SPATIAL DISTRIBUTION OF COLOUR FIELDS IN THE SU (3) FLUX TUBE

MARSHALL BAKER, PAOLO CEA, VOLODYMYR CHELNOKOV, LEONARDO COSMAI, FRANCESCA CUTERI, ALESSANDRO PAPA

DEPT OF PHYSICS, UNIVERSITY OF WASHINGTON P. O. BOx 351650, SEATTLE WA 98195, USA
INFN - SEZIONE DI BARI, I-70126 BARI, ITALY
INFN - GRUPPO COLLEGATO DI COSENZA, [-87036 ARCAVACATA DI RENDE, COSENZA, ITALY

INSTITUT FUR THEORETITSCHE PHYSIK - JOHANN WOLFGANG GOETHE-UNIVERSITAT - FRANKFURT AM MAIN

Istituto Nazionale
di Fisica Nucleare

Ty
GOETHE g«,
UNIVERSITAT

FRANKFURT AM MAIN

SIMULATION ALGORITHM & LATTICE SETUP

» Simulations are performed in pure gauge SU(3), making use of the
publicly available MILC code, modified to introduce the relevant
observables.

STRATEGY TO EXTRACT COLOUR FIELDS

» The field configurations generated by a static quark-antiquark pair
can be probed by calculating on the lattice the vacuum expectation
value of the connected correlator

INTRODUCTION

Theoretical arguments

» Quantum ChromoDynamics (QCD) expected to accommodate all
strong interaction phenomena, yet, colour confinement is escaping
a theoretical explanation.

Not yet clear which feature of the QCD vacuum, hence which of
the field configurations contributing to the QCD vacuum partition
function, are responsible for the linear confining potential between
a static quark and antiquark at large distances.

Numerical facts

Area-law scaling of large Wilson loops and linear potential between
a static gq pair at distances above ~ 0.5 fm, up to distances of ~ 1.4
fm with dynamical quarks, where string breaking should take place.

Dominant component of the colour fields created by a static ¢g pair
is the chromoelectric one distributed in “flux tube” structures.

PLAN ON THE BASIS OF NUMERICAL FINDINGS

Shed light via a scan of all components of the colour field over all pos-
sible two-dimensional planes transverse to the axis joining the sources.

» Confirmed suppression of the chromomagnetic field components as
well as of the transverse components of the chromoelectric field, as
observed already in the earlier SU(2) studies.

o Large-distance, nonperturbative and confining dynamics en-
coded in the chromoelectric field longitudinal to the line connect-
ing the static sources

o Transverse chromoelectric fields account only for the short-
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» The Wilson loop connected to the plaquette is the source of a colour
field which points onto an unknown direction n in colour space.

» We measure the average projection of the colour field onto that di-
rection. Schwinger lines realize the colour parallel transport be-
tween the source loop and the “probe” plaquette.

In the naive continuum limit [Di Giacomo, Maggiore, Olejnik (1990)]
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» The lattice discretization for the pure gauge SU(3) is the standard

Wilson action.

Configurations are evolved through heatbath and overrelaxation

sweeps.

Physical scale is set assuming for the string tension the standard
value of /o = 420 MeV and using the parameterization [Edwards,

Heller, Klassen (1998)]
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To improve the signal-to-noise ratio and extract the physical infor-
mation carried by fluctuations at the physical scale configurations
are smoothed out by the smearing procedure

distance, perturbative and Coulomb-like part of the colour field.
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Based on this observation a simple procedure can be devised for the PV — a’g {@CLF ﬁu>qq —(n"F §u>0] :
extraction of the non perturbative field:

1 o o One step of HYP smearing on the temporal links, with smearing

mn F,u,l/(aj) — = IOW, ,uJI/(:E) ) parameters (a17a2’a3) — (10705705),

» Use the transverse components to profile the Coulomb contribution, a2g

as a necessary consequence of the gauge-invariance of pyy";, and of

its linear dependence on the colour field in the continuum limit.

o Napg steps of APE smearing on the spatial links, with smearing
parameter aapr = 0.167.

» Subtract the Coulomb part from the longitudinal chromoelectric
field, thus isolating its (dominating) nonperturbative portion.

EXTRACTING THE NON-PERTURBATIVE FIELD

» The expectation is that the measured chromoelectric field can be de-
composed as

RESULTS BEFORE SUBTRACTION

The three components of the chromoelectric field at d = 1.14 fm

—

E(F) = Ec(F) + Epp(7)

o E¢(F)being the perturbative contribution behaving as a Coulomb
electrostatic field;

o E,,(F) being the non-perturbative confining contribution ex-

¥ pected to be purely longitudinal far away from the sources.
<
% » For E(7) one can use the ansatz
o
Ec(F) = Er(F —1,q) + Er(F— 5, —q),  with
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assuming the field to be produced by two uniformly charged
spheres of radius R.

o With this ansatz we try to account for the behavior of the field
close to the sources.

» Non perturbative contribution extracted by a fit of E, using the
Coulomb ansatz
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From the fit one can extract the two fit parameters.

o The electrostatic charge g;

e The radius R of the sources.

(E The fit procedure on preliminary data yields
&
B q R X
6.370 0.26(3) 0.13(3) 6.3
6.240 0.29(5) 0.16(2) 3.4
6.136 0.29(17) 0.21(13) 1.1

CONCLUSIONS

» While all components of the measured chromomagnetic field are compatible with zero everywhere, the chromoelectric field components could be extracted out of smeared gauge configurations and show some of the

expected symmetries.

» The transverse components of the electromagnetic fields are found to be well described by a Coulomb ansatz at least not too close to the position of the two static sources.

» After the subtraction of the Coulomb component, the dominant longitudinal chromoelectric field is found to be constant in shape with respect to longitudinal displacements far enough from the two sources.



