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The gluonic action density has been revealed in baryons awbms using Polyakov loops as
a quark source operator at finite temperature. The actiosityein the baryon exhibits a filled
A-shaped profile which persists even at large quark separaiibe density distribution is non-
uniform with a maximum localized near the Fermat point ofdbhark configuration. The mesonic
action density profile is non-uniform and curved. The widfhthe flux tube is non-constant
along the line joining the quark-antiquark at large distafar the temperature just close to the
deconfinement point. The width profile of the action densftpath systems is consistent with
the predictions of both the mesonic and the Y-shaped barysiring models predictions.

The 30 International Symposium on Lattice Field Theory titat2012,
June 24-29, 2012
Cairns, Australia

“Speaker.
T

(© Copyright owned by the author(s) under the terms of the Cre@vmmons Attribution-NonCommercial-ShareAlike Licence. http://pos.sissa.it/



Gluonic fields as unraveled with Polyakov loops and predittg bosonic strings Ahmed S. Bakry

1. Introduction

The confinement of quarks into mesons and hadrons is an outstandingefed QCD, the
theory of strong interactions. Computer simulations have revealed th&t qaafinement is a
property of the gluonic sector and is common for non-Abelian gauge tlsedniéact, the potential
of a static quark anti-quark pair linearly rises with the inter-quark distambe.origin of the lin-
early rise has been identified to be due to colour-electric flux tube whiahsfbetween the quark
colour sources. The flux tube has been made visible in zero-temper&t(8% Y¥ang-Mills theory
or quark anti-quark (mesonic) and three quark (baryonic) configmsby studying the correla-
tions between field strength and 'Polyakov lines’ and 'Wilson loops’, eesigely. Investigating
the questions why the colour-electric flux tube forms is an active field efreb.

It is well known that Yang-Mills theories at high temperatures cease toreoqfiarks: the
static quark potential with its linearly rising asymptotic form turns into a Coulomb pypential if
the temperature exceeds a critical value. The properties of the confininigfies close but below
the critical temperature are hitherto unknown. The focus of this reskascheen on re-addressing
the colour-electromagnetic flux tube in mesonic and baryonic configurdipestending the ex-
isting considerations to finite temperatures.

Figurel: (Right) 3Q Wilson loop, for a fixed source geometry, many differemttisp-links configurations
are possible.(Left) Dependence of the flux density on the choice of the sourceatieindicates that
non-ground state contamination contribute to the coimdtinction Ref. [1].

Technically, this involves evaluating correlations of Polyakov lines with a Bé&length op-
erator. The study is demanding and challenging from the numerical poui¢wfas it discusses
correlations involving the ratio of two exponentially decaying operatorse Uge of a set of un-
biased operators to reveal the field structure within nucleons has alscabeattractive idea to
overcome the systematic errors associated with utilizing the overlap formalis¥ilsadin opera-
tors. In addition, these lattice calculations are necessary to look into artifyidbe signatures of
the confining bosonic strings unambiguously in QCD.

Besides overcoming the systematic errors associated with the Wilson loopaahpfsee
Fig. [1]), the objectives of this investigation focused on revealing apdempating the changes on
the energy distribution with the temperature based on string models as wellint béthe present
proceeding is to present a summary of the work that has accomplished itudyeo$ the gluonic
structure in the mesonic and baryonic configurations from the above medf@rspective.
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Figure 2: (Left) The flux-tube’s width in the middle plane versus quark sogeggaration for various levels
of UV filtering. (Middle) The action density iso-surface for quark source separdt@®™ fm and tempera-

ture T= 0.8 Tc. (Right) The change of the tube’s widBW? = W?2(x;) —W?(xo) measured from the central
plane for the depictedq separations d=1.2 fn8 = 6, T= 0.9 Tc. The line denotes the width difference
OW? as predicted by the string model.

The first contribution to this point has been reported in Ref. [2], wherédbas learned from
bosonic string models and noise reduction techniques have been appliezl goobitem of in-
vestigating gluonic fields of the meson in pure SU(3) gauge theory at finite tatape below
the deconfinement point. The profile of the confining flux tubes has mealed in the meson
for two temperatures below the deconfinement point and then compared peettietions from
bosonic string models. The work discusses the changes on the whole pfdfie flux tubes due
to the temperature based on bosonic string models. The width profile of thaledflux-tubes is
curved and linearly growing (see Fig. [2]) near the deconfinement,pwhich is consistent with
the string picture predictions at large distances.

As a continuation of this analysis, the effect of filtering out ultraviolet flattans have been
investigated and compared with string model predictions in Ref. [3]. It lkas Ishown that the
broadening properties of the free bosonic strings are independgra 0/ physics. The following
items summarise the main results in the two Refs. [2, 3] mentioned above:

¢ Unlike the gluonic profile displayed at zero temperature using Wilson loopsjaark source
operator, the profile of the flux-tube action density displays a prolatershlike shape.
This result is obtained after correlating two Polyakov loops as quarlcemperators with
an action density [2].

e At large distances, the flux tube exhibits a non-constant width profileistens with the
predictions of the bosonic string model at finite temperatures and the actisitydis non-
uniformly distributed [2].

