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QCD Phase Transitions

QCD: two phase transitions: carly universe
ALICE quark-gluon plasma
@ restoration of chiral symmetry RHIC
[0 _
SUL+r(Ny) — SUL(Nf) x SUR(Ny) 5| CBM <Yu>1D
g_ SPS quark matter
= <gy>>0
order parameter:
hadronic fluid crossover ]
@) > 0 < symmetry broken, T < T, superfluid/superconducti
94 = 0 & symmetric phase, T > T, phases ?
ng=0 ng>0 25C <YyF>0 o
. L vacuum \ nuclear mattel  neutron star cores
associate limit: m; — 0 m

chiral transition: spontaneous restoration of global SUL(Ny) x SUr(Ny) at high T
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QCD Phase Transitions

QCD: two phase transitions: carly universe
ALICE quark-gluon plasma
@ restoration of chiral symmetry RHIC
. [0} —
@ de/confinement (center symmetry) 5 | CBM <Gy~ [0
g_ SPS quark matter
order parameter: = <Py> >0
[ { = 0« confined phase, T < T hadronic fluid s:rperfluid/supercm
> 0 < deconfined phase, T > T, phases ?
ng=0 ng>0 2SC  <yyg¥>0 CFL
vacuum nuclear mattel  neutron star cores

B
1 i/ dtAo(T,X) M
&= —(trPe Jo )

" [ e[ [
associate limit: my — oo -

= related to free energy of a static quark state: ® = ¢4
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QCD Phase Transitions

QCD: two phase transitions: carly universe
ALICE quark-gluon plasma
@ restoration of chiral symmetry RHIC
. [0} —
@ de/confinement (center symmetry) 5 | CBM <Gy~ [0
g_ SPS quark matter
order parameter: = QY>>0
[ { = 0« confined phase, T < T hadronic fluid s:rperfluid/supercm
> 0 < deconfined phase, T > T, phases ?
ng=0 ng>0 2SC  <yyg¥>0 CFL
vacuum nuclear mattel  neutron star cores

n

alternative:
=» dressed Polyakov loop (or dual quark condensate)
it relates chiral and deconfinement transition to spectral properties of Dirac operator
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The conjectured QCD Phase Diagram

Temperature

early universe
ALICE quark—gluon plasma
RHIC o
crossover CBM <gpy>[D
SPS quark matter
<mlp> >0
hadronic fluid crossover ]
superfluid/superconducti
phases ?
ng=0 ng>0 2SC <qu,1/> >0 CFL
vacuum nuclear mattel  peutron star cores

. H .
At densities/temperatures of interest
only model calculations available

effective models:

Open issues:

related to chiral & deconfinement
transition

> existence of CEP?
> its location?

> additional CEPs?
How many?

> coincidence of both transitions at
n=07?
> quarkyonic phase at 1 > 0?

> chiral CEP/
deconfinement CEP?

> so far only MFA results
effect of fluctuations (e.g. size of
crit. reg.)?

@ Quark-meson model (renormalizable)
@ Polyakov—quark-meson model

or other models e.g. NJL

or PNJL models
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Charts of QCD Critical End Points

model studies vs. lattice simulations

Black points: models Lines & green points: lattice Red points: Freezeout points for HIC

200 lattice methods:
130
T, _vm';l,EtO_ff__ rH_B_O’Z‘I__TEOS @ reweighting
MeV 17 © ;““~\;;—>"~~ | RO1 . .
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9 @ Taylor expansion
Lo . around up =0
RM98
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L & M i
100 /S oQ @ ®PNJLO06
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Phase diagram in (7', g, my)-space

Chiral limit: (m, = 0) SU(2) x SU(2) ~ O(4)-symmetry — 4 modes critical o, 7 )

T
Q critical line, mq= 0
’0(4) universality General properties
m
g r' tricritical point, m, =0 o
» @ chiral limit

tricritical point
(Gaussian fixed
point)

i)

w
triple line, my = 0
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Phase diagram in (7', g, my)-space

Chiral limit: (mg = 0) SU(2) x SU(2) ~ O(4)-symmetry — 4 modes critical o, 7 )

my # 0: no symmetry remains — only one critical mode o (Ising) (= massive) J
T
critical line, mg= 0
’0(4) universality General properties
m
9 i tricritical point, my; =0 e
¥ @ chiral limit

