G. Feofilov, 

Studies of pT-Nch correlation     
in pp collisions in the framework

of PSM and PYTHIA generators, ALICE Week, 

Physics Forum, CERN, 11 October 2006.

[2] A. Asryan, D.Derkach, G. Feofilov

“Correlation pt-Nch and collective effects 

in pp and ppbar collisions from ISR up to 

Tevatron and LHC”, Vestnik SPbSU, 

ser.4 ,v.2,2008,3-16, accepted 18 Dec.2007.

LRC in PYTHIA due to fluctuating, 

from event to event, number of 

strings.

pT-Nch correlation –

due to Color Reconnection



Collectivity in PYTHIA: 

MPI in pp collisions

16

2 assumptions: 

----the number of MPIs  is proportional to the hard collisions 

cross section 

-- soft particle multiplicity  scales with the number of MPIs 

Andreas Morsch, 

for the ALICE Collaboration 

Journal of Physics: Conf Seri. 535 (2014) 012012 

arXiv: 1407.3628

<Nuncor.seeds> -- up to ~ 15 in pp@7TeV 

for pT trig >0.7 GeV/c



ESTIMATE-2

based on the onset of ridge  in 

Au-Au@RHIC

O.Kochebina, G.Feofilov, Arxiv:1012.0173
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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.

18

Large change 

within ~10% 

centrality

46-55%

The data showed a sharp transition at  some definite energy-dependent centrality:

growing of peak amplitude and pseudorapidity stretching of width.

Threshold   phenomena in AA collisions observed by STAR [1]
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Peak Amplitude

Npart Npart

Npart Peak η Width

STAR PreliminarySTAR Preliminary
200 GeV

62 GeV

refρ

Δρ

Peak η Width

200 GeV 

“Critical value” 

Npart≈40

62 GeV

“Critical value”

Npart≈90

Transverse Particle 

Density 

~

STAR 

Preliminary

STAR 

Preliminary

200 GeV

62 GeV

~Same-side gaussian peak amplitude,  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.

22062  fmcrit ,,~

[1] Anomalous centrality variation of minijet angular correlations in Au-Au 

collisions at 62 and 200 GeV from STAR. M. Daugherity. QM2008.

Variation of low-pT “ridge” with centrality

S

The transverse particle density:



String percolation and mean number of strings .

At some  critical density a 

macroscopic cluster appears 

that marks the percolation phase 

transition.[3]

Nstr --number of strings, 

πr0
2 -- string transverse  area,

S -- overlap area

r0=0,2-0,25 fm – string radius
NStr

[4] J.Dias de Deus and A. Rodrigues// Phys. Rev. C 67, 064903 (2003)

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

)(/)()( 2

0 bSrbNb str  

20

ηс= 1,15 ([4])

)(/)()( 2

0 partpartstrpart NSrNNN  

Percolation parameter:

S

number of strings grows, and they start to overlap forming clusters. The last statement is

true only in case of the interact ing strings [12]. Therefore, at some definite crit ical string

density the percolat ion phase transit ion could be reached and new part icle emit t ing sources

could appear [13, 14, 15, 16]. As it was pointed in [13, 15, 16], the percolat ion of strings can

be considered as a smooth way to quark gluon plasma after the cluster thermalizat ion. It

was also noted in [17] that the string percolat ion phenomenon is closely related to the parton

saturat ion in high density QCD.

Weassume in thepresent study that it is the format ion of theserather large”macroscopic”

clusters composed of several overlapped strings, extended in rapidity and localized in azimuth,

that is leading to the observed near-side ridge phenomenon.

2.1 St r ing density in AA coll isions

To characterize the string density in the transverse overlap area of colliding nuclei a dimen-

sionless percolat ion parameter η̃ was int roduced [13, 15, 16]:

η̃ =
πr 2

0Nstr

< S >
(2)

Here < S > is the mean transverse area of nuclear interact ion (overlap area) at a given

number of nucleons-part icipant, Nstr is a number of strings that is also relevant to the given

Npar t . The crit ical value of the parameter η̃ marking the percolat ion transit ion (η̃cr i t ) could

be calculated from the geometrical considerat ions. Generally ” crit ical” values of η̃cr i t are used

to be ≈ 1.12− 1.175 [18], and string radius is usually taken as r0 = 0.2− 0.3 fm [11, 19, 20].

