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Motivation

» Explore finite T phase transition/crossover for Ny =2 QCD at
vanishing chemical potential

» Order of transition in the chiral limit not known yet for Ny = 2

» Argued to be in universality class of O(4) 3-dim spin modell
[R. D. Pisarski, F. Wilczek, 84]
However 15t order not ruled out
(e. g. C.Bonati et al. 2009, C. Bonati et al. 2011)

» Nf = 2 equation of state — useful to study onset of mass
thresholds in thermodynamics

» Alternative discretization worthwhile to study systematics

> Considered observables (so far):
Susceptibilities, renorm. L and (1)), equation of state,
gluon and ghost propagators (see A. Sternbeck’s talk)



Twisted Mass Lattice Regularization

» N¢ =2 Wilson twisted mass action at maximal twist:

SelU, 4, 9] = D X(x) (1 — kH[U] + 2ikapys7?) X(x)
b= (14 I'X75T3)x and T = X—=(1+ ins7%)
V2 V2
» Advantage: when & tuned to critical value k:

Automatic O(a) improvement
[R. Frezzotti, G.C. Rossi, 2004]

» Disadvantage: explicit flavor symmetry breaking (mostly small, but
has to be checked)

> Tree level improved gauge action:

Sg[U] = B(co Y- %ReTr(Up)] tad - %ReTr(UR)])
P R
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Outline
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Signals for the Crossover: Polyakov Loop

» Polyakov loop susceptibility (no convincing signal)
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Disconnected Chiral Susceptibility

oGy = VI T ((992) = (¥9)?)
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Renormalized Re(L), (1))
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Renormalized Re(L), (1))
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Results

T [MeV], a@;@: %217(52 J{ 229(5) * 251(10)
)| 2

Signals for deconfinement and restoration of chiral symmetry at
different locations in crossover region
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O(4) Magnetic EoS
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Near critical point of a 2"¢ order transition: universality

Expect data to collaps on universal curve [J. Engels & T. Mendes, 99]

() = W% f(d z) + arth+ bih+ ...

scaling violating terms

7 = [ — Behiral; h:2a,u, Z:T/hl/(ﬁé)

Connection to spin model:
(¢h) ~ M (magnetization)
p ~ H (external field)

B ~ T (temperature)
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[S. Ejiri et al., 2009]
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O(4) Magnetic EoS

0.13 ‘ Pion Mass:
Al2 5~
0.12 | gg f C12: 480 MeV
0.11 | ] B12: 400 MeV
01} i A12: 320 MeV
= 009 |
=
= 008} ]
=
=~ 007} ]
0.06 | ]
0.05 F 1 0.035 "A12 Corr. e
0.04 P SR — . B12 corr.
0 05 1 15 2 25 3 35 4 £ 003} 2 C12 corr. = |
z ;o N
'TE 0.025 | . 1
= L1
< 0021 . |
= il
==
T 0015 | Vi i
= [
Result: Bchiral ~ 3.76(2) — 0.01 e
TC(mﬂ‘ — 0) ~ 166 MeV 05 1 15 2 25 3 35

15/25



Chiral Limit Scenarios from Spin Models

» From universal function h*/%f(z) one can show:

To(my) = Te(0) + Am?/ (%)
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Outline

Thermodynamic Equation of State
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Integral Method

] ToInz dInZ But: V=N, &
n n
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» Trace anomaly (interaction measure):

TdinZz
P TY

» Starting point for p(T) and ¢(T) via

/ Tc?(p> P _p _ [T, =3

T\ T e
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on lines of constant physics (LCP)
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Trace Anomaly

|
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» Starting point for p(T) and €(T) by integral method

» Subtracted expectation values: (...).p =(...)7o0— (- ) 7=
— interpolations for T = 0 data

» Preliminary results for m,; ~ 400 MeV and m, =~ 700 MeV
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Trace anomaly - Lattice Artifacts

m; = 700 MeV:
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Trace Anomaly, Tree Level Corrections

» Observe large lattice artifacts in

!

T4

> Lattice pressure in the free limit ps; known: [P. Hegde et al., 2008]

» Twisted mass action:

» Corrected by division by pL,/pSs

m, ~ 700 MeV: m,; ~ 400 MeV:
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[S. Borsanyi et al., 2010]
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Corrected Trace Anomaly & Interpolation

m, =~ 700 MeV: m; =~ 400 MeV:
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Interpolation for corrected I/ T* [S. Borsanyi et al., 2010] :
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Pressure and Energy Density
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Conclusions & Outlook

» Conclusions:
- T, for pion masses in the range 300 - 700 MeV

- Chiral limit so far inconclusive
- O(4) scaling compatible up to scaling violation terms
- Thermodynamic equation of state for two pion masses

- Have to further improve precision at T >0 and T =0

» Outlook:
S Np=2+1+1



Comparison with DIK-Collaboration

(G. Schierholz et. al) from o7,
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Renormalization of Re(L)
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Renormalization of <@Z¢>

<E¢>ren = ZP <<>_<i757_3X>bare + £ Cp(ﬂ)) T

32
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T = 0 Subtractions & Interpolations

example: plaquette:
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(B-Function

[M. Cheng et al.: Phys.Rev. D77:014511, 2008]
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Tree Level Corrections (closer look), SB (Free) Limit

Lattice:
L 3 Ne—1
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Lines of Constant Physics, constant m,

my ~ 700 MeV: presently fulfilled up to 10 %
900 + ' ' ' ' ' " DR ——
mps [MeV]
850 + {
800

5 L
750 LT 1 { l
mofl} {Tll T
650 1
600 - |
0 ] my ~ 400 MeV:
500 . - . . : L L L T T T T
3.6 37 38 39 4 41 42 43 44 45 480 | ETMC —— |
A - mes [MeV] tmfT weeeseemn
460 |5
440
420 ‘ - T
X :
400 F I : I 1 T'
380 | |
360 | |
B mass
340 b . . ‘ ‘
370 38 39 105 12

32/25



	Motivation and Setup

