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1. Introduction

An important goal of contemporary physics is to understand the nature of excitations charac-
terizing the structure of QCD at high temperatures. At large temperatures, the running coupling
constang(T ) becomes small and therefore one can expect to see a weakly interacting gas of quarks
and gluons. However, at temperatures up to a few tilgesome bound states might survive the
deconfinement transition.

Due to the small temporal extension of the lattice, it is a difficult task to reliably extract in-
formation on bound states from temporal correlators. Like most investigations so far, we first have
studied spatial correlation functions, but have attempted to carry out the infinite volume as well
as the continuum limit. Second, we employed the Maximum Entropy Method (MEM) to extract
information from the temporal correlators, working with and comparing two different fermion dis-
cretizations with different UV cut-off effects.

2. Simulation details

The results presented here are based on quenched gauge field configurations generated with the
standard Wilson plaguette gauge action. The physical (temperature) scale has been obtained using
the interpolation formula of1]] for the string tension. In order to study finite volume and lattice
spacing effects, at all considered temperatures, we have generated gauge field configurations at
three different volumes and lattice spacings.

T/T.| B NS x N; a [fm] Neonf K Ke

124 | 6.205| (6432241638 | 0.075| (46/61/85/89) | 0.13599| 0.13580
124 | 6.499| (4836243x12 | 0.049| (818178 | 0.13558| 0.13558
124 | 6.721| (6448323x16 | 0.038| (469681 | 0.13507| 0.13522
1.19 | 6.872 643 x 20 0.031 120 0.13494| 0.13499
149 | 6.338| (643224163x8 | 0.062| (46625960) | 0.13581] 0.13578
149 | 6.640| (4836243x12 | 0.041| (615968 | 0.13536| 0.13535
149 | 6872| (6448323x16 | 0.031| (66/6260) | 0.13495| 0.13499
1.46 | 7.192 643 x 24 0.021 80 0.13440| 0.13450
2.98 | 6.872| (9664/32]24/16)3x 8 | 0.031 | (37/43/65/80/80) | 0.13494| 0.13499
291 |7.192| (483624°3x12 | 0.021| (8580/80) | 0.13440| 0.13450
298 | 7.457| (6448323x 16 | 0.015| (80/80/60) | 0.13390| 0.13394
5.96 | 7.457 328 x8 0.015 70 0.13390| 0.13394

Table 1: Simulation parameters for the underlying study. (Data of the hypercube action are marked in red)

We use two different types of fermions: non-perturbativelia) improved p] Wilson-clover
fermions B] and hypercube fermionsi]. At temperatures sufficiently abovk one is able to
perform the Wilson matrix inversions in the chiral limit since the zero modes are absent or very
suppressed. We therefore choose to work at or closg W@lues, determined and interpolated at
T =0 from [2], see Tabl.

An alternative approach is to use the fixed point perfect action, which is free from any cut-off
effects. The existence of such an action is a consequence of the Wilsons renormalization group
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theory p]. For free quarks the perfect action is known analytically and can be obtained with a
technique called “blocking from the continuumg,[7]. However on a lattice one truncates the
perfect action to a unit hypercube to render it ultralocal. To gauge the action we employed a simple
ansatz for the interacting gauge fields called the hyperlinks. We supplemented this construction by
fat links and an additional enhancement of the operator couplings for the free perfect action. These
provide the hypercube operator with better chiral properties which are controlled by the shape of
the eigenvalue spectrurd][ The latter is adjusted to hit the chiral limit for the quark masses.

3. Screening masses abovi

In the infinite temperature limit mesonic correlation functions are combinations of two free
qguark propagators. Correspondingly at large distances the decay of spatial correlators is dominatea
by twice the lowest quark Matsubara frequency,

meson= 20§ = 27T, (3.1)

In the continuum the spatial correlation function of the free quark-antiquark pair with pion quantum
numbers is§]

NeT
Gr(z) = 1+ 2xnTzcoth(2nT 2)] . 3.2
=2 2nZsinh(27T 2) | i ) (3.2)
From this an effective z-dependent screening mass can be defined by

) = _(;Z) a(;iz) —2rT {)1((2+xcoth(x))+ 1+xcloth(x) (sin:z(x) —coth(x))} ., (3.3)

wherex = 27Tz Note that the effective screening mass, which is shown inF{gft), does not

exhibit any plateau-like behavior, which otherwise would signal the presence of a genuine pole
contribution. The anticipated valuerZ is reached from above, yet only at asymptotically large
distances. Also in the interacting case a genuine plateau can not be identified at temperatures above
T, for our lattices. For definiteness we therefore will quote screening masses obtained at a certairi
spatial separation. The choize- L/4 then leads in the free case to

mz=L/4) 21
MZ=L/%) _ o (1+MT+...> (3.4)

i.e. the leading correction to the continuum screening mass is linearly deperdeit,T), on the
(inverse) separation.

