Relativistic perfect-fluid dynamics with spin
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Introduction Spin dynamics

A new framework for relativistic hydrodynamics with spin i1s proposed. It 1s | e Total angular momentum tensor (“‘orbital”+“spin™)
based on the conservation laws for charge, energy, momentum, and angular
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momentum. The conservation laws lead to hydrodynamic equations for the

charge density, local temperature, and fluid velocity, as well as for the spin Conservation of energy and momentum
tensor. The resulting set of differential equations extend the standard picture
of perfect-fluid hydrodynamics with a conserved entropy current in a minimal O\J AUV () O QMY PV Y
way [1, 2], In our case 7" is symmetric, i.€.,
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Local distribution functions for spin-1/2 particles O\S™HH =0
e Starting point [3] e For the spin tensor we use [6]
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X* =exp [£&(x) — Bula)p!| M, M= = exp ::éwW(:(;)ZW Rescaled spin-polarization tensor w*” = wh” /(2()
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with BF' = ol /T, & = p/T, XM = (i/4)[4", 7] w0y o = dz =0
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* w;,, analogue to EM field-strength tensor £, = Lyuy — Eyuy + €,y muﬁ B7 el . . .
Global equilibrium with rotation
Wy = kyuy — kyuy, + EMyﬂyuﬁéﬂ e Rigid rotor: ud = v, ul = — vﬂy, u? = 7(2:1:, u’ = (0
()is a constant, v = 1/v/1 — Q2r2, p? = 47 +y°
e Assumptions: k-w =0,and k- k —w -w = 0 (¢ 1s real) Due to limiting light speed, 0 <r < R < 1/()
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M= = cosh(() £ 2 w2 = 5\/ k-k—w-w e Solution for hydrodynamic spin background:
¢ ( imaginary studied in [4] =Ty, p=pyy, 4 :fz((wd s soundors
Basic conservation laws y
e Charge current [5] . e P — \
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In-up + spin-down o
Spin-up + spin-dow e Polarized vortex:

e Energy-momentum tensor [5] _

wypy = thermal vorticity: wy,, = —% ((‘%BV — @Vﬁﬂ)
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Isolated vortex
e = 4 cosh(() cosh(&) 8(0)(T), P = 4 cosh(() cosh(§) P(O)(T) S
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e Entropy current
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() defined through the relation ( = )/7", and
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— New thermodynamic variable () (”Spin chemical potential”)

OP(T, 11,2) OP(T, i, ) OP(T, i, ) ® W,y # thermal vorticity
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e Conservation of energy and momentum e Dissipative effects

0,I" =0 = Tou(su")+ pou(nut)+Q0o,(wut)=0 (1)
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e Spin-orbit interaction = Asymmetric 1"

Charge conservation
0y (nut) = 0. 2) | References
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