
Propagation properties of spin degrees of
freedom within the framework of relativistic

hydrodynamics with spin

Victor E. Ambrus,1, Rados law Ryblewski2, Rajeev Singh2

1Department of Physics, West University of Timis,oara, Romania
2Institute of Nuclear Physics Polish Academy of Sciences, PL 31-342 Kraków, Poland
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Spin tensor in the GLW pseudogauge
▶ P µ =

∫
dΣνT µν and Jµν =

∫
dΣλJλ,µν are invariant under the

pseudogauge transformations. F. W. Hehl, Rept. Math. Phys. 9 (1976) 55

▶ We use the GLW (Groot-van Leeuwen-van Weert) pseudogauge for
the Dirac field.

▶ LTE for a polarized fluid can be described by

fσ
eq =

[
exp

(
βp · U − σξ − 1

2ωµνsµν

)
+ 1

]
, sµν = 1

m
ϵµναβpαsβ ,

(1)
where β = T −1, ξ = µ/T , σ = ±1 and ωµν is the spin potential.

▶ The spin tensor comes out as:

Sλ,µν = (A1 + A3)Uλωµν + (2A1 − A3)UλUαU [µων]
α+

A3(∆λαU [µων]
α + Uλ∆α[µων]

α + Uα∆λ[µων]
α), (2)

where
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,
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Spin waves as transverse waves
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▶ Decomposing ωµν into its electric Cκ and magnetic Cω components,

ωµν =
(

0 CκX CκY CκZ
−CκX 0 −CωZ CωY
−CκY CωZ 0 −CωX
−CκZ −CωY CωX 0

)
,

we find CκZ = CωZ = 0, while(
∂2

∂t2 − c2
spin

∂2

∂z2

) (
CκX
CκY
CωX
CωY

)
= 0, c2

spin = −1
4

A3

A1
→

{ 1
2 , m

T → 0,√
T

2m , m
T → ∞.

(4)


