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We study some features of the confining string connectingaakganti-quark pair in Yang-Mills
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1. Introduction

The confinement of quarks is one of the most fundamental fesitaf the strong interac-
tions. The origin of this important property gives rise tonpapen questions and a satisfactory
understanding of the non-perturbative dynamics leadimgitozk confinement is still lacking. Non-
perturbative phenomena are quite common in physics anduthelly emerge in strongly coupled
systems. For example, in condensed matter physics, syrongpled electrons are responsible for
guantum antiferromagnetism and superconductivity. Isisally a very challenging problem to un-
derstand the dynamical mechanisms that are responsibi@ifeperturbative effects also because
collective modes play a crucial role.

However, one may disentangle the mechanism that givesaisenie non-perturbative effect
from the consequences of the effect itself. In fact, one nsyme that some not yet understood
mechanism determines a given ground state for the systerthanedne may investigate what con-
sequences follow. In this framework, the typical energyesofthe non-perturbative phenomenon
represents an upper bound for the low-energy effects thatvamts to study. In general, the sym-
metries of the ground state — internal or related to spane-t+ are a subset of the symmetries of
the Lagrangian. Hence the Goldstone bosons resulting frenspontaneous symmetry breaking
are the natural degrees of freedom to take into account itotkieenergy regime of the theory.
Then one constructs the most general low-energy effectagrdngian respecting the internal and
space-time symmetries of the system. Some parameters mdi éhe low-energy Lagrangian:
their explicit value can be derived only from the underlyqugantum theory and they represent the
high-energy non-perturbative input for the low-energy aiwics.

What we have just described is the approach of effective fleddries. It turns out to be
a very powerful tool in investigating strongly coupled g&mst and provides a way to perform
calculations in physical systems that would otherwise beamageable in an analytic manner. For
example, chiral Lagrangians describe pion physics and-pimteon systems in a very accurate
way. Similarly, effective field theories for magnons pravidn excellent description of the low-
energy dynamics of quantum antiferromagnets.

In the early '80s, Luscher, Symanzik, and Weigz [1] proposddw-energy effective string
description for thed-dimensional Yang-Mills theory. In the confined phase, @céilx tube con-
nects the static quark-anti-quark pair. During its timetation, it sweeps out a two-dimensional
world-sheet that breaks the translation invariance of wweg¥Mills theory. Thed — 2) Goldstone
bosons resulting from that breaking are the degrees ofdraaif the low-energy effective descrip-
tion of the string. The leading term of the effective acti@scribes the dynamics of a thin string
in the free-field approximation. Two non-trivial resultdléov. First, the leading correction to the
linear static potential]2] is given by

n(d—2)

V(r)=or —
(r)=or——o4

+0(1/r3), (1.1)
wherer is the distance between the two static sourcesamslthe string tension. The universal
Lischer term is proportional to the numbigr— 2) of transverse directions in which the string
can vibrate. Many numerical simulations have success8iilgwn the validity of that prediction
[B. B.3.[6.[F [BPI 3], 1. ]12]. Second, the cross-sectiaeal swept out by the flux tube thickness
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is not fixed but increases with the distance between the esid]. At leading-order, the width
of the color flux tube at its midpoint/2 is

Wiy (1/2) =5~ Ziog(rro) 12)

whererg is a length scale that enters the effective string theory lasvaenergy parameter. The
above expression for the width is again universal. It istvedr strings in the Yang-Mills theory as
well as for interfaces separating different phases in coselg matter.

The low-energy dynamics discussed above cannot be sti@ghtdly extended to color flux
tubes connecting sources transforming under larger repta&isons of the gauge group. The flux
tube itself may then be unstable and decay as the two coloce®are pulled apart. The stable
flux tubes — known ak-strings — may have a non-trivial internal structure and inieresting to
investigate whether a low-energy effective string desicripcan be constructed. In fact, consider-
ing SU(N) Yang-Mills theory atN — o [[[4], k-strings are expected to consistkofion-interacting
fundamental strings. Assuming this picture to be corrdentwe havek copies of the effective
string theory of the flux tube connecting two fundamentalrgba. However, at large but finite
values ofN, thek fundamental strings are weakly interacting. Then, at venydnergy scales, one
should switch to the effective string theory of a singlergjri Furthermore, it may be inappropri-
ate to considek-strings as bound states kfundamental strings. In this case, a single vibrating
string is the correct low-energy description. Some nuna¢iitvestigations have been carried out
in order to shed some light on the low-energy regime of the tillpes connecting color charges
transforming under larger representations of the gaugepdgfd, [1]L [ 1p[ 16].

