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1. Introduction

In these proceedings we follow up on the line of work on 2+1 flavor QCbntbelynamics
with improved staggered fermions by the HotQCD collaboration. The setupnoiations and
some preliminary results have been reported earlier,[g.g. [[1,]2, 3, #i@wdntinuum extrapolation
for chiral T, at the physical quark masses is presentedl]in [5]. Full data set incladesaklines
of constant physics down to the light quark mags= ms/20 for asqtad anan = ms/40 for
HISQ/treé. The lattice spacings cover the range of temperafliresl 30— 440 MeV withN; = 6,

8 and 12 for HISQ/tree antl = 148— 304 MeV withN; = 8 and 12 for asqtad.

Performing the continuum limit requires control over cutoff effects. In ionpd staggered
discretization schemes the leadi@@a®) errors at low temperature (coarse lattices) originate from
violations of taste symmetry, that distort the hadron spectrum. For this réasoimportant
to perform simulations on fine enough lattices (laMjein finite-temperature setup) and/or use
actions with the smallest discretization effects. Analysis of the discretizafiectefor asqtad and
HISQ/tree used in this study is presented in Réf. [2].

2. Chiral transition

For vanishing light quark masses there is a chiral phase transition whictpésted to be
of second order and in tH@(4) universality class[[7]. However, universal scaling allows to define
pseudo-critical temperatures for the chiral transition even for nomiggrt quark masses, provided
they are small enough. For staggered fermions that preserve only afghe chiral symmetry
there is a complication: in the chiral limit at finite lattice spacing the relevant tsaligy class is
O(2) rather thanO(4). Fortunately, in the numerical analysis the differences betv@@y and
O(4) universality classes are small so when referring to scaling we will usertinedéN) scaling.
Previous studies with the p4 action provided evidencey) scaling [B[P]. Similar analysis for
the asqtad and HISQ/tree action establishing if@{hl) scaling is applicable is performed ifj [5]
and explained below.

The order parameter for the chiral transition is the chiral condensate

M = Ms(P)

T4
Its temperature and quark mass dependence near the critical tempeaatbeegarametrized by a
universal scaling functioic and a regular functioriy reg that describes corrections to scaling:

T-T2 1 m
—— ], h=—H, H=— (2.2
TO )’ ’ ms (2:2)

(2.1)

Mp(T,m,ms) = h'/® fg(t /%) 4 fy reg(T, H), t 1 (

- to ho

andT2 is the critical temperature in the chiral limit. The pseudo-critical temperaturbedefined
as the peak position of the chiral susceptibility

Yot = afnw?w» (2.3)

1The lightest massy = ms/40 is used for the analysis of the chiral condensate and susceptilit/yr[BQz all other
quantities are calculated e = ms/20 for HISQ/tree.
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Figure 1: An example of a simultaneous fit to the chiral condensate) (&fd susceptibility (right) for
HISQ/tree onN; = 8 lattices. Open symbols indicate the range included in théftted black line is an
extrapolation to the physical light quark mass.

whose scaling behavior is also describedfgyand fy reg as

m, 2 — af ,re ) /
)_(rz,':;g<éhl/6 1fX(z)+W>, fX(z):;[fG(z)—;fG(z)], z:ﬁ. (2.4)

The singular functiorfg is well studied in spin models and has been parametrize® 8y
and O(4) groups. For the regular part we consider leading-order (lineagratgnce irH and

quadratic inT:
T-T0 T-T9\°

TO T

Then we are left with 6 parameters to be determined from fitting the @ét#y, ho, ao, a; anday.
We perform simultaneous fits tdl, and xm for the asqgtad action oN; = 8, 12 and the
HISQ/tree action oMN; = 6, 8 and 12. An example of such a fit for HISQ/trék,= 8 is shown in
Fig.[d.
Then, performing a combined/l? extrapolation ofT; values obtained with the asqgtad and
HISQ/tree action as shown in Fi{g. 2 we obtain

Te = (1544 8+ 1) MeV, (2.6)

where the first error is from the fit and the second is the overall errth®lattice scale determina-
tion. The fits for asqtad and HISQ/tree are constrained to have a commarepttefSee Ref[[5]
for more details on the fitting procedure and analysis of systematic errarpre$ent a combined
error we add the two errors giving our final vallie= 154+ 9 MeV.

3. Deconfinement aspects of the transition

The deconfinement phenomenon in pure gauge theory is governeedliryy of theZ(N;)
symmetry. The order parameter is the renormalized Polyakov loop, obtaomadHe bare Polyakov
loop as

N;—1
Lren(T) = Z(B) Loare(B) = 2(B)"" <Tr M uo<xO,z>> , (3.1)
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Figure 2: Example of a combined fit to the asqtad Figure 3: The renormalized Polyakov loop in
and HISQ/tree data. The fit is constrained to have a pure gaugesU(2), SU(3) and full QCD with asg-
common intercept at/N? — 0. tad and HISQ/tree.

wherez(f3) = exp(—c(B)/2). c(B) is the additive normalization of the static potential chosen such
that it coincides with the string potential at distamce 1.5rq with rg being the Sommer scale.

In QCD Z(N.;) symmetry is explicitly broken by dynamical quarks, therefore there is né obv
ous reason for the Polyakov loop to be sensitive to the singular behdwesa to the chiral limit.
Indeed, the temperature dependence of the Polyakov loop in pure tjeage and in QCD is quite
different, as one can see from Fyj. 3. Also note, that in this purely gluabservable there is very
little sensitivity (through the sea quark loops) to the cut-off effects comimy the fermionic sec-
tor. While losing the status of the order parameter in QCD, the Polyakov lodifi & good probe
of screening of static color charges in quark-gluon plagmaJ10, 11].

