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Motivation

In the last few months we were thinking about...

I Granted the success of the local-equilibrium (LEQ) assumption, what is the fate of
the spin potential?

I Simplifying semi-classical spin hydrodynamics [Weickgenannt et al. (2022)] such that it can be
solved with a minimal number of parameters

I Investigating the question of stability in spin hydrodynamics
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Angular momentum, Spin potential, and covariance



I A small body is inside a rigidly rotating environment

I The body reaches equilibrium with the environment
when the entropy is maximized under the constraint
of conserved charges fQIg [Gavassino and Shokri (2023)]
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I The environment performs work to shift the system
slightly out of equilibrium [Landau and Lifshitz (1980)]
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I Angular momentum’s intensive parameter (in
equilibrium):
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I Covariantly charges are defined as the following
integrals over arbitrary Cauchy hypersurfaces:

QI =

Z
d�� J

�I where D�J
�I = 0

I We can then define
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� where �� = S� + �?IJ
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I Internal symmetries:

D�N
� = 0! N =

Z
d��N

�

I Conservation of energy-momentum and angular momentum

D�T
�� = 0

I Perfect fluid (J��� is automatically conserved)

J��� = L��� + S��� L��� � 2T �[�x�]

Notations and conventions:

��� = diag(1;�1;�1;�1) A[��] � 1
2
(A�� �A��)
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Energy-Momentum Tensor and Spin Dynamics

I Non-symmetric energy-momentum tensor:

T �� = T (�� ) + T [�� ]

I Spin dynamics postulate:

T [�� ] =
1
2

r � S���

I Fluxes of conserved charges with non-symmetric energy-momentum tensor:

J �h = T �� K h
� �

1
2

S��� D [� K h
� ]

I K h are the independent Killing vectorsD (� K � ) = 0
I For generators of rotationr = 1 ; 2; 3 we �nd total angular momentum:

J �r = L �r + S�r L �r � T �� K r
� S�r �

1
2

S��� D [� K r
� ]
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Happy now? Remember this is only in 
at spacetime!
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Thermal Killing Vector

I We de�ne the thermal Killing vector by combiningf K hg:

� ? = � � ?
hK h � ?

� � ?� > 0

I We can separateh = 0

� ? = b? � � ?
m K m b? =

1
T0

@
@t

I This relation is the covariant form of the standard relation[De Groot (1980)]

� ?
� = b?

� + $ ?
�� x � ; (1)
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I The phi-vector:

� � = S� + � ?N � � T �� � ?
� +

1
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I Stationary point conditions:
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I Spin potential:
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I In LTE
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What is semi-classical spin hydrodynamics?
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