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Introduction

Electromagnetic fields
can drive very
interesting phenomena

………



The first dynamical estimate of the magnetic field strength 
(Au-Au collisions, b=10 fm)
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Excitation function of elliptic flowExcitation function of elliptic flow

The growth of the elliptic flow is not 
reproduced by purely string-hadron
and simplified partonic models



Elliptic flow from PHSD vs. STAR/PHENIXElliptic flow from PHSD vs. STAR/PHENIX



Transport model with electromagnetic fieldTransport model with electromagnetic field
Generalized on-shell transport equations in the presence of electromagnetic fields  can 
be obtained formally by the substitution:

A general solution of the wave  equations 
is as follows

For point-like particles



Time dependence of Time dependence of eBeByy

D.E. Kharzeev et 
al., Nucl. Phys. 
A803, 227 (2008)
Collision of two 
infinitely thin 
layers (pancake-
like)

V.Voronyuk, 
V.Toneev et  al., PR 
C84, 035202 (2011)

● Until t~1 fm/c the induced magnetic field is defined by spectators only.  
● Maximal magnetic field is reached during nuclear overlapping time       
∆t~0.2 fm/c, then the field goes down exponentially.



Beam energy dependence of Beam energy dependence of eBeByy
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There is a non-vanishing field before nuclear touching moment



Comparison of magnetic fieldsComparison of magnetic fields



Magnetic field  evolutionMagnetic field  evolution

For a single moving charge 
(HSD calculation result)

For two-nuclei collisions, 
artist’s view: arXiv:1109.5849



Time evolution of the magnetic fieldTime evolution of the magnetic field

Au+Au(200) 
b=10 fm

V.Voronyuk, V.Toneev. et  al., Phys. Rev. Phys. Rev. C84C84, 035202  (2011), 035202  (2011)



Magnetic field and energy density correlationMagnetic field and energy density correlation

Au+Au(200) 
b=10 fm



Electric field evolutionElectric field evolution

Electric field of a single 
moving charge has a 
“hedgehog” shape

V.Voronyuk, V.Toneev. et  al., Phys. Rev. Phys. Rev. C84C84, 035202  (2011), 035202  (2011)



ObservableObservable

V.Voronyuk, V.Toneev et  al., Phys. Rev. Phys. Rev. C84C84, 035202  (2011), 035202  (2011)

dN/dy

v2(pt )
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No electromagnetic 
field effects on global

observables in 
symmetric nuclear 

collisions !



Fluctuations in the early state of HICFluctuations in the early state of HIC
V.Toneev et al., PR C65, 034910 (2012)

Fluctuation of nucleon positions in the initial 
state changes EM distribution and is important 
for  definition of the reaction plane  but EM field 
does not influence vn

gray – without EM field  



Compensation of electric and magnetic forcesCompensation of electric and magnetic forces

∆p= δp
Transverse momentum 
increments  ∆p due to 

electric and magnetic fields 
compensate each other !



CME:  a possible CP violation signalCME:  a possible CP violation signal
A A remarkableremarkable propertyproperty of of gaugegauge theoriestheories isis thethe existanceexistance of of nontrivialnontrivial
topologicaltopological configurationsconfigurations of of gaugegauge fieldsfields. . GaugeGauge fieldfield transitionstransitions
withwith changingchanging thethe topologicaltopological chargecharge involveinvolve configurationsconfigurations whichwhich
maymay violateviolate PP and and CPCP invarianceinvariance of of strongstrong interactionsinteractions. . 

FermionsFermions cancan interactinteract withwith a a gaugegauge fieldfield configurationsconfigurations, , transformingtransforming
leftleft-- intointo rightright--handedhanded quarksquarks and and vicevice--versaversa via via thethe axial axial chiralchiral
anomalyanomaly and and thusthus resultingresulting in in generatedgenerated asymmetryasymmetry betweenbetween leftleft-- and and 
rightright--handedhanded fermionsfermions. In . In thisthis statesstates a a balancebalance betweenbetween leftleft--handedhanded
and and rightright--handedhanded chiralchiral quarksquarks isis destroyeddestroyed.  .  

