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Motivation

Motivation
Different results of the two groups: hotQCD «— Wuppertal-Budapest

= calculations closer to the continuum are necessary, i.e.
go to larger N, and/or improve action

NEW RESULTS
@ asgqtad action for N, = 12 (larger N;)
@ HISQ action for N. = 8 (more improved action)
@ in addition: asqtad action for N, = 8 for m; = 0.05mg
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Outline

Topics covered by this talk:

@ Chiral properties of QCD thermodynamics

@ (Subtracted) chiral condensate
e Connected and disconnected chiral susceptibility

@ Renormalized Polyakov loop, strange quark number susceptibility
@ T.: continuum extrapolation
@ QCD Equation of State

See also talk by A. Bazavov for the hotQCD collaboration

Taste symmetry and QCD thermodynamics with improved staggered
fermions
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Numerical Details

Data Overview

o p4fat3: N, =4,6,8 ™ =...,0.20.1,0.05
@ asqtad: N, = 4,6,8,12 % =...,0.2,0.1,0.05
@ hisq: N, = 6,8 % =0.2,0.05

Scale Setting and LCP
@ Scaleis setby r; = 0.318fm (0.3117fm), ry = 0.469fm

@ Line of constant physics (LCP): set strange quark mass m;g to
physical value, keep % fixed

Thanks to
supercomputing centers at Brookhaven (BNL), Jilich, Livermoore
(LLNL)
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(Subtracted) Chiral Condensate

(Subtracted) Chiral Condensate

Preliminary

10 0.35 040 045 050 055 0.60 0.65 0.70 s

T o), My

AL . ° Definition: A s = <f J>’*T ";17<_ )
o8 o o°° asatad:m=0.1,Ni=6 —e— | <U/‘w>/A07ﬁTS <TZ”/1>S’O
© . 8 —o— . .

oe "t o, Mime005 Nest2 —a— ] @ combination: cancel add.

04| 1he. v , renormalization

ol 7 @ normalization by T = 0:

' e Tey cancel mult. renormalization
00 1‘40 1é0 1é0 260 2‘20 2‘40 280 2250“ 300 faCtOfS
Details

@ sharp drop in A, s for my = 0.1ms and m; = 0.05m;
@ N, =12 — shift towards lower temperature

W. Séldner (hotQCD) Chiral Aspects of Improved Staggered Ferm. Lattice2010 6/15



(Subtracted) Chiral Condensate

(Subtracted) Chiral Condensate

Preliminary
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Details
@ sharp drop in A, s for my = 0.1ms and m; = 0.05m;
@ N, =12 — shift towards lower temperature
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Disconnected Chiral Susceptibility

Disconnected Chiral Susceptibility

Preliminary
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(Full) chiral susceptibility
Xm,] = Xl.disc + 2X/7con
@ peak location related to singular part
of partition function: =T nz
p Xm,l V om?
@ pseudo-critical temperature T

1_
chiral limit — xm/(Trms) ~ mp

Disconn. chiral susceptibility x/ gisc

@ dominated by singular part in
partition function (in chiral limit)

@ T, determination
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Disconnected Chiral Susceptibility

Disconnected Chiral Susceptibility

Preliminary
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(Full) chiral susceptibility
Xm,] = Xl.disc + 2X/7con

@ peak location related to singular part
of partition function: =T nz
p Xm,l v amIZ

@ pseudo-critical temperature T
1_
chiral limit — xm,((Tm,1) ~ m?

1

Disconn. chiral susceptibility x/ gisc

@ dominated by singular part in

partition function (in chiral limit)

@ T, determination
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Disconnected Chiral Susceptibility

Preliminary
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T.: continuum extrapolation |

Procedure
@ find peak position in disconnected chiral susceptibility
@ data set: Asqgtad action
N; _6(’”’ =0.2,0.1)
NT_8(”” =0.2,0.1,0.05)
N, = 12(’”’ = 0.05)
@ different ansatze for fitting function of peak position, e.g.
Xidisc = Co + Co(T — Tp)? + c3(T — Tp)®
Xl,disc = Co + CQ(T — Tp) + 03\/(7- — Tp)2 + Ci
— asymmetric peak shape
— systematic error
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T.: continuum extrapolation |l

Preliminary

220

| Details
@ Ansatz for mass and N, dependence:
To=a+b(2) +cxr
— using critical exponent d ~ 1.08
from O(N) model

@ stable fit (when omitting N, = 4 data)

my/m.,

150

y

mo_ 1.
ms ~— 27"

(preliminary) T, = 164 + 6 MeV (stat. and syst.)

= continuum extrapolated T, at physical mass parameter
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Connected Chiral Susceptibility

Connected Chiral Susceptibility

Preliminary
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@ related to scalar, non-singlet
screening mass
— thermal properties of medium

@ Note: Ux(1) becomes effectively
restored at T > Tc(chiral)

X1,con Peak position at T > T.(chiral)

W. Séldner (hotQCD) Chiral Aspects of Improved Staggered Ferm. Lattice2010

11/15




Renormalized Polyakov Loop

Preliminary
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Strange Quark Number Susceptibility

Preliminary _
08 [ : : : . Details: x(T)
X/ T
o7t . ] @ indicator of the deconfinement
06 f e 1 transition
o056 a7 NFL2 e | o . )
' . N=8 —a— @ rapid rise in the transition region
04 . N=6 ] I .
extr., =612 —— — liberation of degrees of freedom
0.3 extr., N;=8-12 - - - - ] .
HISQ: N, =8 = @ dependence on the action and N;
0.2 o Ne=6 sy visible
01 stout: continuum —— 1 . '
' T Mev] @ chiral symmetry restoration and
O a0 100 180 200 220 240 260 deconfinement appear at about the
same temperature
xs — 1 _82InZ
T2 = VT3 0(us/T)?

W. Séldner (hotQCD) Chiral Aspects of Improved Staggered Ferm. Lattice2010 13/15



Equation of State

Preliminary
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QCD Lattice EoS
@ left panel: data for ’"’ = 0.1 = smooth parameterization available

@ right panel: EoS at Iow T
= qualitative agreement, still more work needs to be done!
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Summary

Summary

New Data
@ asqtad action for N = 12 (larger N;)
@ HISQ action for N, = 8 (more improved action)
@ in addition: asqtad action for N = 8 for m; = 0.05m;

Chiral Aspects

@ T, continuum extrapolation from disconnected chiral susceptibility
— at physical point (preliminary) T = 164 + 6 MeV (stat. and syst.)

@ Goldstone modes: ~ 1/+/m in disconnected chiral susceptibility
connected chiral susceptibility: peak position at T > T(chiral)

@ chiral symmetry restoration and deconfinement appear at about the same
temperature

Equation of State: Updated with new data

@ good qualitative agreement, but more work needs to be done!
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