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MOTIVATION:

1) Spacetime evolution of matter produced in relativistic heavy-ion collision is 
very well described by relativistic (dissipative) hydrodynamics.

2) One of the concepts used in hydrodynamics are those of energy density and pressure, 
both are defined locally – formally, the fluid element has zero size.

Isothermal lines in Au+Au collisions at the top RHIC energy, from B. Schenke



3) Successful hydro models are then used to conclude about the energy density attained 
in the collision processes, usually such vales are very large, exceed several GeV per
fermi cubed at the initial stages (Bjorkenʼs model, 1983) – percolation argument for 
a dense system of quark and gluons (Quark Gluon Plasma).

4) I do not intend to argue with this observation but want to ask a question...

...how seriously we can accept the energy density profiles obtained with hydro codes, 
how real are all those detailed structures of the size of about 1 fm, especially for 
small systems.

5) Problem triggered by an exercise from... 



Problem 2.2b  - application of dimensional analysis

Let us do it now for a hot gas!



























CONCLUSIONS:

Quantum fluctuations of the energy density at T=150 MeV are on the order of 20% for a~1fm.  

As expected from the uncertainity relation, for a given size, the fluctuations decrease with 
increasing temperature. The effects are still of about 20% for a~0.2 fm at T=500 MeV.

If energy indeed fluctuates, there is a place for more energetic processes.

This finding contributes to the well established puzzle of unreasonable effectiveness of 
hydrodynamics in modeling of heavy-ion collisions. 

Other measures of the energy density fluctuation?



Back-up slides 1: massless particles



Analytic formulas are available for m=0 and for m>>T. They serve as a check of numerics.

For m=0 the base integral is:

For large a, the fluctuation scales like  1/a3/2  ~ 1/V1/2 , in agreement with thermodynamic
Expectations (although with a different coefficients, subsystem described by a Gaussian
instead of a box)





Back-up slides 2: thermal averages






