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o Initial magnitude of B

. Bio-Savart:By ~ vZe-% =
eB ~5— 15 x m2 at RHIC
(LHC).

o Inthis talkb = 7fm and
R = 7fm.

: « Motivation: find observables
X (defines ¥, that are directly tied to the
presence of B
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“Classical” currents in charged and expanding medium:

—

Ep = __ 0B

. Faraday currentdy ~ o Ep with V x ot

o Hall currents/y ~ cEy With By = @ x B
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with o = 0.023fm—! andwith ¢ = 0

o Simplifying assumptiomard-sphere distributiofor spectators
andparticipants

o For participant&mpirical distributiorover Y: Kharzeev et al. 2007
(V) = (4sinh(Yp/2)) " te¥s/2, Yy <Y, <Y
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Suppose:*(x) with no back reaction of electromagnetic fields
andE, B are known

Go to thecomoving frameby A(—u) e.9.F), = (A - F - F)
Compute thestationary velocity

m— = = q{vp) X B' + qE' — umivpg) =0,

pwm the drag coefficient; e.g. from AdS/CFZI“TaT2
Go back to the center of mass frame: Wy = A (@), 0%

V# contains both/ andv,
— construct observables froin
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Validity of Perturbative magnetohydee |vp| < |4

Validity of classicaforce equatior=- magnetic energy
Ep < 2 with A ~ R =7 fm.

Both are checked in our set-up
First may be violated in reality
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o Start from theBjorken flow. Bjorken ‘83
1. Boost invariancalong z:£ = z0; + t0,
2. Rotation around:z§ = x9, — y0,
3. Translations in transverggane:¢ = 0, and¢{ = 9,

e Solution to[é, u] = 0iSu = O (ds? = —dr? + 72dn? + dz? + 22 d¢?)

o Fine except transverse translations
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Gubser '10
o Begin byBjorken’s flow
o Replaces; =0, 0, with &, = 0; + q° [Qxiatﬂau — :U“atp@;}
o Solution to¢, u] = 0Isu = cosh kO, + sinh kO, with

2¢°Tx |
1_‘_q27-2_|_q2xi

K =

Solution to Hydrodynamicsv ,, 7" = 0 with
€0 (2¢)8/3
’7'4/3 [1_|_2q2(72+$i)_|_q4(7-2_mi)2]

€ = 173

« Also analytic dissipative correction witly S.

Two parameters to fixinitial energyey and“system size” /q
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o Gubser’s solution hasxial symmetryaround the beam axis
o How Is this consistent withon-zero Bthen?
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Gubser’s solution hasxial symmetryaround the beam axis
How is this consistent withon-zero Bthen?
This is actuallypreciselywhat we want:

Adding electromagnetism on an axial plasmeaextract effects
on onlycharge identified hadrohs

e.g.v, vo, etc. flow coefficients will be only for charged
constituents, neutral background subtracted.

We will see clearlyw; = v, = --- = 0 for Gubser flowu* but
non-zero forGubser + electrodynamic®* = u* + v/
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o Hadron spectrum from hydrodynamic flo@ooper-Frye
. ; KV,
S =" = — it [ dZp'F (7))
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How to test Gubser’s flow?
o Hadron spectrum from hydrodynamic flo@ooper-Frye

_ 0dN; _ i "V
S = 1"t =~k [ ()

o Isothermal “freezout surface”

o T Is the freezout temperature,
Tf ~ 130 MeV

o Assume Boltzmann distribution:
F(z)=¢"
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How to test Gubser’s flow?
o Hadron spectrum from hydrodynamic flo@ooper-Frye

dN; Vi
Si =%t = - (2)3deMpF(pf)

o Isothermal “freezout surface”

o T Is the freezout temperature,
Tf ~ 130 MeV

o Assume Boltzmann distribution:
F(z)=¢"

o Si(pr) =

. mru” - .
%fdminTf {Kl(%—f)IO(pj%? )_T}pTKO( Ty )2 Ty )}

« Gubser’s flow is independent &, andY = v, =0
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o Demand realistic comparison wifklLICE datafor pions and
protonsand reasonablieydronization temperature
Ty, ~ 400 — 550 MeV

» Optimal solution;~! = 6.5 fm andéy = (8.7)*.
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CalculatedB

Fixed Gubser’s flow parametets u*

Solve classical force equati@hectromagnetic force = drag
Do Cooper-Frye to calculate,

The simplest and most direct effeclirected floww
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o Pions and protons at LHC

V1 Vi
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Color coding:pr = 0.25 (green), 0.5 (blue), 1 (red), 2 (black) GeV
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o Effectissmall ~ 5 x 10~° at LHC,~ 2 x 10~* at RHIC.

o Specific features for detection; (—Y") =

Magnetohydrodynamics, char

—v1(Y), v = oy

ged currents and directed flow in heavy ion collisions
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o DefineAj“_ (Yl, YQ) — ”UT(Yl) — Ul_ (YQ),
ATT (Y, V) = v (Y1) — v (Ya), etc.
to eliminatecharge independent contributiotwsy; produced in
event-by-event fluctuations

o Look atquadratic observables
Cy™ (Y, Y) = (A{ (Y, Y) AT (Y, Y)) = 4(v] (¥ )vf (V)
to eliminate event-by-event fluctuationsdiection of B

o To be compared with data ...
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Summary:

. Calculated the contribution of thane-varyingB in an
expanding plasmaising aperturbative approach to
magnetohydrodynamics.

. Effectodd under charge and rapidity
. Competition betweefRaradayand“Hall” effects.
. Howeverthe magnitude is small
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Summary:

. Calculated the contribution of thane-varyingB in an

expanding plasmaising aperturbative approach to
magnetohydrodynamics.

. Effectodd under charge and rapidity
. Competition betweefRaradayand“Hall” effects.
. Howeverthe magnitude is small

Outlook:
. Time dependence of, 1., T etc.
. More realistic hydrodynamics.

Backreaction of EM on hydre: full
magnetohydrodynamics

More realistic distributions for the sources
Computecharge identified,, for n > 2.
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THANK YOU |
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