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‘The (experimental) future is bright’
Tetyana Galatyuk, Erice 2021
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How bright does it get?

Experimental landscape
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Functional approaches are the only first principle approaches to date

that allow for direct computations at finite density with
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Phase structure from functional QCD: how to



How to: systematic error estimates & the LEGO® principle
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The unreasonable effectiveness of low energy effective theories
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How to: systematic error estimates & the LEGO® principle
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Consequences

I: simple correlations
II: Difficult access to some observables

‘No free lunch theorem’

" ‘Your mean field is not my mean field’

6Salol|  _, oTlo 0

5¢ Qb_ﬁg 5¢ Qs:?gquant

12 full gquantum equation of motion



¢ Those are my interpretations, %

How to: direct computations and the minimal point of view
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* 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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» Consequences for functional QCD predictions at finite density
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Great opportunity for a combined analysis of high density QCD (Exp. data + lattice QCD + functional QCD + LEFTSs)
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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]

15

800 1000

" Dominance of scalar-pseudoscalar fluctuations

' Pions & sigma mode



. Moat regime }
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, Common folklore
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Chiral dynamics & soft modes
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Chiral dynamics & quasi-massless modes

Scaling coefficient as function of the pion mass
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Chiral dynamics & quasi-massless modes

Scaling coefficient as function of the pion mass
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Full order parameter potential
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Ripples of the CEP
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QCD-assisted low energy effective theory

Direct QCD input

chiral phase structure
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QCD-assisted low energy effective theory

Direct QCD input
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Fluctuations of conserved charges

Fluctuations of conserved charges
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baryon & proton number fluctuations
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Sneak preview
baryon fluctuations with functional QCD
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Ripples of the critical point

Reconstructing the CEP
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Ripples of the critical point
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Ripples of the critical point

S

Height of the peak of RfQ

m | | |
@—® freezeout: Andronic et al.

E----E freezeout: STAR Fit |
A ~~A freezeout: STAR Fit Il 7

Position of the peak of RfQ

W
Ul

A

o
o
T
>

|

W
o
T
|

o

Ul
T

N

Ul
T

A -

o

B/O—Qal:eezeout: Andronic et al. |

E----E freezeout: STAR Fit | i
A -~=A freezeout: STAR Fit Il

Sl 2 - "

peak height of R.

N
o
T
|

Reconstructing the CEPN

nd
o
T
=
Ul
T
1

e
Ul
T
-
o
I
|

~ 8 ‘~_< 4 -

| A
600 620 640 660 680 700 50 100 150 200 250 ;-
B cep [MGV] HBcep — MBjea [MGV] }

P
o
o wu

VSN at the peak of R [GeV]

Unfolding the high density regime with new phases & physics

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

35
n | | |
= Explanation for the convergence of CEP locations of extrapolation approaches we 301 e~ freezeouts Andronic et al. | -
5 reezeout: i
Si 251 @ A--A freezeout: STAR Fit I -
o
i i i Y- i = 20r l
» Likely scenario: tiny critical regime 2 15l |
= %
g 10 “ABG .
5[ S -
" Access to observables such as fluctuations of conserved charges 0 , Rl
50 100 150 200 250

» Systematic error estimates with the LEGO® principle

CEP Estimate —® CEP Prediction

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