3d-Ising universality
» line of end points,

mg £ 0

HB

surface of 1st order
transitions

WL

triple line, my = 0
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tricritical point
(Gaussian fixed
point)

@ finite my,

critical endpoints
(3D-Ising class)
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o Three-Flavor Quark-Meson Model
o ...with Polyakov loop dynamics

o Finite density extrapolations
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Ny = 3 Quark-Meson (QM) model

@ Model Lagrangian: Lqm = Lquark + Lmeson
a) Quark part with Yukawa coupling g:

Aa .
S (0 + iv57a) )q

Equark = 6(1@ -8 )

b) Meson part: scalar o, and pseudoscalar m, nonet
fields: ¢ = Z (0a + ima)
Limeson = tr[0,¢' 0" ¢] — mtr[op! ¢] — \i (tr[o" ¢])?

—otr[(¢79)*] + ¢ [det(¢) + det(¢")]
+r[H (¢ + ¢")]

explicit sym. breaking matrix: H = Z—hd

U(1)4 symmetry breaking |mplemented by 't Hooft interaction
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Mean field approximation

@ partition function:
1)1

Z(T,p) = / DgDq | [ DouDraexpy i / did’x | L= + > 1yd@ryods
a 0 f

@ here SU(2) isospin symmetry: only two condensates o, and o,
@ evaluation fermion determinant

Grand canonical potential

ThhZ
Q(Tvﬂ) = - v :U(UX?U)')+Q§q(T7M)

with mesonic potential U(ox, oy) and

&k (E. r—u)/T —(Ey+1)/T
Qg(T, ) = —MJf%S/W {1n(1+e Eas=#ITY L 1n(1 + &= Earten)/ )}
=» divergent vacuum contribution neglected here = influences phase diagram
cf talk B. Friman

EoM determines non-strange o (T, 1) o0 o0
and strange o, (T, ) condensates oo = o =0

o)=0x,08=0Yy
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Phase diagram Ny =2 + 1 (1 = il = i)

[BJS, M. Wagner, '09]
Model parameter fitted to (pseudo)scalar meson spectrum:

PDG: f,(600) mass=(400...1200) MeV — broad resonance
=» existence of CEP depends on m, value!

Example: ms = 600 MeV (lower lines), 800 and 900 MeV (here mean-field approximation)

with U(1)4
250 ; ; ; . . ! :
crossover
1st order
200 CEP o |

150

T [MeV]

100

50

0 1 1 1 1 1 1 Il
0 50 100 150 200 250 300 350 400

u [MeV]
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In-medium meson masses

[BJS, M. Wagner, '09]

> genuine problem of linear sigma model w/o quarks at finite T
— negative meson masses
> but not in this approximation
->Ward identities, Goldstone theorem etc. are all valid in-medium e.g.
hx :f‘rrmzr

similar in strange sector

> At low temperatures: mesons dominate
At high temperatures: quarks dominate
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In-medium meson masses

[BJS, M. Wagner, '09]

masses with ~ U(1)4 anomaly

1400 —_— 1600 R T
1200 1400 r 1
1000 1200
1000
> 800 >
= = 800
s 600 s s00
400 400
200 200 | o |
K _____
0 P 0 P
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 40C
T [MeV] T [MeV]
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In-medium meson masses

[BJS, M. Wagner, '09]

masses without U(1)4 anomaly

1200 — 1600 —
1000 | A 1400 + 1
1200
= 800 oo | = 1000
[ m
S 600t \ {1 = 800
= R s
400 | ] 600
/ ag 400
200 F g ----- ] 200 | M e |
0 ‘ ‘ ‘ ‘ ‘ T[1 n" ...... ‘.... 0 ‘ ‘ ‘ ‘ ‘ K _4_‘4_
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 40C
T [MeV] T [MeV]
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In-medium meson masses

[BJS, M. Wagner, '09]

M [MeV]
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Mass sensitivity

Chiral limit: RG arguments — for Ny > 3 first-order v/ [Pisarski, Wilczek '84]

> my/mi = 0.49 (lower line), 0.6,0.8 .. .,1.36 (upper line)
my = 138 MeV , mg = 496 MeV , ratio mx /mgx = m}. /my fixed

with U(1)4, ms = 800 MeV

250

crossover
1st order

CEP e

T [MeV]

