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Why Relativistic Magnetohydrodynamics?

‘Magnetic fields in universe: B T
Magnetars! (~ 10"® gauss) Heavy Ion Collisions (~ 10*°- 10” gauss)

. J
Y

Magnetic field + Relativistic FD

>[ Relativistic Magnetohydrod ynamics }
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Relativistic hydrodynamics framework (B = 0)

Relativistic Dissipative Hydrodynamics

THY = eutu” — PAFY — TIAPY 4 wh¥,
NH? = nu* + VH.
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Relativistic hydrodynamics framework (B = 0)

Relativistic Dissipative Hydrodynamics

THY = eutu” — PAFY — TIAPY 4 wh¥,
NH? = nu* + VH.




Relativistic hydrodynamics framework (B = 0)

eutu” — PA*Y —TIAFY 4 7,

nut + V¥,

Israel-Stewart Equations
What are the

Ist order hydro: Hattori, .
Hongo, Huang (Symmetry 14 t‘l"a‘n.Stent
(2022) 9, 1851, Symmetry 14 (2022) 5

i551) S equations at
BDNK: Armas, Camilioni( JCAP 10 ﬁnlte B?

(2022) 039, JCAP 10 (2022) 039)
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For Dilute gases

Resistive dissipative magnetohydrodynamics from the Boltzmann-Vlasov equation presence of

Gabriel S. Denicol.! Etele Molnar,23 Harri Niemi 245 and Dirk H. Rischke 6 magnetic field.

Boltzmann Vlasov Equations

Particles undergo binary elastic collisions only.

eg. the equation for shear stress tensor

Tt ) 4t = 2o 4 20, W = G T O — T B 0L 4 Ay g™

— Ty VI + Ly VAV + Ay V# VP 0
— 5,,3 QBbaBA“Vg)\Bﬂ'H)\ :

aK




For Dilute gases

Very simple single compenent system | | EUEUN

Resistive dissipative magnetohydrodynamics from the Boltzmann-Vlasov equation presence of

Gabriel S. Denicol.! Etele Molnar,23 Harri Niemi 245 and Dirk H. Rischke 6 magnetic field.

Boltzmann Vlasov Equations

Particles undergo binary elastic collisions only.

eg. the equation for shear stress tensor

Tt ) 4t = 2o 4 20, W = G T O — T B 0L 4 Ay g™

— Ty VI + Ly VAV + Ay V# VY0

Will this hold for more
— 098 baBAgZQAB . gl complicated system as well?




Relativistic
Magnetohydrodynamics
Framework

and, the system in consideration
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2 Species-Particle fluid

The system in consideration

2 massless particle species with opposite charges.
Vanishing dipole moment & chemical potential.
Ultra relativistic limit and constant cross section.
Vanishing magnetization.

R Y s o solve the equation of

motion. Gabriel S. Denicol, Dirk H. Rischke (2021)

Microscopic foundations of relativistic fluid dynamics
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Projected equation for shear tensor

> Decomposition with respect to the magnetic field
-> J'IZ” (longitudinal),

> T J_" (semi - transverse),

> 7 J_'w (transverse).

3 components of shear viscosity.

Each component relaxes differently.

> New basis

Individual components in new basis for simplici’cy. Taking projection with respect to [”i.

B gl gl v __
wo=n b+ m 8| g =gty e




Final equations for shear stress tensor

Iterating order by order in gradient & truncating upto 2™ order in gradient.

Scalar component 2-particle species

2
3

1-particle species
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Relaxation time as function of magnetic field

- Different component of shear relaxes differently.
- Theory fails at large B: Negative relaxation times.

Semi transverse componen’c Fully transverse componen’c
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Shear Stress Tensor in Linear Regime: Oscillatory dynamics ?

- Linearising equations around equilibrium and in constant magnetic field.
#F "\ i F Fo?N i Bt B o
T+ (Z+Z) T+ (ZZ +Q ) = ESZ o] + 15801,

/ / 8 / 8
. . ) . .
#TF+ (Z4+X) 27 + (22 +402) 277 = 6T 0TF + eoT™.

Overdamped

,

Relaxing to equilibrium




Shear Stress Tensor in Linear Regime: Oscillatory dynamics ?

- Linearising equations around equilibrium and in constant magnetic field.
#F "\ i F Fo?N i Bt B o
T+ (Z+Z) T+ (ZZ +Q ) = ESZ o] + 15801,

/ / 8 / 8
. . ) . .
#TF+ (Z4+X) 27 + (22 +402) 277 = 6T 0TF + eoT™.

Oscillatory dynamics

Can'’t be described by IS
theory!



Bjorken
Flow

A simple test of the theory

V4
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dt 2t
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Our System in Bjorken flow
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The equations of motion for different components of shear stress tensor

Energy density

Scalar component

Tensor component
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Our System in Bjorken flow

No oscillations!




Our System in Bjorken flow




Our System in Bjorken flow

1/3
) Oscillations for even smaller magnetic fields.
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Conclusion

A causal and stable theory for relativistic magnetohydrodynamics has
not been fully understood yet.

We derived the egquations of motion of relativistic second-order
dissipative magnetohydrodynamics from the Boltzmann equation using
the method of moments for a 2-species particle fluid.

Different components of the shear stress tensor, with respect to the
magnetic field obey different dynamical equations.

At large magnetic fields, IS theory no longer works: Oscillatory dynamics
appears.

The oscillations are apparent only when B decays slowly in time.

_Thankyou!




Backup




Order of magnitude
Second Order Equations of motion

Iterating order by order in gradient & SnTT = R2enTT+0(2),
truncated upto 2™¢ order in gradient.

/ 4 5 10
LonTT =+ §2i(p7rf¢6 + §2i(,o7riF¢ k= 7igo7rfof F2QrTT £ 2¢iaTT £2ixTT ¢

+4ionTT el it + 2ipnT L5 bP +2ipnT 0T + O(3).

FB
Substituting the
third order equation
of relative shear in
T on T+ = (--+)7]T + other 7T Tterms(---) the equation of total
shear stress tensor.

Second Order Equation of Motion for components of &*¥

(03]




