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Magnetic fields in non-central collisions
[Fukushima, Kharzeev, Warringa, McLerran ’07-’08]
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Magnetic fields in non-central collisions

Two very big
currents
produce a very
big magnetic
field

B

“Instanton”

McLerran,Kharzeev,Fukushima

The medium is filled by electrically charged particles

Large orbital momentum, perpendicular to the reaction plane

Large magnetic field along the direction of the orbital momentum

field
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In heavy ion collisionsIn heavy ion collisions
magnetic forces are of the order of magnetic forces are of the order of 

strong interaction forcesstrong interaction forces
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Chiral Magnetic Effect by 
Fukushima, Kharzeev, Warringa, 

McLerran
3. Electric current is along

magnetic field
In the instanton field 

Red: momentumRed: momentum
Blue: spin

Effect of topology:
uL → uR
dL → dR

u-quark: q=+2/3
d-quark: q= - 1/3
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Magnetic forces are of the order of Magnetic forces are of the order of 
strong interaction forcesstrong interaction forces

We expect the influence of magnetic field on 

2

QCDeB Λ≈
We expect the influence of magnetic field on 

strong interaction physics

The effects are nonperturbative, 

and we use

“Lattice (super)computer simulations”



Density of the electric charge vs. magnetic field, 
3D time slices



Chiral Magnetic Effect, 
EXPERIMENT  VS LATTICE DATA (Au+Au)



QUARK-GLUON 

PLASMA 

THERMALIZATION 

AND PLASMA 

INSTABILITIES

PETER ARNOLD

arXiv:hep-ph/0409002v1



QGP is the QGP is the thermalizedthermalized strongly correlated liquidstrongly correlated liquid

Collision time is very short and how thermalization occurs it is a question



New Relativistic Hydrodynamics
corrections to L.L. volume 6
triangle anomaly changes hydrodynamic equations

.
D. T. Son, P. Surowka, Hydrodynamics with Triangle Anomalies Phys.Rev.Lett. 103 (2009) 191601

The idea of the next few slides with 

the tea the tea 

is due to D.T. Son
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Tea is Tea is 

sweet!
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Summary

1. In noncentral heavy ion collisions the extremely

intensive magnetic field is generated and

interfierence of electromagnetic and strong

interactions takes place

2. CME effect is clearly seen in computer simulations

3. “New hydrodynamics” + CME = additional rotation of

charged particles



Lattice simulations with magnetic fields

1. Conductivity and Superconductivity of the vacuum 

1.1 CME on the lattice

1.2 Vacuum conductivity induced by magnetic field

1.3 Quark mass dependence of CME 

1.4 Dilepton emission rate 

1.5 Superconductivity of the vacuum

2. Other effects induced by magnetic field

2.1 Chiral symmetry breaking

2.2 Magnetization of the vacuum

2.3 Electric dipole moment of quark along the direction of the 
magnetic field

2.4 Vector – Axial transitions  5( ) ( )x yµ µψγ ψ ψγ γ ψ< >



Magnetic Field Induced Conductivity of
the Vacuum

Can exist only at T>0

Qualitative definition of conductivity,  s
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Calculations in SU(2) gluodynamics,

conductivity along magnetic field at 

T/Tc=0.45

is parallel to 

0Z   axis

B
r



Calculations in SU(2) gluodynamics,

conductivity along magnetic field at 

T/Tc=0.45

At T=0, B=0 vacuum is insulator

Critical value of magnetic field?



• There should be more soft dileptons in the 

direction perpendicular to magnetic field
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is the angle between the spatial momentum of the leptons and the 

magnetic field, in the center of mass of dilepton pair
θ
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Superconductivity of the Vacuum

Can nothing be a superconductor and a superfluid? 

M.N. Chernodub arXiv:1104.4404

Superconductivity of the vacuum can exist atSuperconductivity of the vacuum can exist at

T=0

Superconductivity is due to the condensation of the 

r mesons



Preliminary lattice results

Condensate of the charged r-mesons vs value of the magnetic field


