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Electric conductivity |can be estimated via asymmetric HIC!
[arXiv:[211.1114]
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Electromagnetic fields in HIC

» Magnetic fields in off-central collisions
e|B] ~ m2 ~ 10" T
LorB
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[A. Bzdak and V. Skokov, Phys. Lett. B 710, 171 (2012)]
[W.-T. Deng and X. -G. Huang, Phys. Rev. C 85,044907 (2012)]

» Electric fields also exist



Asymmetric collisions
» Cu-Au collisions @RHIC

» Asymmetric in transverse plane & longitudinal direction
» First results @QM2012

Cu Au

4.2 fm 6.38 fm
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Idea

» Is the electric field actually created!?
» Which observable!?
» How large is the effect?

Cu
Au
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Electric fields
in Cu-Au collisions



Electromagnetic fields in Cu-Au collisions

» Lienard-Wiechert potential

R,=x—-1x, (t) fn(t) :position of protons in a nucleus

» Proton distribution in a nucleus: VWoods-Saxon distribution
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Dist. of protons in Cu-Au collisions
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lectric fields (transverse plane)

E

-J

(]
. N e NN y \\\\\\\\\\\

.~ s oo,
Jllll.lfnl\\ll l—/// t‘ Pl A
JII'II”’,//\ \ 7 (\ \/ Sy o
RN L N VLN - / V’ ; VPV A R R
B R Y 3 4 I PV VPP
.S I/N/ ) \a‘ N bv VP O
B e m ‘a&.ﬂ ;..._.'\_..' \ \\ P
- e —— 4 P
- ... ——— I~ , ')..1 - e
I 4/,‘ / A~ - - -

- - . e —-—

- - - -

- - - e

I
I
o
Eob

Vo

- - o -
00000 - ——— - - -
\\\\\ - //‘II - -
ttttt - \M“ - - - .
||||| - -, - ..
\\\\\ - v ~~ - -
.-, e e v e Y &R R
- e e e e s NN NS S e s
I e T T e
-, e e v RN N R e s s
-, v e v R N
- - - - - R T T T
\\\\\ - - - R T T
\\\\\ - v - T
\\\\\ - - - s " ! N L
. o sy R N
. s 2oy N E R
L I A A - A..\l.‘ / - R T T T L R
L Y Y — LI M‘ —— L T T L
L I I s b A % \ » R N L T L I
L L /* \’\A ¥ \ LR T T T T
L A A A : //Illllnona
O Y~ \\\' /” _‘ Nb %// _/;.///Il L T T
\.\Qt\s\\\\\\\t\\ / = 1 - ’f/(fflllaaon; -
L L Y \ ~ ﬁ— ~ w — — — ﬁ’f'rf [ T T T T R )
rrrrrr e v v v v s NV ELV YL YLV VA L T T T L N B

16



Event-averaged electric fields
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b=4fm
# of events: 10000



Which observable is sensitive
to the conductivity?
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Harmonics Up,

» Azimuthal angle distribution of observed particles

= N _1 +nz::12@cosn(gb— U,)

» Reflects the shape of the flow

V9 “elliptic” U3 “trianglar’
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Observable sensitive to the conductivity

U1 is charge-dependent
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Observable sensitive to the conductivity

» charge-dependent U1

vi = vy + Ad,

€

dé dN4

A= (N, ~N)/(N, +N), Fu=[2

Proportional to charge asymmetry

The coefficient quantify the dipole deformation of the charge dist.

= 5 S [ rdrdé cos [1206) ~ 52 sy 9)]
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How large is it?



Theoretical prediction for the conductivity

» Electric conductivity

0O — BC::*MT CeMm = ZB? = 8nagm/3

» Lattice QCD

B ~ 0.4 [Aarts et.al (2007)][Ding et.al (2011)]
B ~ 7 [Gupta (2004)]

» pQCD
o ~ 6T /e? [Arnold et.al (2003)]
B ~ 10?
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Theoretical prediction for the conductivity

» Electric conductivity

o= BCrmuT CEMEZB?Z

» Lattice QCD

B ~ 0.4 [Aarts et.al (2007)][Ding et.al (2011)]
B ~ 7 | [Gupta (2004)]

» pQCD
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o~ 6T /e? [Arnold et.al (2003)]

B ~ 102




Estimation of the charge-dep. part of Uq
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Estimation of the charge-dep. part of Uq

Ad, ~ — -2 /E-d§
Niosle] Js

T ~ 200 MeV, 7 ~ 1 fm/c, Niot ~ 10°

Ad, ~ —B x 1077

27



Summary & Outlook

» Electric conductivity of QGP
Asymmetric collisions
: + _ ., /
Charge-dependent directed flow U; = U1 Ade

» Outlook

More elaborate estimate
Time dep. of matter / field
Differential signal

transverse momentum / rapidity / impact parameter dependence
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Back up slides



Un at Cu+Au collisions

» Results from PHENIX collaboration
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[taken from R. Hollis’s slide @ QM12]
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Un at Cu+Au collisions

31

v,x10

v,x10

LB L L B L L BN L L BL BB

ol 30-40% (@)t 40-50% (b):
F AtV (¥4 smp)
0.31 T ]
02f T + ;
: i + ] 1 ]
0.1 T 4+ ;
0.0F l}‘ + + 4 + .
R
ol 50-60% ()t 30-60% (d)]
[ Cu+Au sy, =200 GeV |
0.3 T ]
0.2f ++ 4 T ¥++ ]
: 4 1 :
0.1F T A ~
4% - ; PHENIX ]

C 4 ] 'y preliminary ]
0.0F 1 43 .

0.

0051015202530 05101520 2530

P (GeV/c)

P; (GeV/c)

0.4

0.3

0.2

0.1

0.0

0.4

0.3

0.2

0.1

10.0

[1210.5570]



Centrality dependence of electric flux
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Centrality dependence of electric flux
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Centrality dependence of electric flux
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Centrality dependence of electric flux
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Observables sensitive to the conductivity

» Net charge dist.

d(Ny— N_ Y Y

( = )(¢) = (Ny — N_) (1 + 2, cos 6)
. [ d¢dN+
Ni:/27r do

» Total particle dist.
d(Ny +N_)
dg

= (N4 + N_) (1 + 2v; cos @)
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