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vacuum QCD: current set of correlation functions
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vacuum QCD: Euclidean propagators

Two-flavour QCD
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vacuum QCD: current set of correlation functions
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vacuum QCD: Quark-gluon vertex
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QCD at finite density
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QCD at finite density
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fRG-DSE

QCD at finite density

Nf=2+1 Gluon and quark benchmark results in the vacuum and at finite T
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QCD at finite density
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renormalised light condensate

fRG-DSE

QCD at finite density

Chiral order parameter benchmark results at finite T

renormalised condensate
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fRG-DSE

QCD at finite density

Chiral order parameter benchmark results at finite T
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QCD phase structure
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Some applications (fQCD)
Fluctuation of conserved charges

Benchmark at vanishing density

15

1.0

0.5
. [ L ] ag
QCD-assisted LEFT 00 =
| | === fRG-LEFT
== HotQCD (2020)
HotQCD (2017)

02K & ws

0.0

—-0.5F

-1.0f

0'080 100 120 140 160 180 200 220 80 100 120 140 160 180 200 220 _380 100 120 140 160 180 200 220
T[MeV] T[MeV] T[MeV]

Builds on

Fu, JMP, PRD 93 (2016) 091501
Fu, JMP, Schaefer, Rennecke, PRD 94 (2016) 116020

Strangeness

Fu, JMP, Rennecke, SciPost Phys. Core 2, 002 (2020)
PRD 100 (2019) 11, 111501
Wen, Huang, Fu, PRD 99 (2019) 094019

Fu, Luo, JMP, Rennecke, Wen, Yin, in preparation



Some applications (fQ

Fluctuation of conserved charges

;': ______________________ 1.0 =====m =g T 'H“'
’ 0.5 ““iL 2
QCD-assisted LEFT o | ¥ o =

&= fRG-LEFT

Benchmark at vanishing density

0.4 -
HotQCD (2020) L 4
HotQCD (2017) -0.5 r 1
02F & ws i L 4
""" HRG -1.0 TR
O'080 100 120 140 160 180 200 220 80 100 120 140 160 180 200 220 380 100 120 140 160 180 200 220
TMeV] TMeV] TMeV]
Freezeout curve (Hyper-) fluctuations
s [MeV] 5 [MeV]
© AV T © © LAV T ©
200 , , , , , , , § ST T ee Ay ¥ ST F ee Ay
- T T T T T T T 1 T T T T T T T
- - Andronic et al. 25 B fRG-LEFT freezeout: Andronic et al. | 25 | fRG-LEFT freezeout: STARII |/
180 |- @ STAR - @  fRG-LEFT freezeout: STAR | ¥ STARdata
. [ freezeout: Andronic et al. sol Y STAR data 1 20k ]
%- & freezeout: STAR | : ' *
160 il --Q_ﬁ_a freezeout: STAR Il 1 . .
el ag 15[ . 23 15} * i
— [ ‘ T
= 140} "R 1 =) = ,
> N Lo e R - ——— =1 ma B e e e el —
Q Ui\ mﬁ‘ N 1 71{ 71{
E \s\ @® Q: J m zi—{ Skl ]
: 120 | 170 p——-—"1 N . 05 l : - 05| — g
®
S A\,
160 M TE S . N § #* K
100 k =% \ i 0.0 [ § R 0.0 | R
A
150 |- N - i N
= *% i \\ -0.5 T T T 1 T -0.5 T 1 T
80 | 140 - AN i\ 7] = @ fRG-LEFT freezeout: Andronic et al. |3 fRG-LEFT freezeout: STAR II
130 . . . A \\ @®  fRG-LEFT fre.ezeout: STAR | : 10t b * STAR preliminary ]
60 L OI 100 %00 30q 400 I I I \é\—{_ * STAR preliminary
0 100 200 300 400 500 600 700 800 — —
ag R g 10° h
UB [MGV] S I =T
N— ~—
Qg ./-I——-."_——i Qg
« -10° |- R
N * ) *
« -10* |- R
— — : f 150 ; —t—— — : f
B fRG-LEFT freezeout: Andronic et al. || fRG-LEFT freezeout: STAR Il Il
®  fRG-LEFT freezeout: STAR | 100 } ]
10?2 |- .
101 -
—~ —~ 50 T
[ N
See) 50
100 -
o A S
Mo 100 | Q&
210t b m =50 | -
-102 |- «
l -100 - R
-10° | g
_104 /1\ M L L Il\ L L1 L —150 L ol L L L L 11 L
“w o © o R IS A © b o A o v o S
NSy e YT gy v NS e Y T e v
vV SNN [GGV] vV SNN [GeV]

