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1. Introduction

A common approach to gain a better understanding of YangsNheory, in particular the
mechanism of confinement, is to restrict the full path irekgo a small subset of gauge field
configurations, which are supposed to be of physical impogaExamples are instanton gas and
liquid models (cf. [1] and references therein), ensembfaggular gauge instantons and merons
[2, 3, 4], the pseudoparticle approach [5, 6, 7, 8], calomitls non-trivial holonomy [9, 10], and
models based on center vortices (cf. e.g. [11, 12, 13, 14, 15]

In this paper we apply the pseudoparticle approach to SU{ay¥Mills theory and perform a
detailed study of the static potential for various représsms.

2. The pseudoparticle approach in SU(2) Yang-Millstheory

The basic idea of the pseudopatrticle approach is to appedgithe Yang-Mills path integral
o) = 1 [paome s A — -2 [dixFaFa 2.1
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whereFg, = 9,A3 — 9,A% + e3°ADAS, with a small number of physically relevant degrees of
freedom. To this end, the integration over all gauge fieldfiganations in (2.1) is restricted to a
small subset, which can be written as a linear superpositi@fixed number of pseudoparticles

AX) =S (1)E()ap (x—2())), (22)
J

wherej is the pseudoparticle index and(j) € R, €2°(j) € SO(3) andz(j) € R* are the ampli-
tude, the color orientation and the position of fhth pseudoparticle respectively. The functional
integration over all gauge field configurations is definechasrtegration over pseudoparticle am-
plitudes and color orientations:

/DA... _ /(Hdﬂ(j)d%(j))... 2.3)
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For the results presented in this work we have used 625 “lange pseudopatrticles”, which
fall off as 1/distance, inside a hypercubic spacetime region (for detegarding this setup cf. [8]):

a y na x al
aﬁ.inst.(x) = % ’ a?z,antiinst.(x) = % ’ a?z,akyron(x) = % (2.4)

The first two types generate transverse gauge field compoamdt are similar to regular gauge
instantons and antiinstantons, while the third type, thealed akyron [6], is responsible for
longitudinal gauge field components. We would like to stitbss gauge field configurations (2.2)
are in general not even close to solutions of the classicag¥ills equations of motion, i.e. the
pseudoparticle approach is not a semiclassical model. ddzeis rather to approximate physically
relevant gauge field configurations by a small number of aepot freedom.

1in this paper the term pseudoparticle refers to any gaugédeiguratioraﬁ, which is localized in space and in
time, not only to solutions of the classical Yang-Mills etiaas of motion.
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3. Casimir scaling and adjoint string breaking

In the following the potential associated with a pair ofistablor chargesp'”) and(cp(J))T in
spin-J-representation at separatiBis denoted by/(J)(R). In pure Yang-Mills theory there is no
string breaking, when the charges are in the fundamentedseptationJ = 1/2). For charges in
the adjoint representatiod & 1) the situation is different: gluons are able to screen sihelniges
and the connecting gauge string is expected to break, wieethtirges are separated adiabatically
beyond a certain distance; a pair of essentially non-interg gluelumps is formed.

The starting point to extract the static potential in spirepresentation are “string trial states”

STxy)Q) = (V) UV xy)eVy)IQ) , x-y = R (3.1)

whereU ) denotes a spatial parallel transporter. We compute terhpomalation functions

g™ = @V xyT)) .02 0 (W) (3.2)
and determine the corresponding potential values from éx@onential fall-off (for details cf. [8]).
The numerical result for the fundamental potential is shawfigure 1a (here and in the fol-
lowing we have used the valge= 12.5 for the coupling constant). Itis linear for large sepanatdi
i.e. there is confinement. We set the physical scale by fittil¢?) (R) = Vo + oRand by identify-
ing the string tensiow with Opnysicai= 4.2/fm2. This amounts to a spacetime region of extension
L4 = (1.85fm)%.
Numerical results for higher representation potentidls (., ...,5/2) are shown in Figure 1b.
According to the Casimir scaling hypothesis these potlsngige supposed to fulfill

~ ~ ~ ~ 3.3
8/3 5 8 35/3 (33)
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for intermediate separations. Figure 1c shows that thisescase for the adjoint potential, while
there are slight deviations far> 3/2. This is in agreement with what has been observed in 4d
SU(2) lattice gauge theory [16].

(1/2)
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Figurel: a) The fundamental static potentiai'/2) as a function of the separati®h b) “Pure Wilson loop
static potentials¥/ () for different representations as functions of the sepamdi c) RatiosV () /V(1/2) as
functions of the separatidR compared to the Casimir scaling expectation.
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Note that there is no sign of string breaking for the adjoioteptial even for separations
R>1.6fm. This is, because string trial states have poor ovedapéd ground state, which is ex-
pected to resemble a two gluelump state. The solution tccowee this problem is to use a whole
set of trial states containing not only string trial statgé4), but also “two-gluelump trial states”

Y GG L Gix) = T(eP0Bx) . x-y = R (34)
j=xy,z
We extract the adjoint potential from the correspondingelation matrices by solving a general-
ized eigenvalue problem and by computing effective madsesétails cf. [8]). Results are shown
in Figure 2a. The potential saturates at around two timesniaignetic gluelump mass (which is
~ 1000MeV atg = 125 in this regularization [8]) at separatiéfyp~ 1.0fm. This string breaking
distance as well as the observed level ordering (the firstezkstate is an excited string state for
small separations, then becomes a two gluelump state arly finstring state again, etc.) is in
agreement with results from lattice computations [17, 18].
To investigate, whether the gluonic string really brealksemwtwo static charges are separated
adiabatically, we perform a mixing analysis. During the poation of effective masses we obtain
approximations of the ground state and the first excite@ stat

|0> ~ agtring|5tring>+agg-lump|29'lump> ’ |l> ~ aétring|3tring>+a%g-lump|29'|um@a(3-5)

where|string) and|2g-lump) are normalized trial states. The overlaaks|? are shown as functions
of the separation in Figure 2b and 2c. The transition betvateéng and two-gluelump states is
rapid but smooth indicating that string breaking is pregertie pseudoparticle approach.

4. Conclusions and outlook

We have computed static potentials for various repredentatvithin the pseudopatrticle ap-
proach. While the fundamental static potential is linearlémge separations, we clearly observe
string breaking for the adjoint representation. Both tmmgtbreaking distanc®g, ~ 1.0fm and
the level ordering are in agreement with lattice resultd, amixing analysis indicates a rapid, but
smooth transition between a string and a two gluelump stdien two static charges are separated

a) string and two-gluelump trial states b) overlaps of the ground state approximation c) overlaps of the first excited state approximation
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Figure2: a) The adjoint static potential() and its first two excitations as functions of the separafon
b) Overlaps of the ground state approximation to the triakstas functions of the separati@nc) Overlaps
of the first excited state approximation to the trial statefiactions of the separatidh
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adiabatically. Moreover, higher representation poténtexhibit Casimir scaling. We conclude
that the pseudoparticle approach is a model, which is albilepimduce many essential features of
SU(2) Yang-Mills theory.

Currently our efforts are focused on applying the pseudmparapproach to fermionic theo-
ries. First steps in this direction have been successfyl4@P Now we intend to consider QCD,
where a cheap computation of exact all-to-all propagatoosilsl be possible due to the small num-
ber of degrees of freedom involved. Another appealing pdigiis an application to supersym-
metric theories, where an exact realization of supersymymmeight be possible due to translational
invariance present in pseudoparticle ensembles.
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