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1. Introduction

The development of the methods of analysing two-dimensional garvity [1,2] has

led to an increasing interest in the so called "W3 -gravity" [3,4,5]. This is a rather

straightforward generalization of the treatment of Knizhnik, Polyakov and Zamolod-

chikov (KPZ) in quantizing two-dimensional gravity. W-gravity is also based on

extended conformal operator product algebras (W-algebras) which contain the Vi-

rasoro algebra as a subalgebra and are generated by, in addition to the energy-

momentum tensor, holomorphic Virasoro primaries [6]. Some aspects of W-gravity

were also described in the context of the framework of the matrix models and then-

relation to the KdV hierarchy were examined [7].

The study of W-algebras was initiated by Zamolodchikov in a successful at-

tempt to find a possible associative operator algebras formed by the Virasoro gen-

erator and one or more holomorphic primary fields of conformal weight A < 3.

He realized in this manner, depending on the values of A, most of the already

known conformal field theories and for A = 3 he obtained the celebrated W3 -

algebra. Later a representation in terms of two free bosons (Coulomb gas repre-

sentation) for Wi -algebra was presented by Fateev and Zamolodchikov [8] and a

hint to a connection between the representations of the W3 -algebra and the affine

algebra A2 was persistent. A generalization of W3 -algebra was also worked out

by Fateev and Lykyanov [9] and the resulting algebra is known as WValgebra

and is obtained by extending the Virasoro algebra by primary fields of conformal

weights 3 , 4 , . . . , n. The representations of 1^,,-algebra again suggested a relation

between these algebras and the affine algebra A^i. This apparent relationship was

made plausible in [10] by considering bosonic extensions of the Virasoro algebra

that can be obtained from affine Kac-Moody algebras. There, the notion of Sug-

awara construction of the stress-energy tensor T(z) (the second-order Casimir)

was generalized to higher order Casimirs. The operators constructed in this way

are primary with respect to T(z) with weights equal to the order of the Casimir

and can be used to extend the Virasoro algebra.

In this paper we examine a generalization of the usual construction for the



energy-momentum tensor by considering a more general quadratic composites of

the SL(3) Kac-Moody currents and investigate its impact on the corresponding

Wz -gravity. Generalization of the Sugawara and coset constructions have attracted

a growing interest recently [11,12,13]. For instance, a new Virasoro algebra has

been found for the group SU (2) at level 4 [14], with a unit central charge and was

shown to describe theories of a scalar field taking values on a circle of varying

radius [15]. A number of additional non-coset constructions for SU( 3) were also

presented in [12] and [16] using specific ansa tzes. Here we report on the existence

of new solutions for the SL{ 3) group in the Cartan-Weyl basis where we allowed

for the most general mixing between the Kac-Moody currents in the quadratic

composites.

The plan of the paper is as follows: In the next section and following ref. [4],

we review the main ideas behind W3 -gravity. We start by a semi-classical approx-

imation and discover the hidden SL(3) Kac-Moody symmetry of Wz -gravity and

end up at the quantum level with an equation for the balance of the central charges

of the different sectors. The third section deals with the generalized Sugawara con-

struction and, as a warm up, the SL{ 2, R) case is treated. In particular, we show

that the range of the allowed matter central charge (£„„,«„) cannot be changed by

using this generalized construction. The fourth section is dedicated to the SL(3)

case where we found new Virasoro algebras with central charges that resemble

those of the coset construction. We then use these central charges to find cmatter

in the case of W$ -gravity. We find that its range depends strongly on a parameter

resulting from this generalized construction. We conclude by some open questions

in the last section. The results for the usual Sugawara and coset construction for

SL( 3) are summarized in the appendix.

2. W-Gravity

W-gravity is an extension of the usual treatment of ordinary two-dimensional quan-

tum gravity and has the W-algebra as its underlying algebraic structure. This ex-

tension can be performed by incorporating, in addition to the metric h^, higher



symmetric gauge fields A$ of rank n [4]. The corresponding gauge transfor-

mations are parametrized by a symmetric tensor K ^ i ^ of rank (n - 1) and are

given by

This is the straightforward generalization of the reparametrization invariance Sh^ =

V(|,£p) of two-dimensional gravity.

