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• Dynamics of critical phenomena is a central problem across high-energy and condensed-matter physics
Florio, Grossi, Soloviev and Teaney, PRD 105 (2022) 054512
Rajagopal & Wilczek, Nucl. Phys. B 399 (1993) 395
Son & Stephanov, PRD 70 (2004) 056001
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Approaching the critical point critical slow dynamics: Dynamic critical exponent
Correlation length

Critical dynamics 



Laura Batini (Ibatini@ethz.ch), Eduardo Grossi, ERG2026, 04.09.26 3

Approaching the critical point critical slow dynamics: Dynamic critical exponent
Correlation length

Critical dynamics 

Hohenberg, Halperin, Rev. Mod. Phys. 49, 435 (1977) 



Laura Batini (Ibatini@ethz.ch), Eduardo Grossi, ERG2026, 04.09.26 3

Approaching the critical point critical slow dynamics: Dynamic critical exponent
Correlation length

Critical dynamics 

Order parameter 

Conserved 
quantities

Hohenberg, Halperin, Rev. Mod. Phys. 49, 435 (1977) 



Laura Batini (Ibatini@ethz.ch), Eduardo Grossi, ERG2026, 04.09.26 3

Approaching the critical point critical slow dynamics: Dynamic critical exponent
Correlation length

Critical dynamics 

Order parameter 

Conserved 
quantities

Hohenberg, Halperin, Rev. Mod. Phys. 49, 435 (1977) Slow variables for chiral phase transition
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Approaching the critical point critical slow dynamics: Dynamic critical exponent
Correlation length

Critical dynamics 

Order parameter 

Conserved 
quantities

Hohenberg, Halperin, Rev. Mod. Phys. 49, 435 (1977) 

In this work:  Purely dissipative non-conserved order parameter (Model A)

Slow variables for chiral phase transition

• Meson field


• Chiral charge


• Energy


• Momentum
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Two types of slow modes for slow variables  

•Relaxational mode •Propagating mode 

Critical fluctuations can relax or propagate 

Roth & von Smekal, JHEP 10 (2023); Roth et al., PRD 111 (2025)
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Two types of slow modes for slow variables  

•Relaxational mode •Propagating mode 

Critical fluctuations can relax or propagate 

Roth & von Smekal, JHEP 10 (2023); Roth et al., PRD 111 (2025)

Which behaviour controls the infrared when both are present?  

Both can appear in microscopic or effective theories: relativistic scalar theory, …
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Langevin equation

Propagation

Dissipation & Noise

Statics: Landau-Ginzburg
U(ϕ)

ϕ

Zinn-Justin, Quantum Field Theory and Critical Phenomena
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WFG
coupling
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Superspace formulation 
Canet, Chaté, and Delamotte,  J. Phys. A: Math. Theor. 44, 495001 (2011)

Sahu et al., arXiv:2605.24029 (2026)
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Superfield:  

Ghost fields  Grassmann coordinates  Classical field  
Response field  

Superspace formulation 

Dynamic action:


 

Canet, Chaté, and Delamotte,  J. Phys. A: Math. Theor. 44, 495001 (2011)
Sahu et al., arXiv:2605.24029 (2026)



Laura Batini (Ibatini@ethz.ch), Eduardo Grossi, ERG2026, 04.09.26 7

Superfield:  

Ghost fields  Grassmann coordinates  Classical field  
Response field  

Superspace formulation 

Dynamic action:


 

              StaticsDissipationPropagation
BRST + KMS allow supersymmetric form

Canet, Chaté, and Delamotte,  J. Phys. A: Math. Theor. 44, 495001 (2011)

Model A  

Sahu et al., arXiv:2605.24029 (2026)
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Two-point vertex
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Two-point vertex

Overdamped (Model A) Propagating
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Tadpole

Two-point vertex

Overdamped (Model A) Propagating
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Tadpole SunsetDouble-bubble

Two-point vertex

Overdamped (Model A) Propagating
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Tadpole SunsetDouble-bubble

Only static sector

Two-point vertex

Overdamped (Model A) Propagating
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Static sector = GL theory Overdamped dynamics = Model A

}

reproduces the known two-loop Model A exponent

Zinn-Justin, Quantum Field Theory and Critical Phenomena Hohenberg, Halperin, Rev. Mod. Phys. 49, 435 (1977) 

RG flow: statics & overdamped 

coupling



Laura Batini (Ibatini@ethz.ch), Eduardo Grossi, ERG2026, 04.09.26 10

Propagating structure

Propagating exponent 
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Propagating structure

Propagating exponent 

WF
couplingDissipationless 

surface

Computed using Hankel representation



Laura Batini (Ibatini@ethz.ch), Eduardo Grossi, ERG2026, 04.09.26 11

Does coarse-graining generate dissipation? 
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Does coarse-graining generate dissipation? 

Following the same steps as before

Invariant surface under RG
No local dissipative term generated

Cfr. Dissipative kernel
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Summary
Dissipation

WFG
Coupling

Outlook: • Critical dynamics of Model G, .. 


• Nonperturbative RG crossover: functional RG 



Eduardo Grossi 

Thank you 
for your attention!



Backup slides



Laura Batini (Ibatini@ethz.ch), Eduardo Grossi, ERG2026, 04.09.26 16

Generating functional:  

Effective action 
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Generating functional:  
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One-particle Irreducible Effective action: introduce supersource  
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Generating functional:  

Effective action 

Two-loop expansion  

One-particle Irreducible Effective action: introduce supersource  



Laura Batini (Ibatini@ethz.ch), Eduardo Grossi, ERG2026, 04.09.26 17

Hankel representation 


