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1. Introduction

Particle physics data are famously collated and summaiisdide Particle Data Book [1].
However, it is interesting to note that there are no entriegshe deconfined phase of QCD —
a symptom of the difficulty of studying (experimentally arboretically) this new phase. The
FASTSUM Collaboration has studied QCD at non-zero temperature fammaber of years using
dynamical quarks omnisotropiclattices where the temporal lattice spaciiag, is less than the
spatial oneas. Since the temperatufe = 1/(a;N;), whereN; is the number of lattice points in
the temporal direction, this gives the distinct advantdge more points are sampled in a euclidean
correlator for a given temperature compared to the isatropse.

Our research programme began with two-flavour dynamicdldéeeration” ensembles from
which we studied a number of phenomenological quantitiesh s spectral features in charmo-
nium and bottomonium at zero and non-zero momenta, andtéreqoark potential in charmonium
[2]. We have now improved the accuracy of our results by pecodyour “2nd generation” lattices
which have 2+1 dynamical flavours, a larger volume, improdisdretisation and more realistic
dynamical quark masses, see Table 1.

In this talk, | give an overview of our 2nd generation ensezabhcluding our estimate of the
deconfinement temperaturg, obtained from the Polyakov loop. | discuss the partialaedion
of chiral symmetry in the light meson spectrum and brieflyeevfour results obtained from these
lattices which are covered fully in other talks [3, 4, 5, 6].

2. Lattice details

Our 2nd generation ensembles use the Hadron Spectrum Qaitadn’'s (HSC) Symanzik-
improved gauge action [7], with

_B 5 1
SG_%{X,;g [6_112“%()() 12116'%)5g ]+Z [3u2u2 (X)‘@%’sr(@] } (2.1)

where & and % are the usual X 1 plaquette and 2 1 rectangular Wilson loopsjy ;) are the
spatial (temporal) tadpole factors of the bare linjgs;) are the bare gauge (fermion) anisotropies
and, as usual = 2N./g?> andN; = 3 is the number of colours. The mean links for the stout-
smeared links are, (with G = 1).

We use a tadpole-improved clover fermion action and stméased links [8] using the same
parameters as the Hadron Spectrum Collaboration [7],

1
S = Zw {Urmo—i-VrDr-i-Dz-i-yf [Vst+D§]

1/y 1 11

S s<g

The first line is the usual Wilson action and the second linka<lover piece witlr andsreferring
to temporal and spatial directions. Thg, are covariant finite differences add= as/a; is the
renormalised anisotropys ;) are the spatial (temporal) Dirac matrices ang = %[Vw Yol
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We use the same parameters as the HSC employed in theirss{@ilieorresponding to an
anisotropy,é = 3.5. We generate ensembles with two volumes, @4d 32, enabling us to study
finite volume effects. We also make use of the= 0 (i.e. N; = 128) configurations kindly made
available to us from HSC. Table 1 gives a full list of our paetens. The generation of the ensem-
bles were performed using the Chroma software suite [10] Bégel routines [11].

3. Determination of the deconfining temperature

The Polyakov loopl, can be used to determifig as follows [12]. We note thdt is related
to the free energy, of a static quark, via:

L(T)=e "(M/T, (3.1)

However,F is only defined up to an additive renormalisation constAft,= f(f3,mp). We can
impose a renormalisation condition at a renormalisatiomperature g, by requiring

LR(TR) =C, (32)

for some suitable choice dk andc. This means a multiplicative renormalisation constant,can
be fixed as follows

Lr(T) = & RN/T — e~ (RM+AR)/T — | (T)e™8F/T — L o(T)Z)"". (3.3)

In Fig. 1, we plot the Polyakov loop with three different remalisation schemes correspond-
ing to different choices ofr and the constant in Eq. (3.2), as listed in the figure capiyritting
the data to cubic splines we obtain the point of inflect&ii; = 0.03297) where the error re-
flects the spread from the three renormalisation schemeis. stdtistical uncertainty is given by
the thickness of the three interpolating curves and can due teebe negligible in this context. The
result is therNS = 30.4(7) or T = 185(4) MeV.

4. First results

The deconfinement transition is expected to occur in the Sana@ge as the chiral symmetry
restoration. For this reason it is interesting to study thieat partners in the light meson sector
to find evidence of this effect. In Fig. 2 we show the pseudasand scalar meson correlator
for T /T, = 0.63 and 190. As can be seen, in the high temperature case, these twoeaibare
closer together than at low temperature illustrating thetigdarestoration of chiral symmetry in
these quantities.

