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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:

. Faraday current$y ~ cEp With V x Ep = —%—?

o Hall currents/y ~ cEg with By = @ x B
. Also a “quantum” currenfic ;5 ~ usB, not considered here.
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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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@) (b) () (d)

Suppose:”(x) for expanding QGP is given.
Calculatestationary velocity z:

md<§;B> = q(vé} x B! + qE' — ,um<v_7,3> = 0, with
pm = AT? from AdS/CFT.
Add theinduced velocitywp to u#(z), assumingug| < |

Total 4-velocityV# ~ u* + vi;: contains albbservable
information.

Apply Cooper-Frye to calculate .
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Uyt
o Start from theBjorken flow. Bjorken '83
1. Boost invariancalong z:£ = z0; + t0,
2. Rotation aroundz§ = 9, — y0s
3. Translations in transverggane:¢ = 0, and¢ = 9,
o Solutiontolé, u] = 01Su = O, (ds? = —dr2 + 72dn? + da? + 22 d¢?)
o Fine except transverse translations
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Uyt
Start from theBjorken flow. Bjorken '83
1. Boost invariancalong z:£ = z0; + t0,
2. Rotation aroundz§ = 9, — y0s
3. Translations in transverggane:¢ = 0, and¢ = 9,

Solution to[&, u] = 0iS u = O, (ds? = —dr2 + 72dn? + dz? + 22 d¢?)
Fine except transverse translations

Gubser’s flow Gubser '10
Replace = 0., 0, with &; = 0; + q> [23775:1;“8M — a:“x,ﬁi}
Solution to[¢, u| = 0IS u = cosh kO, + sinh kO | with

2’7'33
R = 1_i_q22q7_2_l_;_2xi
Solution to Hydrodynamicsv,, 7" = 0 with
€0 (2¢)8/3

€ —
T3 1422 (r2 422 )+¢4(r2—22 )2]"/°
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Cooper-Frye and parameter fixing
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Cooper-Frye and parameter fixing
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« Cooper-Frye analysis at isothermal surfacgs= 130 MeV
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Cooper-Frye and parameter fixing
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« Cooper-Frye analysis at isothermal surfacgs= 130 MeV

o Demand realistic comparison with_ICE datafor pions and
protonsand reasonablieydronization temperature
Ty, ~ 400 — 550 MeV

» Optimal solution; ! = 6.5 fm andéy = (8.7)%.

Magnetohydrodynamics, charged currents and directed flow in heavy ion collisions — p.7



Cooper-Frye and parameter fixing
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« Cooper-Frye analysis at isothermal surfacgs= 130 MeV

o Demand realistic comparison with_ICE datafor pions and
protonsand reasonablieydronization temperature
Ty, ~ 400 — 550 MeV

Optimal solutiony ! = 6.5 fm andéy = (8.7)%.

o Spectra from Gubser flow independentdgfandY
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Pions and protons at LHC
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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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e SUMmMary:

. Calculated the contribution of thene-varyingB in an

expanding plasmaising aperturbative approach to
magnetohydrodynamics.

. Effectodd under charge and rapidity
. Competition betweeRaradayand“Hall” effects.
. Howeverthe magnitude is small
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e SUMmMary:

. Calculated the contribution of thene-varyingB in an

expanding plasmaising aperturbative approach to
magnetohydrodynamics.

. Effectodd under charge and rapidity
. Competition betweeRaradayand“Hall” effects.
. Howeverthe magnitude is small
o Outlook:
. Time dependence of, 1., T etc.
. More realistic hydrodyamics.

. Backreaction of EM on hydre; full
magnetohydrodynamics

« More realistic distributions for the sources
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THANK YOU |
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