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1. Introduction

The aim of this work is to compute the chromoelectric and chromomagnetic fields and study
the shape of the flux-tubes for the hybrid gluon-quark-antiquark system. We study two different
geometries for the hybrid system, one with a U shape and another with L shape, figure. 1.
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(a) U shape geometry. (b) L shape geometry.

Figure 1: gluon-quark-antiquark geometries, U and L shapes.

2. The Wilson Loops and Chromo Fields for exotic systems

In principle, any Wilson loop with a geometry similar to that represented in figure 2a, describ-
ing correctly the quantum numbers of the hybrid, is appropriate, although the signal to noise ratio
may depend on the choice of the Wilson loop. A correct Wilson loop must include an SU(3) octet
(the gluon), an SU(3) triplet (the quark) and an SU(3) antitriplet (the antiquark), as well as the
connection between the three links of the gluon, the quark and the antiquark.
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Figure 2: (a) Wilson loop for the ggg and equivalent position of the static antiquark, gluon, and
quark. (b) Simple Wilson loops that make the ggg Wilson loop.

The Wilson loop for this system is given by:

Wegg = e THAPT ATITrAS,A%53) @.1)

1
= WW, — §W3 (2.2)

where Wi, W, and W3 are the simple Wilson loops shown in figure 2b. When r; =0, W =3
and W, = W3, the operator reduces to the mesonic Wilson loop and when y =vand ri =r, =r,
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W, = WlT and W3 = 3, W,,q reduces to Weyq(r,1,t) = [W(r,t)|*> — 1, that is the Wilson loop in the
adjoint representation used to compute the potential between two static gluons.

In order to improve the signal to noise ratio of the Wilson loop, the links are replaced by "fat
links",

Uy (s) — PSU(3);W (Uu (s)+w ; Uy (s)Uy (s+ V) Uy (s—i—,u)) (2.3)
u#v

We use w = 0.2 and iterate this procedure 25 times in the spatial direction.
We ontain the chromoelectric and chromomagnetic fields on the lattice, by using:

W Py,
(E%) = (o)~ <W‘>’> (24)
WP
() =500 () @9
and the plaquette is given by
Puv(s)=1-— %ReTr [Uu($)U (s +w)UJ (s + v)U ()] (2.6)

We only apply the smearing technique to the Wilson loop. The relationship between various pla-
quettes and the field components is:

component plaquette

E, Py
E, P,
E; Py
B, P,
B, P,
B z P, Xy

The energy (€) and action (y) density is given by

e= 3 ((E%)+(8) @)
v=3 ()~ (5) 2.8)

3. Results for the gluon-quark-antiquark

Here we present the results of our simulations with 141 24° x 48, B = 6.2 configurations
generated with the version 6 of the MILC code [1], via a combination of Cabbibo-Mariani and
overrelaxed updates. The results are presented in lattice spacing units.

In the following pictures we present the results for the chromolectric and chromomagnetic
fields and for the energy and action density. The figures 3 to 6 show the results for the U shape
geometry and figures 7 to 10 the results for the L shape geometry.
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In figure 11 we present the results for the U geometry along x = 0, this corresponds to the
axis along gluon and the middle distance between quark-antiquark, and y = 4, this corresponds
to the axis along quark-antiquark. This results show that when the quark and the antiquark are
superposed the results are consistent with the degenerate case of the two gluon glueball. In figure
12 we present the results for the L geometry along the segment gluon-antiquark and along segment
gluon-quark. And finally, in figure 13 we show a comparison between the results for (r; =0,r, =8)
and (r; = 8,r, = 8) along segment gluon-antiquark in the L geometry, when the gluon and the
antiquark are superposed this results are consistent with the static quark-antiquark case.

