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The data on charge balance function in Pb+Pb collisions at center-of-mass energy 2.76 TeV per

nucleon pair are analyzed with the HYDJET++ model. For central collisions, the width of the

charge balance function at low transverse momentum intervals is larger in the model than in
data. An approach, which takes into account the event-by-event charge conservation, has been

implemented into the thermal part of the model at the stage of hadron production. This ap-

proach implies two particle charge correlations with a certain length and allows to reproduce
experimental widths.
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1. Introduction

There are number of signals which are used as powerful tools to probe the properties

of the system created in high energy collisions. Correlation phenomena play an

important role in these studies. Among them, correlations of electric charges provide

valuable insight into the charge creation mechanism. Due to conservation of quan-

tum numbers, a negative charge is produced at approximately the same spacetime
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for each positive charge. In experiment, two-particle charge-dependent correlations

are studied with the balance function (BF):

Bð��Þ ¼ 1

2

hNþ�ð��Þi � hNþþð��Þi
hNþi

þ hN�þð��Þi � hN��ð��Þi
hN�i

� �
; ð1Þ

where �� is a relative pseudorapidity of two particles, �� ¼ �1 � �2. hNabi denotes
the average number of pairs per trigger particle a over events with corresponding

charge combination ab ða; b ¼ þ;�Þ, while hNai denotes the average number of

single particles over events with a corresponding charge. Each term is corrected for

acceptance limitation, re°ecting the fact that number of pairs in limited � region has

maximum at �� ¼ 0. The BF is sensitive probe of the production mechanism of

balancing charges and their transport, including quantum statistics,1 radial °ow,2

the Coulomb e®ect and others.

The width of the balance function measured for particles with low transverse

momenta by the ALICE Collaboration3 increases for more peripheral collisions. This

centrality dependence is not reproduced by many competing generators as HIJING4

and AMPT.5 It is also a challenge for hydrodynamics-motivated statistical model

approach, like HYDJET++ model,6 since soft particles are produced in grand

canonical ensemble assumption, where the charge conservation takes place in mean

only. Nevertheless, the reasonable modi¯cation of the current version of the

HYDJET++ model allows us to reproduce e®ectively the experimentally observed

centrality dependence of the balance function.

2. HYDJET++ Model

The HYDJET++ model6 simulates relativistic heavy-ion collisions as a superposi-

tion of two components: the soft, hydro-type state and the hard state, thus allowing

to study the soft and hard physics simultaneously. The soft component is based on

the adapted event generator FAST MC.7,8 It uses hadronic degrees of freedom and

starts at freeze-out. There are chemical and thermal freeze-out hypersurfaces pre-

scribed by the parametrization of relativistic hydrodynamics with preset freeze-out

conditions. Particle multiplicities are calculated using the e®ective thermal volume

approach and are proportional to the number of participating nucleons for a given

impact parameter in a A+A collision. To simulate the elliptic and triangular °ow

e®ects, the hydro-inspired parametrization for the momentum and spatial anisotropy

of soft hadron emission source is implemented.6

The hard component employs PYTHIA9 for simulations of hard parton-parton

scattering processes and parton hadronization. The parton propagation through the

expanding medium is modeled and their energy losses due to parton rescattering and

gluon radiation are taken into account within PYQUEN model.10 Partons produced

in (semi)hard processes with the momentum transfer lower than pmin
T are considered

as soft and are not included into hard component multiplicity. The pmin
T is the input

parameter of the model and it regulates the contribution of soft and hard
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components to the total multiplicity. For the considered collision energy, this pa-

rameter is pmin
T ¼ 8:2GeV/c.

The large number of physical observables measured in heavy-ion collisions during

RHIC and LHC operation can be successfully described in the framework of the

HYDJET++ model. For instance, ���� correlation radii,11 centrality and momen-

tum dependence of second and higher-order harmonic coe±cients,12 °ow °uctua-

tions,13 jet quenching e®ects,14,15 and angular dihadron correlations.16

3. Description of the BF in the Model

In the HYDJET++ model, there are charge correlations in hard part due to

exact charge conservation during parton-parton scattering and hadronization

process and in soft part due to resonance decay. Figure 1 shows the charge

balance function versus �� in the HYDJET++ model for midcentral Pb+Pb

collisions (with centrality 20{30%) at
ffiffiffiffiffiffiffiffi
sNN

p ¼ 2:76TeV separately for each

component, soft and hard, as well as for direct soft hadrons only. The resulting

total value is also displayed. The BF is calculated for particles with transverse

momenta 0:3 < pT < 1:5GeV/c. As one can see, there are no charge correlations

for direct soft hadrons in each event, since they are produced in the statistical

model approach where charge is conserved in mean only. In a given momentum

region the resulting total balance function is mainly dominated by the balance

function of the soft component, since the majority of particles is soft. The balance

function for the soft component has been already studied17 in the framework of

the FASTMC event generator7,8 for RHIC energies.

