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It is thought that confinement and chiral symmetry breakinghinbe driven by the same mech-
anism. Centre vortices have long been considered a pragisindidate for such a mechanism.
We use the Landau-gauge quark propagator as a probe of dyalachiral symmetry breaking
and show that, for SU(2) gauge theory, the infrared behawbthe quark propagator is indeed
dominated by the vortex matter. This is in constrast to thé€3ptheory, where FSB isseen to
survive even on non-confining, vortex-removed configuretio
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1. Introduction

Dynamical breaking of chiral symmetry §f&B) is an essential nonperturbative property of
Quantum Chromodynamics (QCD) absent from any order of perturbttemry. The other char-
acteristic nonperturbative phenomenon of QCD is confinement: the factdlmred states are
never observed. It is tempting to speculate that these two phenomena milyintdseby a single
mechanism, an idea supported by finite-temperature studies where thdimemamt and chiral
restoration transitions are observed to occur at coincident tempergiturbsreover, it was found
that the low-lying modes of the quark operator not only bear witnessxt8Ebut also to con-
finement [2]. One leading candidate for such a mechanism is the centex.vdihe recovery of
the string tension from “vortex-only” SU(2) gauge configurations (i.e.péjected from SU(2))
is well known, as is the recovery of the chiral condensate [3—5]. WehesLandau-gauge quark
propagator as a probe off3B. The Dirac scalar part of the propagator, related at large momenta
to the perturbative running mass, is enhanced at low momenta, even in taélchit [6]: a
demonstration of RSB. We explicitly establish in SU(2) the relation between centre vortices and
DxSB by investigating the quark propagator under the removal of centtee®r Specifically,
we will provide numerical evidence that dynamical mass generation digepgghose vortices
are removed, and surprisingly, much of it resides in the vortex-only pa$U(3), however, the
situation is far less compelling. There, mass generation remains intact égereafioving centre
vortices, while the string tension vanishes as expected.

2. Details of the calculation

SU(2) configurations were generated on & $@2 lattice using a tadpole-improved Wilson
gauge action with an inverse coupling constnt 1.35. Around 120 configurations were used.
100, 16 x 32, SU(3) configurations were generated using a Symanzik improvec agdioge
action atg3 = 4.60.

2.1 Identifying centre vortices

The observation that the long-range static potential only depends onrtre charge (also
called “N-ality”) of the quark representation led to the expectation that theecsubgrougy of
SU(N) plays a crucial role for quark confinement. Early attempts to define this cupdpy the
projectionSU(N) — Zy failed in the sense that the arising vortex matter did not have meaningful
properties in the continuum limit. A two step process is generally used [7] toedife linksZ,, (x)
spanning th&y gauge theory:

0 S ITUgeP -2, max (2.1)
o
(ii DTr(ug(x) z[,(x)) 9. max. (2.2)

Using a standard iterative overrelaxation procedure for step (i) defomeex matter with a sensible
phenomenology in the continuum limit: for SU(2), it was observed that theaed “vortex-
only” configurations, defined by the centre linkgx), reproduce the string tension while “vortex-
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removed” configurations, spanned by the links
Up(X) = Z5 () Up(x) (2.3)

do not support a linear rising static potential at large distances [7].

Unfortunately, vortex properties do depend on the set of maxima of E.[& 9]. Localising
the global maximum of Eq. (2.1) would remove this ambiguity, but the vortex matséngmight
not be of any phenomenological value: the larger the gaugefixing funattiex. (2.1), the less the
string tension obtained from vortex-only configurations [9, 10]. AltHoagoncise mathematical
description is yet to be found, the vortex matter best for phenomenolaiaiies seems to arise
from an average over Gribov copies.

For SU(2) we employ a novel gaugefixing method [11], introducing aecispf simulated
annealing. We calculated the planar vortex area density in units of the (radastring tension
for several values of the lattice spacing. The vortex density becomegandent of the lattice
regulator for sufficiently small values of the lattice spacing. For SU(3etiea number of pos-
sible gaugefixing choices. The gaugefixing functional of Eq. (2.1)esponds to the so-called
“mesonic” gauge condition [4], which is employed in this studied. Standardodstare used to
fix the configurations to Landau gauge. The gauge potential has thdinsaa definition.

2.2 The AsqTad quark propagator

In covariant gauges in Euclidean momentum space the quark propagatbe arametrized

by the general form
2

y-p+M(p?)
whereM is the running quark mass aithe quark dressing functionS can be calculated in
a lattice regularization where the lattice spaciagmakes all expressions finite. At sufficiently
smalla, i.e., if scaling violations due to finite lattice spacings are negligible then the lank g
propagators, is related to the renormalised propagator via multiplicative renormalisationOMM
schemesis required have the form of a free propagator at the renormalisation groin 2. The
mass functionM, is renormalisation group invariant.

