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Phase diagram of quark matter: QCD
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Phase diagram of quark matter: QCD
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Phase diagram of quark matter: QCD
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Phase diagram of quark

matter: QCD
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Dynamical mass generation
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Dynamical mass generation
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Dynamical mass generation
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QCD phase transitions: 2+ quark flavors

200

Quarks (almost) massless w-%

150 —

Crossover

100

Temperature [MeV]

Quarks massive =~ | st mmin | e
0 I ! | I | . | . | IT | | | | ]

0 200 400 600 800 1000 1200 1400
Baryon chemical potential [MeV]

M,(p) [GeV]

0. 001 0.1 10 1000

Christian S. Fischer (University of Giel3en)

QCD phase diagram with functional methods



QCD phase transitions: 2+ quark flavors
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QCD phase transitions: 2+ 1| quark flavors
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Chiral transition line from analytic continuation
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QCD with functional methods (T=0, u=0)

propagators vertices

= + 2 g q
a—

for different BRL approaches see work of
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QCD with functional methods (T=0, u=0)

propagators vertices
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Hadron spectra: mesons, baryons, glueballs
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Nf—2+l -QCD with DSEs and meson backcoupling
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Ni=2+1, u=0, physical point
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Towards the chiral limit...
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Towards the chiral limit...
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At the chiral limit...
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At the chiral limit...
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At the chiral limit...
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Location of CEP
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Extrapolation from

imaginary chemical potential
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Extrapolation from imaginary chemical potential
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Extrapolation from imaginary chemical potential

2 nd rder Polynomial
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® Extrapolation works very well!
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Contact with experiment: skewness and curtosis
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Summary: QCD with functional methods

Main goals:

® one framework for all areas of hadron physics:
mesons, baryons, ‘exotic states’, form factors,
hadronic contributions to precision observables (g-2)
® same framework for QCD phase diagram

Main results:
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Approximation for Quark-Gluon interaction

®| attice input for vertex: not yet available...

®Diagrammatics: vertex-DSE (see later...)

explicit solutions at T=0: Mitter, Pawlowski and Strodthoff, PRD 91 (2015) 054035
Williams, CF, Heupel, PRD PRD 93 (2016) 034026

®Slavnov-Taylor identity: T,l,m-dependent vertex

Mok ) — % (54ﬂ40(k)-2r(1(p) : jij(k)—;A(p)> 9 @
i (dgdﬁ(f ’ AquqQ <Boa(u)lnii2/ﬂ+”>%)

e d; fixed via T
* d; fixed to match scale of lattice gluon input
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Approximation for Quark-Gluon interaction

3_""|""""""""l""_
: T=0 o Lattice 1

. 25
®| attice input for vertex: not y¢ |
25
®Diagrammatics: vertex-DSE (s 1!

explicit solutiony 1}

0.5F

®Slavnov-Taylor identity: T, m-

p [GeV]

> C(k)+C ALK+ AL
ke = <54”4 B ) sy ) ST

(d @ (Boa(wn® /A2 + 1]\
dg—l—(]Q | A2—|—q2 4

e d; fixed via T
* d; fixed to match scale of lattice gluon input
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Hadron effects in quark-gluon interaction

qarkglor F
Aodchokh A

quark: 7,0, dq
1 —1 ﬁ%% ﬂ ﬂ
O = ™ O
NR

Eichmann, CF Welzbacher, PRD93 (2016) [1509.02082]
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quark-gluon
vertex:

AJ L l L) L L) A ‘l A s A L) ] Al s L) A

« Lattice: quenched

« Lattice: unquenched (N=2+1)
- . DSE: quenched

— DSE: unquenched (N f=2)

) [GeV]

quarl

M

CF, D. Nickel and R. Williams, EPJC 60, 1434 (2008)
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Hadron effects in quark-gluon interaction
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EoS from microscopic QCD (functional approach):

® chirally broken phase

e quarks, mesons ¢/ our work
® bar)’OnS work in progress (DFG-ind.)
® superconducting phase(s) ¢/ Buballa etal

Muller, Buballa, Wambach, arXiv:1603.02865

@ inhomogenuous broken (‘CriStaIine’) phase(s) work in progress (CRC,A03)
see ta”( OfTh eo MOtta Motta, Bernhardt, Buballa, CF, arXiv:2306.09749
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® Quarks/meson wave functions do change !

| |
1200
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Meson propertles at finite chemical potential

Gunkel, CF, Isserstedt, EP] A 55 (2019) no.9, 169
Gunkel, CF, EP] A 57 (2021) no. 4, 147
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Meson propertles at finite chemical potential
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