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Outline

1) NB Multiplicity
●  Data from Experiments

2) Motivation

3) Phase Space Ratio & Energy Spectra
●  Superstatistics with NB Distribution
●  Theory vs. Exp. Data
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Negative Binomial Multiplicity

PHENIX Phys.Rev. C78 (2008) 044902

Au+Au → Ch X  200 GeV

Negative Binomial Distribution
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Experimental Results I.

 e-+e+ → Ch X  14 – 189 GeV 
Negative Binomial DistributionNegative Binomial Distribution

 e-+e+ → Ch X  14 – 189 GeV
 pp → Ch X  21 GeV – 13 TeV 
 

Data from: TASSO, OPAL, DELPHI, ALEPH,  AMY
ISR, ALICE, ATLAS, CMS
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Experimental Results I.

 e-+e+ → Ch X  14 – 189 GeV 
Negative Binomial Distribution

 e-e+ and pp differ!

 e-+e+ → Ch X  14 – 189 GeV
 pp → Ch X  21 GeV – 13 TeV 
 

Data from: TASSO, OPAL, DELPHI, ALEPH,  AMY
ISR, ALICE, ATLAS, CMS
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Motivation From Last Year

How can we describe hadronization?

What is the origin of Tsallis distribution?
●  Tsallis based Fragmentation 
●  Differences in parameters in e-e+, pp
●  Microprocesses of Hadronization

All of these are to understand better pA & AA 
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Negative Binomial Multiplicity

PHENIX Phys.Rev. C78 (2008) 044902

Au+Au → Ch X  200 GeV

Origin of NB Distribution
Several models from T.S. Biró:

 

 ArXiv:1711.11331
 ArXiv:1701.02913
 ArXiv:1611.06698
 ArXiv:1409.5975

NB Multiplicity vs. Tsallis distribution 

From T.S. Biró‘s talk
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One-Particle Energy Distribution

Microcanonical (Energy Conservation) Energy Shell

Jet-like 1D relativistic:

Mid-rapidity gas 2D classical:
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One-Particle Energy Distribution

Phase Space Ratio of 1 particle with ε from n with E:

Probability: 
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Superstatistics with NBD

Phase Space Ratio → One-Particle Spectrum

Averaging over billions of events

Negative Binomial
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Superstatistics with NBD

Phase Space Ratio → One-Particle Spectrum

Averaging over bilion of events

Negative Binomial

Tsallis-like function:
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Experimental Results II.

 e-+e+ → Ch X  14 – 133 GeV 

Data from: TASSO, OPAL, DELPHI, ALEPH,  AMY

Total Energy

Mean value of multiplicity

Variance of multiplicity
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Experimental Results II.

  p p → Ch X  62 GeV – 13 TeV

Data from: PHENIX, ALICE, ATLAS, CMS

Total Energy

Mean value of multiplicity

Variance of multiplicity
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Experimental Results II.

Data from: TASSO, OPAL, DELPHI, ALEPH,  AMY

Total Energy

Data from: TASSO, OPAL, DELPHI, ALEPH,  AMY

Mean value of multiplicity

Variance of multiplicity
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Experimental Results II.

Data from: TASSO, OPAL, DELPHI, ALEPH,  AMY

Total Energy

Mean value of multiplicity

Variance of multiplicity
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Experimental Results II.

Data from: TASSO, OPAL, DELPHI, ALEPH,  AMY

Total Energy

Mean value of multiplicity

Variance of multiplicity
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Experimental Results II.

 p+p → Ch X  8 TeV 

Two NBD is needed!

Total Energy

Mean value of multiplicity

Variance of multiplicity
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Experimental Results II.

Total Energy

Mean value of multiplicity

Variance of multiplicity
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Experimental Results II.

Non-uniformity of the phase space? 

Total Energy

Mean value of multiplicity

Variance of multiplicity
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SUMMARY

● Origin of double NB & Re-analyze data

● NB Multiplicity & Hadronization

– Understand the parameters

● If the microcanonical assumption falls, 
what else?

● Work in progress...

From T.S. Biró‘s talk
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THANK YOU FOR YOUR ATTENTION!
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Experimental Results I.

 e-+e+ → Ch X  14 – 189 GeV 

Data from: TASSO, OPAL, DELPHI, ALEPH,  AMY

Negative Binomial Distribution
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Experimental Results I.

 pp → Ch X  21 GeV – 13 TeV 

Data from: ISR, ALICE, ATLAS, CMS,  

Negative Binomial Distribution
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NBD Multiplicity from Hadronization

Grow + Reset Model for Hadronization 
(by T.S. Biró):

Special case:

Stationary solution: NB distribution! From T.S. Biró‘s talk

Reset:

Grow:
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Experimental Results I.

 e-+e+ → Ch X  14 – 189 GeV 

KNO Scaling
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Experimental Results II.

KNO Scaling

Non-uniformity of the phase space? 
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