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Classical Yang-Mills theory (CYM)

We consider pure glue QCD, given by Lagrangian

L = −1
4F

µνFµν , (1)

where Fµν = ∂µAν − ∂νAµ + ig [Aµ, Aν ] is the non-abelian field
strength tensor.
Yang-Mills EOMS

[Dµ, Fµν ] = 0. (2)

Solve these in temporal gauge on a 3d space lattice.



Gauge fixed observables

Quasiparticle picture of classical fields?

E = 1
2

∫
d3x

(
Ei (x)2 +Bi (x)2

)
= 2

(
N2
c − 1

) ∫ d3k

(2π)3kf (k)

(3)
gives

f (k) = 1
2

1
(2π)3

(
|k| |AC |2 + |EC |

2

|k|

)
(4)

We can also study the effective dispersion relation

ω2 (k) =

〈
|EC (k)|2

〉
〈
|AC (k)|2

〉 (5)



Plasmon mass

3 methods to determine the plasmon mass:
Dispersion relation at zero momentum
HTL:

ω2
pl = 4

3g
2Nc

∫ d3k

(2π)3
f (k)
|k|

(6)

Add uniform electric field, measure oscillations (UE).



Occupation number distribution (3D)

Sample gauge fields s.t. f = n0
k
∆ exp

(
− k2

2∆2

)
.
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Occupation number dependence (3D)

Observe a difference between UE and HTL.
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Time dependence (3D)

Little time dependence for dilute system
Decrease in mass scale for dense system
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Dispersion relation (3D)

HTL ω2/∆2 ≈ 0.4
UE ω2/∆2 ≈ 0.29.
Disp. rel. ω2/∆2 ≈ 0.14.
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2D system

In 2D the agreement is much better
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Conclusions

We have studied the plasmon mass in pure glue QCD using
HTL expression
dispersion relation
plasma oscillations

In 3D, observe a clear mass gap in the dispersion relation.
Does not seem to agree with the values obtained by the other
methods.
In 2D we find a lot better agreement.
Next logical steps: project out the longitudinal components of
the E-field, and take the massive dispersion relation into
account when determining f (k) .


