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1. Introduction

Large N gauge theories are very interesting theoreticalatsod hey have simpler properties
than their finite N counterparts. At the perturbative levelyoplanar diagrams contribute. At
the non-perturbative level one has factorization, vafidif the quenched approximation, stable
resonances, OZI rule, etc. Furthermore, the connection stitng theory is also simpler in the
large N limit. On the other hand, these theories are expéaotbd confining and have a rich meson
spectrum. Thus, it is very atractive to investigate thenmgisittice gauge theory methods (for a
recent review see Ref. [1]). The problem is that in this canteeir simple character seems to
be lost. Indeed, the standard pathway to obtain predicfionthese theories is by extrapolating
the results obtained for finite N. One possible simplifiaatieas found by Eguchi and Kawai [2].
By examining the Migdal Makeenko equations for Wilson loofyey concluded that, if th&g,
symmetry of the theory remains unbroken, the large N purgedueory on the lattice is volume
independent. Bringing this idea to the extreme they prap@seducedsingle-site formulation
called the Eguchi-Kawai model. Unfortunately, it was soealized that in the EK model the
symmetry is broken at weak coupling [3].

Since then, the question has been whether it is possible ke mth& reduction idea survive
in the continuum limit. Very soon simple modifications weregmsed [3]-[4] designed to restore
the Z%, symmetry of the EK model. Recently new proposals have bedadtb the list [5]-[6].
Alternatively, Narajanan and Neuberger [7] proposed a thp®cedure calleg@artial reduction
and suggested that presumably reduction only operatesidfie deconfinement scale.

Our goal is to test whether the twisted reduction proposdtoduced by the present au-
thors [4], is indeed capable of realizing the reduction ithetlae continuum limit. This is based on
the Twisted Eguchi Kawai model (TEK), a single site model géaction is given by

S=bN § Tr(z,UuUyU U)) (1.1)
WAV

whereU, are SU(N) matriced) is the inverse ‘t Hooft coupling argj,, are elements of the center
Zn. The choice of,,, is crucial for determining the behaviour of the system inwsak coupling
limit (large b). Choosingz= 1 gives the original EK model, which has an infinite degengic
the classical level [8]. Although the action is invariantdenZg, symmetry U, — z,U,), the
guantum corrections favour symmetry-breaking minima.

Other choices oty lift the degeneracy of the ground state and the classicaluradecomes
invariant under a subgroup &f,. A particularly elegant choice is termegmmetric twisand given

by (v > ) )
Zy =2, = exp{zmt} (1.2)

whereN = L? andk is an integer defined modulo. With this choice, the classical vacuum is
invariant under & subgroup of theZg,. In the large L limit (large N) this is enough to secure
the reduction idea at weak coupling. Perturbative expanaimund this vacuum gives rise to
modified Feynman rules. The propagators become just th@skattice field theory at finite volume
L%, This is an important information showing how tN& degrees of freedom of the group map
fully onto effective spatial degrees of freedom. It alsogegjs what are the dominant finite
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corrections to reduction. The remaining Feynman rule®ihtce momentum dependence at the
vertices, providing a discretized versionrain-commutative field theary

Most of the early studies of the TEK model were done Koe 1 and showed that thg}
symmetry remained unbroken at intermediate couplings. wAyfears ago it was found [9]-[10]-
[11] that at intermediate couplings the symmetry breaksrdfiw N>N:=100. The critical value
of N depends otk roughly asNc(k) ~ 90k?. Thus, in Ref. [12] we proposed that the correct large
N limit has to be taken keepinkyL approximately fixed. Our goal is to test this idea and use the
reduced model to obtain physical information from the laxgeontinuum gauge theory at infinite
volume. We are currently involved in this task and the pretah reports part of these results.

