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Initial stages

* The soft QCD processes 1s not described by usual perturbation theory

* The model of quark-gluon strings, stretched between projectile and target partons
— semiphenomenological approach to the multiparticle production
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* Correlations play crucial role:
— causality requires appearance of long-range correlations — if they exist —
at the very early stages between particles detected in separated rapidity intervals



Strings in rapidity space

® Uniform and independent distribution of particles on rapidity fromy_toy_
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String fusion

String fusion mechanism

ZQ +Y 0(1)-0,(1)  predicts
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String fusion

* Lattice realization of string fusion model
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(local fusion)
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Monte Carlo model

*Partonic dipole-based picture of nucleons interaction.

*Energy and angular momentum conservation in the . e i
initial state of a nucleon. I ‘;} e sl L
*The probability of dipoles are defined by heir (/” |
transverse coordinates [7-8]: i3 4 —
PO S R (LAt do pbpb,z_%;
% T — 7|7 — 7, |

Multiplicity and transverse momentum are obtained in the approach of

colour strings, stretched between projectile and target partons
*The interaction of strings is realized in the accordance with the string fusion model
*Multiplicity from one string is distributed according to Poisson
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Forward-backward correlations

Select 2 variables in windows:

AYg Aye
e
n —number of charged particles in the window (Q=n_-n)
F, B: < — mean (in the event!) transverse
p,= Z p,; momentum of charged particles in
& n;—q the given window

correlation  _{FB)—(F)(B) .
coefficient s Several types of correlation

coefficient:
n-n, pt-n, pt-pt, Q-Q



Centrality of AA collisions

Participants

before collision after collision

* Nucleon-participants N,,,,. - nucleons collided at least once
* Nucleon-spectators N, - nucleons, which didn't interact

* Number of nucleon-nucleon collisions N .,;;
» Multiplicity of charge particles N,



Forward-backward correlations in AA

multiplicity — extensive variable

n-n correlation b:<FB>—<F><B>
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Mean pt-pt correlations in SF model

mean event transverse momentum — intensive variable

t-pt correlation _{(FB)—(F){B) S
2 goefﬁcient b= <F2>—<F>2 B’F’_)pt_E; Dqi
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Mean pt-pt correlations in SF model
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Mean pt-pt correlations in different models
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Energy dependence of pt-pt correlation
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e String fusion model predicts the increase of by, from

2.76 TeV to 5.02 TeV at the level of 20%, that agrees with the

experiment

Prelimenary experimental data — |.Altsybeev, “KnE Energy and Physics, pages 304-312, 2018 DOI:
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System size dependence of pt-pt
correlation coetficient
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« Correlation coetficients b, shows decrease in very central

collisions only 1n Pb-Pb, in smaller system Xe-Xe 1t reaches plateau.



Long-range Strongly Intensive multiplicity
fluctuations
S[n,.n,] = (ng)w[n 1+ (ne ) ny] = 2((npne ) = (ns )(ns.))
(n5)+ (1)
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Long-range SI pt-multiplicity fluctuations

Y [A B] = & ((B)w[A] + (A)w[B] — 2((AB) — (A)(B)))
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Long-range SI pt-pt fluctuations

L[A B] = & ((B)w[A] + (A)w[B] — 2((AB) - (A)(B)))

x[P T P7] Pb-Pb, 2.76 TeV
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Charge fluctuations

* Expressed in terms of
BEe N )\ (1 I
de“‘<<<N+> <N>> > (<N+>+<N>>

* Can be related with degrees of freedom of medium

o N2V 4n =-1for hadron gas
ey . 2.5 ... -3 for QGP



Charge fluctuations
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* MC model with string fusion successfully describes the
centrality dependence of dynamical net-charge fluctuation.

* Scaling variable (N )v e decreases with centrality towards
the level of QGP estimation (which 1s 1n agreement with
experiment)

In case of no fusion, 1t remains constant at the level of HRG



Net-charge correlations
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Net-charge correlation coefficient

* In small window can be related to balance function
(thanks to I. Altybeev for pointing it out)

-0.5

*Absolute value of net-charge forward-backward correlation
coefficient decreases with the gap.

* Weak depedence on the cenrality

* A hint of a transition from negative to positive at large rapidity
gap — to be checked at lower energies (RHIC, SPS, NICA)



Conclusions

¢ Centrality determination and a width of centrality class influences the
value of fluctuational and correlational observables

¢ Strongly intensive observables and correlations between intensive
observables show robust behaviour against the volume fluctuations and
the centrality determination methods

¢ String fusion model explains non-monotonic behaviour of Pt-pt
forward-backward correlations

¢ String fusion model explains the centrality behaviour of the
net charge fluctiations in Pb-Pb collisions at LHC energy (string fusion
Improves the agreement with the experiment).

¢ The predictions for net-charge forward-backward correlation
coefficient have been obtained.

¢ The observables proposed provide reference to the properties of the
Initial state of AA collisions and are useful to study both at LHC and
NICA energies