In our calculat ions below we use η̃cr i t ≈ 1.15± 0.03 and r0 = 0.25 fm.

The number of part icle emit t ing sources - strings - Nstr , produced in the nucleus-nucleus

collision, generally depends on the centrality of collision, on the type of colliding systems and

on the collision energy
√

s.

The overlap area < S > of Eq.(1) and Eq.(2) is not precisely defined. We propose to

exclude < S > from theest imat ions by considering the rat io ρ̃cr i t / η̃cr i t (see Eq.(1) and Eq.(2))

at the” crit ical” point , that marks theonset of thelow-pt ridgemanifestat ion ment ioned above.

It is evident that the dependence on the variable < S > could be excluded in this case. Thus

one can obtain at the crit ical point :

ρ̃cr i t (Npar t )

η̃cr i t(Npar t )
=

3

2

1

πr 2
0

dNch

dy

1

Nstr

= 2.3± 0.2GeV/ f m2 (3)

where error is coming mainly from the systemat ic uncertaint ies of ρ̃cr i t and η̃cr i t . The

total number of the strings Nstr could be easily found from the Eq.(3) for the given AA

collision energy and at the given ” crit ical” centrality (N cr i t
par t ). That means that parameters

of percolat ion model defining the total number of strings Nstr can be obtained. So, it is also

possible to find further the energy and centrality dependence of string density by using the

available data.

2.2 Cent rali t y and energy dependence of ρ̃ and η̃

In order to study the energy and centrality dependence of string density parameter η̃ we use

in the present work the concept of valence and sea strings, so that:

Nstr = NV + NS (4)

O.Kochebina, G.Feofilov, Arxiv:1012.0173
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collisions, where Npar t ≈ 50 – up to 1.5. So one could search the ridge phenomenon in all

classes of centrality.

These calculat ions provide the possibility to study the system size and energy dependence

of the percolat ion parameter and to search further the crit ical density effects.

3 Transverse par t icle densit y and percolat ion of st r ings

in AA and pp col l isions.

Thus we have two densit ies: from one side the transverse part icle density based on experimen-

tal data [22, 23, 24], and on the other side – the est imated density of st rings in percolat ion

string model in AA collisions at different centralit ies and collision energies. From Eq.(3), we

can get a formal relat ion between ρ̃ and η̃:

ρ̃cr i t (Npar t ) =
3

2

1

πr 2
0

dNch

dy

1

Nstr

η̃cr i t (Npar t ) (7)

We have to note here that Eq.(7) could be non linear due to the behavior of dN ch

dy
and Nst r

with centrality and collision energy. In our work the correspondence of the transverse part icle

density and density of the strings is being set at the crit ical point . Then the extrapolat ion to

other systems and energies is done.

Figure 4: Transverse part icle density ρ̃ vs. st ring density η̃ in AA collisions for energy
√

s = 17.3 GeV,
√

s = 62,
√

s = 200 GeV and
√

s = 2.76 TeV. Points are our calculat ions.

Lines are fits to the points. Points for pp collisions are obtained from the experimental data

in the range of energies from
√

s = 17.3 GeV to
√

s = 7 TeV (see text).

The filled points on the Fig. 4 are the results of our calculat ions of the transverse part icle

density ρ̃ vs. st ring density η̃ in AA collisions for different energy values of
√

s = 17.3 GeV,
√

s = 62 GeV,
√

s = 200 GeV and
√

s = 2.76 TeV. Lines are fits to the points: linear fit is

String percolation and number of strings: 

from A-A colllisions to pp

O.Kochebina, G.Feofilov, Arxiv:1012.0173

The transverse particle density vs. string density 
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used before the crit ical point ( y = 0.02 + 2.28 · x) and the exponent ial one after (by the

curve y = 19.5 − 19.1 · e− x/ 9.9). This deviat ion from the linear behavior after the crit ical

point can be explained by the fact that after the percolat ion threshold a new types of part icle

emit t ing sources appear. Thus the transverse part icle density may be decreased, which is in

line with the predict ion of st ring percolat ion model where the yield of mult iplicity should be

reduced in case of st ring fusion [16].

