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fQCD collaboration - QCD (phase diagram) with FRG:
 J. Braun, A. K. Cyrol, L. Fister, W. J. Fu, T. K. Herbst, MMN. Muller, J. M. Pawlowski, S. Rechenberger, F. Rennecke, N. Strodthoff
 Temperature
 µ
 early universe
 neutron star cores
 LHCRHIC
 AGS
 SIS
 quark−gluon plasma
 hadronic fluid
 nuclear mattervacuum
 SPS
 FAIR/NICA
 n = 0 n > 0
 <ψψ> ∼ 0
 /<ψψ> = 0
 /<ψψ> = 0
 phases ?
 quark matter
 crossover
 CFLB B
 superfluid/superconducting
 2SC
 crossover
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Outline
 1 Motivation: Why the vacuum?
 2 Vertex Expansion of effective action
 3 “Quenched” Landau gauge QCD
 4 Outlook: unquenching and finite temperature
 5 QCD-enhanced models: η′-meson mass at chiral crossover
 6 Conclusion
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QCD phase diagram with functional methods
 works well at µ = 0: agreement with lattice
 different results at large µ(possibly already at small µ)
 calculations need model input:I Polyakov-quark-meson model with FRG:
 F inital values at Λ ≈ O(ΛQCD)F input for Polyakov loop potential
 I quark propagator DSE:F IR quark-gluon vertex
 possible explanation for disagreement:
 µ 6= 0: relative importance of diagrams changes
 ⇒ summed contributions vs. individual contributions
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Back to QCD in the vacuum (Wetterich equation)
 use only perturbative QCD inputI αS(Λ = O(10) GeV)I mq(Λ = O(10) GeV)
 Wetterich equation with initial condition S [Φ] = ΓΛ[Φ]
 ∂kΓk [A, c , c , q, q] = 12 − −
 ⇒ effective action Γ[Φ] = limk→0
 Γk [Φ]
 ∂k : integration of momentum shells controlled by regulator
 full field-dependent equation with (Γ(2)[Φ])−1 on rhs
 gauge-fixed approach (Landau gauge): ghosts appear
 M. Mitter (U Heidelberg) χSB in continuum QCD Wroc law, May 2016 5 / 20
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Vertex Expansion
 approximation necessary - vertex expansion
 Γ[Φ] =∑n
 ∫p1,...,pn−1
 Γ(n)Φ1···Φn
 (p1, . . . , pn−1)Φ1(p1) · · ·Φn(−p1 − · · · − pn−1)
 functional derivatives with respect to Φi = A, c , c, q, q:⇒ equations for 1PI n-point functions, e.g. gluon propagator:
 + 12
 − 2=∂t−1
 want “apparent convergence” of Γ[Φ] = limk→0
 Γk [Φ]
 M. Mitter (U Heidelberg) χSB in continuum QCD Wroc law, May 2016 6 / 20

Page 12
                        

Vertex Expansion
 approximation necessary - vertex expansion
 Γ[Φ] =∑n
 ∫p1,...,pn−1
 Γ(n)Φ1···Φn
 (p1, . . . , pn−1)Φ1(p1) · · ·Φn(−p1 − · · · − pn−1)
 functional derivatives with respect to Φi = A, c , c, q, q:⇒ equations for 1PI n-point functions, e.g. gluon propagator:
 + 12
 − 2=∂t−1
 want “apparent convergence” of Γ[Φ] = limk→0
 Γk [Φ]
 M. Mitter (U Heidelberg) χSB in continuum QCD Wroc law, May 2016 6 / 20

Page 13
                        

Vertex Expansion
 approximation necessary - vertex expansion
 Γ[Φ] =∑n
 ∫p1,...,pn−1
 Γ(n)Φ1···Φn
 (p1, . . . , pn−1)Φ1(p1) · · ·Φn(−p1 − · · · − pn−1)
 functional derivatives with respect to Φi = A, c , c, q, q:⇒ equations for 1PI n-point functions, e.g. gluon propagator:
 + 12
 − 2=∂t−1
 want “apparent convergence” of Γ[Φ] = limk→0
 Γk [Φ]
 M. Mitter (U Heidelberg) χSB in continuum QCD Wroc law, May 2016 6 / 20