For the gauge we used Landau gauge: it is straightforward to implemenedattite and
allows for an easy comparison to other studies. The Landau-gaugk jprgragator has been
studied widely in SU(3) gauge theory using a variety of quark actions inaphexl and unquenched
simulations (see, e.g, Refs. [6, 12, 13] and references thereinas Ibéen shown that the quark
propagator obtained with the AsqTad improved staggered quark actisegses good symmetry
properties and is well-behaved at large momenta. The AsqTad action ifotleeaenatural choice
for this study.

We define a “kinematic momentum” from the tree-level form of the lattice AsqTatlq
propagator [6]. This, known as tree-level correction [14], act®tor the lowest order breaking of
rotational symmetry. We assume that with this definition of momentum the continucomge-
sition of the quark propagator is a good approximation of that for the lattiaekquropagator. A
cylinder cut [14] is applied to all the data to eliminate points most contaminated Bffdats of
rotational symmetry violation.

(2.4)
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Figure 1. The mass functioaM(q) versus kinematic momentum for two bare quark masses 0.02 (top)
andma= 0.10 (bottom). We show data on full, vortex-only and vorterioxed configurations from left to
right. Data has been cylinder cut. The nonperturbative ecdraent of the mass function at low momenta is
associated with the presence of centre vortices.

3. Results

3.1 SU(2)

In Fig. 1 we compare the mass function on our sets of full, vortex-only anx-removed
configurations. Data was obtained for a range of bare quark massesrfa= 0.020 toma=
0.100, and those two extremes are shown here as functions of momentum esblis on the
full SU(2) configurations (left column) show a large enhancement ner momentum, whilst
the data points drop rapidly to the expected asymptotic behaviour at large msoriée infrared
enhancement is strongest for the smallest bare quark mass. This is gastrvehwould expect from
the many studies of the Landau-gauge quark propagator in SU(3).

On the vortex-removed configurations (Fig. 1 right column), the masgifumés more or
less flat taking values slightly abowea Thus, the dynamical contribution to the mass function,
which we clearly see on the full configurations, disappears when ceottiees are removed.
Interestingly, the mass function on the vortex-only configurations (Figuddle column) depends
strongly on momentum, even if the signal is quite noisy. That is, much of theédfenhancement
of M is contained in the vortex-only part, which clearly demonstrates the import#noentre
vortices as IR degrees of freedom.

The same comparison was made for the bare quark dressing furicti@m the full config-
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Figure 2: SU(3) quark propagator with (open black circles) and witi{salid red squares) centre vortices.

urations, the quark dressing function takes values around one antangenta and is suppressed
at low momentum. The smaller the quark mass the more pronounced the dip ahiowemnta.

If centre vortices are removed, the infrared suppression disappedsis a flat function of mo-
mentum, staying approximately at its tree-level value. On the vortex-onlygroafions,Z has

a similar momentum dependence to the full configurations. Again, the resellt®gsier, but the
infrared suppression is unambiguous.

3.2 SU@3)

Figure 2 shows the quark mass and renormalisation functions for the §al{8 theory. The
results for the full (untouched) configurations are shown in open Kplaiccles while the solid
(red) squares show the functions on configurations where the cemtieeg have been removed.
A roughening of the mass function at large momenta indicates that the reni@meaitoe vortices
introduces significant noise into the gauge field configurations givingaiadarger effective mass,
but the mass function is still strongly momentum dependent. Mass generatiainseeven after
removing the centre vortices. The wavefunction renormalisation functioveis less affected by
the removal of the centre vortices, just flattening slightly at the lowest momeptimts. It is
astonishing that the dynamical mass generation survives without the gorhicte that these are
configurations on which the string tension vanishes.

4. Conclusions

We have studied the Landau-gauge quark propagator in quench&j &u{ SU(3) gauge
theories under the removal of centre vortices. Using the AsqTad impstagdered quark action,
the SU(2) quark propagator was found to strongly resemble that of t(i&) $t¢ory.

Our results for the mass and quark dressing functions unambiguouslyistHeU(2), the dis-
appearance of PSB when centre vortices are removed. This is consistent with the vanishing o
the chiral condensate under similar conditions [3]. In contrast, in SU(Bamical mass genera-
tion survives after centre vortex removal, while the static quark potentiatisAldditionally, we
have studied the quark propagator on vortex-only configurationsn taigh the signal is quite
noisy, both parts of the propagator reveal a form qualitatively similar touthauhtouched config-
urations. Our SU(2) results clearly represent a strong relationshigebatthe vortex picture and
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spontaneous breaking of chiral symmetry. In SU(3), the vortex-osiylt®were even noisier than
the SU(2) results, making it difficult to draw any conclusions from them.

In SU(3) the identification of the vortices is complicated by the fact Zhdtas two elements,
which means that there are two interacting species of vortex. What rolelalyisip the failure of
the current implementation of the centre vortex model remains for futuretigagen.
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