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The nucleon-nucleon wounding profile 

1) hard-sphere approximation: 

2) Gaussian approximation: 

Gaussian wounding profile explains  
the nucleon-nucleon elastic differential cross section at ISR  
(A. Białas, A. Bzdak, Acta Phys. Pol. B38, 159) 
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The nucleon-nucleon wounding profile,             
is normalized to the total inelastic  
nucleon-nucleon cross section 



The nucleon-nucleon wounding profile 

Details in:  
M. Rybczynski, W. Broniowski, PR C84, 064913 
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hard sphere Gaussian 

The nucleon-nucleon wounding profile 

Details in:  
M. Rybczynski, W. Broniowski, PR C84, 064913 



The nucleon-nucleon wounding profile 

Details in:  
M. Rybczynski, W. Broniowski, PR C84, 064913 



Cross section fluctuations 

The origin of the cross section fluctuations can be traced to the fact that hadrons have 
internal degrees of freedom (color-carrying quarks and gluons) and can therefore collide  
in different internal configurations resulting in different cross sections. 
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Cross section fluctuations 

As a first estimate, a Gaussian distribution, modified to give  
the correct asymptotic behavior for σ → 0 has been considered 

Details in:  
V. Guzey, M. Strikman, Phys. Lett. B633, 245; Phys. Lett. B663, 4568 

The origin of the cross section fluctuations can be traced to the fact that hadrons have 
internal degrees of freedom (color-carrying quarks and gluons) and can therefore collide  
in different internal configurations resulting in different cross sections. 
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Cross section fluctuations 
The maximization of entropy 
with constrains for <σ> and <ln σ>  
leads to gamma distributions 



which give the non-exponential attenuation  
of hadrons (quasi power-law distribution  
of the hadron free path): 

characterized by the mean free path λ0 ∝ 1/σ0 and the parameter ω ∈ (0, 1) reflecting  
the amount of cross section fluctuations.  
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which give the non-exponential attenuation  
of hadrons (quasi power-law distribution  
of the hadron free path): 

characterized by the mean free path λ0 ∝ 1/σ0 and the parameter ω ∈ (0, 1) reflecting  
the amount of cross section fluctuations.  
Notice that asymptotically (for ω → 0) the gamma distribution, g(σ)  
becomes the delta function δ(σ − σ0) and h(x) → exp(−x/λ0). 

Details in:  
M. Rybczyński, Z. Włodarczyk, J. Phys. G41, 015106  
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Cross section fluctuations 

The same mean values and variances for both distributions 



Cross section fluctuations 
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3) gamma approximation: 

Cross section fluctuations 
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Multiplicity and the cross section 

Cross section fluctuations 

Let us assume that for a given cross section, σ we have a Poissonian multiplicity distribution: 

. 
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Multiplicity and the cross section 

Cross section fluctuations 

Let us assume that for a given cross section, σ we have a Poissonian multiplicity distribution: 

. 

Fluctuations of σ result in fluctuations of its mean value: 

. 

For the cross section fluctuations given by the gamma distribution, g(σ)  
the resulting multiplicity distribution 

is given by the negative binomial distribution, where                . 



Cross section fluctuations 
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Other data from: 
B. Blaettel et al., PR D47, 2761 
V. Guzey and M. Strikman, Phys. Lett. B633, 245; Phys. Lett. B663, 456 



Information from elastic scattering 
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Data from: 
G. Antchev  et al. [TOTEM Collaboration], Europhys. Lett. 95, 41001 
G. Antchev  et al. [TOTEM Collaboration], Europhys. Lett. 101, 21002 



Information from elastic scattering 
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Data from: 
G. Antchev  et al. [TOTEM Collaboration], Europhys. Lett. 95, 41001 
G. Antchev  et al. [TOTEM Collaboration], Europhys. Lett. 101, 21002 



Implication for nuclear collisions 
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Wounded Nucleon Model 
Pb+Pb, σNN=73.2 mb 

Increasing  ω results in decrease of fluctuations of target participants 



Summary 

The fluctuations of cross section are described  
    by the gamma distribution with relative variance ω  

 
This immediately leads to the nucleon-nucleon wounding profile  
     given by the regularized incomplete gamma function,  
     which ranges from the hard sphere  (ω→0) to the Gaussian (ω→1) shape 

 
The experimental data on elastic differential proton-proton cross section  
    at LHC energy indicate large fluctuations, ω=0.4 

 
The cross section fluctuations are not exclusively determined  
    by the spatial distribution of partons  
    but rather by the different configurations of partons. 

 
Cross section fluctuations can affect observables  
    measured in nuclear collisions.  
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Additional slides 
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The MaxEnt method 

The MaxEnt method is to find the distribution f(x) for which the entropy: 

reaches its maximum under given constraints.  

The generally adopted way is the Lagrange method. 
The constraints are taken into account by the Lagrange coefficients (ultimately determined 
from the imposed constraints). 

If the constraint is for  
<x> then f(x) is exponential; 
<x> and Var(x) then f(x) is Gaussian; 
<x> and <ln(x)> then f(x) is gamma. 

The obtained f(x) is the most probable distribution under given constraints. 