Fu, Luo, JMP, Rennecke, Wen, Yin, in preparation



Some applications (fQ

Fluctuation of conserved charges

Benchmark at vanishing density

1.2
15F i |
10— - - - i
] T [ ._H__. |
0.8 b
0.5 ‘ \“ifl’L
. Qg g6 | mg Ry
QCD-assisted LEFT = Sy = |
0.4 ||=== fRG-LEFT [t ctcmed |
HotQCD (2020) 4 | ]
HotQCD (2017) -0.5 i 1
02F & ws i L |
""" HRG -1.0 TR
O'080 100 120 140 160 180 200 220 80 100 120 140 160 180 200 220 _380 100 120 140 160 180 200 220
TMeV] TMeV] TMeV]
Freezeout curve (Hyper-) fluctuations
115 [MeV] 115 [MeV]
© AV T © o LAV T ©
200 , , , , , , , S &858 F e R S &858 § e A
- T T T T T T T T 1 T T T T T T T T
- - Andronic et al. 25 B fRG-LEFT freezeout: Andronic et al. | 25 | fRG-LEFT freezeout: STARII |/
180 |- @ STAR - @  fRG-LEFT freezeout: STAR | ¥ STARdata
. [ freezeout: Andronic et al. sol Y STAR data 1 20k ]
%- & freezeout: STAR | : ' *
160 b --'&;-ﬁ_a freezeout: STAR Il ] g —_
: ag & 15 e |
) B <
J— = “s\e‘ Q: Q:: |
= 140 4 . = T I O I o |
D) Uis g ag ' I * 71{
E \s\ @® Q: m zi—{ *L ]
: 120 | 170 p——-—"1 N . 05| — g
®
o 3,
160 i&@ ; . N, oor il i
100 + i e - '
\,
150 E i N
BN \
= *% i \ -0.5 T T T 1 T -0.5 T 1 T
80 | 140 - AN i\ 7] = @ fRG-LEFT freezeout: Andronic et al. |3 fRG-LEFT freezeout: STAR II
130 | | | S \\ @  fRG-LEFT freezeout: STAR | : 10t b * STAR preliminary ]
60l ~ 0 100 200 300 400 - & STAR preliminary
1 1 1 1 1 1 1 N
0 100 200 300 400 500 600 700 800 — —
ag R g 10° h
UB [MGV] S I <
N— ~— 0
MY g ° CEa i
= A
T T T T ; ;
2 | @®  fRG-LEFT freezeout: STAR Il ﬂ,
« -10* |- R
s { i E = 3
____________________________________________ — — : f 150 ; —t—— — : f
B fRG-LEFT freezeout: Andronic et al. || fRG-LEFT freezeout: STAR Il Il
or l 8 ® ® &9 e | @  fRG-LEFT freezeout: STAR | 100 F A
[l 102 |- i
Dd -2 F 1 1
10° |
—~ —~ 50 T
™ N
0 0
| i 100 -
: C 8 Gl
g 0k g
-6 b qok & -50 |- b
_8 ! ! ! ! ! L1 ! -102 | -
A 6 6 o & v S l -100 - R
N AN S v 10° | B
/SNN [Gev] _10% I L1 I I I L1 I ~150 I L I I I L1 I
D O b L > v S N D b L R kg S
NSy e 3& S NoyY e 5 ?
vV SNN [GGV] vV SNN [GeV]

Fu, Luo, JMP, Rennecke, Wen, Yin, in preparation



Summary & Outlook

*Towards apparent convergence in functional approaches to QCD

" Results & predictive power for the phase structure of QCD

*Observables: quark condensates, fluctuations of conserved charges

*Towards quantitative precision at high densities

»Systematic improvements under way for ug/T = 3



Summary & Outlook

*Towards apparent convergence in functional approaches to QCD

" Results & predictive power for the phase structure of QCD

*Observables: quark condensates, fluctuations of conserved charges

*Towards quantitative precision at high densities

»Systematic improvements under way for ug/T = 3

1 t/To
e 2.25

*Transport, hydro, and critical region

: 2.00

e

=

o
T

110175

* Real-time correlation functions

0.10F

Temperature T [GeV]

1 1.50

*Transport at finite mu & T

. 1.25

o

=}

G
T

1| %1.00

* Transport coefficients | " cremical ptenta (G
Blum, Jiang, Nahrgang, JMP, Rennecke, Wink, NPA 982 (2019) 871



