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Outline

• Weyl anomaly induced transport

• Late-Time Relaxation from Landau Singularities

• Summary
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Weyl anomaly induced transport in hydrodynamics
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Shi-Zheng Yang, J.H. Gao, Z.T. Liang, G.Y. Prokhorov, SP, O.V. Teryaev, arXiv: 2604.23849

New development in novel transport induced by electromagnetic fields

Also see杨诗正 Weyl anomaly induced transport in hydrodynamics, 07.16. 9:50 Parallel Talk 3



Strong electromagnetic fields
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Evolution of electromagnetic fields coupled with medium
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Chiral magnetic effects
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Kharzeev, Fukushima, Warrigna, (08,09), etc. 
...

ZrTe5: Nature Physics, 12 , 550–554, (2016) 

STAR, Phys. Rev. C, 2022, 105: 014901

The CME is challenging to observe in heavy-ion collisions, but it has already been 
confirmed in other areas of physics.



Weyl anomaly

Weyl symmetry
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For massless classical
system

Trace of energy
momentum tensor

vanishes

e.g. for a conformal fluid,
the bulk pressure is zero.

Weyl anomaly

But for massless QED,

At one loop for fermion,

Question: Can we observe macroscopic effects induced by the Weyl anomaly?



Simplification and Method
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1. Write down all possible terms in hydrodynamics with unknown coefficients.

2. Using the conservation equations + Weyl anomaly to solve these coefficients.

• Assuming:
Global equilibrium

(all effects are non-dissipative)



Currents induced by Weyl anomaly
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Weyl anomaly
coefficient Acceleration field



Vacuum magnetization current

• Boundary quantum field theory
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Weyl anomaly
coefficient Accelerate field

Chu, Miao, PRL (2018) 121, 252602
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Screening effects induced by electric fields

• Boundary quantum field theory
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Weyl anomaly
coefficient Accelerate field
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If the boundary is moving, then



Applicantion to other fields
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Screening effects Vacuum magnetization 

Global equilibrium
(all effects are non-dissipative)

Thermomagnetic Hall-like currentNew effects
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Applicantion to other fields
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Screening effects

Beyond Global equilibrium

Acceleration field (𝑎𝝁) is present 
everywhere, therefore, its coupling to 

the EB fields also occurs everywhere, i.e. 
These two quantum effects can 

occur anywhere!

Vacuum magnetization 

Universal: The coefficient C is hold due to Weyl anomaly.
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Late-Time Relaxation from Landau Singularities

Dong-Lin Wang, SP, arXiv: 2605.04020



Spin-Spin correlation
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STAR, Nature 
650, 44-45 (2026)

CMS-PAS-HIN-26-002



From initial state to final state
Can the (initial) spin correlation in QGP survive at late times?
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Which mechanism governs the late-time behavior of a relativistic many-body system?

If the initial spin correlation originates from initial fluctuations,
 what is the late-time behavior of these fluctuations?

t
Early time dynamics

Micrscopic theories
e.g. different theory can 
give different relaxation 
time for shear viscosity

Late time dynamics

Symmetries,
conservation laws,

constitutive relations
Landau, Lifshitz, Statistic Physics I

Must be univeral!
But, how?

Jain, Kovtun, PRL 128 (2022), 071601



Example: Late time behavior in hydrodynamics
Relativistic hydrodynamics
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r: deviations from     
   equilibrium

a: stochastic 
    fluctuations

Schwinger-Keldysh 
effective field theory 

Late time behavior of 
fluctuations

Singularities of “full” two 
point Green function

Haehl, Loganayagam, Rangamani, JHEP 04, 039
Crossly, Glorioso, Liu, JHEP 09, 095
Jensen, Pinzani, Yarom, JHEP 09, 127

Two point
Green function

Rapid decay, “trivial mode”

Slow decay, late time behavior



Challenge and Landau singularity analysis
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A typical loop integarl
for self-energy:

Challenge

Free two point
Green function

Landau, Zh. Eksp. Teor. Fiz 37, 62 (1960)

Landau singularity analysis

Solving the linear equations for
𝜶𝒆, we can derive the information 
of the singularities of full two 
point Green function.

De: denominator for G(0)

Self energy

Dyson eq. for
full two point
Green function

Common way: derive the 
two-point Green’s function 
within a given theory at a 
specified perturbative 
order by taking the 
complicated loop 
integrals.



Banana digram and late time behavior
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Leading singularities: 

Two point Green function at late time

Lmin: minimum number of loops
d: space dimension

This late-time behavior of fluctuations is generic in hydrodynamics. 
Correlations of spin fluctuations exhibit the same behavior.

Exponential 
decay dominates.

Competition between the two terms



Summary
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Summary
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Screening effects

Vacuum magnetization 
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Novel transport induced by Weyl anomaly

Lmin: minimum number of loops
d: space dimension

Late time relaxation from Landau singularity



感谢各位专家！

欢迎批评指正！
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