It must be said that we have been able to simulate the model Ng1369 without finding
any indication of symmetry breaking. Notice that this antsuio effective lattice sizes of 37
which are normally considered large enough in ordinaryclatyauge theory simulations. To try
to understand the interplay between fineand finite volume in a more detailed form we have
analysed in certain detail the 3 dimensional version oftibetty. Some results from this work, done
in collaboration with Margarita Garcia Pérez, has beenrteddy her at this conference [13]. The
results support our claims that, if the fliods chosen judiciously, the physical results essentially
depend oI, the product of torus linear sizeand group rank. This is indeed consistent with the
volume independence achieved at infirite

The present work reports another form of evidence in favduhe twisted reduction idea.
We set ourselves the goal of computing the continuum stengion at large N using the reduced
model. To make the comparison free of systematics assdaiatie the methodology, we decided to
use exactly the same procedure to extract the string tef@mi@ndinary SU(N) lattice gauge theory,
and then extrapolate these results to infiNteThe main results have appeared [14] recently. Here
we will show our updated results which include those for U(4

2. Numerical resultson the string tension

The basic data is made up several independent lattice ghageytsimulations for different
values ofN and lattice gauge couplirtgand a spatial volume of $2Each simulation contains 260
configurations separated by 100 sweeps formed by 1 heabdth overrelaxation updates, after
discarding 4000 sweeps to reach thermalization. We siedildte SU(N) gauge groups fbN=3,4,
5, 6 and 8. For each group we made independent simulatiorifeatdt values ot (7 for N=3
and 4, and 5 foN=5,6,8). This huge information can be used to determinettirggension and
to extrapolate to the continuum limit.

In addition, we made simulations of the TEK model foe= 29 = 841,k = 9 and 7 values of
b. The number of configurations in that case was around 6000sivitilar updating procedure and
separation of sweeps.

In all cases we computell x R rectangular Wilson loop8V(T,R) computed from smeared
links, and from them we extracted the Creutz ratios defined as

W(T +0.5,R+0.5)W/(T — 0.5,R— 0.5)
W(T +0.5,R—0.5W(T —0.5,R+0.5)

X(T,R) = —log (2.1)

Errors were computed by jack-knife. Details of the proceduill be given elsewhere [14]-[17].
Here we will focus upon the results.
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Figurel: x(R,R) compared to the best fit Eq. (2.2) fN=8 and b=0.3815

Our goal is to obtain the continuum string tension for all gggroups. This is a two step
procedure in which one first obtains the lattice string emsisk = limgrTt_,. X(T,R), and then
one makes a scaling analysis of the results to take the comtirimit. The first part can be done
by fitting the square Creutz ratio data (R=T) to the formula

XRR —k+2X4 2.2)
RZ R4
Different ranges have been examined, and order 1 chi sqparetegree of freedom are achieved
using the dat&® =T € [3.5,8.5]. As an example, we show in Fig. 1 one such fit.

Once the different values af(N,b) are extracted from the fits, one must perform a scaling

analysis. This is done by taking the limit

oN)= fim KIN.D)

2.3
a(N,b)—0 @(N, b) (2:3)

wherea(N, b) gives the lattice spacing (in certain units) as a functiothefcouplingb. Different
choices ofa(N,b) correspond to different renormalization schemes. A goaulcehmakes the
approach to thea = 0 limit smoother. We have tried several expressions fourtteariterature for
a(N,b). In all cases, the approach seems to be linea iwith slopes depending on the scheme
and on the rank of the grouyp. A class of schemes uses perturbation theory and has thetagea
of expressing the lattice spacing in units/gfis. We choose here the choice taken in Ref. [15]
which has been tested and used for similar purposes as ours.

