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Mike and group integrals
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Essentially the Feynman rules for strong coupling



Mike and crossover



Dark to light: Isabelle to RHIC

BIG ACCELERATOR ON 
LONG ISLAND GETS A 'NO' 
VOTE 
By WILLIAM J. BROAD 
Published: July 14, 1983 !
A panel of top physicists who advise the Federal 
Government recommended yesterday that an incomplete 
atom smasher at the Brookhaven National Laboratory on 
Long Island be scrapped. 

“There are no second acts 
in American lives.” 
F. Scott Fitgerald



A lattice approach to deconfinement

Langelage, Lottini & Philipsen, JHEP 1102 (2011) 057

Polonyi and K. Szlachanyi, 1982; mco, 1984;  
Green & Karsch, 1984; Gross & Wheater, 1984

1st correction
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Chiral symmetry breaking the lattice way

Gap equation

Expansion in non-intersecting 
polymer branches is a 
large-d expansion.

Blairon, Brout, Englert and Greensite, 1981

Gap equation is nothing but a 
strong-coupling lattice variant of 
the gap equation typical in four-
fermion interaction models.



Deconfinement and Chiral Symmetry Breaking

• Model includes order parameters for 
both confinement and chiral 
symmetry breaking.


• Includes Polyakov loop (W) effects.


• Includes effect of a chiral 
condensate (λ).


• W and λ are coupled by the effect of 
quarks moving in a Polyakov loop 
background. 



PNJL: lattice inspires phenomenology



Unfinished business: large Nf

Abstract: It is widely believed that chiral symmetry 
is spontaneously broken at zero temperature in the 
strong coupling limit of staggered fermions, for any 
number of colors and flavors. Using Monte Carlo 
simulations, we show that this conventional 
wisdom, based on a mean-field analysis, is wrong. 
For sufficiently many fundamental flavors, chiral 
symmetry is restored via a bulk, first-order 
transition. This chirally symmetric phase appears 
to be analytically connected with the expected 
conformal window of many-flavor continuum QCD. Myers et al., XQCD 2014

JHEP 1302 (2013) 051 



Unfinished business: finite density

arXiv:1406.4397

• Sign problem


• Color superconductivity problem



New/Old business: Resurgence and the lattice

• The behavior of observables are  
described by a trans-series


• Sum includes contributions which 
are not topologically stable, such as 
an instanton-anti-instanton 
contribution. 


• Applies even in theories without 
topologically stable objects.


• Deep connection between 
perturbative and non-perturbative 
sector. 
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• QCD: Argyres and Unsal, 2012.


• CPN-1: Dunne and Unsal, 2012.


•  Quantum Mechanics, Dunne and Unsal, 2013.


• Principal Chiral Model: Cherman et al., 2013, 
2014.


• Self-dual model: Basar et al., 2013.

• Appears to work best in field theories 
in a disordered/confined phase, 
deformed to be effectively Abelian.


• Not clear how to apply in the 
deconfined phase of QCD, where the 
perturbative sector is not given as a 
power series in g2, and there are 
severe IR problems at O(g6).


• Lattice strong-coupling “knows” 
about the continuum limit. How can 
we use this?


• Duality works at a deep level on and 
off the lattice to relate strong-
coupling to weak. How can we use 
this?



My wish for Mike: 
More time for play!

"The theorists have only recently realized that modern 
interactive computer systems allow toying with concepts 

on a time scale comparable to their attention span.” 
Mike Creutz 1983


