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Outline

 New, exact solution of relativistic perfect fluid hydro

 Observables – dN/dη

 Observables – Rlong

 Inverse slope fits

 dN/dη fits

 RL fits

 Exact result of initial energy density

 Method is submitted for a publication in the MDPI Journal Universe

(Zimányi School + analytic hydro special volume): 
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Perfect fluid hydrodynamics

 Energy and momentum conservation:

 Energy-momentum tensor (perfect fluid):

 Continuity equation:

 Equation of state (EoS): closes the equation system

 In this work κ is constant and the speed of sound (cs) as well
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New, exact solutions of perfect hydro

 Rindler coordinates, velocity field:

 1+1 dimensional, parametric solution (in κ1 limit: CNC):
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New, exact solutions of perfect hydro

 Rindler coordinates:

 1+1 dimensional, parametric solution (in κ1 limit: CNC):
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New, exact solutions of perfect hydro

 Rindler coordinates:

 1+1 dimensional, parametric solution (in κ1 limit: CNC):
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Finite solution, 

should be extended

with shockwaves
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Observables – Pseudorapidity density

 Rapidity density (embedded to 1+3 d space):

Teff: effective temperature, 

 Explicit relation between the average pT, Teff and m:

 Pseudorapidity density: parametric curve

 Four fit parameters: κ, λ, Teff , dn/dy|y=0
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Observables – RL

 For a 1+1 d relativistic source (LCMS):

 (ηx
s
, τf): saddle point

 CKCJ solutions limited to a narrow rapidity interval around ηx≈0

 At midrapidity:

 Δηx: gaussian width of rapidity distribution

hep-ph/9411307
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 Effective temperature: need centrality dependence

 Linear model is fitted to m0 vs Teff PHENIX data

 Tf is fixed to 180 MeV

Inverse slope fits – Au+Au @ 130 GeV
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 Effective temperature: need centrality dependence

 Linear model is fitted to m0 vs Teff PHENIX data

 Tf is fixed to 175 MeV

Inverse slope fits – Au+Au @ 200 GeV
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dN/dη fits – Au+Au @ 130 GeV
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 Fit the CKCJ model to dN/dη PHOBOS 

data

 Fit range limited 

(because of the finiteness CKCJ model)

 cs
2 is fixed to 0.1 (κ=10)

 RL datas of 130 GeV Au+Au are

published with 0-30% centrality

 No Teff data with 0-30% centrality  fit to

dN/dη, result seems consistent with the

centrality dependence
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dN/dη fits – Au+Au @ 130 GeV
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Fit range is λ dependent, but λ

determined by the fit  iteration is 

needed (postponed)

 Fit the CKCJ model to dN/dη PHOBOS 

data

 Fit range limited 

(because of the finiteness CKCJ model)

 cs
2 is fixed to 0.1 (κ=10)

 RL datas of 130 GeV Au+Au are

published with 0-30% centrality

 No Teff data with 0-30% centrality  fit to

dN/dη, result seems consistent with the

centrality dependence
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Allowed fit region

(depends on the

fitted λ)
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 Fit the CKCJ model to dN/dη PHOBOS 

data

 Fit range limited 

(because of the finiteness CKCJ model)

 cs
2 is fixed to 0.1 (κ=10)

 RL datas of 200 GeV Au+Au are

published with 0-30% centrality

 No Teff data with 0-30% centrality  fit to

dN/dη, result seems consistent with the

centrality dependence

dN/dη fits – Au+Au @ 200 GeV
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 Fit the CKCJ model to dN/dη PHOBOS 

data

 Fit range limited 

(because of the finiteness CKCJ model)

 cs
2 is fixed to 0.1 (κ=10)

 RL datas of 200 GeV Au+Au are

published with 0-30% centrality

 No Teff data with 0-30% centrality  fit to

dN/dη, result seems consistent with the

centrality dependence

dN/dη fits – Au+Au @ 200 GeV
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determined by the fit  iteration is 
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 The new formula is fitted to PHENIX and STAR RL data

 From fits to dN/dη: λ=1.33, Teff=200 MeV

 τf is fit parameter

RL fits – Au+Au @ 130 GeV
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 The new formula is fitted to PHENIX RL data

 From fits to dN/dη: λ=1.26, Teff=203 MeV

 τf is fit parameter

RL fits – Au+Au @ 200 GeV
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 From the CKCJ model the ε0 is exactly calculated:

 λ1 limit: EoS dependence is not vanishing

 Bjorken’s formula can be reobtained only in the case of dust (thus

we find the fundamental correction to Bjorken’s initial energy

estimate)

 The new, EoS dependent correction takes into account the work of 

the pressure

 λ and τf are obtained by dN/dη and RL fits  τ0 dependence

Exact result of initial energy density
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 From the CKCJ model the ε0 is exactly calculated:

 λ1 limit: EoS dependence is not vanishing

 Bjorken’s formula can be reobtained only in the case of dust (thus

we find the fundamental correction to Bjorken’s initial energy

estimate)

 The new, EoS dependent correction takes into account the work of 
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 Indication for an increasing initial energy density with decreasing colliding

energy?

 Suggest a non-monotonic behaviour of the initial energy density with 𝑠.

 Need to extend the studies to lower

energies (RHIC BES I, BES II, SPS

and LHC data)

 Need to extend the CKCJ solution

to 1+3 dimensions

 Need to investigate the fit range

iteration

Exact result of initial energy density
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 New, exact solutions of hydrodynamics: CKCJ model

 Initial energy density is calculated exactly  Bjorken’s estimate

ignores the first law of thermodynamics (except for dust, p=0)

 Fit to PHOBOS dN/dη data: obtain λ

 Fit to PHENIX and STAR RL data: obtain τf

 τ0 dependence of ε0 can be calculated  surprising result

 Further investigations are needed: lower energies, 1+3 

dimensional extension of CKCJ model, fit range iteration

Summary

15
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 New, exact solutions of hydrodynamics: CKCJ model

 Initial energy density is calculated exactly  Bjorken’s estimate

ignores the first law of thermodynamics (except for dust, p=0)

 Fit to PHOBOS dN/dη data: obtain λ
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Thank you for your attention!
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 At both collision energies the correction is significant

 Only the thermalized energy is included

 Greater energy density on lower collision energy??

Exact result of initial energy density
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