Figure 2 shows the width of the BF in HYDJET++ model in comparison with the

experimental data,3,18 measured in three transverse momentum intervals for the

trigger and the associated particle.

Fig. 1. Balance function versus �� for midcentral Pb+Pb collisions (20{30%) at
ffiffiffiffiffiffiffiffi
sNN

p
= 2.76 TeV in

HYDJET++ for each component, soft (crosses), hard (triangles), also for primordial soft hadrons

(squares), together with the resulting total value (circles).
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(1) 0:3 < pT trig;accos < 1:5 GeV/c,

(2) 2 < pT ;assoc < 3 < pT ;trig < 4 GeV/c

(3) 3 < pT ;assoc < 8 < pT ;trig < 15 GeV/c

The width of the balance function distribution is de¯ned as

h��i ¼
Xk
i

½Bð��iÞ��i�=
Xk
i

Bð��iÞ; ð2Þ

where Bð��iÞ is the balance function value for each bin��i, k is running over all bins

in the entire intervals of �� for low-transverse momentum region and in the narrow

interval within 3�Gauss for high-transverse momentum (2) and (3), in accordance

with experimental calculations. The centrality dependence of the BF widths for low-

transverse momentum region is observed in experiment, which is not reproduced by

HYDJET++ model with default parameters. For higher transverse momentum

regions the balance function is getting narrower, moreover, the centrality depen-

dence of the widths practically vanishes. With increasing transverse momentum,

namely for pT of the trigger and the associated particles corresponding to the case (3)

the default model results describe the experimental data much better since these

transverse momentum intervals are dominated by hard component of the model, in

which the exact charge conservation takes place at each stage. The decrease of the

width with increasing transverse momentum can be understood in the following way:

particles with higher transverse momenta are created closer to the beginning of

parton cascade, where the charge correlations are stronger.

In order to describe BF widths in soft sector the modi¯cation of the charge

creation mechanisms of soft direct hadrons is implemented into the HYDJET++

model. It takes into account the charge conservation explicitly in each event.

Namely, the pair production (particle{antiparticle) is introduced for charged direct

Fig. 2. Centrality dependence of the balance function widths h��i in Pb+Pb collisions at
ffiffiffiffiffiffiffiffi
sNN

p
=

2.76TeV. The model calculations with default versions of HYDJET++ are compared to the ALICE data
3,18 for three transverse momentum intervals labeled in the text as (1), (2) and (3). Lines are drawn to

guide the eye.
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hadrons. The pseudorapidities and the azimuthal angles of the partner are distrib-

uted around the pseudorapidities and the azimuthal angles of corresponding original

particles, providing the charge conservation locally. The Gaussian distribution with

a certain ��, �’ depending on centrality is used. These parameters are tuned to

reproduce the experimental data. Thus, some \characteristic length of charge

correlation" is introduced. Figure 3 shows a centrality dependence of the balance

functions width h��i for HYDJET++ model with the implemented approach in

comparison with experimental data by ALICE.3 The model reproduces the experi-

mental centrality dependence of widths rather well with the �� increasing for more

peripheral collisions. It can be understood in the following way: the number of the

characteristic elementary volumes, in which the charge is explicitly conserved,

decreases since the area of the nuclear overlap region becomes smaller.

4. Conclusions

We performed a phenomenological analysis of charge balance function in Pb+Pb

collisions at
ffiffiffiffiffiffiffiffi
sNN

p
= 2.76TeV within HYDJET++ model, which has two compo-

nents: a hydrodynamics-motivated thermal part with resonances and a hard pQCD

part. At relatively low transverse momentum interval, the experimental balance

function is much narrow at central collisions, indicating that there are other sources

for charge correlations besides resonance decays. The centrality dependence of the

experimental balance function widths is also not reproduced by the model. With

increasing transverse momentum the default model results describe experimental

data much better. In these transverse momentum intervals, the contribution from

the hard component of the model grows and the transition to the single source of

charge correlations occurs, namely, the charge correlations in jets for which the exact

charge conservation takes place at each stage.