This gauge freedom makes it always possible to fix a gauge for ^4, "light-

cone gauge", in which we choose

A2Z.,.z^0, other components = 0 (2.2)

To investigate the consequences of this gauge symmety and its gauge fixing, we

restrict our analysis to the first non-trivial example namely W3 -gravity, for this

we need to introduce its corresponding W3 -algebra. This is formed by the energy-

momentum T(z) and an extra chiral generator Wi(z) and is represented by the

following operator product expansion [6]

T(z)W(Q) = 35"

W(z)W(O) = Icz-6+ 2z-*T{0) + z-3df(0)

~dif(0)) (2.3)

where a = ^ ^ and A is a renormalized square of f.

In analogy with Polyakov's semi-classical treatment (c —> —00) of quan-

tum gravity [1], an interpretation of the above OPE was given in ref.[4]. It was

shown in particular that the anomaly of the gauge symmetry of the action is

2(ea/1 +

where h = hzz and A = Atzt. The equations of motion for these two fields are

therefore

= 0, B5A = 0 (2.5)



Derivation of Ward identities associated with the gauge transformations yields the

following OPE for h and A,

h(z,z)k(0,0) = -^^.-ih(O)-~Bh(O),

= -2-A(0)-~BA(0),
z 2 z

= -—£ -(j~+~a>M0) (2.6)

Parametrizing the most general solutions of Eq.(2.5) as

h(z,z) = j ^ ^ W * ) ,A(z,z) = £ z^J^Hz) (2.7)
p=-l p=-2

One can show that the OPE in (2.6) are equivalent to a SL(3) current algebra

formed by the currents I and / [4]. The level of this Kac-Moody algebra is k =

^•c. In the rest of this paper and for later convenience, we take the SL( 3) algebra

to be generated by six charged currents J*, Jf, Jf, and two neutral ones H\, fa-

in order to write the operator product expansion of these currents in a compact

form, we also need to adopt the following notation,

= H2 , 0 = 1 , 2 , 3 (2.8)

The current algebra is then

( w) ( w)
(2.9)

where TJ°4 is the Killing metric tensor fot SL( 3) and fab
c are the structure constants.

Quantum mechanically, a direct generalization of KPZ is given by the fol-

lowing relation among the central charges

Cmatter + Cw-gravity + Cghost = 0 (2.10)

The central charge for the ghost sector arises from the gauge fixing condition in

Eq.(2.2) and for the case under consideration is given by [4,5]

(2.11)

T



The contribution of the W% -gravity to the energy-momentum tensor is given by

the improved Sugawara construction for SL( 3)

rpgrav

rpSug __ _ , r o r l , fy 1 <J\

The corresponding central charge is then

Cv-gravity = J~^J - 24 k (2.13)

Combining Eqs.(2.10),(2.11) and (2.13) one gets

where d = cmBiUr.

In this paper we would like to address the question to whether one can mod-

ify equation (2.14) and possibly change the range of d from that of d < 2, d > 96.

This can be achieved by choosing an energy-momentum tensor for W3 -gravity

which involves a generalized Sugawara construction rather than the ordinary Ts"9

given in Eq.(2.12). The main idea of this generalized Sugawara construction will

be examined in some details in the next section.

3. Generalized Virasoro Constructions and SL(2,R) Gravity

In analogy with the well-known Sugawara and coset constructions, we take the

most general quadratic form in the Kac-Moody currents [11]

fjiffcn _ /* . TO TO . / ^ \ i y1") ii r"/1 v"\ (*\ W

where the currents Ja satisfy an operator product expansion of the form given

(2.9). Since the normal ordering in (3.1) is not symmetric

: / • / ' : ( * ) = : JbJa + fab
cdJc(z), (3.2)

the inclusion of the arbitrary background charges in (3.1) is necessary to make £oj

symmetric. The requirement that Tgm( z) satisfies a Virasoro algebra leads to the



following equations for Ca\, [11]

= (Cacf
ce

b + Lhcf
ct

a)Qe (3.3)

The background charges also satisfy

Qe = Q.( *Tj°*£i, + f^Cxf*,) (3.4)

and the value of the central charge is

c=krjah(Cab+6QaQb + Aab) (3.5)

Solutions to these equations have been found for the groups SU(2) [14] and

SU( 3) [16] based on the diagonal ansatz £ o i = AQ60J. Additional new solutions

will be presented here for the group SL( 3) in the Cartan-Weyl basis. These will

lead to new central charges different from that given in (2.13) and will therefore

alter equation (2.14). Before going into W3-gravity, however, we would like to

explore the same possibility for the case of ordinary SL(2, R) gravity. Recall

that in the light-cone gauge, the h++ component of the metric is given by [1]

h++(x+,x~) =J+(x+)-2x-J°(x+) + (x-)2J-(x+) (3.6)

where the J 's satisfy a SL( 2, R) current algebra. Based on dimensional analysis,

the most general gravitational contribution to the total energy-momentum tensor

can be written as [17]

