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Eigenmodes of covariant Laplacian in SU(2) Yang—Mills waauhigher representations S. N. Syritsyn

1. Introduction

A preceding talk at this meetind] [1] presented our res{jts [2] on localizatiopepties of
the covariant Laplacian in the fundamental representation. The opstathed is the simplest
discretization of the covariant Laplacian:

o) =3 [Uihel, 20 + Ul 4] (1.1)
7

WhereUfﬁ is covariant transporter in the given representation.
To investigate localization we calculate the Inverse Participation Ratio of tlabpildy den-
sity of a wave function:
R VZxP*()
(5xP(X)?
which allows us to estimate the “mean” localization volume at given parameterscaedl its
scaling properties.

p(x) =o' () p(x) (1.2)

2. Adjoint representation

The adjoint covariant transporter is (with ;, being in the fundamental representation)

{U)gﬁ}adj - %Tr Uxu0?U], 0" (2.1)
which is SQ(3) group-valued and has trivial image of the center subgroup. IPR véiuebe
lowest eigenmodes (e.m.’s) are shown in Ffig. 1 which covers a wide rangeak couplings
(B=210... 2.60) and lattice volumes. The most striking fact is the scaling of IPR with lattice
spacinga:

a% IPR~Viot,  Moc ~ const a2. (2.2)

The shape of the localization region turns out to be approximately sphexgcelearly seen from
density visualizationd]3]. The radius of support of any localized modelshto zero ag — 0.
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Figure 1. Adjoint Laplacian eigenmodes, zero temperature.
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Figure 2: Adjoint Laplacian eigenmodes, below and above the phaasitian.

The same analysis is performed for finite temperature field configuratioestak® lattices
with time extension of; = 4 (the critical point is a3; ~ 2.30), while the space extension of our
lattices varies betweebhs = 16 ... 28 lattice spacings. To see the effect of crossing the phase
transition we used values gf= 2.25 andf3 = 2.35. For any point 20 independent configurations
are sampled, sufficient to reveal the qualitative behavior of IPRs. &fuiand]2 show the same
scaling behavior of IPR, hence the same scaling of localization volume reraid$oth below
and above the deconfinement temperafigre

Despite the similarity of results in confinement and deconfinement phases#iiedtion is
related to infrared phenomena. Dimensional analysis of localization volume gipie

a?

Vioc = COnst-a? = (2.3)

/\éco
andV|qc is determined by some mixed scale.

Now the following question is addressed: Could such localization result tnainary gaus-
sian fluctuations, or is it due to confining features of the quantum vacuumehéck this, we
simulate the model of gauge fields coupled to Higgs fields in the fundamentakegpation. It is
known to have two phases: confinement-like and Higgs-fikg|[4, 5], butwa points in the phase
diagram can be joined by a line along which the free energy is entirely analytetransition be-
tween the two phases is the vortex depercolation transition: In the confitdikeephase vortices
are abundant and percolate over the whole lattice volume, while in the HiggpHikse the vortex
density is small and vortices do not percoldie [p—8]. The model actionés diy

S=p L [uuuTu'™] +y i [@" (UL () (x+ )] . (2.4)
plag links
At B = 2.1 the phase transition occursyat 0.9. Two values of are taken for comparisory.= 0.7
(confinement-like) angr = 1.2 (Higgs-like). Fig[B shows a drastic reduction of IPR in the Higgs
phase. Other testf|[2] also show that in the Higgs-like phase the lowestreiges are much more
extended; a crucial point is that the falloff of the density outside the stifgpnot exponential in
the Higgs-like phase, and this is inconsistent with Anderson localization.
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Gauge-Higgs: f=2.1, Lowest Eigenstate
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Figure 3: Adjoint Laplacian eigenmodes in the gauge-Higgs modeh loonhfinement-like and Higgs-like
phases.

3. J=3/2representation

Another representation studied is a complex 4-dimensional, or isdspiB/2 color SU(2)
representation. The center subgroup is non-trivial and the effdetwairtices could be separated
when one compares the original gauge field and the one modified via therceurkb-D’Elia
trick [B]. The scaling behavior of IPR is shown in Fig). 4a. The localizatiolnme diminishes with
lattice spacing even more quickly than for the adjoint representation. Figur} Bne concludes

a* IPR~Viot,  Moc ~ const a®. (3.1)

Density plots in [[B] show that the support of these localized modes is agagmisgl. All geomet-
rical parameters of localization seem to be governed only by the ultravaa/Socp.

Unlike the case of fundamental representation, the eigenmodes-&/2 Laplacian are lo-
calized on modified (vortex-removed) fields almost as sharply as on driggtds (see Fig[]4b).
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Figure4: Laplacian eigenmodes fdr= 3/2 representation: original gauge (a) and modified (b) fiedds
temperature.
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Vigc ~ a* Vioc/@* ~ const
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Figure5: Laplacian eigenmodes fdr= 3/2 representation, finite temperature.

This is an evidence in favor of some other reason for localization than enafathe adjoint and
fundamental covariant Laplacians.

The same finite-temperature trajectories as for the adjoint representatierused to study
the J = 3/2 Laplacian eigenmodes. The scaling of IPR looks very similar for confineared
deconfinement phases; it shows that it is ultraviolet fluctuations thagspemsible for localization
in this case.

4. Summary

Naively one would expect similar localization behavior of eigenmodes aréant Laplacians
in different representations of the gauge group (up to differenceizes sf localization volumes
due to different interaction strengths), but the naive expectation iutibeld. The presented data
demonstrate that at least two covariant Laplacians in representatiomstahethe fundamental
posess dramatically different features.

Our results are the following:

e The adjoint covariant Laplacian eigenmodes are localized in volumes whnictk ®.sVgc ~
a2 in the continuum limit. Both scales, infrared and ultraviolet, seem to govern tlatiza-
tion.

e Localization in the adjoint representation, as in the fundamental représenta related to
the presence of center vortices. Vortex removal by the procedueefeditrand—D’Elia does
not work here, but in the gauge-Higgs model, in which the vortex contengislated by
the gauge-Higgs coupling constant, strong localization is observed in ttexxabundant
(confinement-like) phase, while it is absent in the Higgs-like phase, whenertex density
is low.

e The isospin] = 3/2 representation e.m.’s are localized in volurigs ~ a*. Vortex removal
does not affect this phenomenon.
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e The deconfinement transition doesn't influence the character of lotatiza the adjoint
andJ = 3/2 representations.

The relation of localization of covariant-Laplacian eigenmodes to confineismigonestionable
in the light of our results, in particular of the dependence of the degréecafization on the
group representation of the Laplacian. It may be that localized eigenniodéSerent group
representations are probing different features and different lesogiles of the QCD vacuum.
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