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Two point correlation functions
Physical Spectra

£
QCD Dynamics | == Confinement
Generation of Mass Scales

Euclidean to Minkowski

What about its Analytic Structure?

Can we get it from lattice simulations?

Landau Gauge!

D(p?) [GeV™]
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Rn(p?) =14 +1rN (pQ)N

Near diagonal M =N, N+ 1, N - 1 sequences
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Positive defined

+00 @
= Arg(z)] < =

Stieltjes Function

Wy = 0.00
——- wp=1.11-1079
—= wp=2.50-10"%

D Dudal, O O, M Roelfs, P Silva, Nucl Phys B 952, 114912 (2020)
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Gluon Propagator

From 3.25 fm up to 13.01 fm

a=0.101fm

Define Padé approximant by minimising

F.‘—u
-
(¥
2
=

Global optimisation methods:

Differential Evolution
1
p? [GeV?]

Simulated Annealing

LATTICE 2021 - O OLIVEIRA - ANALYTIC STRUCTURE OF PROPAGATORS



Gluon Propagator

Differential Evolution
led.o.f.
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Gluon Propagator
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Gluon Propagator
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Gluon Propagator
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Differential Evolution Simulated Annealing

p® = —(0.343 — 0.220) £ i (0.301 — 0.546) GeV~ p® = —(0.220 — 0.150) £ 4 (0.227 — 0.444) GeV~
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Gluon Propagator
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Landau Gauge Gluon Propagator
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Landau Gauge Gluon Propagator
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Ghost Propagator
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Ghost Propagator
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Quark Propagator
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Quark Propagator

Vec - 290 MeV

Sca - 290 MeV
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Quark Propagator

log |A, | log A,

Vec - 290 MeV 20 -15 -10 -05 0 05 1. Sca - 290 MeV 20 -15 -1.0 =05 0 05 1.0

No clear sigh of complex poles
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Quark Propagator
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\V/=Ye

0.19(6)

0.22(3)

0.26(3)

Sca

0.16(3)

0.19(6)

0.21(6)
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Quark Propagator

Y 150 MeV 290 MeV 422 MeV
Vec 0.19(6) 0.22(3) 0.26(3)
Sca 0.16(3) 0.19(6) 0.21(6)
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Conclusions

Padeée Approximants allow to access the analytic structure from Landau gauge lattice
propagators

Landau gauge gluon propagator: pair of complex conjugate poles + branch cut

Landau gauge ghost propagator: pole at zero momentum + branch cut with precise
location of the branch point

Landau gauge quark propagator: pole at Minkowski momenta that grows (linearly)
with the pion mass squared; not clear if there is a branch cut for p <1 GeV

Problems and Future work:
Precise location of branch cut (gluon propagator)

Investigate for the presence of multiple poles
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