
Relativistic hydrodynamics for perfect fluids

• Energy-momentum conservation and continuity

• Existing solutions predict sources with gaussian 

density profile (α = 2)

• 𝑅−2~𝑚𝑇 scaling is predicted

• 𝛼, 𝑅. . . scales only with 𝑚𝑇

▪ Regardless of particle type (π, K, etc.) 

Measurements

• Sources following Lévy-stable distributions are

seen

• Typically 1 < α < 2 is measured

• 𝑅−2~𝑚𝑇 scaling is seen1

• No strong dependence on particle type observed
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Theory Experiment

Possible resolution

• Hydro-model predicting Lévy-shapes

• Hydro predictions still hold true

• No need for hadron dynamics2

• Method: modify already existing solution

Lévy-hydro solution

• Based on [Csörgő T., Csernai L.P., Hama Y., et al. Acta Phys. Hung. A 21, 73–84 (2004)]
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• We assume constant freeze-out: 𝜏 → 𝜏0

• ε is introduced as a regularization parameter
Source function

• 𝑆(𝑥, 𝑝) = 𝛮𝑛(𝑥)exp −
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• Describes density of particle creation in phase

space

• Decays with power-law

Pair distribution

• 𝐷(𝑟, 𝐾) = 𝑑4𝜌׬ 𝑆(𝜌 + 𝑟/2, 𝐾)𝑆(𝜌 − 𝑟/2, 𝐾)

• Proportional to measured correlation functions

• Can be fitted with ℒ(𝛼, 𝑅, 𝑟)

Investigation of parameters

• Does the solution maches reality? 

• We can check using the transverse momentum distribution 𝑁1 𝑝𝑡 :

▪ Calculated from 𝑆 𝑥, 𝑝 , along ε-V grid

▪ Experimentally known Teff is the inverse logarithmic slope

▪ Typical values are >1 GeV, but in experiments ≈0.2 GeV

• By fitting 𝐷(𝑟, 𝐾) we see:

▪ α is in [1.0 , 2.0] range

▪ 𝑅 is an order too large3,4

• Conclusion: solution is not realistic in all observable distributions

QGP

What is the shape of the QGP?

Theory matches reality

Contradiction?
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