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Why strong coupling expansions?

SCE produce convergent series, finite radius of convergence

Complementary to weak coupling approach, Monte Carlo

Only analytical approach from first principles for confined phase

Study onset of finite T-effects

T=0: important qualitative insights (confinement, glueball spectrum...)

finite T: establish connection between QCD and strong coupling limit

Kawamoto et al. ;   Fromm, de Forcrand
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Model for confined phase: hadron resonance gas

Non-interacting gas of hadrons/resonances; 
implicitly includes binding effects, neglects weak decays

Allows to factorise partition function into product over 
one-particle partition functions 

Karsch, Redlich, Tawfik 03
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SCE at T=0:  ‘free energy density’

β =
2N

g2
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SCE:  calculational technology
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The free energy density
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The graphs to be calculated
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Introducing a physical temperature

Münster, Langelage, Philipsen 08

Consider two lattices, one with finite temporal extent, 
periodic b.c.

Subtract vacuum contribution (renormalisation, cf. 
continuum)

Physical free energy density: 

New class of diagrams contributing to difference
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Leading order contributions
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The leading order result

Strong coupling (T=0) limit has zero free energy, pressure!
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The hard part: corrections
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The series for the free energy density

16



Free energy from free glueball gas
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Getting more information from the series

Improved convergence, critical coupling
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Phase transition limits radius of convergence
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Estimates for the critical couplings for SU(2)
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Energy density in comparison with MC
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Quality check: comparison with Monte Carlo
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Temperature dependence of screening masses
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Including fermions
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Leading orders of the hopping expansion
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Temperature effects

Now two character expansions, compute again
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The free energy density

HRG arises as strong coupling effective theory! 

29



Refinements: investigation of the phase transition

Easier to calculate and better convergence: Polyakov loop susceptibility 
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Again double character expansion, leading graphs:

Langelage, Philipsen 09
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Examples for corrections

31



Results for SU(2)

etc.

Model DLog by Pade’s as before
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Results for Nt=1

unbiased

biased

βc = 0.8730(2)MC:

β̄c = 0.877(11)
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QCD:  SU(3) to leading order hopping expansion

Double character expansion as before
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Now search for critical phase transition
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unbiased

bias with 3d Ising exponent for better accuracy
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Switching on chemical potential

first order region shrinking with real chemical potential, transition weakens!

Z(N) transition in the imaginary direction visible!

-3 -2 -1 0 1 2 3

(µ/!)^2

0

2

4

6

8

10

12

M
/T

from µ
from µ
M_inf

Potts, 72^3

first order transition

cross-over

 Potts model de Forcrand et al. 06
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Conclusions

EoS and screening masses in confined phase from SCE  

Exponential smallness of pressure and near T-independence
of screening masses are genuine strong coupling effects

Inclusion of dynamical (heavy) quarks possible

HRG emerges from the fully interacting theory in the strong coupling limit

Deconfinement critical line clearly identifiable

Generalisation to finite chemical potential straightforward
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