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Calculation of Wilson Lines
•Firstly, the gauge was �xed to Coulomb gauge �xing

r · ~A = 0

•Temporal gauge link products were calculated at various
lengths, l , from 1 to N, where N is half the temporal size of
the lattice, at every spatial site n and every temporal site at
that spatial site nt [1]

U⌫ =
nt+lY

j=nt

U4 (n, j)

•To calculate theWilson Line values, we have tomultiply prod-
ucts of the same length and on the same temporal level

W = tr
�
U⌫U

†
⌫

�

U† represents the conjugate transpose of the matrix U

Calculation of the static
quark potential
•From the Wilson Lines, we can calculate the static quark po-
tential

•The static quark potential has the form

V (r) = V0 �
↵

r
+ �r

•On the lattice this becomes

aV (r) = aV0 �
↵�
r
a

� + a2�
⇣r
a

⌘

with a being the lattice spacing.
•The value of the Wilson Line can be connected to the static
quark potential via

W = A0e
�V0(r)T

•From this the static quark potential can be calculated
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[TEMP IMAGE]Comparison of potential using Wilson Lines
and Wilson Loops

What do quarks do when
squeezed and heated?
Computation of the static quark potential using
Wilson Lines

Abstract
• Space-time is discretised into 4-dimensional lattices in lattice QCD (quantum chromo-
dynamics)

•We are interested in calculating the static potential between two quarks
•Previously, this was done by calculating Wilson Loops, which have spatial and temporal
aspects

•However, the spatial part requires path �nding algorithms which can be slow as they
may be used millions of times when processing data

•Wilson Lines are similar to Wilson Loops, but only contain temporal aspects
•No spatial aspect! no path �nding algorithms! faster computation of the static quark
potential

•Performed on SU(2) gauge link con�gurations
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Figure 1. Static quark potential

Analysis of data in Figure 1
•2060 con�gurations of data were run
•� = 2.1,  = 0.1577
•The lattice size was 163 ⇥ 32
•Run-time was 18 hours and 20 minutes on an Intel i3-10100 processor
•The results are consistent with previous results using Wilson Loops

Uses and advantages
•The static quark potential can be used to calculate the lattice
spacing which is important to know the ‘�neness’ of the lat-
tice we are working on

•Calculating the potential can help with studying con�nement
or decon�nement of quarks at high temperatures or densities

•Faster calculation of this potential will assist both of these
uses

Performance improvement
•Much faster than the Wilson Loop for the same size lattice
•Gets much faster as the lattice size gets larger
•Results for the potential remain nearly the same (within 2
standard deviations)
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Figure 2. Performance of Wilson Loops versus Wilson Lines
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