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QCD phase transitions
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QCD phase transitions
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® Lattice-QCD
* present: extrapolation

» future; exact methods !
® DSE/FRG

* not exact, but allow for "1 0%-physics’
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N=2+1-QCD with DSEs

quenched propagator from lattice

i oo

up/down strange
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------------------------------------------------------------------------------------------------------------------------

® quenched: without quark-loop
® Nf=2: isospin symmetry
® Nf=2+1: solve coupled system of 2+3+3 equations

® Vertex: ansatz built along STI and known UV/IR behaviour
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Glue at finite temperature (T+0)

T-dependent gluon propagator from quenched lattice simulations:
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® Crucial difference between magnetic and electric gluon
® Maximum of electric gluon near Tc

Cucchieri, Maas, Mendes, PRD 75 (2007)
CF, Maas, Mueller, EPJC 68 (2010) FRG: Fister, Pawlowski, arXiv: | | 12.5440
Cucchieri, Mendes, PoS FACESQCD 007 (2010)

Aouane, Bornyakov, ligenfritz, Mitrjushkin, Muller-Preussker and Sternbeck, PRD 85 (2012) 034501
Silva, Oliveira, Bicudo, Cardoso, PRD 89 (2014) 074503
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Ni=2+1, zero chemical potential, physical point

zero chemical potential
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Lattice: Borsanyi et al. [Wuppertal-Budapest Collaboration], JHEP 1009(2010) 073
DSE:  CF Luecker, PLB 718 (2013) 1036, CF, Luecker, Welzbacher, arXiv:1405.4762
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Ni=2+1, zero chemical potential, physical point

zero chemical potential
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Lattice: Borsanyi et al. [Wuppertal-Budapest Collaboration], JHEP 1009(2010) 073
DSE:  CF Luecker, PLB 718 (2013) 1036, CF, Luecker, Welzbacher, arXiv:1405.4762

® quantitative agreement
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Unquenched Gluon DSE vs

Lattice

T =187 MeV Quenched
T =215 MeV Quenched
T =235 MeV Quenched

T =187 MeV Lattice
T =215 MeV Lattice
T =235 MeV Lattice
T =187 MeV DSE
T =215 MeV DSE
T =235 MeV DSE

p [GeV]

® quantitative agreement: DSE prediction verified by lattice

DSE:
Lattice:

CF, Luecker, PLB 718 (2013) 1036 [arXiv:1206.5191]
Aouane, Burger, ligenfritz, Muller-Preussker and Sternbeck, PRD D87 (2013), [arXiv:1212.1102]
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Nf=2+1: Polyakov loop and phase diagram
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Nf=2+1: Polyakov loop and phase diagram

200 . | |
/,/ MB/T=2 ///’
I U/ T=3)
150~ — =" 272 mzm - p |
% .\
= 100~ / ) ]
= I --- DSE: chiral crossover
® DSE: critical end point
50+ — DSE: chiral first order
A4-— - DSE: deconfinement crossover \
O ”///:: | | | | | | |
0 50 100 150 200
u, [MeV]

(MeV)

100_. =S erzey 1C. F < 14) ]

Termperature

200 400
Baryonic chemical potential (MeV)

[CEP at large uj

CF, Luecker, PLB 718 (2013) 1036,
CF, Fister, Luecker, Pawlowski, PLB 732 (2014) 273
CF, Luecker,Welzbacher, PRD 90 (2014) 034022

® combined evidence of FRG and DSE: no CEP at pg/T<2
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Nf=2+1: Polyakov loop and phase diagram
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® combined evidence of FRG and DSE:

CF, Fister, Luecker, Pawlowski, PLB 732 (2014) 273
CF, Luecker,Welzbacher, PRD 90 (2014) 034022

no CEP at Up/T<2
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Nf=2+1: Polyakov loop and phase diagram
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® combined evidence of FRG and DSE: no CEP at pg/T<2

Caveat: bal"yon effeCtS miSSing.“ Nc=2: Brauner, Fukushima and Hidaka, PRD 80 (2009) 74035
Strodthoff, Schaefer and Smekal, PRD 85 (2012) 074007
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un/down strange\

--------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------

----------------------------------------------------

----------------------------------------------------

® Physical up/down, strange
and charm quark masses

® Transition controlled by
chiral dynamics

® no lattice or model results
available yet
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un/down strange\

--------------------------------------------------------------------------------------------------------

® Physical up/down, strange

and charm quark masses _ — N2+ _
® Transition controlled by 04 A s -

chiral dynamics - )
® no lattice or model results e
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CF, Luecker,Welzbacher, PRD 90 (2014) 034022
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QCD phase transitions |

Fukushima, Hatsuda, Rept. Prog. Phys. 74 (2011) 014001
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® Low temperatures, large chemical potential:
baryons are important degrees of freedom
® How do baryons affect the quark condensate ??
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Baryon effects onto quark |

® ‘Off-shell baryons’ do affect quark condensate...
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Baryon effects onto quark |

® Dependence on T and M via -propagators
-wave functions

® Exploratory calculation: use wave functions from T=u=0
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Baryons at zero temperature
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Baryons at zero temperature
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® Three-body and diquark-quark approach agree
® Spectrum in one-to-one agreement with experiment
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Baryon effects on the CEP - results (Nf=2)
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® Zero chemical potential: no effects after rescaling
® CEP: almost no effects

Eichmann, CF Welzbacher, PRD93 (2016) [1509.02082]
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Baryon effects on the CEP - results (Nf—2)
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® Zero chemical potential: no effects after rescaling

® CEP: almost no effects
® But: strong U-dependence of baryon wave function
may change situation... Eichmann, CF. Welzbacher, PRD93 (2016) [1509.02082]
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QCD with finite chemical potential:
* back-reaction of quarks onto gluons important
* N\=2+| and N¢&=2+1+|: CEP at Y/Tc > 3
* charm quark does not influence CEP

* Baryon effects may or may not be significant for CEP...

Work in progress: - mesons and baryons at finite T and
- volume effects of CEP from DSEs
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Backup
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Critical line/surface for heavy quarks
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Critical line/surface for heavy quarks
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Approximation for Quark-Gluon interaction

® T,M,m-dependent vertex: @lan @

F (Q7k p) (541/74 2 I ]1/ ] 2 > X

o, @ (xm(u) Infg? /A2 + 1])25
do +q2 A2+ ¢2 47
& Text /
perturbation theory>

Infrared ansatz: e d2 fixed to match gluon input
e d| fixed via quark condensate (see later)
e correct UV (quant.) and IR-behavior (qual.)

CF, Pawlowski, PRD 80 (2009) 025023
Mitter, Pawlowski and Strodthoff, PRD 91 (2015) 054035
Williams, Fischer, Heupel, PRD 93 (2016) 034026
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DSE/Faddeev landscape (T=u=0)

Quark-diquark Three-quark
-T2 D-ED-.D-XD-ID
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N, A masses N N v v v
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N*(1535), . . .
N — N*y
Roberts et al Oettel, Alkofer Eichmann, Alkofer Eichmann, Alkofer  Sanchis-Alepuz, CF
Roberts, Bloch Nicmorus, Krassnigg  Sanchis-Alepuz, CF Williams
Segovia et al.

Eichmann, N*-Workshop, Trento 2015
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DSE/Faddeev landscape (T=u=0)
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Eichmann, N*-Workshop, Trento 2015
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DSE/Faddeev landscape (T=u=0)
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