7Zav = 61 d+d.h++ + b2 (d~h+ +)2 + 63 h++ dlh++ (3.7)

To determine the b coefficients we make use of the generalized Sugawara con-

struction of Tgrav in the way explained before. In other words we would like to

compare this last equation with

= const(Cab : JaJh: +QodJ°) (3.8)

where Cab and Qo satisfy Eqs.(3.3) and (3.4) respectively.

Notice that according to (3.6), the currents J have different dimensions and

hence only the elements £+_ and £00 will occur in the quadratic form of equation



(3.1). In order to solve for £o i , we specify the SL(2, R) group by

TJOO = — 1 , T J + _ = — , 7 } = - l , T } + ~ = 2 ,

o = -2 , A = 1 ,/°-- = - l ,

= 2 ^ (3.9)

The defining equation for Cab, (a,b= +, —, 0), then reduces to the following two

equations

£oo = — AJJCQO + 8£+_ + 8£oo £+-,

2 (3.10)

while equation (3.4) gives a constraint on

l = -fc£oo + 4£ + _ (3.11)

The solutions to (3.10) are given by

ir C™ i
1*-+- ~ 2 (fc+2) i^-OO- (fc+2)/ >

{£+_ = 2 <F^ >£<*> = it(ifcT2)'} (3.12)

The first set is the usual Sugawara construction and solves the constraint (3.11).

The second solution, however, corresponds to the coset construction SL(2)/U(1)

and satisfies the constraint (3.11) only when k = 2. This could be at the origin of

the existence of the solutions found for the SU(2) group at the level k = 2 [14]

(our k is half theirs). Therefore, apart from this isolated case, the only possibility

for T?lav is that given by Polyakov. Comparing (3.7) and (3.8) fixes b2 and 63 and

leaves b\ = —\Qo undetermined. To find Qo one has to eliminate the residual

gauge freedom in the system [17]. In fact the complete determination of T£av

requires also an extra constraints in the form : J~(x+) = constant [17,18]. In

the next section we will show that there exist extra solutions for SL(3) which

differ from the Sugawara and coset constructions. We also examine their possible

applications to Wj -gravity.



4. Generalized Virasoro Constructions and W3 -Gravity

We begin by laying down our conventions for the SL( 3) group. In the notation

given in (2.8), the non-vanishing components of the structure constants are

/ I t _ x2i _ J:33 _ x33 _ *
7 0 ~ J 6 - J 0 - J 6 2 >

f\ = /1Oi = f'\ - A = f\ = fl\ = f\ = ?\ - /123 = f\ = 1,
\ = A = f\ = A = A - A = /°i = j (4.D

The Cartan matrix and the second Casimir are given by

4 2
TJoo = TJ66 = —T> ^00 = ~T> Tli

The set of equations we get from the condition (3.3) is given by

—x = -2k(x2 + vw) -2x(2x+ y + z) + 2yz + 4vw,

—y = -2k(y2 + vw) — 2y{2y + x + z) + 2xz

-z = -2kz2 -2z(2z + x + y) + 2xy,

- r = _fc(rt-t2-r2)-4rr(2x + 2 r - t ) -

-s = -k(st-t2 -s2) -4y(2y+2s-t) -

-t = -k(-rt-st+ -sr+ -t2) +2x(s-2t) +2y(r-2t)

- 2^(4^2 + r + s + 2t) -
9 9 9

- |t>(Qo-Qfl),

9 9 9
—w = —2kw(x + y) + w(—r+—s ——t-x~y— 4z)

4 4 2
+ l w ( Q 0 _ Q 6 ) (4.3)

where

» y=C2i, z = C$$, r=Coo,

s = £<)d, t = COo, v = Cn, w = C2i (4.4)

8



Again, from Eq.(2.7) one can see that the SL( 3) generators have different dimen-

sions and we have allowed for the most general couplings to occur in the quadratic

part of (3.1) so that Tgm{ z) will have the right dimension. The central charge (3.4)

reads

c = k(4x + Ay + Az - r - s + t) - SkiQ^1 + Q2Q2 + QXQ2) (4.5)

where the Q 's with indices raised come from the fact that for SL( 3) in the Cartan-

Weyl basis, the linear term in (3.1) takes the form Q*dHs = Q1 dH\ + Q2 dH2 • In

our notation, however, this term has to be written as t]ai)Q
adJh, a, b, = 0 , 0 , and

therefore one has to replace Qa in (3.5) by TjatQ
4, and identify Q° and QQ with Q1

and Q2 respectively.