¢ Verification of the linear growth of the flux tube width near the deconfinerpeimt with the
increase of the inter-quark separation in pure SU(3) gauge thedsy. [2,

e The effective string physics is independent from the ultraviolet filterintp® vacuum fluc-
tuations [3].

e The ultraviolet filtering of short distance vacuum fluctuations revealsttivggg properties
of the flux tube at intermediate inter-quark separations at high temperd@jres



Gluonic fields as unraveled with Polyakov loops and predittg bosonic strings Ahmed S. Bakry

1

0.95

Lo Ui Rl " 5 ifen,u,, 1
(&&= SRR

0.85 F L] .
) 3
O L .
08 Uniform —— N
h=13 -+ -

\
YH\
1Yy
11y
1
1

0.75 ¢ h=15 -+ 4+
h=20 =

=P
/}L/ 07EF h=24

[
I
\

065 . . . .
s"mU 15 20 25 30 35 40
n

Figure 3: (Left) Action isolines in the quark-antiquark plane for temperafli = 0.8 T; near the end of
QCD plateau for quark separatidr= 1 fm.(Middle) Trial states with a non-uniform smearing profile of the
spatial links of Wilson loops have been found to optimizedherlap with the mesonic ground staRight)
Measurement of the overlap of the ground state meson patdatielliptical source shapes parametrized
with number of sweeph (at the last spatial link) and (at the middle spatial link). The continuous line
denote the overlap of uniformly smeared or (flat) statesh.

Figure [2] illustrates the above mentioned points.

Some of the "non-uniformly’ distributed gluonic states revealed at finite temtyper acquires
a constant width (in particular those at the end of the QCD Plateau). Thésvalti®n has motivated
the importance of investigating the trial states corresponding to non-ungflurmmic distributions,
in obtaining the ground state of the theory.

At zero temperature, the overlap of trial states, created via spacedkgdevels of APE
smearing with the ground state, is extracted using the transfer formalisrkisg8]). This has
been reported in Ref. [4]. The conclusion of the investigation, is thatnaumiform flux tube
(similar to the finite temperature case) possesses a higher overlap with tigeaune state. This
could imply that the ground state flux tube is curved rather than straight entti\lmave greater
suppression of the QCD action density in the centre of the flux tube. Thik mestivates, extending
the investigations with Polyakov lines into lower temperatures.

The study has been extended to the baryonic flux tube arrangemeiiteatiinperature using
Polyakov lines and cooling for noise reduction. The interesting result isttieagluonic flux
displays, a profile consistent with a fillddshape, even at large distance which seems to contrast
the famed Y-shaped flux tube obtained via Wilson-loops correlations at loweratures. This
baryonic flux tube system has been analysed in detail from varioustaggéhe profile in Ref. [5].

The profile of the baryonic string has been unambiguously identified dirgetlit behaviour
of a form consisting of a sum of two-Gaussians. The Y-baryonic stringeihioak been discussed
at high temperature for the Width profile of the junction in Refs. [6, 7, 8]e Hitice data for
the mean-square width of the gluonic action density has been compared torésponding width
calculated based on string model at finite temperature. The best fits faritfgersodel are returned
for large quark source separation only assuming the classical posittbe efrings at the Fermat
point of the configuration (point that minimizes the length of Y-strings). Thilysis [7] can be
of a particular relevance to the confining string models, as it is the first timeawelicectly look
and identify a clear formation of Y-shaped confining strings in the baryfdtéd A-shaped action
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density, from the first principles of QCD. In Ref. [7] primary numericaligations have been also
summarised.
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Figure 4: (Left) The action density iso-surface is a fillédshape in the baryon for temperattie= 0.8

for a 3Q configuration of isosceles base lengts 1.0 fm and height of roughl)R = 1.0 fm. (Middle) The
action isolines in the 3Q plane for temperature at the enti®fQCD plateau regiom = 0.8T.. The lines
superimposed on the density plot refer to the position ot#rger of each of the two overlapping Gaussians
used to fit the action density in the transverse planes to-tizds< In the confining string model, these lines
indicate the mean position of the gluonic strings joining 8Q system(Right) Same as the adjacent plot
but for the temperature just before deconfinenieret 0.9T.. This plot shows that the notable change on the
profile of the baryonic flux arrangement, with the tempemincrease, is the movement of the junction to
the inner region of the quark configuration.
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Figure 5. The density distributior¥” (g) for the isosceles configuration with the base= 1.0 fm, and
heightR= 0.7 fm atT/T. = 0.9). Data are plotted for the transverse plares 1 to x = 3. The lines
correspond to fits of the sum of two Gaussians fits to the deisieach plangd(x;,y,0). The distance
between the two Gaussians gets closer which ultimatelyca®nat 'a junction’ as we move into farther
planes from the base of the triangle.

The following summarises the main results of the baryonic analysis:

e The gluonic action-density exhibits a fillddtshaped profile even at large quark separation
[5, 7] (See Fig. [4]).

e An underlying Y-shaped flux tube system, for theshaped action is revealed through a
double Gaussian fits [8] (see Figs. [4, 5]). This result might indicatetliea¥-shaped flux
arrangement is a rough approximation to the ground state energy density.

o \erifying the validity of the Y-baryonic string model at finite temperaturesis Bhows that
the A-shaped gluonic profile comes about, through the vibration of the undgr¥string
system [7, 8].
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e The lattice data for the baryonic flux tubes near the deconfinement poinaied a linear
growth pattern for the baryonic flux-tube [5].

Investigating the energy distribution within elementary particle systems is arigrdal sub-
ject to QCD and confinement. Re-addressing the confining flux tubedtettBmperature scales
is an interesting topic not only for the understanding of the changes ondfike pf the flux-tube
with the temperature, but also for the reason that the revealed color mapyonbaand mesons
with Polyakov loops is presenting a potential candidate for the exact geonfétne flux tubes
arrangements, if the analysis with Polyakov loops is to be extrapolated tbereparatures.
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