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Theory A:

• Diffusion at small momentum,               :

•  Mathematically, can be used for higher       

• Causality may be violated: 

• Emergences of new physics prevents this violation:

Theory B:

At least two modes                 and describes  

• Diffusion at small k :

• Relaxation of the slowest fast mode        at distances shorter than 𝑘𝑐
−1

• The interaction between them: scale of New Physics 
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                                                               The spread of diffusion becomes causal.

• Maxwell-Cattaneo: a minimum example of UV completion of diffusion
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5. Theory B describes experimental data!

• Two different behaviors observed in the data:

                                                                                                  over-damped

                                                                                                   under-damped

• The amplitude is small → linear response

• Fitting to the analytical solution → 𝜏 and D

                 



6. Theory A vs. theory B

• Theory A  → diffusion in all thermal systems with one conserved charge

• Theory B → quasi-diffusion: not universal in that sense

               

                      → But still applied to a broad range of systems

                                  1. MHD

                                  2. Cold atoms

                                  3. QCD near CEP
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Observables at large distances: averaged over noise

▪ Note that: 

▪ At linear order, no feedback; 

▪ At nonlinear order:                                                         : fluctuation backreacts on J

• Landau-Lifshitz focuses on linear order.
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An EFT describing “fluctuating dynamics of densities near equilibrium”

• Dissipation → thermal bath: noise field 

• Fluctuation-Dissipation Theorem

The effective Lagrangian required to have two parts:

•             Free theory  →      Linear hydro

• Interacting Theory  →      Nonlinear hydro

If the interactions are irrelevant in the IR

→Perturbative methods to calculate correlation functions:   𝑛 𝑡1, 𝑥1 𝑛(𝑡2, 𝑥2)

→ nonlinear effects: loop calculations

Real time dynamics on CTP: 𝑛(𝑡, 𝑥) and 𝜑𝑎(𝑡, 𝑥) 
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• Real time

• Simulation results 

    In a lattice gas

    With know D(n) 
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14. Scaling functions:

• Overdamped limit:

                                                                                                    

• Underdamped limit:
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15. Importance of the scaling function Gc 

1. Precision test of SK-EFT for systems with a slow mode
▪ QCD near CEP

▪ MHD

▪ Cold atoms

▪ …

2. Predictive power:

▪ Extracting 𝜏 ≡ Γ−1 and 𝐷 from linear response measurements

▪ Extracting 𝐷′ = 𝜆𝐷 from nonlinear response 

▪ Predictions for three-point functions …



16. Outlook

• Comparison between Theory A and Theory B could be extended to 
hydrodynamics.

• Real-time correlation functions in causal hydrodynamics.

• Real-time correlation functions for causal charged-hydrodynamics.

• Real-time dynamics of correlation functions near CEP.

• Scaling function for Langevin equation.



Thank you for your attention!
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