Page 14
                        

“Quenched” Landau gauge QCD
 two crucial phenomena: SχSB and confinement
 similar scales - hard to disentangle see e.g. [Williams, Fischer, Heupel, 2015]
 quenched QCD: allows separate investigation:
 matter part [MM, Strodthoff, Pawlowski, 2014]
 pure YM-theory [Cyrol, Fister, MM, Pawlowski, Strodthoff, 2016]
 M. Mitter (U Heidelberg) χSB in continuum QCD Wroc law, May 2016 7 / 20
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Chiral symmetry breakingχSB ⇔ resonance in 4-Fermi interaction λ (pion pole):
 resonance ⇒ singularity without momentum dependency
 ∂tλ = a λ2 + b λα + c α2, b > 0, a, c ≤ 0
 ∂t = − −2 + . . .
 λ
 ∂tλ
 g > gcr
 g = gcr
 g = 0
 g = 0, T > 0
 [Braun, 2011]
 M. Mitter (U Heidelberg) χSB in continuum QCD Wroc law, May 2016 8 / 20
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Effective running couplings [MM, Pawlowski, Strodthoff, 2014]
 0
 0.5
 1
 1.5
 2
 2.5
 3
 3.5
 4
 0.1 1 10
 run
 nin
 g c
 ou
 plin
 gs α
 s
 p [GeV]
 αcrit
 αc-Ac
 αq-Aq
 αA3
 agreement in perturbative regime required by gauge symmetry
 non-degenerate in nonperturbative regime: reflects gluon mass gap
 αqAq > αcr : necessary for chiral symmetry breaking
 area above αcr very sensitive to errors
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4-Fermi vertex via dynamical hadronization [Gies, Wetterich, 2002]
 change of variables: particular 4-Fermi channels → meson exchangeefficient inclusion of momentum dependence ⇒ no singularitiescalculation of model parameters from QCD
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 [MM, Strodthoff, Pawlowski, 2014]
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Vertex Expansion[MM, Strodthoff, Pawlowski, 2014],
 [Cyrol, Fister, MM, Strodthoff, Pawlowski, 2016]
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 + perm.∂t = − − − + 2
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Vertex Expansion[MM, Strodthoff, Pawlowski, 2014],
 [Cyrol, Fister, MM, Strodthoff, Pawlowski, 2016]
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YM propagators [Cyrol, Fister, MM, Pawlowski, Strodthoff, 2016]
 Γ(2)AA(p) ∝ ZA(p) p2
 (δµν − pµpν/p2
 )
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YM vertices [Cyrol, Fister, MM, Pawlowski, Strodthoff, 2016]
 running couplings from differentvertices
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YM vertices [Cyrol, Fister, MM, Pawlowski, Strodthoff, 2016]
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Apparent Convergence [Cyrol, Fister, MM, Pawlowski, Strodthoff, 2016]
 0.1 1 10p [GeV]
 0
 1
 2
 3
 glu
 on
 pro
 pag
 ato
 r d
 ress
 ing
 RG scale dep.
 1D mom. dep.
 3D mom. dep.
 M. Mitter (U Heidelberg) χSB in continuum QCD Wroc law, May 2016 14 / 20