0
0 50 100 150 200 250 300 350 400
H [MeV]
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Mass Sensitivity (lattice, Ny =

Columbia plot: [Brown et al. '90]
Ng =2 Pure
Nee2 o Gauge
Txf ~ 175 MeV 1st 7 T, ~ 270 MeV
2nd order Q(der
4 0o(4)? )
tric s ’
m_ -} crossover ,
s , s Nf =3

/

phys. point ,~ Ng =1
7

mg v
2nd order
y 22
s order
TV ~ 155 MeV ol
0 my , my e
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Mass Sens

Standard scenario: m.(u) increasing

Real world ——

confined

Color superconductor

Nonstandard scenario: m.(y) decr.

Real world ——
Heavy quarks

confined

Color superconductor

[

v

B.-J. Schaefer (KFU Graz)

[de Forcrand, Philipsen: hep-lat/0611027]
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Chiral critical surface (my = 800 MeV)

[BJS, M. Wagner, '09]

@ chiral critical surface in (mr, mg)-plane
— standard scenario for m, = 800 MeV (as expected)

with U(1)4 without U(1),4

physical point ,:;::‘2‘3;;’;1:':3;,,

2>
2%

physical point 222 g
N W
400 Vi ) 400 Gz
G S s 2
s SIS 5 2
300 /”/I///,//I/ SN 300 i
Wi el W s
Ml s s St TR
A SIS il %
100 | /,/"’7,0'"!"'"0'0"‘ V0 »“ 100 %WW
Ui ' s
{ Uik
60 175 601 il i 175

.

Note: 't Hooft coupling u-independent
PNJL with (unrealistic) large vector int. — bending of surface
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Chiral critical surface for different m,,

[BJS, M. Wagner, '09]

@ chiral critical surface in (m, mg)-plane for different m.

> CEP vanishes for m, > 800 MeV — possible non-standard scenario?
=» three cuts of critical surface along fixed m, /mx ratio through physical point

450 200 m. = 700MeV
, 180 o~
400 160 m.= 800MeV |
350 | 140 m,= 900MeV —— |
300 |
% 250 3 20
| 2 100
= [ 80 r
150 ¢ 60
100 | m,= 700MeV |
m,= 800MeV 40 ¢
50 ¢ m,= 900MeV —— | 20
0 ‘ ! ‘ 0 : : :
0 05 1 15 2 0 05 1 15 2
m_/m_ * m_/m_*
v v
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o ...with Polyakov loop dynamics
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Polyakov—quark-meson (PQM) model

o Lagrangian Leom = Lqm + Lpol  With Lol = —g70Aog — U($, B)

1 polynomial Polyakov loop potential: Polyakov 1978, Meisinger 1996
Pisarski 2000

with
bz(T, T()) = ap —|— al(To/T) —|— az(To/T)z —|— ag(T()/T)3
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Polyakov—quark-meson (PQM) model

o Lagrangian Leom = Lqm + Lpol  With Lol = —g70Aog — U($, B)

1 polynomial Polyakov loop potential: Polyakov 1978, Meisinger 1996
Pisarski 2000

U9 _ T T0) g b1 (g5 5) 4 22 (g

T4
with
bz(T, T()) = ap —|— al(T()/T) —|— az(To/T)z + a3(T()/T)3
2 logarithmic potential: Rossner et al. 2007
U 1 - - - _
9 = —a(T)go +b(T)In [1 =660 +4 (¢* + &) — 3 (60)°
T 2
with

a(T) = ap + a1 (To/T) + a2 (To/T)>  and  b(T) = b3(To/T)’
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Polyakov—quark-meson (PQM) model

o Lagrangian Leom = Lqm + Lpol  With Lol = —g70Aog — U($, B)

1 polynomial Polyakov loop potential: Polyakov 1978, Meisinger 1996
Pisarski 2000

U9 _ T T0) g b1 (g5 5) 4 22 (g

T4
with
bz(T, T()) = ap —|— al(T()/T) —|— az(To/T)z + a3(T()/T)3
3 Fukushima Fukushima 2008
Uris = —bT {54("/ 6% +In [1 —66p + 4 (¢3 T (53) -3 (pr)z} }
with

a controls deconfinement b strength of mixing chiral & deconfinement
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Polyakov—quark-meson (PQM) model