The paper is organized as follows. In Section 2 we discussvitith of the color flux tube
as a function of the distance between the static sources. eNcah results are compared with
the analytic predictions obtained in the low-energy effecstring theory. Then, in Section 3,
we consider color charges transforming under larger reptasons of the gauge group. Finally,
Section 4 contains the conclusions.

2. The width of the color flux tube

The low-energy effective string theory of the flux tube cartitey two fundamental color
charges predicts that the width increases with the distheteeen the sources. Lbfx,t) be
the scalar field that characterizes the displacement offtbetiee string out of the plane of the two
heavy source worldlines. In 2+1 dimensions, the effectiviag action at next-to-leading order is

given by [17,[18[ 19 20]
B r
S[h]:%/o dt/o dx [duhduh—%(auhduh)z . (2.2)

Here the variables < [0,r] andt € [0, B] parametrize the 2-d base-space. Since the string ends at the
static quark charges, the fiehdx,t) obeys the Dirichlet boundary conditiohg0,t) = h(r,t) = 0.
Hence boundary terms can be present in the effective stnegry; however, due to open-closed
string duality, it turns out that they eventually contribuinly at sub-leading orderf J1[7) 19] 20].
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At next-to-leading order, the width of the string at the nuoih of the separation between the two
static sources is given b [21]

WA (r/2) = <1 amt(r )> o(r/2) — % (2.2)
where
f(r) = E2(0 ;;‘EZ(ZT) . gT)=imr (Ezl(zr) —q;'—q> (f(r) + Ei?) + Ezg(g). 2.3)
The leading-order expression for the width has the follgnempression
1 r 1 n(2t)
w2 (r/2) = %Iog <6> +%Iog<n(r)2>. (2.4)
The parameteq = €?™* depends on the ratio=if/(2r) and
oY) ncf] 1 [«
Ex(1) = 12421q ZD (2.5)

are the first Eisenstein serigs and the Dedekind-function, respectively. Those functions obey
the following transformations under the inversiors —1—1

1 1 6

N(1) = —==n(-1, Eat)= ZE(-T )~ . @9)

Using these relations, the expression of[ed.(2.2) in the-teenperature limit3 > r, is readily
converted into an expression in the limit> B. In this case, the temperature is still small, but the
string lengthr is much larger than the inverse temperat@reThe leading-order string width then
takes the form[[27, 23]

W (r/2) = g£+%r+ﬁ( e 2m/B)y. (2.7)
This result shows that, at non-zero temperature, the flug tuidlth increases linearly with the
distance between the external static quarks. The finite eestyre linear string broadening has
been observed for fluctuating interfaces in the 3-d Isingehfg®, [2B]; the(3+ 1)-d SU(3) Yang-
Mills theory has been investigated in[24].

The lattice formulation of the Yang-Mills theory is a powdrfool that allows us to study the
string dynamics from first principles. However, the numarinvestigation of the width of the
color flux tube is a very challenging problem. Hence, it isvament to first consider the least
problematical case of (2+1)-8U(2) Yang-Mills theory on a cubic lattice of sizex L x 3. The
temporal extenf8 determines the inverse temperature. The partition funét@iven by

zz/@u exp(—SU]) = ﬂ/s,wz)dUX’“ exp(—SU)), 2.8)

wheredU, , is the local gauge invariant Haar measure for a parallesparter variablel, , €
SU(2) located on the linKx, tt). We use the standard Wilson plaquette action

2
SUI=—5 5 TrlUcuUe Uyl 5 Ul (2.9)

xuv
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whereg is the bare gauge coupling agdis a unit-vector pointing in thei-direction. All dimen-
sionful quantities are expressed in units of the latticesgawhich is set to 1.