Page 27
                        

Quark propagator [MM, Pawlowski, Strodthoff, 2014]
 Γ(2)qq (p) ∝ Zq(p) /p + M(p)
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 FRG vs. lattice: bare mass, quenched, scale set via gluon propagator
 agreement not sufficient: need apparent convergence at µ 6= 0
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Quark propagator [MM, Pawlowski, Strodthoff, 2014]
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Outlook: unquenched gluon propagator
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 self-consistent solution ofclassical propagators andvertices (1D)
 massless quarks
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Outlook: (transversal) gluon propagator at T 6= 0
 Lattice[Silva, Oliveira, Bicudo, Cardoso, 2013]
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η′-meson (screening) mass at chiral crossover
 small η′-meson mass above chiral crossover? [Kapusta, Kharzeev, McLerran, 1998]
 drop in η′ mass at chiral crossover? [Csorgo et al., 2010]
 chiral crossover: Polyakov-Quark-Meson model (extended mean-field)
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 Φ Nf = 2 quark and meson degrees of freedom
 describes chiral crossover
 (de-)confinement via Polyakov loop potential
 U(1)A-anomaly: mesonic ’t Hooft determinant
 ’t Hooft determinant [Heller, MM, 2015]
 0
 0.0001
 0.0002
 0.0003
 0.0004
 0.0005
 0.0006
 100 200 300 400 500 600 700 800 900 1000
 [Me
 V]-2
 k/[MeV]
 λ(S-P)+
 ∆
 RG-scale dependence from fQCD
 temperature dependence k(T ):
 I λ(S−P)+,fQCD(k) ≡ λ(S−P)+,PQM(T )
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η′-meson (screening) mass at chiral crossover
 small η′-meson mass above chiral crossover? [Kapusta, Kharzeev, McLerran, 1998]
 drop in η′ mass at chiral crossover? [Csorgo et al., 2010]
 chiral crossover: Polyakov-Quark-Meson model (extended mean-field)
 0
 0.1
 0.2
 0.3
 0.4
 0.5
 0.6
 0.7
 0.8
 0.9
 1
 120 140 160 180 200 220 240
 [1]
 T/[MeV]
 <σ>/fπ
 Φ Nf = 2 quark and meson degrees of freedom
 describes chiral crossover
 (de-)confinement via Polyakov loop potential
 U(1)A-anomaly: mesonic ’t Hooft determinant
 ’t Hooft determinant [Heller, MM, 2015]
 0
 0.0001
 0.0002
 0.0003
 0.0004
 0.0005
 0.0006
 100 200 300 400 500 600 700 800 900 1000
 [Me
 V]-2
 k/[MeV]
 λ(S-P)+
 ∆
 RG-scale dependence from fQCD
 temperature dependence k(T ):
 I λ(S−P)+,fQCD(k) ≡ λ(S−P)+,PQM(T )
 M. Mitter (U Heidelberg) χSB in continuum QCD Wroc law, May 2016 18 / 20

Page 34
                        

η′-meson (screening) mass at chiral crossover
 small η′-meson mass above chiral crossover? [Kapusta, Kharzeev, McLerran, 1998]
 drop in η′ mass at chiral crossover? [Csorgo et al., 2010]
 chiral crossover: Polyakov-Quark-Meson model (extended mean-field)
 0
 0.1
 0.2
 0.3
 0.4
 0.5
 0.6
 0.7
 0.8
 0.9
 1
 120 140 160 180 200 220 240
 [1]
 T/[MeV]
 <σ>/fπ
 Φ Nf = 2 quark and meson degrees of freedom
 describes chiral crossover
 (de-)confinement via Polyakov loop potential
 U(1)A-anomaly: mesonic ’t Hooft determinant
 ’t Hooft determinant [Heller, MM, 2015]
 0
 0.0001
 0.0002
 0.0003
 0.0004
 0.0005
 0.0006
 100 200 300 400 500 600 700 800 900 1000
 [Me
 V]-2
 k/[MeV]
 λ(S-P)+
 ∆
 RG-scale dependence from fQCD
 temperature dependence k(T ):
 I λ(S−P)+,fQCD(k) ≡ λ(S−P)+,PQM(T )
 M. Mitter (U Heidelberg) χSB in continuum QCD Wroc law, May 2016 18 / 20

