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Motivations
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Relevant for
●    Heavy-ion collisions  Spin polarization induced by the vorticity of QGP→
●    Astrophysical phenomena like magnetars
●    Rotating systems in condensed matter

Relativistic fluids with rotation and acceleration

Duality between hydrodynamic fields and gravitational fields

Rotation and acceleration

Spin potential

Spin connection

Torsion

[STAR, Nature 548 6265 (2017)]



  

Active and Passive POV

●Study rotating systems solving EOM in rotation coordinates
●Crucial point: assign physical meaning to the rotation of coordinates

2



  

Active and Passive POV

Example of applications
●Rotating fermions

●Rotating fermions in magnetic fields

[V. Ambru , E. Winstanley, Phys.Lett.B 734 (2014)ş ]
[V. Ambru , E. Winstanley, PRD 93 (2016)][...]ş

[H. L. Chen, K. Fukushima, X. G. Huang and K. Mameda, PRD 93 (2016)]

[MB., J. D. Kroth, K. Tuchin and N. Vijayakumar, 
PRD 107, L051902 (2023)]
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Generalized Thermal Equilibrium
● Global Thermal Equilibrium (GTE) with constant thermal vorticity

Thermal vorticity describes acceleration and rotation

The Temperature is not constant in accordance with Tolman law.
Statistical operator of GTE:

● Local thermal equilibrium (LTE)

P and J are the generators of the Poincare group
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Path integral for local equilibrium
The Arnowitt-Deser-Misner (ADM) foliation of the spacetime:

In the coordinate system of

Hydrodynamic gauge:

The partition function is written as an Euclidean action in a curved spacetime. E.g. Dirac field:

The spin connection is induced by the thermal vorticity:

Emergent spacetime:

[T. Hayata, Y. Hidaka, T. Noumi and M. Hongo, PRD 92 (2015)]
[M. Hongo, Annals Phys. 383 (2017)]

[M. Selch, R. A. Abramchuk and M. A. Zubkov, PRD 109 (2024)]

5



  

Path integral for local equilibrium
Example: Global equilibrium, rigid rotation

The solution is the rotating coordinate:

Time direction along the inverse-temperature:

The spin connection is the vorticity of the fluid:

The stat. operator is written in terms of the 
Hamiltonian in rotating coordinates:
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Equivalence of Active and Passive POV

[M. Selch, R. A. Abramchuk and M. A. Zubkov, PRD 109 (2024)]

The partition function of rotating QCD is the same for the active and passive POV

[V. V. Braguta, A. Y. Kotov, D. D. Kuznedelev, and
A. A. Roenko, PRD 103 n. 9 (2021)]

Passive: Active:

●Pure guauge

●Interacting fermions

Use variables defined in rotating reference frame
Use variables defined in the inertial laboratory   

reference frame

Rotation
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Spin hydrodynamics
Torsion and spin potential

●Spin tensor S:

●Hydrodynamic with spin:
●New hydro variable, the spin potential:

●Statistical operator of LTE:

The emergent thermal spacetime corresponding to a fluid with spin potential
 is a curved spacetime with torsion

Same euclidean action as before but now in the covariant derivative the spin connection is not 
determined by the metric (thermal vorticity)
but has an independent part given by the torsion (spin potential)
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Ambiguity of the spin tensor
●The spin tensor is a fundamental quantity to study out-of-equilibrium spin properties.
●Problem: pseudo-gauge symmetry allows many formulation of spin hydrodynamics with different 
physical predictions. [F. Becattini and L. Tinti, PRD 84 (2011) and PRD 87 (2013)

[A. Das, W. Florkowski, R. Ryblewski and R. Singh, PRD 103 (2021)]
[K. Fukushima and S. Pu, PLB 817 (2021)] [MB, PRC 105 (2022) ]

What spin tensor should be used?
Interactions can make the choice.