The Polyakov loopby represents the insertion of an external static quark aithies position
X into the thermal bath of dynamical gluons

B
Oy =Tr|[[TU,..5,] . (2.10)
X [tu x+t2,2]

The direction 2 is chosen to represent the Euclidean tineetiin. Inserting a pair of static quarks
separated by a distancalong the 1-direction, the confining string sweeps out adimeensional
world-sheet that fluctuates in the transverse 3-direcfidre static potentia¥/ (r) is obtained from
the Polyakov loop 2-point function

(Do) — %/@u ®o®; exp(—IU]) ~ exp(—BV (1)), (2.11)

in the zero-temperature lim@g — . The force between the two static quarks is derived by taking
the discrete derivative of the static potential
1. (Po®ri1)
Fi=V(r+1)-V(r)=—= log——-, 2.12
(A =V(r+1)=V(r) = 5 log g0 (212)
where, writing explicitly the lattice spacirg r =r + 5+ 0(@?) is an improved definition of the
point where the force is computed [25]. The width of the \ilmg string is extracted from the

connected correlation function
<q30q)r Px>

Cxg)=————(R 2.13
(X3) <q)0q)r> ( X>7 ( )

of two Polyakov loops with a single plaquette
Po=TrlUxaUy, 1Y, 5 Ulol, (2.14)

in the 1-2 plane. The plaquette is located at thesite(r /2,t,x3) and measures the fluctuations
of the color flux tube at the midpoim{/2 between the external quark charges as a function of the
transverse displacemexy. Then the squared width of the string is given by the seconchemd of
the normalized correlation function
J dxs X5C(xs)
WA(r/2) = T Co) (2.15)

Eq.(2.1B) shows why the measurement of the width is a demgmuaimerical problem. In fact,
it is obtained from the ratio of two exponentially small oh&dbles. The Lischer-Weisz multi-level
simulation technique[[26] allows us to attain an exponéngiduction of the statistical fluctuations
and makes the required numerical study feasible. In theafdbe 3-d Ising model — equivalent to
the 3-dZ(2) gauge theory — the static sources can be considered as et Bbltzmann weight
and numerical simulations can be carried out with high efficy.

In the next two subsections accurate numerical evidencth&broadening of the color flux
tube with the distance are discussed both at Zefjo [27] andit& femperaturg [28].
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2.1 The logarithmic broadening at zero temperature

We consider the (2+1)-8U(2) Yang-Mills theory at coupling Ag? = 9.0 on a lattice with. =
54 andB = 48. Figurd]L illustrates the correlation function of EdL{.at distance = 19 between
the two static quarks. The data have the expected bell-gligfvdoution. The high accuracy of the
numerical data allows to detect small deviations from a fgamessian and we fit using the ansatz

(PoP;By) 1+Bexp(—X5/9)
(Do) 1+Dexp(—3/s)

The squared width is then determined from [eqg.(2.15). Theufittion of eq[2.16) has always
provided a very good fit of the numerical data. We have chec¢kat other choices of the fit
function do not have a significant effect on the value of thétlvas long as they give good fits.

= Aexp(—x3/s) (2.16)
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Figure 1: The ratio <?’£?Jf>x> as a function of the transverse displacementf the plaquette from the

midpoint of the interquark separation. The distance betvee two static sourcesiis= 19. The solid curve

is a fit using eq[(2.16).

Figure[2 shows the dependence of the squared string witltty2) as a function of the dis-
tancer between the static quarks. The solid curve is a fit of the nigaledata using ed.(3.2). The
data show that the flux tube thickness indeed increases hgttistance between the static quarks.
Moreover, starting fromn ~ 18, the data are very well represented by the predictioneoéffective
string theory. In particular, the leading order logaritbhrbroadening at zero temperature and the
predicted prefactor A 2ro) turn out to be confirmed by the data.

After determining the value of the string tension= 0.02589715) from the static potential,
there is only one free parameter in €g](2.2): from the fit, baioro = 2.26(2).

In the numerical results discussed so far, the plaquettatation is parallel to the plane of the
quark worldlines. However, one can also consider othentat®ns for the plaquette in ef.(3.13).
Figure[3 shows the normalized probability distribution fhe confining string using the three
different orientations for the plaquette. The distancevieen the static sourcesris= 12.

2.2 The linear broadening at finite temperature

In this subsection we investigate the dependence of théwifdthe flux tube on the distance
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Figure 2: The squared widthv?(r/2) of the color flux tube at zero temperature evaluated at thgomd
between the static sources. The solid curve is a fit using-lbeRexpression of ecm.Z) obtained from the
effective string theory.
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Figure 3: Normalized probability distributiol©(x3)/ [ dxsC(Xs) using the three possible orientations for

the plaquette in ed.(2]13).

between the static quarks at finite temperature. We agasidem(2+1)-dSU(2) Yang-Mills theory
at 4/g°> = 9.0. The lattice size is now §0< 16 which corresponds to a temperature of abod8T,
whereT; is the temperature of the deconfinement phase transition.

