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The energy-momentum tensor of the QGP fluid can be expressed as

d*p
TV = | ———— p"p"f(x, p),
/ G PP (x,p)
The spatial components of the dissipative part of the energy momentum
tensor can be related to the shear and bulk viscous coefficients in the

following manner, B - .
AT = —pWi — 5o, (1)

and the distribution function, f(x, p) = fo(x, p) + df(x, p)




eB, [im™?]
1
0.1
0ol
0.001

1

7 [fm]
05 1.0 1.5 20

Figure: Evolution of magnetic field in vacuum (blue) and in medium
(red).

Heavy-ion collision experiments at RHIC and LHC have shown the
presence of magnetic fields. The form of the decay of the magnetic field
can be represented as,

eB(t) = eBoExp[—é]

In the presence of external EM fields, the away from equilibrium

distribution function is, 6f(t) o< E(t), B(t)
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Writing the Boltzmann equation out into its components, we have

Z_Z% % + qE(t) . g_f: ( (t))8(5f(t)) 5'::)

using the following Ansatz for §f

fo

SF(t) = —rrqE(t) - 20 _r(y). 20

To obtain the shear viscosity, we compare with Eq.1, and read off the
coefficient of —W?Y. The expression reads

n(t) = [ng <15) %ZP_; <Z_Z)>

(e (1/mriaB(e)/)dt / dt e J(~1/mn—iaB(8)/)dt |

o (~1/atiaB()/)dt / dt e= J(~1/metiaB(x)/e)d) 4 G.C]




Consider the magnetic field,eB(t) = eBoExp[—%], in the limiting case we
can see that lim,, ., eB(t) = eBy. Then the factor,

e(l/TR—iw)te—(l/TR—iw)t
(1/7r — iw)

lim ef(—l/'rR—iqB(t)/e)dt/dt o= J(=1/7—iaB(t)/e)dt _

TB— 00

B 1
C(1r —iw)’
here, w = gBy/e. Combining the two terms,

S S o
(1/mr —iw) (/1R +iw) (14 w?73)’

and hence we reduce to the equation in literature for the constant field case,

(e () e (@) [ o]




Shear viscosity Vs Temperature
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Figure: Temperature dependence of shear viscosity and its dependency on
the decay rate of the magnetic field, 75 at t =5 fm, gBy = 0.01 GeV/?
and 4 =0.1 GeV.




Shear viscosity Vs Time
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Figure: Time dependence of shear viscosity and its dependency on the
decay rate of the magnetic field, 75 at T = 0.2 GeV, gBy = 0.01 GeV/?
and p = 0.1 GeV.




Shear viscosity as a function of g5, and 75
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Figure: Decay rate, 7 and amplitude gB, dependency of the shear
viscosity at T = 0.2 GeV, t =5 fm and = 0.1 GeV.




The Shear viscosity to entropy density ratio
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Figure: Shear viscosity to entropy density as a function of temperature
and its dependency on the decay rate of the magnetic field, 75 at t =5
fm, gBy = 0.01 GeV? and 1 = 0.1 GeV.




Thermalisation time

The thermalisation time, 74, can be modelled as, ¢, = 47/ Ts,
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Figure: Thermalistaion time, 7, dependency on the decay rate, 75, and
amplitude, gBy, at T =0.2 GeV, t =5 fm and = 0.1 GeV.
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