Equation (3.4) on the other hand gives a set of two equations for the charges

Qo and Qd

(1 + kr--kt-4x-2z)Q0 + (~-kr + kt + 2x-2z)Q6 = 0,

k t 4 2 ) Q (-^ks+kt + 2y~2z)Q0 = 0(4.6)

For this last set of equations to be consistent, however, one must have the following

constraint

(-£jfcr+ kt+2x-2z)(-jks + kt + 2y-2z) =

(1 + kr~±kt-4x-2z)(l+ ks- \kt-4y-2z) (4.7)

Let us now examine the first set of equations in (4.3). One in fact notices imme-

diately that the last two equations of this set would require Qo = Qa when v and

VJ are both different from zero, here, however, we are mainly concerned with the

values of the central charges and since c in (4.5) does not depend on v and w we

will restrict our analysis to the case when v = w = 0. This would mean that

we do not allow for the mixings J"i" Jj" an(^ ^1^2 m (3-1)- Consequently the first

three equations decouple from the rest and one can solve for x, y and z separately.

These solutions are then substituted back into the set and the corresponding solu-

tions for r, s and t are then found. The algebraic manipulations were carried out

by computer using the Mapple system and the output was also checked by hand.

-,-«*• - r



. mally, the solutions obtained have to be subjected to the constraint (4.7). The re-

sults corresponding to the usual Virasoro and coset constructions are summarized

in the appendix. We also show that not all solutions satisfy the constraint given in

(4.7). Here we list a set of new solutions together with their corresponding central

charges:

i)

x

y

z

r

s

t

0,

0,

0,

- -

= t (4.8)

Here and in what follows, e = ± 1 and

2t2Bi(t) = l-2kt-3k2t (4.9)

ii)

X =

y =

z =

r =

s =

t =

o,

l '
2(fe
1
2 fc(
1

2 Jfc(,
t

1

1
fc + 2)
1

k + 2) ~ 1 + k t ) -
(4.10)

The polynomial B% (t) is given in the form

2t2B2{t) = k(k + 8) - 2k(k + 2)(fc - 4)t - 3k2(k + 2)2t (4.11)

10
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• t

Hi)

iv)

v)

X

y

z

0,
1 1
2(J t+2 ) '
0,
1 1

s = — r _
2kl

t = t

(*-2)

z

2 (A+ 2 ) '
= 0,

= 0,

= I!r (*~2)

6 =

(4.12)

(4.13)

a; =

1 1
2 OfcT3)"'

2 ( J b + 3 ) '

r = I

t = t

where B3(t) is given by

2) 3)

(4.14)

11



vi)

1 1
x = — ——

y = ~2(fc
1 I

Z — T~2 (fc + 3)'
1 1

r = —2k(k + 3)
1 1

$ = — -

[6+

2k(k
t = t

vii)

1 1

1 1

1
z = — — •

** ^s

1
5 = T

t = t

where

2)(A + 3)
1

-l + kt) +

+ 12fe+ 12)

(k + 2)
3) -

2)

[-2+ 4{k + 2) + (k + 2)(k

(4.16)

- l + kt)

-l + kt) -

(4.17)

viii)

x = —

y = T

* ™~ ^IT"

r = —

(4.18)

5

t

1 1
2 (A+ 3 ) '
1 1
2 (A+ 3 ) '
1 1
2 (fc + 3 ) '
1 1
2fc(fc+3)
1 1
2 Jfc(fc+3)

[6+ (k + 3 ) ( - l + kt) +

= t (4.19)

12



The central charges corresponding to these eight solutions are respectively

given by

d = l - 8 f c a ,

C2 = ifcT2
C3 =

C5 =

fc(5fc+7)

C7 = (Jt + 2)(fc + 3)

" = T^-8°* (4-20)

where

o = Q1Q1 + Q2Q2 + Q l Q 2 (4-21)

Let us examine in some details these new solutions. The first question to be an-

swered is what is the meaning of the one continuous parameter t in these solutions.