It is important to note that the two low-energy constamtsandro, appearing in ed.(3.2) for
the next-to-leading expression of the confining string tyidtave been already fixed by a fit to
the data obtained at zero temperature. Hence, there is gerl@m adjustable parameter to fit to
the finite temperature numerical data and the theoretiegligtion is completely determined. This
represents a very stringent test of the validity of the lowergy effective string description of the
confining string.
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Figure 4: The finite temperature squared width(r /2) of the color flux tube at the midpoint between the
static sources. The solid curves are the 2-loop expressiem @) obtained from the effective string theory
usingrg = 2.26+ 0.02.

Figure[# shows the dependence of the flux tube width on theatépabetween the two static
quarks as it results from the numerical simulations. Thegwl@ curves are the fully determined
prediction eq(2]2) of the low-energy effective stringdheusing the two choice = 2.26+0.02.
The numerical data show the predicted linear broadeningdfiiciently large separations. The
agreement with the analytic expression is excellent; thigioms in a quantitative manner the
correctness of the description of the low-energy dynamii¢teeoflux tube as a fluctuating string.

3. The confining string connecting color charges in larger rpresentations

In Yang-Mills theory the gluons are the only dynamical degref freedom. One can probe
their dynamics by inserting into the system external statlor charges that transform under a given
representation of the gauge group. Since gluons transfoderuhe adjoint representation of the
gauge groupN-ality is a relevant concept to understand the behavior lor@harges transforming
under a generic representation of the gauge group. Let usdmrthe gauge groupU(N). Two
representationg?, and %, are in the sameél-ality sector if the second representati@h appears
in the tensor product decomposition &k with a given number of adjoint representations. This
means that two color charges that transform under the repi@ons%; and %, can transmute
into one another by gluon exchange. FW(N) there areN sectors: thes&-ality sectors are
not independent but are pairwise related by charge conjugaymmetry (real and pseudoreal
representations are self-related).

Let us now insert into the system a quark-anti-quark pamsfi@ming under a given repre-
sentation of the gauge group. The color flux tube that cosribet two color sources is, in gen-
eral, unstable and it decays when the two charges are puyked @ a sufficiently large distance
[P9. [30,[31[32[33]. In everi-ality sector there is just a single stable flux tube: it is dme
with the minimal value of the string tension. These stablmg$ are known ag-strings, where
k=0,...,N—1 labels theN-ality sector.
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The internal structure of the flux tube connecting color sesrtransforming under larger
representations of the gauge group is not known. Hence,nivtilear how to extend the low-
energy effective theory of the confining string connectiwg fundamental charges to those cases.

For N — oo, k-strings are expected to consist lohon-interacting fundamental strings. In
that limit, the low-energy regime df-strings is described bit replicas of the effective string
connecting two fundamental color charges. For large, buefi, it is reasonable to expect that
the k fundamental strings are weakly interacting.Alfis the energy scale of such an interaction,
then one would expect to observe two different low-energymes. In the energy rang&, /o| —
whereo is the fundamental string tension — the effective picturk nbn-interacting fundamental
strings may be a meaningful description. However, for deergmaller tham\, the bunch ok
fundamental strings merge and effectively behave like glsifiux tube. Then it is appropriate to
consider the effective theory of a single string with théngttension of thé-string as a low-energy
parameter. Moreover, whéhis not large, it may not be justified to view thestring as a composite
object of fundamental strings and it is not clear what theraypate low-energy description of the
confining flux tube is.

In the next two subsections, we report on numerical resdltdante Carlo simulations of
Yang-Mills theory with color sources in larger represeiotad of the gauge group. In the first
subsection results fdestrings are discussed. In the second subsection the deaagtable strings
is investigated.

