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Motivation

Strong B field created in heavy ion collisions
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Life time of B in heavy ion collisions

1. The dynamical magnetic field is very
important to many corresponding
physics in HIC, especially CME.

2. AVFD code need dynamical
magnetic field.
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Dynamical magnetic field in different methods

1. MHD method:

medium and B influence each other.
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Dynamical magnetic field in different methods

2. Weak field method:
the effect of B on medium is too weak, but medium effect on B cannot be ignored.
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Framework of our work

1. Assume: B effect on medium is weak, but medium effect on B is
considerable.
2. Numerical simulation to Maxwell equation.
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Maxwell equation in Milne space

The Maxwell equation in Milne space: gi—po Fi = fo.

- HY __ Ju

Dubay = J% D, Pl =0
8crﬁcr + 8yﬁy + anﬁfs = J, a;lfé;l‘, + dygy + dngz =0,
d-(t E,) = 8,(r*B.) — 8,B, — 7 ], 0. (7 By) = —0,(r*E.) + 0, E,.
0-(r E,)) = —05(r*B.) + 0, B, — 7 J,, Or (7 By) = 0,(7°E.) — 0, .
d-(1 Eu) _ 8I§y _ ayém —7J,. Or (1 B.) = =0, E, + 0, E,.

o 1/ ,[H/

—I—B’u + 7 Bun)

)
).

Jo = nu- + d; —|—O'(E ur—l—E uy+TEu7])+aX
J, = nu, +d, +0(E UT+TB Uy — T ) Ty —TE uerTEyu

Jy =nuy, +d,+0o — TB . +TB ’u,?) + oy ( yUr +TE Uy — Tﬁfun

Iy =nuy+d,+o (E r+ —fur — ,uy) + 0oy



Maxwell equation in Milne space

The relations between Minkowski and Milne space

E, = coshn E;z: + sinhn ﬁy, E, = coshn Ey — sinh 7y ET_, E.=1E \

z Z9

B, = coshn Ez — sinh 7 Ey, B, = cosh Ey + sinh g EB, B. = B

The corresponding velocity in Milne space
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1. Turnoffn,dand o, inthe following results.



Maxwell equation in Milne space

The physical picture: Three stages

1. Initial stage (t = 0 — 0.1 fm): ¢ = 0, no medium effect

2. Pre-equilibrium stage (tr = 0.1 — 0.4 fm): (Bjorken expansion)

1) zero model: o(1,x) =0,

2) constant model: o(t,x) = o(t = 0.4,%)

3) linear model: o(t,x) is linear increase, (t = 0.1, 0.4) leads to a linear
function.

3. Hydro stage (t = 0.4 fm): (Bjorken, Gubser, MUSIC)

0 = d19cp, 100 o 9cp; 0 = 0.1T, 100T,;

dLocp = 5.8 Mev

This will be determined finally by LQCD, HTL, kinetic theory and other
theory.



Numerical results

1. The longitudinal expansion will depress the magnetic field.
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Numerical results

The depression effect also exist in Minkowski space
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Numerical results

2. B is sensitive to electrical conductivity in hydro stage ( T = 0.4 fm)

(0 = 1000,,¢¢p is Just for comparison and shows stable)
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Numerical results

2. B is sensitive to electrical conductivity in hydro stage (7 = 0.4 fm)
(0 = 100T is just for comparison and shows stable)
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Numerical results

3. Electrical conductivity model in pre-equilibrium stage (7 = 0.1 — 0.4
fm) is very important to B.
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Numerical results

3. Electrical conductivity in pre-equilibrium stage (7 = 0.1 — 0.4 fm) is
very important to B. (¢ = 100T is just for comparison and shows stable)
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Numerical results

4. Comparison with other methods
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1.

Summary and outlook

Summary

1.1 The numerical calculation of Maxwell equation are more realistic
and stable.

1.2 There some sensitive factors to the evolution of magnetic field.
1) longitudinal expansion will depress the magnetic field
2) the evolution of magnetic field is very sensitive to electrical

conductivity model in pre-equilibrium stage.

3) electrical conductivity in hydro stage is very important.

1.3 Comparison with other methods.

17



Summary and outlook

2. Outlook
1.1 determine a reasonable value of the electrical conductivity in
hydro stage by Lattice and HTL.
1.2 get a reasonable model for the electrical conductivity in pre-
equilibrium stage.
1.3 combine with AVFD code.
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Thank You!