Page 35
                        

η′-meson (screening) mass at chiral crossover: result
 200
 400
 600
 800
 1000
 1200
 120 140 160 180 200 220 240 260 280 300
 m/[
 Me
 V]
 T/[MeV]
 Masses as function of temperature with Polyakov-Loop
 mπ
 mη
 mσ
 [Heller, MM, 2015]
 screening masses!
 QM-Model Nf = 2 + 1:
 0
 200
 400
 600
 800
 1000
 1200
 0 50 100 150 200 250 300
 ma
 sse
 s [
 Me
 V]
 T [MeV]
 π σ a0 η’ η
 [MM, Schaefer, 2013]
 chiral symmetry restoration:⇒ drop in mη′
 M. Mitter (U Heidelberg) χSB in continuum QCD Wroc law, May 2016 19 / 20

Page 36
                        

η′-meson (screening) mass at chiral crossover: result
 200
 400
 600
 800
 1000
 1200
 120 140 160 180 200 220 240 260 280 300
 m/[
 Me
 V]
 T/[MeV]
 Masses as function of temperature with Polyakov-Loop
 mπ
 mη
 mσ
 [Heller, MM, 2015]
 screening masses!
 QM-Model Nf = 2 + 1:
 0
 200
 400
 600
 800
 1000
 1200
 0 50 100 150 200 250 300
 ma
 sse
 s [
 Me
 V]
 T [MeV]
 π σ a0 η’ η
 [MM, Schaefer, 2013]
 chiral symmetry restoration:⇒ drop in mη′
 M. Mitter (U Heidelberg) χSB in continuum QCD Wroc law, May 2016 19 / 20

Page 37
                        

Summary and Outlook
 (quenched) QCD with functional RG
 QCD phase diagram: need for quantitative precision
 quenched QCD in vacuum:I sole input αS(Λ = O(10) GeV) and mq(Λ = O(10) GeV)I good agreement with lattice simulations (sufficient?)
 phenomenology: η′-meson and pion mass splitting
 unquenching (first results)
 finite temperature (first results)
 finite chemical potential
 order parameters, equation of state and fluct. of cons. charges
 more checks on convergence of vertex expansion
 bound-state properties (form factor,PDA. . . )
 M. Mitter (U Heidelberg) χSB in continuum QCD Wroc law, May 2016 20 / 20

Page 38
                        

Summary and Outlook
 (quenched) QCD with functional RG
 QCD phase diagram: need for quantitative precision
 quenched QCD in vacuum:I sole input αS(Λ = O(10) GeV) and mq(Λ = O(10) GeV)I good agreement with lattice simulations (sufficient?)
 phenomenology: η′-meson and pion mass splitting
 unquenching (first results)
 finite temperature (first results)
 finite chemical potential
 order parameters, equation of state and fluct. of cons. charges
 more checks on convergence of vertex expansion
 bound-state properties (form factor,PDA. . . )
 M. Mitter (U Heidelberg) χSB in continuum QCD Wroc law, May 2016 20 / 20



			
LOAD MORE        

            

    

    
    
        
        
        

                

        
                                                
                                    
                        
                            
                                                            
                                                        
                        

                        Symmetry Elements and Operations - MITweb.mit.edu/5.03/www/notes/01_elements_operations_p.pdfuniversity-logo Symmetry Elements Symmetry Operations mirror planes rotation axes equivalent

                    

                                                                
                        
                            
                                                            
                                                        
                        

                        2HDM with spontaneous Higgs  symmetry breaking

                    

                                    

                                                                
                                    
                        
                            
                                                            
                                                        
                        

                        Relating discrete and continuum 2d quantum gravity

                    

                                                                
                        
                            
                                                            
                                                        
                        

                        MOLECULAR SYMMETRY AND SPECTROSCOPY

                    

                                    

                                                                
                                    
                        
                            
                                                            
                                                        
                        

                        V. Constitutive equations Continuum mechanics - unifr.chperso.unifr.ch/ales.janka/mechanics/pdf/5_constitutive-handout2.pdf · Continuum mechanics V. Constitutive equations Ales Janka

                    

                                                                
                        
                            
                                                            
                                                        
                        

                        Chiral symmetry breaking and surface faceting in · PDF fileChiral symmetry breaking and surface faceting in chromonic liquid crystal droplets with giant elastic anisotropy ... 0:

                    

                                    

                                                                
                                    
                        
                            
                                                            
                                                        
                        

                        Nuclear processes in the continuum

                    

                                                                
                        
                            
                                                            
                                                        
                        

                        Breaking the Milliarcsec Barrier Ken Kellermann NRAO RTS2012.