In a numerical lattice investigation the separation is limited by the box size. In order to ad-
dress finite volume effects we have calculated the free spatial lattice correlation functions semi-
analytically P]. It turns out, Fig.1, that also in this case the leading finite volume correction to
the screening mass is linearly dependent 6L T) = N;/Ns. In the interacting case the finite vol-
ume effects are less severe. This can be understood because freely propagating quarks feel the box
boundaries (and the momentum cut-off) more strongly than interacting quarks. In order to describe
the volume effects we have therefore taken the exponent offthd '] term as a free parameter,

m(L.a) _ m(a) <1+Y<NT)'°>‘ (3.5)

T T No
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free, cont.
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Figure 1: Effective screening masses compared to the free continuum one (left) and as function of aspect
ratio (lattice volume) alN; = 8,16

We expect thap takes values between 3 as in the confined phase,l€]gahd 1 as in the infinite
temperature limit. The fits indeed return results which decrease towards 1 with rising temperature,
Table2.

The remaining lattice spacing dependence is expected to be quadratic,iaquivalently in
1/Ng,

2
) _ Mo <,j> .. (3.6)

in the free as well as in the interacting case. As Rigeft) shows the coefficient is rather small
in the latter. The final numbers are given in Tablend in Fig.2.

p Mscr/ T
T PS \% T PS \
15T | 2.12(36) | 2.24(46) 15T | 5.77(1) | 6.21(1)
3T, | 1.46(15) | 1.54(21) 3T, | 5.81(4) | 6.06(4)

Table 2: Results from the data fit to Eq3.6) and (3.6)

Due to exceptional configurations it is difficult to analyse the data bel@&.1 As can be
seen, the pion screening mass is about 9% smaller than in the free case while the vector meson
comes out close to but also below.2This is to be contrasted with the analytical calculation based

8.0

68 free —— 7.0  m/T, m/T 9 .
6.6 15T % U
s mps(N)/T ° 6.0 | = — 3
6.2\% 5.0 1 & 7
6 T 40 8
58 * * i — 3.0 F ®/®7® p extrap. —e— 1
5.6 20 T extrap. ]
5.4 1'0 ;P[ o
52 (N2 ) ‘ ‘ ‘ T/T,
5 0.0
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Figure 2: Finite lattice spacing extrapolation (left) and extrapolated result compared to old results, which

have been obtained via rescaling witi/2nz7L (L, ).

on dimensional reduction and treating"™ as a heavy quark mas$1], which predicts that the
screening masses approach the free result from above.
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4. Spectral functions for the Wilson vs. the hypercube action

One important step towards the understanding of in-medium properties of mesons in finite
temperature QCD is the study of their spectral functions (SPFs). They are necessary to establish
connections with experimental results e.g. the dilepton or photon production rates and their mass
spectrum. The computation of the SPFs on the lattice from the given correlation functions is an
ill posed problem. However, one may attempt to use the well established MEJMvfhich has
been first utilized in13], to tackle the problem. In this method, information about the larsgeart
of the SPF, which is not well determined by the data, is supplied as a prior default in the form of
a Shannon-Jaynes entropy term. The crucial point is to find a proper default model which serves
as an input for MEM. To this end we consider the free lattice SPFs derived il 15] for our
fermion actions. In both cases MEM can nicely reproduce them with the input provided by the
free correlation functions, see Fig(left). In the free case the lattice artifacts for the hypercube
fermions are pushed to much higher frequencies than for the Wilson fermions. The same behavior
is seen also for the interacting case and thus allows for a more reliable study of interesting states
in the physical interesting low region, see Fig3 (middle). The reconstructed SPFs &1L and
3T, are significantly different from the free case. The positions of the first and the second bumps
for both fermion discretizations are in agreement. The second bump in the case of the hypercube
action corroborates, that it may not be a lattice artifact, as one may have thought from studies
with Wilson fermions. To solidify the SPF results from the hypercube action and to turn them into
predictions for the dilepton spectrum one needs renormalization constants, whose determination is
work in progress.

0.20 . : : : ' ' ' FP 15T, —— FP 15T, —— |

) 5
2 0.16 Ops(®,T)/0” W 15T, 4 0.16 Gps(0,T)/0” W 1.5T.
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Figure 3: SPFs for the pseudo-scalar channel with Wilson (W) and hypercube (FP) fermibasat(left)
and at 15T, 3T¢

5. Summary

We have presented an analysis of infinite volume and continuum extrapolations of the effective
screening masses for different mesons with the improved Wilson action dpovée resulting
values come closer to the free values. SPFs computed with hypercube fermions seem to allow the
identification of the excited states with higher confidence than Wilson fermions. To fully confirm
this behavior we further need to compute the renormalization constants, improve our statistics and
increase the volume.
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