
Study the particle transverse-momentum 

spectra at LHC with nonextensive statistics
Ming Shao, Zebo Tang and Zhangbu Xu

University of Science and Technology of China, Brookhaven National Laboratory

Abstract

The hydrodynamics-inspired thermal approach - Blast-Wave (BW) model - implemented with non-equilibrium Tsallis statistics has gained increasing interest (and application) in high-energy heavy-ion physics. The transverse-

momentum spectra at LHC, from both p+p and Pb+Pb collisions, are systematically studied within the Tsallis Blast-Wave model. Good agreement between the data and the fit is achieved over a broad kinetic range, upto 10 

GeV/𝑐 for 𝑝 + 𝑝 collisions from 200 to 7000 GeV, and upto 5 GeV/𝑐 for Pb+Pb collisions at 2.76 TeV. The kinetic freeze-out temperature 𝑇, the average radial flow velocity 𝛽 and the parameter q, which is a measure of the 

degree of non-equilibrium of the system, are extracted from the fit. The evolution of these parameters with collision energy and centrality will be presented. A detailed fit to non-strange, single-strange and multi-strange 

particle species separately will be also given. Together with the observations at lower energy, the physics implication of the particle production during the fireball evolution in heavy-ion collisions will be discussed. 

Summary of parameters

Blast-Wave Model Tsallis Blast-Wave Model

• A Hydrodynamics-inspired model based on Boltzmann-Gibbs statistics

• Describes the pT spectra of various particle species in heavy-ion 

collisions with a compact set of parameters (𝑇, 𝛽 )

STAR White Paper

NPA 757, 102 (2005)
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Tsallis Statistics

• Limitations: strong assumption on local thermal equilibrium

− Limited pT range

− Arbitrary choice of the 

fit range

− Flow velocity on 0.2𝑐
in 𝑝 + 𝑝 collisions 

at 200 GeV

− Unable to describe the 

evolution from p+p to

peripheral and central

heavy-ion collisions

Tsallis Entropy: Generalization of the standard Boltzmann-Gibbs entropy 

introduced by Constantino Tsallis in 1988. 
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Non--additive: Nonextensive
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Parameter 𝑞 is a measure of the 

nonextensivity in the system
STAR, PRC71, 064 (2005)

Implement the Tsallis statistics, generalization of the Boltzmann-Gibbs 

statistics, in the Blast-Wave model.

The single-particle spectrum can be written as:

Simultaneously fit the 

spectrum of 11 particle 

species

BW: Fails above 1 GeV/c

TBW: Describes upto 3 

GeV/c in 200 GeV Au+Au

Zebo Tang et al., PRC79, 051901 (2009)

Spectra in p+p from RHIC to LHC Spectra in Pb+Pb at LHC

Identified particle mT spectra in p+p collisions at 200, 540, 900 and 7000 

GeV. The symbols depict experimental measurements from  STAR, 

PHENIX, UA1, UA2, UA5, E735, CMS, ALICE, ATLAS and CMS 

collaborations. The curves represent the TBW fit results. The data points 

and curves are rescaled to p+ at mT=2 GeV/c2.

mT scaling test of the identified 

particle spectra in p+p collisions. 

The reference is p+ and p for 

mesons and baryons, 

respectively.

• The TBW model describes the shape of the mT spectra of more than 10 particle species over a 

broad mT range of 0-10 GeV/c2 with only 4 common parameters!

• Grouping of baryons and mesons at high-mT. Mesons and Baryons require different parameter q.

• No radial flow in p+p collisions at 200 GeV and 540 GeV. Spectra follow the mT scaling.

• Significant radial flow velocity in p+p collisions at LHC energies. 𝛽 = 0.264 ± 0.005 and 0.320 ±
0.005 for 900 GeV and 7000 GeV collisions, respectively. 

• Comparable to 0.320 ± 0.005 in 40-60% Au+Au collisions at 200 GeV.

• Supported by the breaking of mT scaling.
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Identified particle pT spectra in Pb+Pb collisions at 

2.76 TeV. Pions, Kaons, protons and Ls are fit 

simultaneously upto 3 GeV/c. Multi-strange mesons 

and baryons are fit simultaneously upto 5 GeV/c. The 

curve for J/y is a prediction based on the fit to multi-

strange particles.  

Extracted parameters, mean radial flow velocity, 

freezeout temperature and q, as a function of 

centrality in Pb+Pb collisions at 2.76 TeV, for three 

different groups of particles.

• The TBW model describes the shape of the pT spectra of more than 6 particle species over a 

broad pT range with only 3 common parameters!

• Non-strange and single-strange particles has similar radial flow velocity, freezeout temperature 

and parameter q.

− Radial flow velocity increases with beam energy.

− Beam energy dependence of T and q-parameter is weak.

• Multi-strange particles:

− Radial flow velocity: similar as non- and single-strange particles.

− Freezeout temperature: significantly higher than non- and single-strange particles.

significantly higher than at SPS and RHIC.

− q-parameter: significantly lower than non- and single-strange particles.

consistent with Boltzmann distribution in central and semi-central collisions. 

Summary of parameters from the fit to SPS and RHIC data
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Summary: 

• TBW describes identified particle spectra in p+p and Pb+Pb at LHC.

• Parameters of radial flow, temperature and q are extracted. 

• Significant radial flow found in p+p collisions at LHC energy.

• Results in Pb+Pb at LHC follows the trend from SPS to RHIC.
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