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Introduction

◀ QCD is the theory of strong interactions.

◀ The Lagrangian of QCD with Nf quark flavors is given as,

LQCD =

Nf∑
k=1

ψ̄k(iγ
µDµ −mk)ψk − 1

4
Ga

µνG
µν
a

◀ Even for m = 0, the axial current is not conserved due to quantum
effects,

∂µj
µ
5 = −g

2Nf

16π2
Ga

µνG̃
µν
a = −2Nf∂µK

µ

◀ The net axial charge J0
5 can be directly related to the difference in

Cherns-Simons number according to,

∆J0
5 (t) = −2Nf

∫
d3x K0(t) = −2Nf∆NCS(t) .

◀ Thus the axial charge of chiral fermions tracks the change in
Chern-Simons number very efficiently.
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Introduction

◀ The Chern-Simons number characterizes the QCD vacua, which are
infinitely degenerate.

◀ There are two ways in which the Chern-Simons number can change:

◀ Through tunneling via instantons which are zero energy, finite action
solutions of gauge fields [A. A. Belavin, A. M. Polyakov, A. S. Schwartz & Y. S. Tyupkin, 75]

◀ Via barrier-crossing with sphalerons which are finite energy solutions. of
gauge fields [L. McLerran, E. Mottola & M. Shaposhnikov, 91]

◀ Both represents topological solutions of the gauge fields
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Sphaleron transition and axial charge dynamics

◀ Electroweak sphalerons violates baryon number and lepton number, but
the difference B − L is conserved leading to CP violation in Standard
Model [F. R. Klinkhamer and N. S. Manton, 84].

◀ We will specifically study the dynamics of QCD sphalerons in a
non-Abelian highly occupied phase of gluons called the glasma
[L. McLerran, R. Venugopalan, 95].

◀ We use overlap fermions [R. Narayanan & H. Neuberger, 95] which has an exact
chiral symmetry on the lattice to construct the chiral charge in order to
track the change in the Chern-Simons number due to frequent sphaleron
transitions.
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Axial charge dynamics in presence of an isolated sphaleron
transition

◀ We calibrate our method for an isolated sphaleron on a N3 lattice where
N = 8 with parameters rsph = 6 and tsph = 9
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◀ We observe that using overlap fermions we can track the sphaleron
dynamics quite accurately.
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Axial charge dynamics in a non-equilibrium glasma
configuration

◀ We next perform a classical statistical simulation of highly occupied
gauge fields on a N = 8 lattice where there are multiple sphaleron
transitions [M. Mace, S. Schlichting, R. Venugopalan, 15 ].

◀ It is expected that the gauge noise reduces the efficiency of tracking of
the Chern-Simons current with fermion currents. However the overlap
fermions still tracks it quite well.
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◀ We are currently extending our techniques to large volumes and finer
lattices to accurately determine the sphaleron rate in the glasma
[S.G. and Sayantan Sharma, work in preparation]. 6 / 9



Importance of sphaleron induced processes in gluon
saturation

◀ For detecting instanton or sphaleron induced processes, one needs to
study the following reaction,

γ∗ + g → qR + q̄R

◀ The inclusive cross sections σI(r, ...) become approximately ∼ π⟨ρ⟩2 for
r > ⟨ρ⟩. where ρ is the average size of instanton.

◀ The sphalerons processes become important when there are multiple
gluons in the final states in the above process, [F. Schrempp, 2005 ] which can
occur in the regime of gluon saturation → It is thus important to
estimate the sphaleron rate very accurately for any useful predictions.
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Thank You
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Backup: Sphaleron rate in glasma

◀ The defining features of non-equilibrium plasma, often called glasma is an
initial non-perturbatively large phase space occupancy of gluons mode
upto some saturation scale Qs. The sphaleron rate becomes oscillatory at
large time interval [M. Mace, S. Schlichting, R. Venugopalan, 15 ].
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