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Overview

e introduction

e non-local Nambu—Jona-Lasinio model
e mean field

e propagator singularities

e thermodynamics

e correlations

e conclusions



QCD phase transition

two “basis” of states in QCD - hadrons & quarks (+gluons)
hadrons: e. g. ChPT

quarks+gluons: e. g. pQCD

describe the phase transition of one world to another..

e ..in terms of hadrons dissolving into quarks (+gluons)
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IHlustration

1. field theory picture: melting condensates

(@a), (G%,...

2. chemical picture: hadron dissociation

e reconcile the two pictures? — e. g. pion

° nden melt, interaction
e condensates create mass gap condensates melt, interactio

screens
loosely bound
. resonance

——— cONtinUUM /

mass tightly packed —— pion
bound state .

gap ———— CcONtiINUUM

— pion

low T high T

e caveat: chiral physics — confinement?



Task

e construct hadrons from substructure

o lowest lying excitations first to appear in thermodynamics: pions, kaons,
etas

e tools: QCD?
— chiral quark models beyond mean-field
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Non-local NJL model for Nf =2

se= [ {at-io+ ma - [EE6) + i)}
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£ = [e@a(x+3)ra(x=2) . p= [ra(x+3) gq (=-2)
M= (L, ivsT)
e mean-field approximation
f =+ 20)]
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e non-locality yields dynamical mass and wave function renormalization
S7(p) = —PA(P") + B(p)
B(p®) =m+aig(p’),  A(p’) =1+ 0af (p°)



Lattice fits

e alternative form

M(p?) = %, Z(p*) = ﬁ
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e many shapes of form-factors g(p?) and f(p?) possible



Spectrum of the quark propagator

want to describe meson in-medium dissociation
what are the states in which meson will decay to?
— study analytic structure of the quark propagator

simplest case: chiral limit, no WFR term, Gaussian form-factor
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Spectrum of the quark propagator
o chiral limit with WFR term, two Gaussians

_p2 /N2 _ L 2/A2
f(p)=e /", g(p’)=e"/"

25

| increasing vector o
selfenergy

e conclusion
no WFR | mass gap overcritical
WFR | mass gap undercritical

S. B., Blaschke, Contrera, Horvatic, arXiv:1306.0588 [hep-ph]



Impact on thermodynamics

e Matsubara technique for T > 0: ps — wn = 2n+ )7 T
e contour for thermal sums sees the complex singularities £ = € + iy

local NJL

constituent
quarks

Matsubara
freqg's

Q~ —/{Iog[l + e 7] + log[1 + efﬁg*]} = —/Iog[1+2cos(“8w)e736+67256]
P P



Impact on thermodynamics

e Matsubara technique for T > 0: ps — wn = 2n+ )7 T

e contour for thermal sums sees the complex singularities £ = € + iy

strong covariant
interaction pushes
singularities in the
complex plane

Q~ —/{Iog[l +e 7%+ log[l + efﬁg*]} —/Iog[1+2cos(ﬂw)efﬁe—ﬁ—e*we]
p

p



Impact on thermodynamics

e Matsubara technique for T > 0: ps = wn = (2n+ 1)1 T

e contour for thermal sums sees the complex singularities £ = € + iy

undercritical gap

overcritical gap
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Stabilizing the thermodynamics

o if these states represent confined particles should we count them in
thermodynamics?
omit them by hand? — but some of these singularities are continously
connected to physical states in the UV
— possible mechanism: destructive interference with the Polyakov loop

exp(—BE) = exp(—B(e + i7)) = exp(—B(e + iv + i¢3))
Q~ 73/ log [1 + e**eg] +c.c. = — / log [1 + 3be € 4 3de 208 e*358]+c.c.
P P

e similar to expelling constituent quarks in NJL — PNJL
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Stabilizing the thermodynamics
e explicit calculation

without Polyakov loop

<~ with Polyakov loop
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Stabilizing the thermodynamics

e explicit calculation

w/o Polyakov loop w Polyakov loop
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Non-local NJL vs. Instanton liquid models (ILM)

non-local vertices
e same on the mean-field level, but..

o _.for correlations different momentum partitioning for the form-factor in
the quark-antiquark polarization loop

e nl-NJL
_8Ne [ 5, o Ku(p*, 4%, p-q)
Mu(q) = 3 /pg (p )W
e ILM
Mu(q) = / (P)P(5%) —K“((” e
(P =p+q/2)

® consequence in vacuum

nl-NJL ‘ mass gap overcritical
ILM | mass gap undercritical




Correlations in medium

e correct degrees of freedom at low T: mesons

e in local NJL: mesons dissociate when their mass hits the continuum
threshold - Mott transition

e in non-local models non-trivial: gap needs to lower sufficiently to create a

threshold
e start by studying the quark-antiquark polarization loop in medium
8Ne . & [ N Ku (@2, 0%, V2, q%)
Mu(vm, lal) = —T tr {gz(Pi) - o
" 3 Zw/ ‘ D((@4 2, (p7))D((@5 )2, (b~ )2)

o real part of My all singularities contribute
1. Gaussian model: infinite number of them
2. Lorentzian model: finite number

e imaginary part of y: only real singularities contribute
Plant, Birse, Nucl.Phys. A 628 607-644 (1998)



Meson width-approximations

Im[Mw(—iqo, 0)]

(o) = girga(do)
do

1. low T — all singularities complex
2. high T — some singularities become real

3. calculate the threshold only for singularities that continuously evolve to
current quarks as T increases

4. assume the Mott temperature is high enough so that the singularities are
those given at zero momentum, mqp

2
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S. B., Blaschke, Contrera, Horvatic, arXiv:1306.0588 [hep-ph]



Meson width
5. assume Golberger-Treiman relation holds in medium

8rgq ~ My [fx =~ const.

. for go put screening (spatial) masses (pole masses much more difficult to
calculate)

1 — GsMu(0, —imH*)
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Meson width - results
e form-factor in the imaginary part
nl-NJL | g°(q5 — =2)
ILM r*(—=m3,
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e widths extremely sensitive to the way the non-local interaction is
introduced

S. B., Blaschke, Contrera, Horvatic, arXiv:1306.0588 [hep-ph]



Conclusions

QCD phase transition through meson dissociation
e thermodynamics in the mean-field unstable — Polyakov loop

mesons as bound states in medium

e approximate form of the width in the non-local model

widths extremely sensitive to the way the non-locality is introduced
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