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HYDJET++ (soft):  main physics assumptions 

A hydrodynamic expansion of the fireball is supposed to end by a 
sudden system breakup at given T and chemical potentials. Momentum 
distribution of produced hadrons keeps the thermal character of the 
equilibrium distribution. 

 Cooper-Frye formula:

-  HYDJET++ avoids straightforward 6-dimensional integration  by using 
the special  simulation procedure (like HYDJET): momentum generation in 
the rest frame of fluid element, then Lorentz transformation in the global 
frame → uniform weights → effective von-Neumann rejection-acception 
procedure.
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Freeze-out surface parameterizations
1. The Bjorken model with hypersurface

  2. Linear transverse flow rapidity profile   

3. The total effective volume for particle  production at 
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Charged multiplicity vs centrality and 
pseudorapidity in HYDJET++ at LHC



PT spectrum and RAA factor for charged
hadrons in HYDJET++ at LHC



Comparison to STAR BES data
S.R. Nayak et al.,  arXiv: 2405.03174  [hep-ph]

Good agreement 
with the data

Mass ordering of
the flow (v2 ,v3)



Interplay of hydrodynamics and jets
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Triangular flow

Hydrodynamics gives 
mass ordering of v3

The model possesses
crossing of baryon 
and meson branches

The reason for the
mass ordering break
at 2 GeV/c is traced to
hard processes (jets)

J. Crkovska et al.,  PRC 95 (2017) 014910

Pb+Pb @ 2.76 ATeV



Extention to deformed systems (Xe+Xe at LHC)
S. Pandey and B.K. Singh,  Eur. Phys. J. A, 59 (2023) 6

PT spectra of all charged particles with and w/o jet part for min. bias collisions 



Extention to deformed systems (Xe+Xe at LHC)
S. Pandey and B.K. Singh,  Eur. Phys. J. A, 59 (2023) 6

PT spectra of all hch with and w/o jet part for body-body and tip-tip collisions 



Charge balance function in Pb+Pb at LHC
A. Chernyshov et al., Chin. Phys. C 47 (2023) 084107



Charge balance function in Pb+Pb at LHC
A. Chernyshov et al., Chin. Phys. C 47 (2023) 084107

Default HYDJET++ model fairly describes the experimental data on BF width and its 
centrality dependence for higher pt range (where the hard component is dominant)



Charge balance function in Pb+Pb at LHC
A. Chernyshov et al., Chin. Phys. C 47 (2023) 084107



Charge balance function in Pb+Pb at LHC
A. Chernyshov et al., Chin. Phys. C 47 (2023) 084107



Charged
hadron

species C

Charged
hadron

species B
Charged
hadron

species A

N+ - N-N+ N-

«Electrically neutral»
part (modified)

«Charged» part
(preserved)

To account for the charge imbalance
occurring at intermediate BES RHIC
and NICA energies, the proposed
modification applies only to the
electrically neutral fraction of
direct charged hadrons within each
hadron species separately. This
procedure has been implemented in
the HYDJET++ model.

Splitting of 
charged direct 
hadrons within 
one type (pions, 
kaons, …)

etc …

Accounting for charge imbalance at BES RHIC, NICA

Production of particle-
antoparticle pairs with 

parameters (𝜂!, 𝜑!) and
(𝜂", 𝜑") distributed 

according to Gaussian 
with standard deviations 

(𝜎# , 𝜎$) 



AuAu AuAu AuAu AuAu

UrQMD and the standard version of HYDJET++ do not reproduce the experimental
dependences of the CBF rapidity widths on centrality. The modified HYDJET++
allows to significantly improve the description of the data up to 30% of centrality
(with some underestimation of the data for more peripheral collisions).

Charge balance function in Au+Au at 7.7 and 11.5 GeV
E.Z. et al., ZETP  166 (2024) 340



Net-charge fluctuations in Pb+Pb at LHC

NCF are considered as a possible signal of QGP: 
charge fluctuations in QGP << charge fluctuations in hadron gas

for hadron gas
after decays of resonances

for quark-gluon plasma
For lattice QCD

For the quark coalescence, however,

Net-charge

Fluctuations   𝛿𝑄~𝑞!
NCFHG ≫ NCFQGP



Net-charge fluctuations in Pb+Pb at LHC
correlations ++, -- dominate
correlations +- dominate
independent particle emission

At

Strongly intensive quantity



Net-charge fluctuations in Pb+Pb at LHC
G. Ambaryan et al.,  arXiv: 2408.09550 [nucl-th]

HYDJET++ default HYDJET++ modified

(a) in case of ansence of the charge correlations between directly produced hadrons decays of 
resonances lead to decrease of D , whereas 

(b) in case of initially strong correlations between the directly produced hadrons with unlike
charges it leads to increase of D



Net-charge fluctuations in Pb+Pb at LHC
G. Ambaryan et al.,  arXiv: 2408.09550 [nucl-th]

HYDJET++ (default, modified) and other models vs data (√s = 2.76 ; 5.02 TeV) 

Pseudorapidity dependence
of both D and Σ − 1 is fairly 
reproduced 

Correction for global charge conservation:



Net-charge fluctuations in Pb+Pb at LHC
G. Ambaryan et al.,  arXiv: 2408.09550 [nucl-th]

HYDJET++ (default, modified) and other models vs data (√s = 2.76 ; 5.02 TeV) 

Centrality dependence of D and especially of Σ − 1 is reproduced rather 
qualitatively  => for better quantitative description we need further tuning of 𝜎𝜂



Net-charge fluctuations in Pb+Pb at LHC
G. Ambaryan et al.,  arXiv: 2408.09550 [nucl-th]

HYDJET++ (modified and with new tune) vs data 

Centrality dependence of both parameters, D and Σ − 1 is reproduced quite well



HYDJET++ was essentially modified by means of the explicit
inclusion of charge conservation in a statistical approach 
(canonical ensemble). This procedure has been implemented for 
the first time in Monte Carlo event generators of such a kind. 
Within this approach:

- Centrality dependence of the widths of charge balance functions    
in Pb+Pb collisions at LHC energies is reproduced

- With increasing transverse momentum the transition to a single
source of charge correlations, i.e., jets, takes place

- Centrality and ∆𝜼 dependences of the fluctuations of the net
electric charge of hadrons in these collisions are well described

- Decays of resonances in the case of initially strong correlations
between the directly produced hadrons with unlike charges leads
to increase of the parameters D & 𝚺

- But in the case of absence of these correlations (infinite
correlation length) decays of resonances lead to decrease of D &𝚺
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Charge balance function in Pb+Pb at LHC
modified vs default HYDJET++

No difference for Nevt > 100 



Charge balance function in Pb+Pb at LHC
with new tune for 𝝈𝜼

The difference is within 7%  limit