3.1 The effective string theory fork-strings

In this subsection we present the results of numerical tigattons on string effects fdk-
strings. InSU(2) andSU(3) Yang-Mills theories, the confining string connecting twadamental
color charges is the only stable string. Here we consgli##) Yang-Mills theory because it is the
simplest pure gauge theory with a second stable confiniimgystin fact the 2-string connecting two
color charges in th¢6} representation ddU(4) cannot break and it does not belong to khality
sector of the fundamenté#} representation. Since it is least problematical for nucasimula-
tions, we perform this study in (2+1) dimensions: we consal82 lattice at §g = 21. In order
to extract informations on the low-energy regime of therfigt we measure the Lischer term.
We expect to observe one of the following cases. If the &gtdonsists of two non-interacting
fundamental strings, then the coefficient of the Lischen tenould be twice the coefficient of the
string connecting two fundamental charges. If the two funelatal strings are strongly interacting
or, eventually, if the 2-string cannot even be interpreted dound state of fundamental strings,
then the Lischer term should be the same as the one of theniemtia string. However, also other
results may be obtainefl [34]. Numerical results of Tepercatidborators[[40], 11] support that the
Lischer term of the 2-string is the same as the one of the fadtal string. Here we perform an
accurate comparison of the Lischer term for the fundamsetrialy and the 2-string. In particular
we focus on the dependence on the separation between théatiecssurces.

Figure[b shows the forcE(r) as a function of the distance, both for the fundamental gtrin
and the 2-string. The solid curve is a fit of the fofatr) = o + 11/(24r?) of the data for the
fundamental string. We obtain the valae= 0.128575) for the fundamental string tension. Then
the dashed and the dotted lines correspond to the prediatibthe string tension of the 2-string
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Figure 5. The force exerted by the fundamental string and by the Bgstas a function of the separation
between the color sources. The solid curve is a fit of the ftm = o + 11/(24r?). The dashed and dotted
lines are the expected values for the string tension of thieifg assuming the Casimir law and the sine law,
respectively.

assuming the Casimir lay [86,]36] and the sine IpW} [37], respely. The data for the force of the
2-string happen to be in-between those two laws.
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Figure 6: The quantityc(r) defined in eql) as a function of the separation of theradiarges for the
fundamental and the 2-string. The solid line-igt/24.

Figure[p reports the value ofr) for the fundamental string and the 2-string

(r) = %r3 d:/rgr).

(3.1)

For large separations between the color sources, the guaft) approaches asymptotically the
coefficient of the Lischer term. The data for the 2-stringuaaiely confirm that, for sufficiently

10
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large distances, the 2-string behaves like a single bossiniieg: the quantityc(r) indeed ap-
proaches the value 11/24 just like the fundamental string. However, it turns ouwtttfor not very
large distances, there are important deviations from tiepsotic value. This might suggest that,
asN becomes large, the approach-ter/24 happens at larger and larger distances and a different
regime may eventually appear at intermediate separatietugelen the static sources.

3.2 String decay

In this subsection, we investigate the behavior of unstatrlegs as the distance between the
static color sources is increased. For simplicity, we adgrsiheSU(2) Yang-Mills theory in (2+1)
dimensions. The only stable string is the one connectingdalor charges in the fundamental
representation: all other confining strings either decéy tihe fundamental one or break. Adjoint
color sources — i.e. charges in th8} representation 08U(2) — belong to theN-ality sector
of the trivial representation. As we pull apart a pair of agjsources, the confining string that
connects the two static sources is being stretched. Howaveufficiently large distances, the
string breaks and the static potential flattgn$ [2P[ 3P} 3L, 3

Color sources in thg4} representation cannot be completely screenedsb{2) gluons.
Hence the confining string connecting tyé} charges does not break completely but decays into
the fundamental string. The string connecting two chargetheé {5} representation ultimately
breaks. However, at intermediate distances, dynamicahglgan partially screen tH®&} charges
so that they behave as effective color charges in the adjggnesentation. Thus, the initial string
can undergo multiple decays with a progressive partiakesing at every decay step [33].

4 T T T T T T T 0.4 T T T T T T
* fit
L rep {2} —&— |
35 | i R rep {4} —+—
e
B *
o g B 03 r “
3 4 *
e 87X 025
E ¥
25 ¢ y 1 02+ 3
5| « | 015
¥ 0.1
15 b fit 1 EEEEEE@%@Q &3
% rep(2) o | 0051 z ]
rep {4} ——

1 L L L L 0 L L L L L L
2 4 6 8 10 12 14 16 2 4 6 8 10 12 14

Figure 7: The potential (left) and the force (right) for charges in {i2¢ and in the{4} representations.

We show here the data of numerical simulations of (2+BkH2) Yang-Mills theory on a
322 x 64 lattice at coupling Ag®> = 6.0. The left-panel of figur€] 7 compares the static potentials
of two {4} charges and two fundamentf?} charges. At distances~ 8, the {4} charges get
screened: they behave as two fundamental charges anditigedgicays. In fact, after the string
decay, the{4} static potential is the same as that of two fundamental esarg the right-panel of
figure[T we display the results for the force. The data givdewie that, after the decay of tfw}
string, the string tension takes the value of the fundanhstriag tension.