                    

                                    

                                                                
                                    
                        
                            
                                                            
                                                        
                        

                        Breaking, merging and splashing bubbles: the art of fluid ...web.wpi.edu/academics/che/HMTL/CFD_in_CRE_IV/Zaleski.pdf · Breaking, merging and splashing bubbles: the art of fluid

                    

                                                                
                        
                            
                                                            
                                                        
                        

                        The Continuum Hypothesis, the generic-multiverse of …logic.harvard.edu/EFI_Woodin_TheContinuumHypothesis.pdf · The Continuum Hypothesis, the generic-multiverse of sets, and the

                    

                                    

                                                                
                                    
                        
                            
                                                            

                                                        
                        

                        Lecture 8: BSMdauncey/DanielMaitreLectures/Lecture6.pdf · Phenomenology – Daniel Maître Grand unified Theories In this model there are two stages of symmetry breaking. At the

                    

                                                                
                        
                            
                                                            

                                                        
                        

                        Breaking through the Normalization Barrier: a self ...compilers.cs.ucla.edu/popl16/popl16-full.pdf · Breaking Through the Normalization Barrier: A Self-Interpreter for F-omega Matt

                    

                                    

                                                                
                                    
                        
                            
                                                            

                                                        
                        

                        CONTINUUM MECHANICS - Introduction to tensorskossa/segedletek/cmech/Intro_tensors.pdf · CONTINUUM MECHANICS - Introduction to tensors CONTINUUM MECHANICS - Introduction to tensors

                    

                                                                
                        
                            
                                                            

                                                        
                        

                        Electroweak Symmetry Breaking without a Higgs at the LHC

                    

                                    

                                                                
                                    
                        
                            
                                                            

                                                        
                        

                        Charge Symmetry and Flavor Symmetry - Jefferson LabCharge Symmetry and Flavor Symmetry ... Miller, Nefkens, Slaus, 1990 ... energy 200 keV, well radius 2.1 fm. Positive scattering

                    

                                                                
                        
                            
                                                            

                                                        
                        

                        Symmetry - Yonsei Universitysscc.yonsei.ac.kr/schedule/files/2014/140613-4/Symmetry... · 2014-06-12 · Geometry The most familiar type of symmetry for many people is geometrical

                    

                                    

                                                                
                                    
                        
                            
                                                            

                                                        
                        

                        Constrained MSSM Unification of the gauge couplings Radiative EW Symmetry Breaking Heavy quark and lepton masses Rare decays (b -> sγ, b->μμ) Anomalous.

                    

                                                                
                        
                            
                                                            

                                                        
                        

                        V. Constitutive equations Continuum mechanics

                    

                                    

                                                                
                                    
                        
                            
                                                            

                                                        
                        

                        Symmetry and Properties of Crystals (MSE638) Electrical ...home.iitk.ac.in/~bsomnath/mse638/WWW/conductivity.pdf · E ect of crystal symmetry on second rank tensor properties Symmetry

                    

                                                                
                        
                            
                                                            

                                                        
                        

                        Dust Continuum

                    

                                    

                                    

        

        
    


















    
        
            
                γλώσσες

                	English
	Français
	Español
	Deutsch
	Portuguese
	Indonesian


            

            
                	Italian
	Romanian
	Malaysian
	Greek
	Dutch
	Polish


            

            
                Σελίδες

                	Κατηγορίες
	Σχετικά με εμάς
	Επικοινωνήστε μαζί μας


            

            
                Νομικός

                	Οροι χρήσης
	DMCA
	Πολιτική cookie
	Privacy Policy


            

        


        


        
            Copyright © 2022 FDOCUMENT

        

            











    