@ Lagrangian Lpam = Lgm + Lol with  Lpol = —gY0Aog — U(d, d)

1 polynomial Polyakov loop potential: Polyakov 1978, Meisinger 1996
Pisarski 2000

U9 _ T T0) g b1 (g5 5) 4 22 (g

T4
with
bz(T, T()) = ap —|— al(T()/T) —|— az(To/T)z + a3(T()/T)3
in presence of dynamical quarks: Ty = To(Ny) BJS, Pawlowski, Wambach, 2007

Ny ] o | 1 | 2 J241] 3
Ty [MeV] ][ 270 [ 240 [ 208 [ 187 [ 178
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Polyakov—quark-meson (PQM) model

@ Lagrangian Lpaw = Lgm + Lol with Lol = —g10Aog — U(9, §)

1

polynomial Polyakov loop potential: Polyakov 1978, Meisinger 1996
Pisarski 2000
U(p, ¢ by (T, T by ,, 2
0.0 _ RTT) 5 B (54 5) + 2 (09)
T 16
with
bz(T, T()) = ap —|— al(T()/T) —|— az(To/T)z + a3(T()/T)3
in presence of dynamical quarks: Ty = To(Ny) BJS, Pawlowski, Wambach, 2007
N Lo | 1 ] 2 |24+41] 3
To[MeV] [ 270 [ 240 [ 208 [ 187 [ 178
p#E0: $>¢

since ¢ is related to free energy gain of antiquarks
in medium with more quarks — antiquarks are more easily screened.

B.-J. Schaefer (KFU Graz) 19/31



Polyakov—quark-meson (PQM) model

@ Lagrangian Lpam = Lgm + Lol with  Lpol = —gY0Aog — U(d, d)

1

polynomial Polyakov loop potential: Polyakov 1978, Meisinger 1996
Pisarski 2000
U(p, ¢ by T To by ,, 2
0.0 _ RTT) 5 B (54 5) + 2 (09)
T 16
with
bz(T, T()) = ap —|— al(T()/T) —|— az(To/T)z + a3(T()/T)3
in presence of dynamical quarks: Ty = To(Ny) BJS, Pawlowski, Wambach, 2007

Ny ] o | 1 | 2 J241] 3
Ty [MeV] ][ 270 [ 240 [ 208 [ 187 [ 178

w#0: finally To = To(Ny, 1)
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Finite temperature and finite . (PQM Ny = 2)

[BJS, Pawlowski, Wambach '07]

without p-modifications in Polyakov potential:

order parameters

1.2 . . . . . .
—— u=0 MeV 16 L u=0 MeV
1 —— U=168 MeV | qal T n=168 MeV i)
=270 MeV . —— u=270 MeV
0.8 r 1 1.2
1 L
061 0.8 |
0.4 0.6
02 04
’ 0.2 r
0 . . . - : 0 i . . .
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
T [MeV] T [MeV]
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Phase diagrams Ny = 2
[BJS, Pawlowski, Wambach ’07]

in mean field approximation @ for PQM model Ny =2

chiral transition and 'deconfinement’ coincide

200 ‘ ‘ : : ‘
1st order
crossover

CEP .
150 | 1
%
= 100 + 1
|_
50 1

0 ! ! ! ! ! !
0 50 100 150 200 250 300 350
u [MeV]
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Phase diagrams Ny =2

[BJS, Pawlowski, Wambach ’07]

@ for PQM model Ny = 2
@ for QM model Ny = 2

in mean field approximation
chiral transition and ‘deconfinement’ coincide

(lower lines)
200 T .
1st order
crossover
CEP o
150 ¢ 1
2
= 100 | 1
|_
50 1
0

0 50 100 150 200 250 300 350
u [MeV]
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Phase diagrams Ny =2

[BJS, Pawlowski, Wambach ’07]

in mean field approximation @ for PQM model Ny = 2
chiral transition and ‘deconfinement’ coincide @ for PQM model Ny = 2
with

p-modification

200 ‘1st order in Polyakov loop
crossover potential
CEP ° (lower lines)

150 r ]
3
= 100 ¢ |
|_

50 r ]

0

0 50 100 150 200 250 300 350
u [MeV]
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Phase diagram Ny =2 + 1

[BJS, M. Wagner; in preparation '09]

influence of Polyakov loop

Logarithmic Polyakov loop potential

Mean-field approximation

To = 270 MeV (constant)

250
200 r
< 150
()
=3
~ 100
---~- chiral crossover
50 | chiral first order
deconfinement
e CBP.

