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Multiparticle production at HIC
in high energy collisions ∗

P collisionsThe statistical and hydrodynamical models predict an approximately
exponential form of particle transverse momentum  spectra

(Thanks to M,Gazdzicki)

 A fireball is
*... a statistical equilibrium of an undetermined 
number of all kinds of fireballs, each of which in 
turn is considered to be...
                                                    R.Hagedorn
                 
                      (selfsimilarity)

The Fractal geometry of nature
     B.B. Mandelbrot Science 155, 636 (1967)

The Non-extensive statistical mechanics
       C. Tsallis, J. Stat. Phys. 52, 479 (1988)
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Abe F. et al 1988 Phys. Rev. Lett. 61 1819

ppbar →h + X 

PPbar collisions

Inclusive cross sections for rapidity |y| < 1.0
and fitted curves with p

0
 fixed at 1.3 GeV/c.
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Levy function

  STAR collaboration 
Phys. Rev. C 71, 064902 (2005) 

 The invariant yields for both (K 0 + K 0 )/2 and (K + + K − )/2 as a function of pT for |y| < 0.5 in minimum bias p + p ∗ ∗ ∗ ∗
interactions. The dotted curve is the fit to the power-law function  for pT > 0.5 GeV/c and extended to lower values of pT . The 
dashed curve is the K 0 spectrum fit to the exponential function  and extended to higher values of pT . The dashed-dotted ∗
curve is the fit to the Levy function for pT < 4 GeV/c. Errors are statistical only.

exp

Power law

Levy



5/ 30
Oleg Rogachevsky

e-e+ collisions

 Bediaga I, Curado EMF and Miranda J.
 

 A non-extensive thermodynamical 
equilibrium approach in e(+) e(-)→ 

hadrons
. 

Physica A 286: 156-163 2000.

The transverse momentum pt of charged hadrons 
with respect to jet axis  is sketched for four different 
experiments, whose center-of-mass energies vary 
from 14 and 34 GeV (TASSO) up to 91 and 161 
GeV (DELPHI). 
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 Experimental neutral pion invariant yields in central 
Pb+Pb collisions at √s

NN
 = 17.3 GeV  and in central 

Au+Au collisions at √s
N N

 = 200 GeV  compared with the 

modified thermal distribution shape by using non-
extensive statistics

 (q = 1.038 for Pb+Pb and q = 1.07 for Au+Au collisions.)

Eur. Phys. J. A 40, 313 (2009)

PbPb & AuAu collisions
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PP collisions 
PHENIX collaboration

PRD 83, 052004 (2011)

Invariant differential cross sections of different 
particles measured in p + p collisions at √s = 200 GeV 
in various decay modes.

 Tsallis distribution 
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CMS @ √s = 0.9 & 7 TeV
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Tsallis  distribution

  Transverse-Momentum and Pseudorapidity Distributions of Charged Hadrons in Collisions at √s=7 TeV      

Physical Review Letters 105, 022002 (2010)

  Transverse momentum spectra of charged particles in proton–proton collisions at vs = 900 GeV with ALICE at the LHC 

Physics Letters B 693 53–68 (2010)

  Measurement of neutral mesons in p+p collisions at √s = 200 GeV and scaling properties of hadron production

Physical Review D 83, 052004 (2011)

  Nuclear modification factors of φ mesons in d + Au, Cu + Cu, and Au + Au collisions at√sNN = 200 GeV

Physical Review C 83, 024909 (2011)

  Strange particle production in proton–proton collisions at √s = 0.9 TeV with ALICE at the LHC 

The European Physical Journal C 71, 1594(2011)

  Production of pions, kaons and protons in pp collisions at √s = 900 GeV with ALICE at the LHC

The European Physical Journal C 71, 1655(2011)

  Charged-particle multiplicities in pp interactions measured with the ATLAS detector at the LHC

New Journal of Physics 13, 053033 (2011)

http://tsallis.cat.cbpf.br/pdfexp/cms2010B.pdf
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s

Tsallis statistics (1)

Bhaskar De
S. Bhattacharyya

Goutam Sau
S. K. Biswas

IJMP E  Vol. 16, No. 6 (2007) 1687

STAR & PHENIX 
√s = 200 GeV
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Tsallis statistics (2)

Ibid.
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Tsallis statistics (3)
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Tsallis statistics parameters 
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 q interpretations
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q interpretations
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High & low p
T
 hadron spectra

BulkBulk Jets, mini-jets



Fractal dimensions of events in
 rapidity-transverse momentum 

space

R.O. ICHEP 2006
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Event fractal dimensions

p
T 

max – maximum transverse 

momentum of a particle  in the event

R.O. ICHEP 2006

BulkBulk Jets, mini-jets
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Disappearance of away side jet
Phys. Rev. Lett. 91, 072304 (2003).

. Only particles within |η|<0:7 are included in the analysis. N
triggers 

is the number of particles within 4 < p
T
 (trig) < 6 GeV/c, referred to 

as trigger particles. The distribution results from the correlation of 
each trigger particle with all associated particles in the same 
event having 2 < p

T
 < p

T
 (trig), where ε is the tracking efficiency of 

the associated particles.
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High p
T
 suppression

Phys. Rev. Lett. 91, 072304 (2003).
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Azimutal anisotropy

RHIC

LHC
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pC dC aC CC @ 4.2A GeV/c

Levy distribution fit

CC 4.2A GeV/c
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Transition region @4.2 GeV/c

  Shifts  with  A 
  Broadening with  A

CC 4.2A GeV/c
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UrQMD AuAu & NICA energies



24/ 30
Oleg Rogachevsky

HistoryRidge @ RHIC

They cover an acceptance of 3 < |η| < 4.5 and −180◦ 
< φ < 180◦ . About 5 × 105 200-GeV and 8 × 105 
410-GeV p+p events were selected for further 
analysis by requiring that the main collision vertex 
fell within |zvtx | < 10 cm along the beam axis.

2 GeV/c < p
T

assoc < p
T

trig 
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Ridge dAu vs AuAu

2 GeV/c < p
T

assoc < p
T

trig 
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Ridge @ LHC
pp @ 7  TeV



27/ 30
Oleg Rogachevsky

Summary

 Event structure
 of multiparticle
 collisions reveals
 itself through features
  in inclusive spectra
 and different  correlations
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 Thanks for your
    attention
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X
T
 scaling

 Adcox K et al PHENIX Collaboration 2005 Nucl. Phys. A 757 184–283
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Z scaling
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