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To the origin of magnetic fields

@ Magpnetic field origin central problem in astrophysics
(Kulsrud 2008).

@ Turbulent dynamo (the standard explanation) requires a seed
field to amplify

@ This seed is generally attributed to the Biermann battery
(Kulsrud 1992)
@ Biermann battery:
e generated by gradients Vn x VT #0
o should follow a B ~ d;/L scaling of magnetic field
(Haines 1997)
o often leads to small fields compared to pressure (372)
e also found in laser-solid plasma experiments



What is the Biermann battery?

o Initial state:
No magnetic fields
@ Ingredients:
o Density gradient: Vn
o Temperature gradient: VT
o Perpendicular gradients: Vn x VT #0
@ Results:
Magnetic field generated



Where do magnetic fields come from?

dB
E:—CVXE

@ All magnetic fields start as a curl of E
@ We need an electric field, E

@ We need the curl to be nonzero



Well then where do electric fields come from

d
E=-vixB/c—JxB/cne—V(nT)/ne —nd — meCT:/”e2

J=cV xB/4r

All other terms have magnetic fields

If Vhx VT =0

VXxE=0

m;/me > 1, so electrons respond to the pressure gradients
quicker

A voltage drop appears, and an E is generated



Lasers can cause Biermann
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Magnetic fields are measured

@ Magnetic field
measured by
Thompson scattering

@ Long lasting in time

@ Varied length scales

(Kugland et al. 2012)



The computational setup

@ Using the 3D PIC code
OSIRIS

e No initial magnetic fields

e Spheroid density profile

o Cylindrical temperature
profile

o Let it expand

@ ... Magnetic fields will be
generated




Self-consistent 3D kinetic Biermann battery simulated

Time = 235200,

@ 3D simulation performed
@ Magnetic fields generated
e L/d. =50

e Simulation parameters:

mi/me =25, ppg = 64,
16 gridpoints/de, 0625 gridpoints/)\debye

@ Mass ratio study shows no
significant difference up to
m;/me = 2000




Let's try 2D
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When do we get Weibel?

@ the Weibel instability
@ in collisionless systems

k’c? —w? — ngaAa - Zwia (Aa + 1) 4 (ga) =0

A= Thot/ Tco/d -1

o generated by pressure anisotropies, A, (found in our system)
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e rapidly amplifies Biermann seed field
e provides a new seed for dynamo



The magnetic field saturates
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@ The fields grow to a peak, and saturate for various L1 /de.

@ The field grows when the linear Weibel growth rate is a
maximum.



Haines scaling and beyond
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o Normalized B = 3~1/2 follows 1/L scaling as expected ...
(Haines 1997)

@ then remains finite at large L (Weibel regime)



You can see it in the spectra
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@ Biermann battery generated by perpendicular temperature and
density gradients

e We simulate these conditions in the PIC (particle-in-cell) code
OSIRIS (First self-consistent kinetic 3D model)

@ Results can be applied to
o laser experiments
B is proportional to d;/L confirming the Haines scaling
e astrophysical turbulent dynamo
For large L/d; the Weibel instability generates (seed)
magnetic fields independent of L/d;
e turbulent collisionless plasmas
Schekochihin —16/3 sub-p. power law observed
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