Other probes of deconfinement are fluctuations and correlations iotigacharges that can
signal liberation of degrees of freedom with quantum numbers of quarétggluons in the high-
temperature phase. Here we consider quadratic fluctuations and tton®laf conserved charges:

X(T) 1 02InZ(T,w) XM 1 9AnZ(T, i, 1)

T2 TNV AW/T) o T2 TNV A(/T)o(u/T)

(3.2)

Hi=p;=0

Fluctuations are also sensitive to the singular part of the free energityderhe light and strange
quark number susceptibilities are often considered in connection with fileeoent. These quan-
tities show a rapid rise in the transition region and for the strange quark meugeeptibility the
behavior is consistent with the Hadron Resonance Gas (HRG) modelwas 8hFig.[#. For the
light quark number susceptibility, a quantity dominated by pions and thereésyesensitive to
the taste symmetry, cut-off effects are still significant, and comparing to HR@is subtle and
requires further study, Fi§] 5. In the left panels of f]g. 4 fAnd 5 temper&set by Sommer scale
(r1 in this case).

In part cut-off effects in the observables directly related to hadronsheaaccounted for if
the temperature scale is set with a hadronic observable. Following the ihsighe Budapest-
Wuppertal collaboration[[17, JL3] we use the kaon decay condiarior this purpose. For the
strange and light quark number susceptibility the results ¥itbcale are shown in the right panels

of Fig.[4 andp.
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Figure 4: The strange quark number susceptibility for the HISQ/tet®ma atm = ms/20 withr4 (left) and
fk (right) temperature scale. The solid curve in the right paom the HRG model.
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Figure 5: The light quark number susceptibility for the HISQ/treei@tatm = ms/20 withrq (left) and
fk (right) temperature scale.

As one can see, for the strange quark number susceptibilitfxtiseale eliminates virtually
all cut-off dependence and the data from different lattices are haistipguishable. For the light
quark number susceptibility some residual cut-off dependence remdiissimay be expected for,
at least, two reasons: g) is very sensitive to taste symmetry breaking (even at our filgst;
12 lattice the root-mean-squared pion mass is still about 200 MeV for the ktEgaction[[2]),
b) there is no a priori reason for the lattice spacing dependerye i3 to be the same as ifx.

Next, we consider correlations of the electric charge and strangeWé#sthe r, scale we
observe substantial cut-off dependence, which is largely reducedfyilbale, compare left and
right panel in Fig[J. At high temperatures these correlations are close teathe expected in
the non-interacting ideal gas (Stefan-Boltzmann limit), while at low temperatueysatte well
described by HRG.

Correlations of different quark numbers are also a convenient waydy the deconfinement
aspects of the transition. At high temperatures such correlations aretegge be very small,
while at low temperatures hadronic degrees of freedom give naturadlyaisuch correlations. In
Fig. [ we present our results for the light-strange and light-light quankbeu correlations. We
divide them, correspondingly, by the strange and light quark numbeeptibility in attempt to
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Figure 6: Electric charge—strangeness correlations with(left) and fx (right) temperature scale for
HISQ/tree. The solid curve in the right panel is from the HRGdel.
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Figure 7: u— ands—quark andu— andd—quark Figure 8: The trace anomaly for the asqtad
correlations rescaled by the corresponding fluctuaand HISQ/tree actionm = ms/20. “s95p-v1”
tions withry scale for HISQ/tree. parametrization is explained in the text.

get rid of the trivial mass effects. For the strange-light quark numbeeledions we see a good
agreement with the HRG model, while the discrepancies with HRG predictiong,fgy; are
likely due to cut-off effects.

Comparing Figs[]4}7 we can conclude that quantities, where pions demniibtte, can be
reproduced quite well on the lattice, while those, for which pions give damicantribution, still
demonstrate noticeable cut-off effects, that are not completely removeditmhing to a hadronic
(fk) scale (at least, on the lattices typically in uSle= 6 — 12).

4. Update on the trace anomaly

The deconfinement transition is also often defined as the rapid rise in thgyetensity as-
sociated with liberation of new degrees of freedom. The energy densitgthrr thermodynamic
quantities are usually obtained by integrating the trace anofaahgp) /T4. This quantity is under
extensive investigation on the lattice. We present an update of the reqdtsectin [1] in Fig.[B.
The solid line is a parametrization 6f — 3p)/T* derived in Ref. [J4] that combines HRG result
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atlowT (T < 160 MeV) with the lattice datd [15] at high (T > 220 MeV ). From the figure we
conclude that the lattice results overshoot the HRG predictioil forl60MeV since any cut-off
effects could only decreage — 3p)/T* at lowT.

5. Conclusions

In this contribution we studied the chiral transition in 2+1 flavor QCD close tqthssical
point. Using theO(N) scaling we determined the chiral transition temperature in the continuum
limit at the physical light quark mass to be 194 MeV. We also studied the deconfinement phe-
nomenon in terms of the renormalized Polyakov loop as well as in terms of flicsia@nd corre-
lations of conserved charges. We concluded that it is difficult to studgd¢lenfinement aspects
of the transition in terms of the Polyakov loop, while correlations and fluctuabbresnserved
charges are much better suited for this purposédy s used to set the scale we see a good agree-
ment with the HRG model predictions for fluctuations and correlations thadtiovolve pions in
their HRG expansion. For the quantities likeand x4, Where the pion contribution is significant,
cut-off effects are still too large for a meaningful comparison with the HR@eho
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