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NON-ABELIAN CHIRAL INSTABILITIES FROM THE LATTICE
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= Harmonic analysis of charged particles yields apparently shows CP-odd effects
m Qur goal: If present, howdo CP-odd domains evolve amongdynamical color fields?
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Topology and Anomalies in QCD |
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= Infinite number of degenerate vacua characterized via windingnumber N

2
L g 4 _ra TR
Ncg = ) Jd XFHV(X)FEL (x) € Z
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Tunnelingat T=0 via instantons OR

barrier crossing at T>0 via sphalerons

= At high T: diffusion of N (sphaleron rate)

['= lim m ~ lim [«NCS(O) —Ncs(t))2> _<
t—oo t t—00
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Topology and Anomalies in QCD Il ti
i

Nfgz Fa (X)]ELLV(X) d(nR _nL) dns - dNCS
dt dt dt

s Useful technical tool:
chiral chemical potential ps = pg(ns) = ps(t)

= In strong magnetic fields: Chiral Magnetic Effect
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Chiral Plasma Instabilities (CPI)
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final
ind S Bﬂuct

)\ﬂuct < }\c ~ 1/K

BC:MEind'""AfluctzlR

< »
« L

R

M5

. )\fluct

= |nstability weakensitselfdue to dng/dte<E.B<O Biuce

= QI :Can we find numerical evidence of chiral instabilitiesfor ns>07?

= QIl: How does n.>0 influence topology changing processes (sphaleronrate)?
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An effective theory for CPI‘s
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= At high temperature (g<<1) a clear separation of scalesis present

Langevin theory
Kinetic theory
QCD

uv i gT g2T > IR

= CPl operates atthe non-perturbative magneticscale (A.~(g2T)")

= Anomalous effective theory for soft classical fields (k~g2>T) & hard modes (k~T)
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Lattice implementation
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= Naive Wilson Hamiltonian for classical soft gauge fields ( A°=0 gauge, SU(2) )

[Z aZEPES — = Y (ReTe[ {71]—N.)]
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= Classical thermal equilibrium initial conditions: P(U, E] ~ exp[ — =H[U, E]] [[5[6(x)]

X
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Measuring topology on the lattice

= Naive discretization of dN/dt susceptible to UV noise

dNcs ¢
dt  64r2

/ Bz F () Fi" ()

= Dissipative coolingdrives the systemto the
vacuum of its current topological sector

ou L 6]_lcool . a
P ZSA).C‘ 1gag I Uy
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Langevin evolution w/o anomaly
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== Sphaleron Rate Fit
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yOhm(t)
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— Resampling error
ﬂ;

Ncs(t)-Ncs(0)
o

-2 | |\__, '“_ . 4x10%

Ohmic current only
0 50 100 150 200 250 300 350
t

0 500 1500 2500 3500

t

= Reproducesthediffusive behaviorreportedin theliterature

B.=20 N,=20
rohm — 2647 1Obm —=22.140.62 a,=0.0375 a=|
o= N=2

= System on average staysinthe same vacuum sector <N>=0
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Langevin evolution with anomaly

" Provideinitial chiralimbalance n(t=15)=n,

0.42f

- Ham = I70=OFF — n0=0

= N9=12.5 == np=25 no=50
No=100 == Ny=500 == 11=1000
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" Sanity check at ny,=0: stable with same energy as purely ohmic case (n,=OFF)

= Fast increase of magnetic field energy after switchingonny, >0

" Topological drift of the Chern-Simons number N ensues
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Langevin evolution with anomaly I
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= |n the absence of external B field: helicity conservation balances N and n:
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= Eventuallydriftin N.s abates and the system will diffuse around a new vacuum
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Sphaleron rate with anomaly
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= |sthe diffusion of N around the driftinfluenced by nc?
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= We find a clear ordering of the sphaleron rate with nc(t=15)=n,
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Anomalous effects w/o initial n;
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= Diffusion of N leads to excursions towards large values: buildup of n
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= Reduction of the conventional thermal sphaleron rate due to theanomaly?

Ohmic

Tlo:O

later times and more

I
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statistics necessary!
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Conclusions
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The chiral magnetic effect (CME) allows for a new class of instabilities:

Chiral Plasma Instabilities (CPI)

Numerical evidence for the existence of CPl in non-AbelianSU(2) EFT

In the presence of CPI: drift of N and significantly increased [sphaleron

Helicity conservation (B,=0) leads to diminishedimbalance, abatinginstability
Even if n;(0)=0: sphaleron rate might be reduced due to intermediate n: buildup

= Need tosignificantly increase statistics to pin down anomalous effects at ny=0

= Connectto HIC phenomenology: Attach physical units to the EFT simulations

Thank you for your attention
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The Chiral Magnetic Effect (CME)
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= |n strong magnetic fields: Anomalyleadsto novel transport phenomena
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