Finally, the resulting string tensiors(N) are studied as a function df and extrapolated to
largeN. In Fig. 2 we display the ratidvgs/+/0(N) as a function of IN2. The data shows a nice
linear pattern that allows an extrapolation to infinide The best fit value giveAys/\/0 (o) =
0.5252). The result obtained from the TEK model/Ag;s/+/ 0 () = 0.5235). The agreement
is very good and provides a nice test that reduction is operat the continuum within the con-
finement regime of the theory. Th¢N? dependence displayed by the data matches perfectly with
the result obtained in Ref. [15]. Our estimateadfo), however, disagrees with the one given in
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Figure2: Ags/+/0 as a funtion of 12

that reference within statistical errors, although noh#& systematic errors given in Ref. [15] are
taken into account. A new estimate of the large N string tenkias appeared recently [16]. The
methodology is also based upon smeared Wilson loops bubtheres and values & used sit in
between our conventional and fully reduced model. It isrggeng to point out that their result is
in agreement with ours and differs from the best estimateedf R5].

We believe that the main source of systematic error in oimese ofAys/+/0 () is indeed
sitting in the scale itself. For example, using other péxtive schemes one gets differences of the
order of two percent. For that purpose it is better to use apssturbative renormalization scheme
based on the data itself. This can be achieved by invertiagpter of the limitsR — c and
a— 0. That means that we will take the continuum limit of the Gzenatios. This is possible
since Creutz ratios are free from corner and perimeter gidreres. Notice, however, that Creutz
ratios have intrinsic scaling violations due to its mererd#fin. Thus, in the continuum limit one
should have

X(T,R) =a(b)F(t,r) +a*(b)A(t,r) +... (2.4)

wheret = Ta(b), r = Ra(b) andF (t,r) andH (t,r) are well-defined continuum functions. Indeed,

F(t,r) is given by

2
ﬁmm:—zf%%ginza+wvo<%+é>+m (2.5)

where” (t,r) is the continuum Wilson loop (divergences drop from the falap The expression
on the right-hand side is the asymptotic prediction fromfégcéve string theory description of the
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Wilson loop expectation value. Indeed, the Nambu-Gotorthpoedicts
B 1 0 (_dlog(n(iz))
We(?) = - 1+1/22 9z (Z 0z (26)
wheren) (iz) is the Dedeking eta function. Indeed, perturbation thesmiso compatible with the
form given in Eq. 2.5, witho = 0 and

(N2 —1)g? 1+ zatan(z) +atar(1/2) /z

_ 2.7
Ver(2) 412N z+1/z 2.7)
The continuum functio (t,r) can be used to fix a physical scalas Tollows:
r2F(r,r) = 1.65 (2.8)

The choice of 1.65 is conventional and suggested by the gydletween our scheme and the
so-called Sommer scale.

Once the scale is fixed, one can use the data to obtain a deétioni of F (r,t) for eachN
using all the Creutz ratios for all valuesRf T andb. In particular, our result for?F (r,r) andN=8
is given in Fig. 3. The data are very well fitted to by a secorgtele polynomial iré with a fairly
small quadratic term. Similar behaviour applies for otredugs ofN and for the TEK model. From
the data we estimatg()r? = 1.10510) andy(1) = 0.272(5). The latter value differs from the
prediction of Nambu-Goto theongg(1) = 0.16.... Similarly, we analysed the behaviour yfz)
for z close to one. The data is well described by a parametrizgdipn= y(1)(1+ 1 (Z;ZDZ). with
T =0.31(6). This value is fairly close to perturbative result 0.39 ated fromypr(2) /Y1 (1), and
differs significantly from the value- 2 obtained fromg. The result might indicate that one has
to supplement the string contribution with one coming frame gluon exchange.

3. Conclusions

The main conclusions of our work are:

¢ \We have presented a new method to determine the string itefingion smeared Creutz ratios.

e The results scale smoothly to the continuum limit.

e The continuum string tension extrapolates linearly jiNd towards the large N limit. The
result matches with that obtained from the TEK reduced maddek gives a strong support for the
validity of continuum reduction.

e The data satisfy nice scaling properties, that allow themstuction of a finite continuum
function of Wilson loops, calleé (r,t).

e The function gives rise to the definition of a new non-peratikke renormalization scheme,
and accompanying scate

e The subleading behaviour §f(r,t) differs from the prediction of Nambu-Goto theory.
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Figure 3: The continuum functiomz_lf(r, r) for N=8
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