The empty points on the Fig. 4 correspond to pp collisions. In case of pp collisions we

assume that dependence of ρ̃ – η̃ is the same as in the case of AA collisions. The concept

of valent and sea strings is valid, but it is evident that the parametrizat ion Eq.(5) can not

be used here. The transverse part icle density in pp collisions is calculated on the base of the

experimental data [27, 28, 29, 30, 31] of the charge part icle mult iplicity per rapidity unit and

assuming that the interact ion area equals to 1 f m2. Thus the relevant values of η̃ could be

obtained from the Fig.4, and one can also get the total number of st rings in the interact ion

region. Results are summarized in the Table 2.

√
s, GeV dNch/ dη ρ̃, GeV/ f m2 η̃ Nstr our Nstr est imate Dispersion in

est im. using data [32] Nstr from [32]

7000 6.02± 0.50 [27] 9.0± 0.5 5± 1 30± 12 no data no data

900 3.78± 0.19 [28] 5.6± 0.4 3.2 ± 0.8 16± 6 6.6 8.6

200(pp̄) 2.30± 0.20 [29] 3.4± 0.2 1.7 ± 0.4 9 ± 4 5 5.4

62 1.64± 0.17 [30] 2.5± 0.1 1.1 ± 0.6 6 ± 4 4 3.6

17.3 1.14± 0.12 [31] 1.70± 0.08 0.7 ± 0.4 4 ± 3 3 1

Table 2: The transverse part icle density, the string density and number of st rings est imated

for pp collisions for energies from 17.3 GeV to 7000 GeV.

In the Table 2 we compare our est imates with those done independent ly in the framework

of the mult ipomeron exchange model [32]. The number of strings is considered as the number

of pomeroms mult iplied by factor 2 (Nstr = Npomer ons × 2) following the assumpt ion that

one cut pomeron gives two strings. We have to note that in our calculat ions there are rather

large uncertaint ies, those come from est imat ion of Npar t , Ncol l , the systemat ic uncertaint ies

of definit ion of the ” crit ical” values of ρ̃ and η̃ and of r 0 and from extrapolat ion of parameter

a on Fig.2. However, quite sat isfactory agreement with the results that are based on this

different calculat ion approach could be noted. So, in case of the pp collisions at the energies

more than ≈ 65 GeV one could expect the density of st rings to be already sufficient ly high

enough to reach the percolat ion phase transit ion threshold and to produce the long-range

correlat ions.

Wealso show on theFig. 4 by thefilled star theest imat ion for thecentral PbPbcollisionsat

ALICE at
√

s = 2.76 TeV based on thefirst experimental data, where dN ch

dη
= 8.3± 0.4 (sys.) [33].

4 Conclusions.

1. The hypothesis of percolat ion transit ion looks reasonable in the descript ion of the onset

of the low-pt manifestat ion near side ridge phenomena in AuAu collisions at RHIC

energies. One may assume that at sufficient ly high string densit ies the format ion of

rather large ”macroscopic” clusters composed of several overlapped strings extended in

From A-A colllisions to pp: mean number of 

strings

Table 2: The transverse particle density, the string density and number of strings estimated 

for pp collisions for energies from 17.3 GeV to 7000 GeV. 

[1] O.Kochebina, G.Feofilov, Arxiv:1012.0173 

for pp@7TeV:  <Nsrings>  ~  30 +- 12

±

Here NV is number of the strings formed by the valence quarks and NS is number of the

strings from the sea quarks. NV is defined by the number of nucleons-part icipants Npar t , and

NS here depends on Ncol l – the number of nucleon-nucleon collisions relevant to the given

Npar t .

We propose to use the following parametrizat ion:

Nstr = Npar t + aNcol l (5)

That means that the number of the sea strings NS formed in AA interact ion is proport ional

to the number of nucleon-nucleon collisions Ncol l . The coefficient a could be defined from Nstr

est imated by using Eq.(3) at the ” crit ical” point .

The energy dependence enters into the Eq.(5) via a and Ncol l . Values of Ncol l relevant

to the given Npar t at Eq.(5) are obtained from the Monte Carlo simulat ions of the Modified

Glauber model(MGM) [21]. The last one takes in account nucleon momentum loss during

collision and describes the centrality and energy dependence of charged part icle mult iplicity

measured in relat ivist ic AA collisions [21].

So the parameter a is obtained from Eq.(3) and Eq.(5) using the values of dN ch

dy
taken from

the known experimental data.