To clarify this and to see whether t is just a gauge artifact that could be removed

by a similarity transformation, we compute the t-dependence of the conformal

weights (spectrum) of the conformal field theory that has £0& : JaJb : l as its

energy-momentum tensor. The conformal weights AM are the eigenvalues of the

effective Hamiltonian [12]

H = CabT
aTb (4.22)

where the set {Ta}, o = 0 , 6 , . . . , 3, 5, is the matrix representation of the group

SX(3). The set that gave the SL(3) structure constants in (4.1) is given by

0 1 0 \ / 0 0 0 \ / 0 0 0
1 = 0 0 0 , T ' = - 1 0 0 \,T2 = 0 0 1

o o o / \ o o o y \ o o o

0 0 1
,r3 = 0 0 0

0 0 0

1 We have chosen to take Qa = 0 for simplicity

13



(4.23)

A straightforward calculation shows then that H is diagonal and the three confor-

mal weights are

1
A] = — r — x — z,

1
A2 = —s — y ~ z ,

4

A3 = -(r+s-2t)-x-y (4.24)

It is clear that none of these conformal weights is independent of the parameter t

for any of the solutions found. Therefore we have a continuous spectrum labelled

by the parameter t.

The next issue to be investigated is whether these solutions are really new

or just some generalized Feigin-Fuchs deformations by (1,0) operators of some

coset constructions [19]. Notice that although the values of the central chages in

(4.20) are similar to the ones obtained by coset constructions (see appendix), we

emphasize on the fact that the £0& are different. Based on this remarque one might

suspect that the solutions found could be Feigin-Fuchs type deformations of the

cosets and WZWN models: £7(1), SL(2), SL(3)/SL(2), SL(3)/U(1). All

of these groups have at least one U( 1) current so that a Feigin-Fuchs deformation

is possible. These deformations are linear conformal deformations which contain

the c-fixed conformal deformations and the c-changing conformal deformations

(for more details we refer the reader to ref.[19]). The latter has been considered

throughout our analysis and is due to the term QadJa. If one sets Qa to zero, then

the central charges in (4.20) could be arising from a c-fixed conformal deformation

by (1,0) currents. However, a simple argument shows that this is not the case, at

least for some of our solutions.

Take for instance the solution in the table in the appendix corresponding to

theSL(2) subgroup and which is given by (x,y, z, r, a, t) = ^ ( O , j , 0 , 0 , —1,0)

and with central charge c = j ^ . It is then easy to check that this solution is repro-

duced by (4.12) upon taking t = 0 and e = +1. Therefore one might think that our

14



third solution in' (4.12) could be a c-fixed deformation of the above SL(2) sub-

group construction. However, according to ref.[19], a c-fixed deformation would

involve the (1,0) currents of SL( 3) in a linear form only. The t-dependence of

the energy-momentum tensor corresponding to the solution (4.12), on the other

hand, has a quadratic term in another U( 1) current, J ° , and a term that mixes

both J° and J®. It is then obvious that these quadratic terms cannot arise from

a t-dependent linear deformation of the SL(2) energy-momentum tensor by the

E7(l) currents J ° , A

Another possibility concerning our solutions is that since the t-dependence

is always associated with the U( 1) currents, one might be tempted to rearrange £oi

so that the stress tensors corresponding to these are written in the usual Sugawara

and cosets forms. In other words, one seeks some linear combinations

J = aJ0 + bJ6

J = cjo + dj6 (4.25)

such that the explicit t-dependence is completely eliminated from the energy-

momentum tensors. For the solution (4.12) this would mean finding a,b,c and

d such that the corresponding stress tensor is cast into the SL(2) form

Consequently, the parameters a,b,c and d must obey

°2 = -j]-(

ab = -(k

c = d = 0 (4.27)

The first two equations of this set determine o and b while the third is a consistency

condition on these two parameters. It is easy to check that this set does not have any

solutions. Therefore the stress tensor corresponding to (4.12) cannot be written, at

the level of the currents Ja, in a form similar to that of the SL( 2) subgroup.

15



The only time when this possibility is realized is in the case of the solu-

tion (4.8) where the corresponding energy-momentum tensor takes the U( 1) form:

T(z) - —\ : JJ :, and the corresponding parameters are given by

a = ±[j(l-kt +

b = Tljd - kt -

c = d = 0 (4.28)

This is not surprising since the solution (4.8) involves only the U( 1) currents

J° ,J^ and has a central charge c = 1. Althought we have been able to write

the stress tensor of (4.8) as the square of a single U( 1) current, the t -dependence

of this particular solution is still persistent in its conformal weights in (4.24).