0
0 50 100 150 200 250 300 350 400

H [MeV]
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T [MeV]

To(1) (i.e. with 1 corrections)

250
200 [ N
~a_
150
100
---~- chiral crossover
50 | chiral first order
deconfinement
ol ¢ . |
0 50 100 150 200 250 300 350 400
H [MeV]

22/31



Critical region Ny =2 + 1

[BJS, M. Wagner; in preparation '09]

contour plot of size of the critical region around CEP

defined via fixed ratio of susceptibilities: R = x,/ Xf,ree

=» compressed with Polyakov loop

QM model PQM model
02 — ‘ ‘ ‘ : ‘ : : : :
—— R=2 0.01 —— R=2
0.15 — R=34 —— R=3
—— R=5 —— R=5
. oal | , 0005
= =
o005 o 0
e =
0 -0.005
-0.05 |
-0.01
0.1 L— : : : : : : : : :
015 -01 -005 0 0.5 0.04 -002 0 002 004
(u'pc)luc (u'uc)/pc
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Critical region Ny =2 + 1

[BJS, J. Wambach '06]

similar conclusion if fluctuations (via RG techniques) are included

example: Ny = 2 QM model
Mean Field + RG analysis

1.2 : —
1| Mean Field |
— RG
o8} 1st order
0.6
o
E o4} 1
|_0
L_I/ 0.2 1
0 L 4
\
-0.2 ! \\ 1
-0.4 | N 1
\ \
-0.6 — : : : : s :
-0.8 -06 -04 -02 0 0.2 04 06
(M) g
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Isentropes s/n = const and Focussing

[E. Nakano, BJS, B.Stokic, B.Friman, K.Redlich; arXiv:0907.1344]

here: Ny = 2 QM model: kink in MFA are washed out in FRG

— no focussing if fluctuations taken into account

a) influence of Dirac term b) smallnest of crit region

MFA (with Dirac term)

MFA (no Dirac term)

T [MeV]
T [MeV]

0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
p [MeV] p [MeV]
24 /31
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Isentropes s/n = const and Focussing

T [MeV]

here: Ny = 2 QM model: kink in MFA are washed out in FRG

[E. Nakano, BJS, B.Stokic, B.Friman, K.Redlich; arXiv:0907.1344]

— no focussing if fluctuations taken into account

a) influence of Dirac term

MFA (no Dirac term)

FRG (full grid and Taylor expansion)

b) smallnest of crit region

250 139

e : CEP(Taylor)

p [Mev]

B.-J. Schaefer (KFU Graz)
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u[Mev]

0ok
0 50 100 150 200 250 300 350
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Isentropes s/n = const and Focussing

[E. Nakano, BJS, B.Stokic, B.Friman, K.Redlich; arXiv:0907.1344]

here: Ny = 2 QM model: kink in MFA are washed out in FRG
— no focussing if fluctuations taken into account

a) influence of Dirac term b) smallnest of crit region

kink structure at boundary in MFA
= remnant of first-order transition in chiral limit

if Dirac term neglected

see talk by B. Friman
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Functional RG Approach

Consider fluctuations: PQM with the FRG
FRG (average effective action) [Wetterich '93]

1 1 ] @ _ 52T
ol'[4] = ETI’&R/( <F(2)+Rk> ; kT 5006
k
t =In(k/A) ; Ry regulators

I'v[¢] scale dependent effective action

[T.K.Herbst, BJS]

PQM N; = 2

K 2N¢N. 1 Es 3 Eqr
- F (D, ®*) + Fz(®, ®*)) + —coth ( =Z | + —coth [ —=
[~ 25 (ru(@,0%) & Fy(@,07) + oot (22) + 2coth (27

o = —
r 2| K, .
with Egmq = /K> +m2 m?: =20 +45%Q" , m: =29, m(zi = g%o?
and
Fy(®,8%) = —1 — ®*eBE—1) 1 P2B(Eq—1) 4 3B(Eq—p)
1 4 30*eBE—1) 1 352B8E—1) 4 3B(E—1)
Fg(®,2%) = Fy(®", @)|pu——p

