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1. Introduction

Smeared gauge links improve the scaling behaviour of staggered quaikdelieved that
smearing achieves this by suppressing the dependence of operatayh-omomentum field modes.
Also, hypercubic gauge link smearing is gaining interest with the advenEdf H] as it is differ-
entiable and can be implemented in dynamical simulations. Hence it is importanttoitbauge
link smearing suppresses only the ultraviolet modes while leaving the longtdigtgsics intact.
In this presentation, we present our study on the effect of gauge lin&rémgeon the infrared and
ultraviolet modes in both gluonic and quark sectors.

From [2], comparison of hadron screening masses 3. from various quenched calcula-
tions using different valence quarks shows complete disagreementdrestaggered quark re-
sults and results from Clover and Overlap fermion calculations. In pantjd¢hiastaggered pseu-
doscalar/scalar screening masses lie anomalously below the lattice freedimig te were mo-
tivated to see if this discrepancy is due to taste splitting in staggered fermionlfdion.

The results presented here are based on [1].

2. Study of smearing

We examined four schemes which are currently popular: APE [4], HYPI®ut [6], and
HEX [7]. Each of these smearing schemes have free parametkich determines how much im-
portance is given to link neighbours. The APE and Stout schemes hangafattening parameter
¢, while HYP and HEX schemes have three differem three orthogonal directions. We restricted
our study to the subset which have equal contributions from all diregteurgrolled by a single
parameteke. Also, to maintain locality, we restricted ourselves to one step of smearing.
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Figure 1: Defining UV and IR. The cube represents a three dimensiond&n zone for illustration. The
body diagonal connects the origin to the opposite cornehefcube. The modes between the origin and
the planegigr, which is perpendicular to the body diagonal, are definedRamnddes. Similarly, the modes
betweenoyy and the farthest corner are defined as UV. The rest of the mavdageneric. The distances of
the planes from the origin are arbitrary.

To study the effect of gauge link smearing on the high frequency modés gluge field, we
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constructed the power spectrub(k), of plaguettes summed over all spatial directid?(), as

P(k) =Y exp(ik-x)P(x)  and  E(k) =[P(k) (2.1)

The mode numbels, = 11(2¢,, + () /Ny, Ny is the size of the lattice in the directign the integers
0 </, <Ny, and{,, = 0 for periodic boundary conditions and 1 for anti-periodic. Periodiair a
periodic boundary conditions imply that the independent modes are thosé withide the Bril-
louin hypercube whose body diagonal, BD, joins the corners (0,0,0d00\ai2, Ny /2, N, /2, N, /2).

We used this power spectrum to find how smearing affects the UV and IRanddeshown
in Figure 2, we separated the IR and UV using hyperplanes perpendic@®. All modes within
the Brillouin zone closer to the origin than a hyperplanewere called IR modes; conversely all
modes within the Brillouin zone closer to the far corner than the ptapevere called UV modes.
Everything else was a generic mode— neither IR, nor UV. We defined ppresssion of power in
the IR and UV as a function af

_ Ew(¢) Er(€)
- Ew(0) Er(0)’
whereE,, (€) is the power summed over all modes in the UV for a fixed valug, @hdEr(¢) is a
similar quantity obtained by summing over all modes in the IR.

We investigated) numerically with thermalized configurations &t= 0 usingf83 = 5.2875
andf = 5.53 corresponding to lattice spacings 084 and 017 fm. The Goldstone pion mass is
the same in both the configurations. Periodic boundary conditions wedesosihat all{, = O.
The variation ofQx with ¢ is shown in the top two panels of Figure 2. First focusing on the top
panel, one sees that the slope of the curvefar always starts off larger than that fQiz. Also,
the slope of the latter seems to be close to zero. This shows that smearing esedoto modify
the UV without modifying the IR. One can use this to seek an optimum valgesafch thaQQ, is
as small as possible. From the bottom panel, we find that there is changeireth# suppression
of power in the IR and UV, but the change in the optimans not large even when the lattice
spacing is halved. The optimum valuesamove down slightly. This movement is compatible
with the intuition that finer lattices require less improvement. Since the definitiokis afid UV
are arbitrary, one needs to check whether the results are sensitive definison. We placed the
planesok andagy, at a fractionD of the length of the diagonal (with€ D < 0.5, so that no mode
is simultaneously in the IR and UV) from the nearest corner, and va&iethe result forQ,, is
shown in the bottom panel of Figure 2. The colour code is suchQpatdecreases when we go
from yellow to blue. We find that the optimumis insensitive td.

Then we studied how smearing affected the quark sector. Using massggesed Dirac
operator,D, we took the minimum and maximum eigenvaluggi, and Amay, of DTD to be the
IR and UV gquantities in the quark sector. In the top panel of Figure 3, wes she variation of
Amin(€)/Amax(0) with € by the red points and similarly fokmin(€)/Amax(0) using green points,
at B = 5.53. We find that there exists an optimunwhereAmax is minimum. Interestingly, this
optimal point occurs very close to the one determined in the gauge sectar, théschanges in
Amin is very minimal and occurs within the tolerance used in Lanczos.