At the level of the free field realization of this c = 1 conformal field theory,

it seems however plausible to suspect that a physical interpretation could be given

to the parameter t in a way similar to that of ref.[15]. There, the tensor Ca\> for

SL(2)4 also depended on a continuous parameter a but the central charge was

always equal to one. It was then shown that the new solutions for SL{ 2)4 describe

the standard c = 1 series corresponding to a free bosonic field defined on a circle

with a radius that is a function of the continuous parameter ex. The task of finding

free bosonic field theories with energy-momentum tensors corresponding to our

new solutions is beyond the scope of the present paper and the connection (which

must exist) between t and the radius of compactification of the U( 1) fields is still

a conjecture.

To conclude this discussion we would like to mention one of the open prob-

lems concerning the unitarity or non-unitarity of our solutions. Since we are deal-

ing with a non-compact group, where non-unitarity is governed by the signs of the

Killing metric, some of our solutions would be non-unitary. However, it might be

possible to find a class of solutions which admits unitary subspaces [20].

The next step is to use these expressions for the central charges in equation

(2.10) and to compute the range of cotter = d. Notice that the central charge for

the ghost sector remains the same since the gauge fixing condition in Eq.(2.2) is

16
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still unaltered. En this list, however, we analyse two cases only : The first corre-

sponds to the equal central charges C2, C3 and c4. The equation for the balance of

the central charges gives

-(k + 2) = T ^ [ 1 2 7 ~16a-d+J(d+ 16a-127)2-192o] (4.29)
loa *

The second corresponds to eg and we get

-(A;+3) = -J-[123-24o-d+V(^+24a-123)2-768o] (4.30)
loo *

There still two cases to be considered, however. One corresponds to c\ and the

other to the identical central charges c$, c^ and cj. the former yields a linear

relation between k and d and hence all values of d are permitted. The latter on the

other hand gives a cubic equation in k with non-trivial solutions which makes its

analysis more complicated.

Of course, this is a very simplestic statement since no gravitational interpre-

tation of our solutions is given. The geometry of the general Virasoro construction

has been considered in ref.[21]. In particular it was shown that the master equation

in (3.3) is an Einstein-like system on the group manifold Q, where the left-invariant

metric is defined by the tensor £oi. In our case and for equations (4.29) and (4.30)

to make sense, one would require the existence of a spin-three field constructed

out of the currents Ja. In otfier words one has to look for structures of the form

W(z)=Mabc:J
a :JbJc:: (4.31)

which satisfy the algebra (2.3) with central charges given by those in (4.20). This

would also yield a master equation for the tensor Mabc- This is currently under

investigation.

5. Conclusions

It is clear from the last two equations that the range of d depends crucially on

the value of the parameter o. This could be determined in the same way as the

coefficient b\ in the SL{2, R) case. One has, therefore, to write expressions for

17



T3Tav(z) and W^z) i n terms of h and A, where the last two fields are given

by Eq.(2.7). These expressions should be based on dimensional grounds and the

residual gauge freedom should be eliminated. One then compares the expression

for Tgrav( z) obtained in this way with that of the generalized Sugawara construc-

tion.This, in principle, determines the coefficient o and one might use the freedom

in the parameter t to match the two expressions for the energy momentum tensor.

This issue is currently under investigation together with other related topics. No-

tice also that one might impose extra constraints on the currents J (similar to the

SX(2) case, where J~ = constant was required). These constraints could be of

the form considered by Drinfeld and Sokolov [22]:

J f (*) = J2
+ = l , J3- = 0 (5.1)

In summary we have shown, in the case of SL{2) gravity, that the range of the

allowed values for cmotter cannot be changed by using a generalized Sugawara

construction for the energy-momentum tensor. W3 -gravity, however, has a hid-

den SL(3) current algebra and the range of cotter c a n be changed by using a

generalized Sugawara construction.
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Appendix

In this table we summarize the solutions to the set of equations in (4.3) that

correspond to the ordinary Sugawara and coset constructions. The parameter a has

been defined in the last section. Additional solutions are obtained by simultane-

ously changing r and s and x and y. The entries preceded by a star do not satisfy

the constraint (4.7).
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*
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