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Phase structure of QCD and the CEP
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Phase structure of QCD and the CEP
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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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¢ 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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Great opportunity for a combined analysis of high density QCD (Exp. data + lattice QCD + functional QCD + LEFTSs)



Phase structure from functional QCD: Predictions & estimates
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Four-quark scattering channels
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Predictions & estimates
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Predictions & estimates
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Predictions & estimates
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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!

Location of CP : Theoretical Prediction

Preliminary collection from Lattice, DSE, FRG and PNJL (2004-2020)

S0 200 62.4 39 27 19.6 17.1 145 11.5 77 7.2 6.2 5.2 45 39 35 32 30 VSNN (GeV)
Lattice i
-- LI1: F. Karsch et al., NPA 956, 352 (2016)
%  L2: Fordor & Katz, JHEP, 0404, 050 (2004) (Reweighting)
*  L3: Gavai & Gupta, NPA 904, 883c (2013) (Taylor Expansion)
FRG us/T <2
V¥  Fl: Weijie Fu et al., Phys. Rev. D 101, 054032 (2020)
V¥  F2: Defu Hou et al., PRD 96, 114029 (2017) //'
DSE L1 pp/T > 2
® DI:Y.X. Liuetal, PRD 90, 076006 (2014) it
® D2 YX Liuetal, PRD94,076009 2016) | 7 T e
2001 ¢ p3yvx Livet al,PRL106, 1723012011 | T T e ]
® D4: Hong-shi Zong et al., JHEP 07, 014 (2014) g el T=3
® D5: C.S. Fischer et al., PRD 90, 034022 (2014) 12 (360, 162) el ell=3 up/T =4
S ®  D6:F.Gao, J. M. Pawlowski, PRD 102, 034027 (2020) L3 (279, }555 N ’ //,/ ............................
o ® D7:F. Gao, J. M. Pawlowski, PLB 820, 136584 (2021) . 7 B e
= PNIL T e
: P : Mei Huang et al., EPJC 79, 245 (2019) D2 (262.3, 126.3) D1 (372;1290 T
e o & e el D7 (610, 109)
g ) D5 (504, 115 ’
D3 (330,128) D4 (4,953--1-;7) ° ( ) F1 (635, 107)
P v
100} E—— D3 L=2fm P (720, 90)
..................... (450, 109) ¢
......................... D6 (672, 93)
/”/”, ””,z”” ......................... v
e F2 (780, 55)
................................. Updated version, Luo 2022
L 200 400 600 800
tB (MeV)
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!

_since~2004 __J °

Location of CP : Theoretical Prediction

Preliminary collection from Lattice, DSE, FRG and PNJL (2004-2020)
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*  L3: Gavai & Gupta, NPA 904, 883c (2013) (Taylor Expansion)
FRG /T <2
V¥  Fl: Weijie Fu et al., Phys. Rev. D 101, 054032 (2020)
V¥  F2: Defu Hou et al., PRD 96, 114029 (2017)
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® DI:Y.X. Liuetal, PRD 90, 076006 (2014)
® D2:YX Liuetal, PRD94,076009 (2016) | 7T e
200 ¢ D3vX Livet al,PRL106,172301 2011) | T T e
® D4: Hong-shi Zong et al., JHEP 07, 014 (2014) > T=3 T
® D5: C.S. Fischer et al., PRD 90, 034022 (2014) L’i (360, 162) up/T=3 - 1B / T =
§ ®  DG:F.Gao, J. M. Pawlowski, PRD 102, 034027 (2020) L3 (279, 1’5,55 N R e
5 ® D7:F. Gao, J. M. Pawlowski, PLB 820, 136584 (2021) * o
> PNIL > T e
: P : Mei Huang et al., EPIC 79, 245 (2019) D2 (262.3, 126.3) D1 (372;1290 T
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D3 (330,128) D4 (4_9?;"1“2‘7) ° ( ) F1 (635, 107)
S S v
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................... (450, 109) *
.......................... D6 (672, 93)
................................. .
............................ F2 (780, 5)
e Updated VerSion, Luo 2022
4 200 400 600 800
tB (MeV)
Xiaofeng Luo The 10" RHIC BES theory and experiment online seminar, Oct. 6™, 2020 9

Disclaimer

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

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

' ‘regime with new physics’




Predictions, estimates & extrapolations and how to judge them

Location of CP : Theoretical Prediction

Preliminary collection from Lattice, DSE, FRG and PNJL (2004-2020)

300 200 62.4 39 27 19.6 17.1 14.5 11.5 77 7.2 6.2 5.2 4.5 39 3.5 32 3.0 VSNN (GeV)
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-- LI1: F. Karsch et al., NPA 956, 352 (2016)
%  L2: Fordor & Katz, JHEP, 0404, 050 (2004) (Reweighting)
% L3: Gavai & Gupta, NPA 904, 883c (2013) (Taylor Expansion)
FRG us/T <2
V¥  Fl: Weijie Fu et al., Phys. Rev. D 101, 054032 (2020)
V¥  F2: Defu Hou et al., PRD 96, 114029 (2017) //'
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® DI:Y.X. Liuetal, PRD 90, 076006 (2014) it
® D2:YX Liuetal, PRD94,076009 (2016) | 7T e
200f ¢ Dp3:vx Livet al,PRL106,172301 2011) | T T e
® D4: Hong-shi Zong et al., JHEP 07, 014 (2014) g el T=3
® D5: C.S. Fischer et al,, PRD 90, 034022 (2014) /I:i (360, 162) el Hp/T=3 UB /T =4
/:; ®  DG:F.Gao, J. M. Pawlowski, PRD 102, 034027 (2020) L3 (279, 1555 N ’ //,/ ............................
O ® D7: F.Gao, J. M. Pawlowski, PLB 820, 136584 (2021) * S
= T
: P : Mei Huang et al., EPJC 79, 245 (2019) D2 (262.3, 126.3) D1 (?372,’1'29) .....................
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100} E—— D3 L=2fm P (720, 90)
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T F2 (780, 55)
................................. Updated version, Luo 2022
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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)

(iif) LEFTs & Functional Results (qualitative approximations) that miss lattice benchmarks at (/B =0

(iii) LEFTs with CEPs at large density (missing quark-gluon back reaction)



Predictions, estimates & extrapolations and how to judge them

Location of CP : Theoretical Prediction

Preliminary collection from Lattice, DSE, FRG and PNJL (2004-2020)
Functional QCD

300 200 62.4 39 27 19.6 17.1 14.5 11.5 7.7 7.2 6.2 52 4.5 3.9 3.5 32 3.0 VSNN (GeV)
Lattice
--- L1: F. Karsch et al., NPA 956, 352 (2016)
%  L2: Fordor & Katz, JHEP, 0404, 050 (2004) (Reweighting)
% L3: Gavai & Gupta, NPA 904, 883c (2013) (Taylor Expansion)
FRG

V¥  Fl: Weijie Fu et al., Phys. Rev. D 101, 054032 (2020) +
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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
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Critical O(4) scaling

Critical scaling

Chiral dynamics & quasi-massless modes
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‘chiral scaling’

Trivial All+5 scaling
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‘Non-critical chiral scaling’
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Full order parameter potential

Measure: correlation length

o B ‘Use for chiral dynamics
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