The convergence of conjugate gradient (CG) is related to the extrenealviges through the
condition number oD™D, kK = Amax/Amin. In the bottom panel of Figure 3, we display the variation

Quv and Qr= (2.2)
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Figure2: Suppression of power. The suppression of pa@gi(red points) and,, (green points) are given

as a function o€ for all the four smearing schemes. The measurements fomopnéddle panels are made
on configurations with the same pion mass, but the latticeisgaf the middle panel is half the top one.
The bottom panel shows the variation@jy (£) with the distanceD, of oyy, from (77, 17, 77, 77). The optimum

€ remains unaltered.

Scheme|  =5.2875,am=0.025| B =5.53,am= 0.0125
QUV NCG )\max QUV NCG )\max
APE | 0.71 0.65 0.62 | 0.70 0.65 0.60
HYP | 0.65 0.60 0.56 | 0.65 0.55 0.55
Stout | 0.19 0.15 0.16 | 0.18 0.15 0.14
HEX | 0.20 0.15 0.17 | 0.17 0.15 0.14

Table 1. The besk for two differenta, the second being half of the first, evaluated in differehesaes and
by different optimization criteria. The optimum parametelue in each scheme is nearly independerat. of

of number of CG iterationd\cg, required for the residue to be less tharm3@s a function o.
We find that CG is optimized at the same valueg @fs found througlQuy andAnax We also
show a curve proportional t¢/« (red curve) to show the striking dependenceNg§; on k, even
thoughk only sets an upper bound dc.

We summarize the results of our optimization of smearing algorithms in Table 1.
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Figure 3: Effect of smearing in quark sector. The top panel shows thati@n of ratio of extremal eigenval-
ues (maximum: green, minimum: red)BfD with smearing to their values without smearing, as a fumctio
of ¢ for all the four smearing schemes. The green points in bopianel show the variation of number of
conjugate gradient iterations required for convergen@efanction ofe. The red line is a curve proportional
to /K, wherexk is the condition number dd'D. The resemblance between the two is striking.

3. Application to Screening M asses

We now present the applications of our study on smearing to the study frti@adcreening
masses. By construction of staggered quarks, each staggered rassiéhdifferent taste partners.
In the continuum, the masses of the taste partners are degenerate, whiie af they are split.
Hence we take the measure of taste breaking as

where the subscript gives the tagtstructure. The splitting at finite temperatudgyps, is taken

as the splitting in the corresponding screening masses. In Figure 4, wedghg at T = 2T as

a function ofdmy. The different points are labelled by valueseoh different smearing schemes.
The black line is given by ups 00 (dmy)2. Thus the splitting in the deconfined phase improves
super-linearly with the improvement at zero temperature. This observatidd be explained by
complete or almost complete restoration of taste symmetry in the chiral limit [1]. $cosery

of taste symmetry has been used as the main indicator of the reduction of &i¥seft is natural

to use optimized HYP smearing in order to best reduce lattice artifacts.

Using optimal HYP improved staggered valence quark, we determined thdqssmlar (PS),
scalar (S), vector (V), axialvector (AV) and nucleon (N) screeningsea in the temperature range
0.92T. < T < 2T.. The results are displayed in Figure 5 for the ensemble mjth= 192 MeV
and temporal exterit; = 4. The blue and green bands are the weak coupling predictions from
dimensional reduction [8] and HTL [9] respectively. The salient faatfrthis plot is thafupsin
the deconfined phase lies closer to the lattice free field theory limit. Also, themseseening
masses agree with the weak coupling theory predictions within the 15% unteg#sing from
the smearing scheme dependence at this lattice spacing.
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Figure 4. Super-linear improvement at high Taste splittings al = 0 and atT = 2T, were determined
at the same lattice spacirg= 0.17fm. The data points are measured splittings and they bsdléa by
the smearing scheme and the valuesaised for its determination. The black line gives the bestofit f
5[Jps O (5mn)2.
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Figure5: Hadron screening masses with optimum HYP improved valenaekgpnN; = 4 lattice. The blue
and the green bands are the weak coupling predictions. Thkkdack line is the lattice free field theory
result for mesons.
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4. Conclusions

We presented our work on the optimization of the valence quarks. We osegdpular
versions of fat-link staggered quarks. We optimized the smearing paramebereach case by
observing changes to the power spectrum of the plaquette (see Figune te largest and smallest
eigenvalues of the Dirac operator (see Figure 3). The optiraunas chosen so that the UV
was suppressed as much as possible without changing the IR behavimthinases. This also
improved the performance of the conjugate gradient algorithm used fanv@esion of the Dirac
operator (see Table 1). Such a tuning was dont at0. We found mild changes in the tuning
parameters as the lattice spacing was changed by a factor of 2. Smeaseg sgstematic changes
in finite temperature properties of interest. Taste symmetry breaking in thehbee pmproves
super-linearly with improvement at = 0 (see Figure 4). Using optimal HYP improved valence

quarks, the screening masses at high temperature are found to be clesaktgoupling theory
(see Figure 5).

The lattice computations described here were performed on the Cray X4 i@ | in TIFR.
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