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Votivation

In high energy heavy ion collisions +ve charged nucleus
collide at a speed~c -> produce intense magnetic fields

Mid central vsxn=200GeV Au+Au collisions -> B~1018Gauss



Few theoretical predictions
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|t is also interesting (and important) to investigate the effect
of electromagnetic field on the hydrodynamics evolution

and on the flow harmonics
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Field of a moving charge

Magnetic field

Electric field
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At relativistic speed 1GeV? = 5.128! 10""Gaus:

- [ransverse components dominates
- Field rapidly fall oft as we move away from charge along z
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Magnetic field in transverse
olane

Moving nucleus ->electric current along z ->magnetic field



Magnetic field in transverse
olane

Moving nucleus ->electric current along z ->magnetic field

Impact parameter ~ 0 -> vanishing mag field



Magnetic field in transverse
olane

Moving nucleus ->electric current along z ->magnetic field

Impact parameter ~ 0 -> vanishing mag field
Non-zero impact parameter -> mag field along Y




Impact parameter

dependence of magnetic field

Au+Au @ 200 GeV
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Temporal evolution of fields
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Hydrodynamic starts, t~0.6 fm

We consider
zero and
non-zero conductivity



Relativistic
magnetonydrodynamics

fluid consists of charged particles moving under external
electric/magnetic field experience force which changes
fluid velocity

fluid constituents are electrically charged hence its motion
generates electromagnetic field which changes the external
field

In Magnetohydrodynamics we solve energy-momentum conservation and
Maxwell equations self consistently
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Formulation of Relativistic
magnetohydrodynamics

conservation equations
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In case of vanishing net charge and isotropic system l 5 ()

M= gEM
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Formulation of Relativistic
ideal MHD

EH—FMuyu =1 vat B4+ v B
In the fluid rest frame when 1 1~ but for finite i
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Energy momentum tensor for ideal MHD
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Initial magnetic fielo

We numerically solve energy-momentum tensor on a space-time lattice.
The space-time evolution of magnetic field (in lab frame) is taken as parametrised
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Magnetic field in the

transverse plane
b=0 fm =10 fm
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Time evolution of magnetic

Vacuum

fleld

~Conducting QGP
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Other inputs to RMHD

model
Initial energy density  : 'xy.D)= folnNpan (YD) + (1 ! xn)Nean (x,¥, b]
Equation of State © Lattice+HRG (s95p-PCE165-v0)
Thermalisation time  : 0.6 fm
Initial tfluid velocity W (%, Y) = w(xy) =0

Freeze out temperature: 130 MeV

Multidimensional Flux-Corrected algorithm SHASTA is used for the numerical solution
of conservation equations
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Momentum anisotropy and vo
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Momentum anisotropy and vo
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Momentum anisotropy and vo
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Summary & outlook

e [-or realistic values of magnetic field we observe enhanced elliptic
flow within reduced MHD formalism.

e |n order to extract transport coefficient of QGP more precisely it is
important to consider the eftect of magnetic field on flow
harmonics.

e A self consistent Relativistic non-ideal magnetohydrodynamics

code is needed Iin order to more accurately study the effect of
magnetic field.
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Extra slides

Finding velocity in each time step
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Energy momentum
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Energy density of fluid

Fluid energy density
Au+Au@200 GeV
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Ratio of field to fluid energy
density

energy of field

1 >1 1 —> B Important
energy of fluid

I | —> B may be neglected

Consensus : since mag field decay quickly

(| v _ | magfield
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Event average energy

b=0fm b=12 tm

Fluid energy
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Event average energy

b=0fm b=12 tm
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Event average sigma
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Magneto-hydrodynamics in
one dimension

Most simple possible model B

T

* Bjorken flow,

AAAA
AAAA
\AAAS

\AAAS

* |deal fluid (zero shear, bulk viscosity and
zero electrical resistivity),
* [ransverse magnetic field,
* Constant speed of sound,
* temporal evolution of magnetic field: ‘
(@) “frozen in flux theorem” B (1) = By— = By
or S0

(b) “Power law decay”. B(l) = Bo. ‘o
|
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‘0
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Bjorken hydro In a ngt§pe\l

Energy-momentum tensor \

™ =(e+ putu ! pg"

I, TH =0
| ut = (cosh,0,0,sinh!)
' to four velocity 1 to four velocity
u”a! TIJ-! =0 (nul I UMUI )a" -I-I — O
e+ 2P Lhp=0

Evolution of energy density N Euler equation



Bjorken magneto-hydro in a
nutshell

Energy-momentum tensor
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Evolution of energy density . Euler equation



Energy
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Magneto-hydrodynamics in
one dimension: Frozen in flux

Evolution of energy density |
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Power [aw decay of
magnetic fields
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Solution for power law
decay of magnetic field
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Equations of magneto-hydro

Current density : J=0(E+vxB).
. g _ 9B I B 9°B
Magnetic field : 5=V xoxB+ (VB uey; )
: - : JE v 1 N o O
EleCtHC F|e|d . Y - Y xB=vx(Vx L)+U—#(V la—ue?)

Magnetic Reynolds

Rn=LUop,
Number
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E-by-e sigma for different

gaussian sme
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Event-by-event sigma for
electric field
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E-by-e calculation of fields

Monte-Carlo Glauber
Au+Au
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