In In thethe presencepresence of of inbalancedinbalanced chiralitychirality a a magneticmagnetic fieldfield inducesinduces
a a chiralchiral electricelectric currentcurrent alongalong thethe thethe magneticmagnetic fieldfield (CME)(CME)..

D.Kharzeev et al., NP A803, 227 (2008); 

Ann.Phys. 325, 205 ( 2010); PR D78, 074033  (2008)



Chiral magnetic effect in pictures

Red arrow - momentum; blue arrow - spin; 
In the absence of topological charge no asymmetry between left and 
right (fig.1) ;the fluctuation of topological charge (fig.2) in the 
presence of magnetic field induces electric current (fig.3)



Background for BES experiments on CMEBackground for BES experiments on CME

Angular correlation is of hadronic origin up to √s=11 GeV !



InIn--plane and outplane and out--ofof--plane plane corrcorr. (. (worringsworrings))

STAR, PR C81, 054908 (2010)

The observed correlations are in-plane, 
contrary to CME expectations ?!    

(A.Bzdak, V.Koch, J.Liao, PR C81,031901)



Electric field EElectric field Exx in the transverse planein the transverse plane

Cu+Au (200 GeV) Au+Au (200 GeV)

In the overlapping region of asymmetric peripheral 
collisions a finite electric current appears to be directed 
from the heavy nuclei to light one.



ChargeCharge--dependent vdependent v11 distributions at RHICdistributions at RHIC
Cu+Au (200 GeV)

Distributions for the same 
hadron masses but opposite 
electric charges are splitted
and this can be observed !



ChargeCharge--dependent vdependent v11 distributions at NICAdistributions at NICA
Cu+Au (9 GeV)

Charged pion v1 disrtribution
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In the presence of  the electromagnetic 
force the splitting of π+ and  π- is clearly 
seen => Signal of strong electric strength 
is realized in heavy-ion collisions

TPC: η<1.2   pT>0.15 GeV/c



ChargeCharge--dependent dependent ppTT distributions at NICAdistributions at NICA
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The transverse momentum v1
distributions of +/- pions are 
different in the Cu- and Au-
sites. The shape of spectra 
differs in forward and backward 
semispheres

The difference between 
v1(pT) for π+ and π- is 
prominent and getting 
larger with pT increase



NonNon--AbelianAbelian fieldsfields



ChromoelectricChromoelectric and and chromomagneticchromomagnetic fieldsfields



Two pointTwo point--like sources located at z=0 and 1like sources located at z=0 and 1

G.Zinovjev, C.Molodtsov, Phys.Atom.Nucl.70, 1136 (2006); Eur. Phys. J.
C75, 141 (2015).

W.Cassing, V.Goloviznin, S.Molodtsov et al., Phys.Rev C88, 064909 (2013)

looks very similar to 
the EM field picture Isolines of the chromoelect. field

Force lines of color field



Simplest color configurationsSimplest color configurations

W.Cassing, et al., Phys.Rev C88, 064909 (2013)



PHSD with color fieldsPHSD with color fields



Color field fluctuations in heavy ion collisionsColor field fluctuations in heavy ion collisions
Pb+Pb (2.76 TeV), b=6 fm; Nev=10

chromo electromagnetic



AbelianAbelian and and andand nonnon--AbelianAbelian dispersiondispersion

AuAu(0.2) PbPb(2.76)

b=6 fm



SpaceSpace--time evolution of time evolution of partonparton densitydensity

Single event ε, GeV/fm3 ρB ,  fm-3

Au+Au(0.2 TeV), b=0.5 fm



Comparison with heavyComparison with heavy--ion experimention experiment

The rise is due to the quark-
quark interaction rather 
than chromo effect

Chromo effect is not seen in global characteristics below the RHIC 
energy and effect is minor at higher one. Further work is needed.



Main resultsMain results



Main results, cont’dMain results, cont’d
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