Fig. 3. Centrality dependence of the balance function widths in Pb+Pb collisions at
ffiffiffiffiffiffiffiffi
sNN

p
= 2.76TeV

with default (full circles) and modi¯ed version of HYDJET++ (triangles) in which the exact charge

conservation is taken into account. Open circles indicate the experimental data. Lines are drawn to guide
the eye.
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The modi¯cation of soft components is introduced which includes the charge

conservation explicitly in a statistical approach. This procedure has been imple-

mented for the ¯rst time in Monte Carlo event generators of a such kind.

The approach allows to reproduce experimental widths of the balance function with

charge correlations length depending on centrality.

Acknowledgments

Authors gratefully acknowledge fruitful discussions with A. V. Belyaev, L. V.

Bravina, A. I. Demiyanov and A. M. Gribushin.

ORCID

G. K. Eyyubova https://orcid.org/0000-0002-2453-343X

V. L. Korotkikh https://orcid.org/0000-0001-6270-2604

I. P. Lokhtin https://orcid.org/0000-0002-4457-8678

L. V. Malinina https://orcid.org/0000-0003-1723-4121

S. V. Petrushanko https://orcid.org/0000-0003-0210-9061

A. M. Snigirev https://orcid.org/0000-0003-2952-6156

E. E. Zabrodin https://orcid.org/0000-0003-3093-6769

References

1. S. Pratt and S. Cheng, Phys. Rev. C 68, 014907 (2003).
2. P. Bozek, Phys. Lett. B 609, 247 (2005).
3. ALICE Collab. (B. Abelev et al.), Phys. Lett. B 723, 267 (2013).
4. M. Gyulassy and X. N. Wang, Comput. Phys. Commun. 83, 307 (1994).
5. B. Zhang et al., Phys. Rev. C 61, 067901 (2000).
6. I. P. Lokhtin, L. V. Malinina, S. V. Petrushanko, A. M. Snigirev, I. Arsene and K.

Tywoniuk, Comput. Phys. Commun. 180, 779 (2009).
7. N. S. Amelin et al., Phys. Rev. C 74, 064901 (2006).
8. N. S. Amelin et al., Phys. Rev. C 77, 014903 (2008).
9. T. Sjostrand, S. Mrenna and P. Skands, J. High Energy Phys. 0605, 026 (2006).
10. I. P. Lokhtin and A. M. Snigirev, Eur. Phys. J. C 45, 211 (2006).
11. I. P. Lokhtin, A. V. Belyaev, L. V. Malinina, S. V. Petrushanko, E. P. Rogochaya and A.

M. Snigirev, Eur. Phys. J. C 72, 2045 (2012).
12. L. V. Bravina, B. H. Brusheim Johansson, G. K. Eyyubova, V. L. Korotkikh, I. P.

Lokhtin, L. V. Malinina, S. V. Petrushanko, A. M. Snigirev and E. E. Zabrodin, Eur.
Phys. J. C 74, 2807 (2014).

13. L. V. Bravina, E. S. Fotina, V. L. Korotkikh, I. P. Lokhtin, L. V. Malinina, E. N.
Nazarova, S. V. Petrushanko, A. M. Snigirev and E. E. Zabrodin, Eur. Phys. J. C 75, 588
(2015).

14. I. P. Lokhtin, A. V. Belyaev and A. M. Snigirev, Eur. Phys. J. C 71, 1650 (2011).
15. I. P. Lokhtin, A. A. Alkin and A. M. Snigirev, Eur. Phys. J. C 75, 452 (2015).
16. G. Eyyubova, V. L. Korotkikh, I. P. Lokhtin, S. V. Petrushanko, A. M. Snigirev, L. V.

Bravina and E. E. Zabrodin, Phys. Rev. C 91, 064907 (2015).
17. J. Fu, J. Phys. G 38, 065104 (2011).
18. ALICE Collab. (J. Adam et al.), Eur. Phys. J. C 76, 86 (2016).

A. Chernyshov et al.

2443021-6

https://orcid.org/0000-0002-2453-343X
https://orcid.org/0000-0001-6270-2604
https://orcid.org/0000-0002-4457-8678
https://orcid.org/0000-0003-1723-4121
https://orcid.org/0000-0003-0210-9061
https://orcid.org/0000-0003-2952-6156
https://orcid.org/0000-0003-3093-6769

	The charge balance function with HYDJET++ model in heavy ion collisions at LHC
	1. Introduction
	2. HYDJET++ Model
	3. Description of the BF in the Model
	4. Conclusions
	Acknowledgments
	ORCID
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 900
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