We have commenced studying several quantities on our 2retation ensembles. Results on
the following quantities have been reported elsewhereisncibnference.

e Susceptibility [3]. We study the electric charge susceptibility which isndérest experimen-
tally to quantify fluctuations in heavy-ion collision expaents and for the determination of
the electric charge diffusion coefficient.
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1st Generation

2nd Generation

Flavours
Volume(s)

a; [fm]

as [fm]

¢ =as/ar
Mz/M,

Nrcrit — (aTTc)il

Gauge Action
Fermion Action

2
(~2fm)
0.0268(1)
0.162(4)
6
~ 0.54
335

Symanzik Improved
Stout Link, Fine-Wilson,
Coarse-Hamber-Wu

2+1

(~3fm)? & (~4fm)3
0.03506(23)
0.1227(8)

3.5
~0.45
30.4(7)

Symanzik Improved
Tadpole improved Clover

Ns N; T T/Tc Nerg | Ns Np T T/Te Neig
(MeV) (MeV)
12 16 459 2.09 100024 16 352 1.90 1000
12 18 408 1.86 100032 16 352 1.90 1000
12 20 368 1.68 100024 20 281 1.52 1000
12 24 306 140 50024 24 235 1.27 1000
12 28 263 1.20 100032 24 235 1.27 500
12 32 230 1.05 100024 28 201 1.09 1000
12 80 92 0.42 25032 28 201 1.09 500
24 32 176 0.95 1000
32 32 176 0.95 500
24 36 156 0.84 500
24 40 141 0.76 500
32 48 117 0.63 250
16 128 44 0.24 500
24 128 44 0.24 550

Table 1: A list of the lattice parameters used for our 1st and 2nd geiter ensembles.
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Figure 1: The renormalised Polyakov loopg, depicted by solid (3) and open (22) symbols. The solid
curves are obtained by cubic splines and their temperatnieatives, x, are depicted by dashed curves.
Three renormalisation schemes are considered, Schemg(®; = 16) = 1.0, Scheme BLr(N; = 20) =
1.0, Scheme CLg(N; = 20) = 0.5.

e Electrical conductivity [4, 13]. The temperature dependence of the electrical cuivity
has been calculated on our lattices, using the exactly cagéattice current. We find that
the conductivity divided by the temperature increases wathperature across the decon-
finement transition. This is the first time this quantity hagf computed as a function of
temperature.

e Inter-quark potential in charmonium [5]. This is the first time this quantity has been
calculated at high temperature with relativistic (rathenrt static) quarks. We find that its be-
haviour at low temperature agrees with the (confining) Clbpwtential and that it becomes
less confining as the temperature increases.

e Bottomonium spectrum [6]. We have used the NRQCD formulation to study spectratfun
tions in bottomonium via the Maximum Entropy Method. We confiour earlier result
[2] that the S-waveY and ny) ground states survive ® ~ 2T, whereas excited states are
suppressed, while the P-wav® (Xnop1,62) ground states dissociate closeTto
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Figure 2: Correlation functions (normalised relative to= 0) for the light scalar and pseudoscalar light
mesons at two different temperatures on either side of tberd@mement transition, showing partial restora-
tion of chiral symmetry. Thé&l; = 16 points have been shifted horizontally for clarity.

5. Conclusions

This talk summarises oWASTSUM collaboration’s latest finite-temperature studies using
anisotropic lattices. We have improved upon our 1st gelwer&tflavour ensembles by generating
ensembles which have 2+1 flavours, larger volume, improvedtetisation, and smaller dynami-
cal quark masses. In this talk, the deconfining temperata® mesented and the (partial) chiral
symmetry restoration in the light meson sector was stud@ther work presented elsewhere in
this conference was summarised: the susceptibility, baticonductivity, interquark potential in
charmonium and (NRQCD) bottomonium spectral functions.

Our future plans are to improve our ensembles further — wecaneently tuning our “3rd
generation” ensembles which have a smaller temporal dafijacing and have plans for a “4th
generation” run with smaller spatial lattice spacing. Wk tlius be able to move towards a contin-
uum extrapolation of all our quantities, leading to trulyagtitative finite-temperature results for
spectral quantities.
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