One can find in the Table 1 the results of calculat ion of parameter a for energies 62 and

200 GeV. Also we use results of our previous calculat ions for 17.3 GeV [2] based on observed

threshold of anomalous suppression of J/ψ.

√
s, GeV Npar t dNch/ dη Nstr Ns Ncol l a

200(AuAu) 40 2.97± 0.30 [22] 194± 25 155± 23 59± 4 2.6± 0.4

62 (AuAu) 90 2.30± 0.23 [23] 352± 28 262± 23 167± 4 1.6± 0.2

17.3 (PbPb) 110 1.62± 0.21 [24] 302± 45 192± 30 158± 5 1.2± 0.2

Table 1: The total number of strings, the number of sea strings and parameter a obtained in

the ” crit ical” points for AuAu collisions at 62 GeV and 200 GeV collision energies and for

PbPb collisions at 17.3 GeV. The calculat ions are done for r0 = 0.25 fm.

Figure 2: Energy dependence of parameter a (Eq.(5)).

It is possible to make some extrapolat ion of parameter a to lower and higher energies

(Fig.2). In case of lower energies it can be done straightforwardly to the point (0;0). Ext rap-

olat ion could be also prolonged to the higher energies with some uncertaint ies – by fit t ing the

Table 1: The total number of strings, the number of sea strings and parameter a obtained in the 

”critical” points for AuAu collisions at 62 GeV and 200 GeV collision energies and for P bP b 

collisions at 17.3 GeV. The calculations are done for r
0 

= 0.25 fm.[1].



ESTIMATE-3
Multi-pomeron exchange model with effective 

account of interaction between strings 

(EPEM)

23

[1] Armesto, N., Derkach, D., and Feofilov, G., Phys. At. Nucl., 2008, vol. 71, p. 2087.

[2] Bodnia, E., Derkach, D., Feofilov, G., Kovalenko, V., and Puchkov, A., Proc. 

QFTHEP 2013, St. Petersburg, 2013. http://arxiv.org/abs/1310.1627.

[3] Bodnia, E.O., Kovalenko, V.N., Puchkov, A.M., and Feofilov, G.A., AIP Conf. Proc., 

2014, vol. 1606, p. 273.

http://arxiv.org/abs/1310.1627


Motivation: Experimentally Observed pt-Nch

correlations in pp and ppbar collisions:
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Compilation of experimental data in:  
[1] Armesto, N., Derkach, D., and Feofilov,

G., Phys. At. Nucl., 2008, vol. 71, p. 2087.

.

24

:

pt-Nch correlations @LHC



Classical Multi-Pomeron Exchange 

Model (Regge-Gribov approach)

Pomeron is a virtual particle that is exchanged during the inelastic 
scatering process with vacuum quantum numbers flow.

It can be considered as a pair of strings.

The number of pomerons exchanged 
rises with energy.

Collective effects were not included in the model.

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

Van,  Phys. Rep.236(1994)225
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EPEM[1]   Modifications[2]
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t – average string tension

k – mean number of particles produced per unit rapidity by one string

β-- efficient string fusion collective coefficient



Parameters and results from ISR to LHC
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Number of pomerons involved in pp@7 TeV

For high multiplity events (Nch> 100) we have: 

the number of NPomerons ~ 12–19   

the number of Nsrings ~ 24–38 
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Summary of estimates of number of sources of particle 

production at midrapidity (in high multiplicity events)           

in pp@7TeV

Estimate N strings

MPI (ptTRIG~ 0.7 GeV/c)[1] ~15

Percolation [2] 30 +/- 12

Multipomeron exchange model [3] 24-38
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Conclusions

 Concept of color flux tubes (quark-gluon strings)  as particle 

production sources is implemented in a number of event 

generators, phenomenology is tuned and looks feasible for the 

majority of experimental phenomena at the LHC. It contains 

some collectivity, manifested in long-range correlations, color-

reconnection, flows…

 Independent estimates of number of these sources show that 

one may expect formation of ~  20-40 strings in high multipliicty 

pp collisions at the LHC.

 String-string interaction between these sources in case of high 

density is an important factor of investigations of new effects like 

string fusion, “spaghetti” implosion and /or string repulsion,  that 

are responsible for shaping the initial conditions of systems 

collisions leading to the QGP formation.
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