= see poster by T.K. Herbst
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QCD Thermodynamics Ny =2 + 1

[BJS, M. Wagner, J. Wambach; in preparation '09]

2 2

. ... PSB > s T
SB limit: — =2(N- —1)— + NN, —
7o = 2WNe = Vg5 +NNe s

(P)QM models (three different Polyakov loop potentials) versus QCD lattice simulations

> dashed lines:

1
PQM with lattice masses

My ~ 220, mg ~ 503 MeV

> solid lines:
(P)QM with realistic masses

— ou
s —— PQM log
PQM pol
PQM fuku
e p4 |
v asq;ad
00.5 1 15 2 25 3 lattice data:  [Bazavov et al. '09]
T/TX
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QCD Thermodynamics Ny =2 + 1

2
SB limit: 258 = 2(v2 — 1)3—0 + NpNe—

T+

Tr?

180

[BJS, M. Wagner, J. Wambach; in preparation '09]

(P)QM models (three different Polyakov loop potentials) versus QCD lattice simulations

16 ‘ :
14 |
12 b
10 -

< L —_— QM
E 8 —— PQM log
6r PQM pol
4 PQM Fuku
2t L
o v asqtad
0.5 1 15 2 25
TIT
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(e-3pyT*

= —— PQM log
5% PQM pol
PQM fuku |

N ° pd
X asqtad

O P N W h U1 O N

dashed lines: m; ~ 220, mg ~ 503 MeV

[Bazavov et al. '09]
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o Finite density extrapolations

B.-J. Schaefer (KFU Graz) 28/31



Finite density extrapolations Ny =2 + 1

Taylor expansion:

GTDN o P (%) with (1) = 10 (p(T,w)/T)

T4 = n! 6(M/T)n =0
convergence radii:
T generic picture Pz limited by first-order line?
root of CGB
— B ey |1/ 2n=2)
rogeof e o =2
Pe €2n
or
e |12
= on = c
242
\ KB "
[C. Schmidt '08]
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Finite density extrapolations Ny =2 + 1

Taylor expansion:

AU icn(r) (ﬁ) with () = LT/ (T, 10/T7)

T4 T [ "
= o |,
06 0.03
3 0.1 Fc¥ n=2+1, m,=220 MeV —=— cd n=2+1, m=220 MeV —m—
0.5 - n=2, m;=770 MeV —e—| 0.02 n=2, m,=770 MeV —e—|
0.08 - filled: N, = 4
04r open: N, =6 0.01
0.06 -
03t
=2+1, m =220 MeV = 0
02 n=2, m =770 MeV +—e—| 0.04 -
filled: N, = 4 -0.01
01| open: N =6 0.02 +
TMeV] TIMeV] -0.02 TMeV]
0 ‘ ‘ ‘ ‘ ‘ 0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

150 200 250 300 350 400 450 150 200 250 300 350 400 450 150 200 250 300 350 400 450

[Miao et al. '08]
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Finite density extrapolations Ny =2 + 1

New numerical method: based on algorithmic differentiation (AD)
[M. Wagner, A. Walther, BJS subm. to CPC '09]
Taylor coefficients ¢, numerically known to high order, e.g. n = 22

> this technique applied to PQM model

> investigation of convergence properties of
series

L L L L
1,02 I X I 102

Can we locate the QCD critical endpoint with the Taylor expansion ? )

= talk by M. Wagner
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@ Nr = 3 chiral (Polyakov)-quark-meson model study

=> Mean-field approximation
with and without axial anomaly

@ novel AD technique: high order Taylor coefficients, here: ¢,—24(T)

Findings: 1

> Parameter in Polyakov loop potential: 08 |
Ty = T()(Nf7 ,u)

> Chiral & deconfinement transition coincide g 067 oM
for Ny = 2 with To(u)-corrections but not for & 04 PQM log
Nr=2+1 ’ PQM pol

> Mean-field approximation encouraging 02t . EA?M fuku |
but effects of Dirac term point to interesting 0 M asqtad
physics if fluctuations are considered 05 1 15 2 25 3
— FRG with PQM truncation TITy

> Taylorcoefficient ¢,(T) — high order
= convergence properties of Taylor expansion
Outlook:
@ include glue dynamics with FRG — full QCD
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