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QCD Phase Structure
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Polyakov-Quark-Meson Model

Lagrangian
. e 1
Lpoy = q [IID — h(o + ivsT - 7r)] q+ 5(0%(1))2
- U(o,®) — U, D)
m ¢ = (0,7)... O(4)-representation of the meson field (Nf = 2)

. ID( ) = YuOu — i 870A0(P)
m g ... gauge coupling

m h... Yukawa coupling
Meson Potential

A
U(o,7) = Z(O'Z + 72 —v?)? —co
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Polyakov Loop Potential

[C. Ratti, M.A. Thaler, W. Weise, Phys.Rev. D73, 014019 (2006)]

Polynomial Ansatz

U(q’aq_))_ by(T) - bs
T4 > ¢° 6

_ by -
(@ + &%) + Z“(qxb)2

coefficients fitted to lattice data (pure glue):

2 3
b(T) = a0+ a1 (%) + a2 (%) + a3 (2)

[a | an [ a [ a [ b3 | ba]
[6.75 | —1.95 | 2625 | —7.44 | 0.75 | 75 |

270 MeV (pure glue) ?
To=4q 208MeV ?
something else ?
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To(1) - One Motivation: Experiment

m experimental information on the QCD phase diagram:

chemical freezeout points

m not raw data, but interpretation using
Statistical Model

m increase of entropy (red band)
and density suggests position of phase
transition

m PNJL computation with Ty = 200 MeV
inconsistent (green band)

m polynomial ansatz for To(u)
= greater overlap (blue band)

[in these plots: N. = Nf = 3]
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[K. Fukushima, arXiv:1006.2596]
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To(u) - Another Motivation: Theory

[B.-J. Schaefer, J.M. Pawlowski, J. Wambach, Phys.Rev. D76, 074023 (2007)]

FRG flow for QCD: — Talks by Jan Pawlowski and Lisa Haas

=R B
akle] = 3 -0 - 41
N Bd .

gluons ghosts quarks mesons

dynamical quarks modify
the gluon contribution:

Polyakov Loop potential:

_1 i \
from pure YM contribution OLkld] = 5 \ /

TO — TO(NHM) = TTeil/(aOb(NﬁM))
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Functional Renormalization Group (FRG) =

% bare action I'k— 00
Flow Equation [C. Wetterich, 1993] £l ge acton T
kA
1 =i ]
o] = ST {BtRk,B (rOLel + Res) } .
E effective action ['f—y0
0__

Polyakov—Quark-Meson Truncation

. .ol 1 . P
rk=/d4X{EI(4D+N’Yo+'h(0+”YST7r))CI+5(3u¢)2+9k[077ﬁ¢7¢]}

at initial scale A: Qu[o, 7, &, ] = U(P, ) + U(o, 7) + Qi [0, 7, &, D]
4 L
7’ ® N ®
ool =3 SOk )
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Functional Renormalization Group (FRG) =

bare action I'k— 00

et

Flow Equation [C. Wetterich, 1993]

ffecive average acton T

£
+
=B ultraviol

1 1
OhTkle]l = ETr{atRk.B (rf’o)hﬂ]"‘Rk,B) }

o infrared

effective action ['f—y0

Polyakov—Quark-Meson Truncation
. . 1 L=
Me = /d4X {EI(@ + o + ih(o + ivs7T)) g + E(am)z + Qulo, 7, @, ‘1’]}

o at initial scale A: Qulo, T, ®, ] = U(D, D) + U(o, 7) + Q°[o, 7, D, D]

A

ZNNKE 1) (0, ) — Ng(0, B)]

K
DSt = 3m2E,

[J. Braun, K. Schwenzer, H.J. Pirner, Phys.Rev. D70, 085016 (2004)]
[V. Skokov, B. Stokic, B. Friman, Phys.Rev. C82, 015206 (2010)]
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PQM Flow Equation

[V. Skokov, B. Stokic, B. Friman, Phys.Rev. C82, 015206 (2010)]

k* 3 E. 1 E,
(T, n) = 2 {E coth <2T> + E—coth <2T>

2Vq {1— No(T, j1; &, ®) — Na(T,u:¢,4_>)}}

14+ 2deEa—1)/T + Pde2(Ea—r)/T

No(T, i @, ) 1+ 30eE—m/T + 30e2Eq—m/T 1 e3Eq—n)/T

Ng(T, p1; ®, ®)

Er= k2 +20, E = \/k+20, +4020), v =2NcNs
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Phase Structure T, = 208 MeV const.

200 ¢ 1
150 .
S
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= 100 ]
[ X crossover \
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0 X first order ‘
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[TKH, J.M. Pawlowski, B.-J. Schaefer, arXiv:1008.0081]
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Phase Structure T, = 208 MeV const.
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[TKH, J.M. Pawlowski, B.-J. Schaefer and M. Wagner, Work in Progress]
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Phase Structure Ty(u), To(0) = 208 MeV
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[TKH, J.M. Pawlowski, B.-J. Schaefer, arXiv:1008.0081]

!
Tina K. Herbst (KFU Graz)

The Phase Structure of the Polyakov—Quark-Meson Model beyond Mean Field




Introduction Effective Description Flow Equation Phase Structure Thermodynamics Conclusion

Normalized Pressure
[TKH, J.M. Pawlowski, B.-J. Schaefer, arXiv:1008.0081]
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Normalized Pressure
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[TKH, J.M. Pawlowski, B.-J. Schaefer, arXiv:1008.0081]
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[B.-J. Schaefer, J.M. Pawlowski, J. Wambach, Phys.Rev. D76, 074023 (2007)]
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Normalized Entropy Density
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[TKH, J.M. Pawlowski, B.-J. Schaefer, arXiv:1008.0081]
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[TKH, J.M. Pawlowski, B.-J. Schaefer, arXiv:1008.0081]
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Vicinity of the CEP

[TKH, J.M. Pawlowski, B.-J. Schaefer, arXiv:1008.0081]
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Vicinity of the CEP

[TKH, J.M. Pawlowski, B.-J. Schaefer, arXiv:1008.0081]
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Summary

m PQM model beyond Mean Field
m quark-meson fluctuations included within FRG approach
m Important feature:
back-reaction to gluonic sector

To — To(Nr, )

m Modifications of the Phase Structure

m fluctuations push CEP downwards 200
m To(u): chiral and deconfinement 150
transitions coincide s
Q =
m ~» no quarkyonic phase = 100] R —
—— ® crossover
0 50 | e ® crossover
m Thermodynamics o CEP
. . . g X first order
m agree well with lattice studies 9 0 M I a0 & oo
at p=0 1 [MeV]
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