[MB and A. Palermo, Phys. Rev. Lett. 133 (2024)]
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Spin-Rotation coupling
Dirac Hamiltonian in non inertial frame. In particular, for rotation:

[F. Hehl and W. Ni, Phys. Rev. D 42 (1990)] [C.G. de Oliveira and J. Tiomno, Nuovo Cimento 24 (1962)]

The spin-rotation coupling, or gravitomagnetic moment, is given by gravitational form factors
[Kobzarev and Okun, Zh. Eksperim. i Teor. Fiz. (1962)]

The Einstein Equivalence Principle (EEP) forbids the appearance of an anomalous spin-rotation coupling:

See also [Teryaev, Front. Phys. (2016)]

EEP premises do not hold in the presence of a medium
The presence of a thermal bath breaks the Lorentz invariance of the vacuum

Breaking of EEP is possible at finite temperature

[Donoghue, Holstein, and Robinett, PRD 30 (1984) and Gen. Rel. Grav. 17, 207 (1985)]
[Mitra, Nieves, and Pal, PRD 64 (2001)]10



  

Non-universality of spin-rotation

Part 1

The gravitomagnetic moment form factor can be obtained from scattering theory in linearized gravity.
Compare the amplitude of scattering with a metric with rotation

With the one from spin-rotation coupling
Eventually, we find the in-medium form factor:

[MB and D. E. Kharzeev, Phys. Rev. D 103 (2021)]

where
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Non-universality of spin-rotation

Part 2

Quantum (thermal) effect in gravity?

1 loop renormalization at finite temperature QED [MB and D. E. Kharzeev, Phys. Rev. D 103 (2021)]

QED electron

Spin-polarization induced by thermal vorticity:
Axial Wigner function

[MB, PoS SPIN2023 (2024) 234 ]
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Non-universality of spin-rotation
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Non-universality in HIC
[A. Sorin and O. Teryaev, PRC 95 (2017)] [M. Baznat, K. Gudima, A. Sorin and O. Teryaev, PRC 97 (2018)]

The model of spin polarization of Lambdas induced by 
the s quark through the axial vortical effect, indicates 
that spin-rotation coupling in the plasma is suppressed.

The field correlator method (FCM) applied to QCD, reveled 
that the Axial Vortical Effect is suppressed by non-
perturbative interactions. Ratio FCM to free results:

[R. A. Abramchuk, M. Selch, Eur.Phys.J.C 84 (2024)]

The predictions of spin polarization of Lambdas from 
s quarks is overestimated also in

[Y. Sun and C. M. Ko, Phys. Rev. C 96 (2017)]
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Conclusions

● Connection between fluids at equilibrium and gravity
● Use gravity as tool:
 Path integral of local fluid as quantum theory in curved background
 Include rotation with rotating coordinates
 Spin hydrodynamics as gravity with torsion

● Use fluids as analogous gravity
 Study spin-rotation effects in HIC



  

Thank you for the attention!



  

BACKUP SLIDES



  

Consider the closed time path (CTP) generating functional for a system with a U(1) symmetry in some state 
specified by the density matrix

For a fluid, we integrate out all fast modes and obtain a low energy effective theory for hydrodynamical modes:

What are the hydro modes?
● Put the system in a curved space-time; Turn on external sources for conserved currents
● The modes are the parameters of the transformations related to the symmetries of W promoted to dynamical fields

LTE: Conserved quantities  →

X describe the motion of a continuum of fluid elements labelled by  in physicalσ
spacetime. ^A = ( ^0 , ^i ) are coordinates for the emergent “thermal spacetime”,σ σ σ
 where ^i are interpreted as labels of each fluid element while ^0 is their σ σ
“internal” time.

Effective field theory of ideal fluids
[M. Crossley, P. Glorioso and H. Liu, JHEP 09 (2017) 095]



  

Non-universality of spin-rotation

Diagrams

[MB and D. E. Kharzeev, Phys. Rev. D 103 (2021)]



  

AVE and spin-rotation coupling
[MB and D. E. Kharzeev, Phys. Rev. D 103 (2021)]
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