11
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The left-panel of figurg]8 reports the results for the statiteptial of {5} and {3} color
charges. The data for thib} representation show that indeed charge screening takes pla
partial steps. The¢5} charge is first partially screened to behave as an effe¢8yecharge: this
is what the first kink in the static potential shows. As we cae & the right-panel of figurg 8,
after the first decay of th€s} string, the value of the force agrees with the force between{8}
charges. At the second decay the string breaks completdltharstring tension vanishes.

5 T T T T T T T 0.7 T T T T T T
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Figure 8: The potential (left) and the force (right) for charges in {8¢ and in the{5} representations. The
band in the left-panel corresponds to twice the free enefrgy dsolated quark in thé5} representation.

Interestingly, there is a small difference between theditatty levels of thg 3} and of the{5}
static potentials. This is most probably due to the diffeigdnon content of the doubly screened
{5} charge and of the singly screenggl} charge.

It is interesting to extend the investigation of the striregaly also to other groups th&u(N).
For instanceSpN) groups [3B] have only twil-ality sectors likeSU(2). The fundamental repre-
sentation ofS(2) is {4} and{10} is the adjoint representation. Interestingyf(2) has a center-
neutral representation with smaller dimensionality thiae &djoint: it is{5}, the fundamental
representation 08Q(5). Since the decomposition of the tensor producf ®f and the adjoint
representation is given by

{5} ® {10} = {5} ® {10} & {35}, (3.2)

the {5} charge needs tw8p2) gluons to be completely screened. Moreover it is reasonable
to expect that the string tension between t{§ charges is smaller than the one between two
adjoint {10} charges: thus, th§s} string breaks in a single step with the simultaneous dynamic
production of 4SQ2) gluons.

Another interesting example is related to the fundamefthicharge ofG(2). In G(2) Yang-
Mills theory [B9] there are no stable strings and all confingtrings ultimately break. A funda-
mental{7} charge is completely screened b®&) gluons, belonging to the representatigi®}.
However, the fundamentdl7} representation is the smallest representation of the g&j@pand
the confining string connecting twf¥} charges has the minimal string tensipn| [15]. Thus, par-
tial screening of the fundament@f} charge cannot happen: the string breaks in just one step by
popping out from the vacuum®(2) gluons [Ip].
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4. Conclusions

In this paper we have presented recent results in the igetstin of string effects in Yang-
Mills theory. We have discussed confining strings conngdiimdamental charges as well as color
sources transforming under larger representations ofdbgeygroup.

The color flux tube connecting two fundamental charges l@osds the separation of the
static sources is increased. We have performed numernmalaions in (2+1)-BU(2) Yang-Mills
theory both at zero and at finite temperature. At zero tentperave have shown that the width
of the confining string increases logarithmically, in vegod agreement with the analytic results
obtained in the low-energy effective string theory for tiodoc flux tube. The 2-loop expression for
the width obtained using the low-energy effective stringatty involves two low-energy constants:
the string tensioro and a distance scalg. The string tension has been fixed using the static
potential and, thus, the fit of the numerical data for the kvittis only one free parameter.

The low-energy effective string theory also predicts thatftux tube broadens linearly at finite
temperature. The numerical simulations have confirmedettpgctation to very high accuracy. It
is remarkable that, after having fixed the valuegodndrg using the zero temperature results, the
prediction obtained in the low-energy effective stringdheis completely determined.

Then the confining strings connecting color charges tramsfay under larger representations
of the gauge group have been investigated. For stable stringhe so-callek-strings — we
have investigated the Luscher term. We have performed ncahsimulations of (2+1)-&U(4)
Yang-Mills theory and measured with high accuracy the statitential for{4} and {6} color
charges. The coefficient of the Lischer term for {l6¢ string approaches the valuerr/24 of
the fundamental string for large separations of the colargds. However, at shorter distances,
relevant deviations from the asymptotic value are observEtis result could suggest that, for
largeN, some intermediate regime may appeat.

Concerning unstable strings, we have investigated theydafceonfining strings in (2+1)-d
SU(2) Yang-Mills theory. We have presented evidence for the de€aystring state into another
string state and for multiple decays resulting from the pesgive partial screening of color charges
transforming under larger representations.
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