
Hydrodynamical estimation of
 initial energy density 

for pp collision at CERN-LHC energies

 Csörgő Tamás,  Chun-bin Yang 
 Máté Csanád,   Ze-fang Jiang



  IOPP(CCNU) is in Wuhan, Hubei, China

Institute of 
Particle Physics,
Wuhan,China



Outline



Part 1.  Recaptulation of
an exact hydro solution



1. The equations of relativistic hydrodynamics
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The energy-momentum conservation law  
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2. The exact solutions and the Rapidity distribution.

    Case λ d κ ϕ
a.) 2 R d 0

b.) 1/2 R 1 (κ+1)/κ

c.) 3/2 R (4d-1)/3 (κ+1)/κ

d.) 1 R R 0

e.) R 1 1 0
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    (T. Csörgő, M. I. Nagy, M. Csanád. Phys. Lett. B663 (2008) 306)
    (M. I. Nagy, T. Csörgő, M. Csanád. Phys. Rev. C77 (2008), 024908)



     3.1 The rapidity distribution
     Freeze-out condition: the freeze-out hypersurface is 
pseudo-orthogonal to the four velocity field uu , and the 
temperature at η = 0 reachs a given Tf   valve. 
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    The expression of rapidity distribution as below:
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  3.2 The energy density estimation
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    For an accelerating flow, the initial energy density    
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     Here       is the proper-time of freeze-out.f

Effect of the pressure The expansion of intial volume element

      Here      is the proper-time of thermalization.0



 For 200 GeV AuAu collision at RHIC:
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Part 2.  New initial energy density estimation 
of pp collision at  LHC



     1. The pseudo-rapidity distribution 

    The relation between rapidity and pseudo-rapidity 
can be writen as follows:  
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    The relation between rapidity distr ibution and 
pseudo-rapidity distribution can be writen as follows:  
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    From model
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    The pseudo-rapidity distribution at CMS+TOTEM
 7 TeV and 8 TeV pp collision data.



    The energy density estimation at CMS+TOTEM
 7 TeV and 8 TeV pp collision.
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Estimation made by 
Bjorken

Effect of the pressure The expansion of intial 
volume element

Pressure/energy/no
n-ideal EoS



λ

7 TeV  0.902 1.20989 1.3001 1.118 0.12 5.895(NSD)

8 TeV 0.902 1.16283 1.2367 1.101 0.12 5.38(Inelastic)
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 CMS+TOTEM 7 TeV and 8 TeV pp collision.



    The initial energy density, Temperature and 
pressure estimate at CERN-LHC

 CMS+TOTEM 7 TeV 



    The initial energy density, Temperature and 
pressure estimate at CERN-LHC

 CMS+TOTEM 8 TeV 



Part 3. Summary



    1. Exact hydro solution is recapitulated
        and applied to dn/dy in Au+Au at RHIC;
    2. Initial energy density estimate in pp at LHC; 

    3. The initial energy density in pp at LHC is 
bigger than 1 GeV/fm3



Thank you all very much 
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Write down these equations also in a three-dimensional 
notation. 
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2. Hydrodynamical equations in  Rindler coordinates :
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The definiTion of the Rindler coordinates (inside the 
lightcone):
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Ω stands for the 
rapidity of the flow.

The domain of the variables is .0,  
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Using the assumption : 

Rewetring  and rearranging the Euler and energy 
conservation equations : 
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The solution is easily obtained as (Inside the forward 
lightcone)
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