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Outline

|. Introduction: the effective potential for the Polyakov loop, L
—Veg(L) =T* [co(L) + ca(L)g” + e3(L)g° + ca(D)g* + .. ]

2. Higher loop order

- Two loop

- Ring T

-Three loop

3. Summary



Perturbation theory

* Perturbative expansion at high T

T
pressure = InZ=T"* lco + c2g” + c3g” + cagt + c59° + 0696]
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* Perturbative expansion at high T

P/Psp

Our Goal

Perturbation theory

pressure = T [co(L) + co(L)g” + c3(L)g° + ca(L)g*...] |
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Effective potential

* Polyakov loop, L

P(2) = Peiho’ " duaida(@)

P(f) | [ — 0 Confined
\ 7& 0 Deconfined
I/TI
1
Lm — Ntrpm

e Background field gauge
Z = /[dAM] exp [—SYM(Ai, Ay + 14_14)} — exp [—5V%g(ﬁ4)]

Holonomy: P = ¢¥944/T = diag (e W et et



,~ Loop expansion
| loop: {::} A /\
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Same as in pQCD, but with the holonomy: ps4 = 2mn1T — pj = (2nn + 0) T

where 0% =9V — 9* — @)



* Two-loop free energy in R-xi gauge
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T4 - ﬁ 0 m4 (27‘()4

miq,1MmMo #O

Two loop (g?)

Lml +ma L_ml L_mQ

2 9
mimsy

Gauge dependent! A puzzle at that time.

* Renormalization of the Polyakov loop
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Up to two loops (g2)
* Gauge-independent effective potential at two loop

Use
Ly, = LG — g?LEP) (L) + O(g*) = LG — > L (LE™) + O(g*)

into Vpert:
Voot 1 Lo rten
™ T2 m
m=£0
N92 ( 1 4 ) (ren) (ren) 5 (ren)
+ o Lm m L—m L—m
(27_‘_)4 ml%#o m%m% m1m§ 1+mo 1 2
{ 1, 5Ng2} p(ren)  (ren)
= |7 1 Double-trace
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Accident or Symmetry?!
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Higher loop

* Propagator with nontrivial holonomy

0 g2 ... LN

1 H2,1 0 H2,N

(27T + 69T)2 + p? where 0t =1
oNL gN2

- There are N2-N charged (off-diagonal) gluons and N-1| neutral (diagonal) gluons.

* Pressure at large N is in the series of g2

pressure = T [co(L) + co(L)g” + ca(L)g* + ... ]

Does double-trace structure persist at higher loops? Relevant for GWW.



Resummation (g3)

* Neutral gluons

. 3y,(3) _
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Three loop (N2%g*)

e Reduction
HHLEe e

Using the momentum-color conservation and the symmetry of diagrams,

we can reduce them down to three sum-integrals at large N:

1
Iy = Z/ 5 — dball’

2
ijkl Y PaT (pz'j — Qik) q?k (pij — 7“@1) T

ik - Til
-y -

2
ijkl 2 PAT PZQJ (pw — Q’Lk) qZQk (p’bj — Tz'l) T

d>p
where /pETnZ/(27T)3




Poisson Resummation

* Duality between the Matsubara modes and winding numbers.

Given f(6)=> F(2mn +0)
nel
we have FO) =" fme™
meZ
. < 4o .
where fm = / —e MY F(6)
oo 2T

- Polyakov loop comes out naturally:
- Momentum integration done first, and summation replaced by integral.

- Zero winding (m=0) contains the divergence.



Three loop (N2g%)

* Renormalization of the Polyakov loop

g4L,$3) = i + A\;}:} + A% + A}

e Partial results
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3 Stay tuned!



Summary

* The Polyakov loop is nontrivial near Tc and should not be
ignored.

* Perturbative calculation becomes simpler at large N.

* Poisson resummation formula is the natural way to compute
the sum integral with the nontrivial holonomy.



