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Phase structure from functional QCD: how to



How to: systematic error estimates & the LEGO® principle
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How to: systematic error estimates & the LEGO® principle
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How to: systematic error estimates & the LEGO® principle

Example: Disect quark-gluon box

gluon two-point correlator O

1/Z 4(p)

25 T T I I
fRG-DSE
————— fRG
u lattice
2.0 T Ny e lattice fit ]
1.5} -
1.0 | . i
S
N
0.5} i
0.0 : '
0 1 2 5
p |GeV]
3 | | | | L | | | | L
-—-- RG scale dep.
— — 1D mom. dep.
) ~ —— 3D mom. dep.

gluon propagator dressing

.
.
—‘“’
o




How to: systematic error estimates & the LEGO® principle

Example: Disect quark-gluon box
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How to: systematic error estimates & the LEGO® principle

>
Example: Disect quark-gluon box
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¢ Those are my interpretations, %

How to: direct computations and the minimal point of view

and if you don’t like them....

~well, | have others  _/

* Self-consistent truncations to functional relations define analytic functions in 15, eg:

on(a()a(y) ) (1) = Loop [{a(2)a(w) )(u), (a(x)4u(0)a(2) ) (i) -5 g
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* Those are my interpretations, %

How to: direct computations and the minimal point of view

and if you don’t like them....

~ well, | have others

* Self-consistent truncations to functional relations define analytic functions in 15, eg:

0,{a(x)a(y) ) 155) = Loop |(a(x)2(v) )(up). (a(x)Auw)a(=)) (). 5 o

» Consequences for functional QCD predictions at finite density
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Phase structure from functional QCD: Predictions & estimates



2.5

Four-quark scattering channels

20 F

1.5 F

0)

| | | | | | |
e (O-TT) e (S +P)_ o (V+A) (V=A)] = (V+A);"
=== (CSC) wm = (S+P)2I == (V+A), (V=A)L — = (v—pa)d ~

Al Ao—m (U

Braun, Leonhardt, Pospiech, PRD 101 (2020) 036004

Predictions & estimates

@QIEIQAEIHI

FRG: Fu et al. 2019

DSE: Gao et al. 2020 &
DSE: Fischer et al. 2021 @

FRG: inhom
Lattice: WB
Lattice: HotQCD
freezeout: STAR

freezeout: Alba et al.
freezeout: Andronic et al.
freezeout: Becattini et al.
freezeout: Vovchenko et al.
freezeout: Sagun et al.

200

400 660
UB [MGV]

10

800 1000

" Dominance of scalar-pseudoscalar fluctuations

' Pions & sigma mode
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Predictions, estimates & extrapolations and how to judge them

Most functional computations
(LEFT or QCD) have not been
set-up for CEP-predictions!
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Xiaofeng Luo The 10" RHIC BES theory and experiment online seminar, Oct. 6™, 2020 9

RHIC-BES Seminar Oct. 6th 2020, Xiaofeng Luo
Disclaimer

Lack of predictive power
for CEP-predictions
Is no quality measure!

" CEPis standing for
 ‘regime with new physics’}



Predictions, estimates & extrapolations and how to judge them

, Common folklore

Most functional computations
(LEFT or QCD) have not been
set-up for CEP-predictions!
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RHIC-BES Seminar Oct. 6th 2020, Xiaofeng Luo
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Predictions, estimates & extrapolations and how to judge them

Location of CP : Theoretical Prediction
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Remove CEP-predictions RHIC-BES Seminar Oct. 6th 2020, Xiaofeng Luo
(i) ‘old’ CEPs: lattice, Functional QCD approaches, LEFTS (updated computations available)
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baryon fluctuations with functional QCD
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Unfolding the high density regime with new phases & physics
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Great opportunity for a combined high precision analysis of high density QCD (Exp. data + lattice QCD + functional QCD)
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* Functional QCD provides direct

" Predictions:

= EFstimates:

1St

Summary

principle results for the phase structure at finite density
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Summary

* Functional QCD provides direct 15t principle results for the phase structure at finite density
" Predictions: M?B <4
" Estimates: 4 < ?B < 8
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* Functional QCD results support the use of low energy effective theories for phenomenological applications

= Explanation for the convergence of CEP locations of extrapolation approaches

» Likely scenario: tiny critical regime

= Access to observables such as fluctuations of conserved charges
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Summary fQCD
= Functional QCD provides direct 15! principle results for the phase structure at finite density o
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* Functional QCD results support the use of low energy effective theories for phenomenological applications
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» Systematic error estimates with the LEGO® principle

CEP Estimate —® CEP Prediction

Diquarks/baryons: //  Density channel/mode: (/) Moat/inhomogeneous regime: (( /"))
24

HBcrp — HBpeax [MGV]

Stay tuned