0.0436
0.0020
0.0018
0.0016
0.0014
0.0011
0.00093
0.00072
0.00050
0.00029
0.000077

0.00011

-0.00010
—0.00031
—0.00052
—0.00074

0.0185 0.0252
0.00070 0.0020

0.00062 \ 0.0018
0.00054 0.0016
0.00046 0.0014
0.00038 0.0012

0.00095

—0.00095

—-0.0012

—0.0014

—0.0016

—0.0018

—0.0020

-6 -4 -2 0 2 4 6 —000670

0.00030

0.00022 | \ 000074

0.00014 0.00053
0.000061 0.00032

-000009 - = 000011
o 4 -2 0 2 4 6 "-0000099 o ~0.00010

-6 -4 -2 0 2 4 & —0.00014

(a) Chromoelectric Field (b) Chromomagnetic Field (c) Energy Density (d) Action Density

Figure 3: Results for the U geometry with d = 0 and / = 8. In this case, the quark and the antiquark
are superposed and the results are consistent with the degenerate case of the two gluon glueball.
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Figure 4: Results for the U geometry withd =2 and [ = 8
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Figure 5: Results for the U geometry withd =4 and [ = 8
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Figure 6: Results for the U geometry withd =6 and [ = 8
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Figure 7: Results for the L geometry with r; = 0 and r, = 8. The gluon and the antiquark are
superposed and the results are consistent with the static quark-antiquark case.
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Figure 8: Results for the L. geometry with ry =2 and r, = 8
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Figure 9: Results for the L. geometry with r; =8 and r, = 8



Chromoelectric and chromomagnetic fields for the static gluon-quark-antiquark system Nuno Cardoso

0.0251
0.0010
0.00089
0.00079
0.00068

0.0436
0.0010
0.00089
0.00078
0.00066

0.000064
—0.000043
—0.00015
—0.00026
—0.00036
—0.00047

0.00055
0.00044
0.00033
0.00022
0.00010

M -6.9x107°

—0.00012

0.00057
0.00047
0.00036
0.00025
0.00015
0.000042
—0.000065

—0.00057
—0.00068
—0.00079
—0.00089
—-0.0010
-6 -4 -2 0 2 4 6 —000669 6 -4 -2 0 2 4 6

-6 -4 -2 0 2 4 6 -6 -4 -2 0 2 4 6

(a) Chromoelectric Field (b) Chromomagnetic Field (c) Energy Density (d) Action Density

Figure 10: Results for the L geometry with ry =6 and r, =6
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Figure 11: Results for the U geometry.
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Figure 12: Results for the L geometry.
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Figure 13: Comparison between the results for (r; = 0;7, = 8) and (r; = 8;r, = 8) along segment
gluon-antiquark in the L. geometry.
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Figure 14: String attraction and fusion, and string repulsion, respectively in type I and II supercon-
ductors.

4. Conclusions

In Bicudo et al. [2] and Cardoso et al. [3] it was shown that for the static gluon-quark-antiquark
potential V when the segments between gluon-quark and gluon-antiquark are perpendicular, V is
compatible with confinement realized with a pair of fundamental strings, one linking the gluon
to the quark and the other linking the same gluon to the antiquark. However, if the segments
are parallel and superposed, the total string tension becomes larger and agrees with Casimir Scal-
ing measured by Bali [4]. This can be interpreted with a type-1I superconductor analogy for the
confinement in QCD, see figure 14, with repulsion of the fundamental strings and with the string
tension of the first topological excitation of the string (the adjoint string) larger than the double of
the fundamental string tension.

The general shape of the flux-tubes observed here reinforce the conclusions of Bicudo et al.
[2] and Cardoso et al. [3].

We study the fields with two geometries, U and L shaped for the Wilson loops. Here, the com-
ponents of the chromoelectric and chromomagnetic fields around a static gluon-quark-antiquark
are investigated. This allows us to determine the shape of the flux-tubes with respect both to the
energy and action densities. When the quark and the antiquark are superposed the results are con-
sistent with the degenerate case of the two gluon glueball, and when the gluon and the antiquark
are superposed the results are consistent with the static quark-antiquark case. Another interesting
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result is that the absolute value of the chromoelectric field dominates over the absolute value of the
chromomagnetic field.
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