The quark spectral function and (heavy) quark diffusion
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Why real-time?

Hydro approach to QGP evolution

Diffusion coefficients, Shear/Bulk viscosity
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Why real-time?

Hydro approach to QGP evolution

- Diffusion coefficients, Shear/Bulk viscosity
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Why real-time?

Capellino er al. EP) Web Conf. 296 (2024)
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Spectral Functional Methods:

x Im + + * Access to realtime correlations

and finite chemical potentials




Spectral Functional equations
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Spectral Functions
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Spectral Functional equations
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Spectral Functional equations




Spectral Functional equations

* Additional spectral integrals for each

* Loop integrals can be calculated in : )
correlation function

dimReg

* Spectral renormalisation for

* Access to the full complex plane , ) i
diverging diagrams




The spectral quark gap equation
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Spectral self-energy
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Spectral self-energy
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Spectral self-energy
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Spectral self-energy

J. M. Pawlowski, JW EPJC 85
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Rec. via GPR from:
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The causal quark gluon coupling
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The causal quark gluon coupling
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The spectral gap equation I

[
)
G
S 0.8} ;
> 1 — a,/ dgnys =1.369
‘% 0.6f — ]
% Zi(p) — @,/ apnys =1.038
-z 0.4+ Ml (p) [GeV] an/aphys =0.601 A
(49
45}
o
B 0.2' \
=
L
0.0 . . s
0.1 0.5 1 5 10
p [GeV]
Causal vertex model reproduces
> p

phenomenology of DxSB

10



The spectral gap equation I

2 1-0%\/"—‘
[
o
G
5 0.8f
> 1 — a,/ dgnys =1.369
‘% 0.6f —
% Zi(p) — @,/ apnys =1.038
'g 04l M;(p)[GeV] a, [ Aphys =0.601
(49
45}
o
© 0.2+
=
L
O_O L 1 2
0.1 0.5 1 5 10
p [GeV]
Causal vertex model reproduces
> p

phenomenology of DxSB

—_
(=]

a1
T

o

Quark spectral functions [GeV'1]
&n

—— Dirac spectral function p”

-10f V| - Scalar spectral function pf 4
@, [ Gohys =1.245 ]
oF — ] Gopys =1.344 ]
% 500 1000 2000 5000
A [MeV]
g Real pole at the onset of scattering for

1

converged solution

Spectral representation for small
Enhancements, including the physical one
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Emergence of acausal structures
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Emergence of acausal structures
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First Shot on Quark Diffusion
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“N—> Absorb 2-loop Diagrams in effective vertex

"N— T-dependence on (effective) vertex usually mild

"N— Compensate with global normalisation
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First Shot on Quark Diffusion
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"> Compute thermal corrections on vacuum input.

- Gluon propagators from reconstruction of
euclidean data at finite T

“N—> Absorb 2-loop Diagrams in effective vertex

"N— T-dependence on (effective vertex) usually mild

"N— Compensate with global normalisation
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First Shot on Quark Diffusion

=0 £
.= lim o, p ) \T — T=0

Compute thermal corrections on vacuum input.

Gluon propagators from reconstruction of
euclidean data at finite T

Fix open coupling strength to reproduce
Euclidean DSE - data at finite T
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Fittet Light and Strange Quark masses ) )
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First Shot on Quark Diffusion

Quark Spatial Diffusion Coefficient

: Charm quark (preliminary)
2.0f

e Lattice charm quark (HotQCD)
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Charm Mass estimated from
strange quark data
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Error band propagated from
error estimate on the masses
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Normalisation fixed at lattice results:
Altenkord et al PRL 132 (2024)
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Todo:

Self-consistent solution of finite
Temperature gap equation

"> Include causal vertex construction

> Go to finite density
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Conclusion

Quark spectral functions with causal vertex
construction.

At physical vertex strengths, quark propagator
fulfills spectral representation.

Enhancement of vertex strength
leads to CC-poles for light quarks

Access to thermal spectral functions and
the heavy quark diffusion coefficient.
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Conclusion

Quark spectral functions with causal vertex
construction.

At physical vertex strengths, quark propagator
fulfills spectral representation.

Enhancement of vertex strength
leads to CC-poles for light quarks

Access to thermal spectral functions and
the heavy quark diffusion coefficient.

Challenges| &|Outlook

"= Quantitative causal modeling of QGV

> Include relevant tensor structures

> Include flavor dependence

"N— Analytic structure of vertex

Self-consistency at finite temperature
and baryon density

Hadron (meson) phenomenology

Direct bound state calculations and BSWF

Pion/Kaon distribution amplitudes and functions

ce el Y

Decays of heavy resonances
"N Transport coefficients

> Quark diffusion and electric conductivity

> Quark contribution to shear viscosity
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Spectral Callan-Symanzik flow

Propagator spectral function in the broken phase
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"\ Mass cut-off ensures causality and Lorenz invariance 0 1

- Renormalise UV-divergency with flowing counter term
Renormalisation condition can eliminate Fine tuning

Include 4-point function via s-channel resummation 2 2 2
> ~ T2 = k%) =0

_ 1
X >< 2 Horak, Pawlowski, Wink PRD 102 (2020)
Horak, lhssen, Pawlowski, JW, Wink, PRD 110 (2024)

Braun et. al. SciPost Phys.Core 6 (2023)



Spectral Bound States

DO | =
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Eichmann, Gomez, Horak, Pawlowski, JW, Wink PRD 109 (2024) X
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Scaling analysis of massive Wick-Cutkosky model:
o "= Classical propagator allow to scale out ¢ = rg/mS
Vg, P)= | K(¢,k,P)G(ky)G(k_)WVY(k, P / _ /
(0.P) = [ K(a.k.P)Gllks) Gli) W(k. P > MU = cnl U,
2nd exc --..._,__A 1/77’2

“\—> Convert to eigenvalue equation M ¥; = n;V;

1St exc s |

ground
state

"> Take total momentum onshell  P? = —M/?

. M; Ay
“N\—> Bound-state solution <— <—, —> =1 -
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