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Abstract

We construct the nonlinear W(sI(N + 3), sl(3)) algebras and find the spectrum of values of the central charge that gives
rise, by contracting the W (sI(N+3),sI(3)) algebras, to a W3 algebra belonging to the coset W((sI(N+3),s1(3))/(u(1) &
sl(N)). Using the tool of embedding the W(sI(N + 3),sl(3)) algebras into lineanzing algebras, we construct new
realizations of Ws modulo null fields. The possibility to reproduce, within the conformal lineanzation framework, the central
charge spectrum for minimal models of the nonlinear W(sI(N + 3), s{(3)) algebras is discussed at the end.

Dedicated to the memory of Victor 1. Ogievetsky,
as the expression of our respectful admiration and deep sorrow

1. Introduction

W-algebras were introduced in 1985 by Zamolodchikov [1], in terms of conformal models, exhibiting new
symmetries generated by currents with conformal spin higher than 2. Owing to the nonlinearity of W-algebras,
the important task of constructing their realizations in terms of free fields or affine currents cannot be carried
out straightforwardly.

One of the possible ways to construct the realizations of W algebras 1s the conformal linearization procedure
[2-6]. The main idea of this approach is to embed the nonlinear W algebra as a subalgebra in some linear
conformal algebra W'". Once this is done, then each realization of the linear algebra W' gives rise to a
realization of W.

In [6] we constructed explicitly the nonlinear algebras W(sl(4),sl(3)), W(sl(3|1),sl(3)) and obtained
their realizations in terms of currents spanning the corresponding linearizing conformal algebras. The specific
structure of these algebras allowed us to construct realizations — modulo null fields - of the Wj algebra that
lies in the cosets W(sl(4),sl(3))/u(1) and W(sl(3|1),sl(3))/u(1). In such null-fields realizations the OPE
of two spin-3 currents contains a spin-4 operator which is null, in the sense that there are no central terms 1n
the OPEs of this spin-4 current with all other currents (including the spin-4 current itself). This occurs only
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for a discrete spectrum of W(si(4),sl(3)) - respectively W(sI(3|1),s/(3)) — central charges, which allows
us to consider a vanishing value for such spin-4 operators and reduces the W(si(4),sI(3)) - respectively
W(sl(3|1),sl(3)) - algebra to its W3 contraction. For this spectrum the realizations of W(sl(4), sl(3)) -
respectively W(sl(3{1), sl(3)) - algebras provide null-fields realizations of Wj.

In this Letter we follow a similar procedure, in order to obtain new null-fields realization of W5 from
linearizing W((sI(N + 3),sl(3)) algebras. In particular, we determine the central charge spectrum for the
nonlinear W(sl{(N + 3),s/(3)) algebras, when these algebras are contracted to the W; algebra lying in the
coset W((sI(N+3),s1(3))/(u(1) @ sl(N)). The completion of our task, namely the explicit construction of
free-fields realizations ~ modulo null fields - for the W3 contraction of W(sI(N +3), sI(3)) algebras, becomes
straightforward when the conformal linearization procedure is applied to the latter algebras. Indeed, it turns
out that the nonlinear W(sI(N + 3),s/(3)) algebras can be embedded into some linear conformal algebras.
Hence it follows that any realization of the hnearizing W (sI(N+3), sl(3)) algebras yields a realization of the
nonlinear W(s{(N + 3),s{(3)) ones.

The outline of the Letter 1s as follows.

We start in Section 2 with presenting the nonlinear W(sI(N 4+ 3), sI(3)) algebras. Their explicit structure
appears here for the first time. The importance of the algebras considered in this section can be appreciated
if one recalls that there exist very few further examples of analogous algebras whose OPEs are explicitly
constructed and depend, 1n addition to the level K of the algebra, on one more parameter (in our case denoted
by N). They 1nclude the Knizhnik-Bershadsky algebras, as well as the quasi-superconformal algebras. In Section
3, after recalling briefly the method used to construct null-fields realizations of W3, we consider the exceptional
values of the central charges of the nonlinear W(slI(N + 3),sl(3)) algebras for which the composite spin-4
hield appearing in the spin-3-spin-3 OPE becomes a null field. Also we discuss the properties of the spectrum
and point out the result that one central charge value corresponds to three distinct representations of the
contracted algebra W3. We then proceed in Section 4 to construct the corresponding linear conformal algebras.
The resulting expressions giving, in terms these currents, those spanning the nonlinear algebras immediately
provide the realizations of W(sI(N + 3),s/(3)). The constructed expressions for the currents of the nonlinear
algebras in terms of the linearizing algebras currents yield, for the specific values of the central charge, the
realization of Wj algebra modulo null fields.

We will finish this Letter with some concluding remarks and a short discussion of further developments,
including applications to the central charge spectrum for minimal models of the nonlinear W(sI(N +3), si(3))
algebras.

2. Nonlinear W(sl(N + 3), sI(3)) algebras

In this section we give explicitly for the first time the structure of the nonlinear W(slI(N+3), sl(3)) algebras
in the quantum case. This result provides a new example of algebras that depend on two parameters, i.e. the
level K and N, and possess the SL(N) automorphism. The constructed W(sI(N + 3),sl(3)) algebras are
analogous in this sense to the case of the Knizhnik-Bershadsky and quasi-superconformal algebras.

Let us first of all describe the conformal spin content of these algebras [7]. They are spanned, in addition
to the spin-2 stress-tensor T, by the following currents: the s/(N) and u(1) affine spm 1 currents Jb and U,
the commuting-with-them spin-3 current W and two multiplets of spin-2 currents G4, G with opposite u(1)
charges, which belong to the fundamental and 1ts conjugated representations of s/(N). In the basis where these
bosonic currents (U, J?, G.,G ,W) are all primary fields with respect to T, the singular OPEs of the nonlinear
W({sl(N+3),sl(3)) algebras read

~
<

¢ 2T T Jbo b .
T(z)T() =5+ 5 +—, T(z)JIi(z) =% : r(z)U(n) =—+—.,
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| 3537’ + a38S(U U) + %Q{;U’ + a4 (JS J%) 4 ";f (U JY) + as85(JE J9) + KayJY' | —
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+B1(J5 (J2G)) = Bia(J)' G) — Bi3(J2 ') + BiaG "]Z’
H
C ] 1 ] - 16 3 3 .11
w W = 4+ T, =T - Uy T, T, T} + =T —
LWz 6{63162 i 2"y | "7 22+ 5, (( ) 10 w) 20" | zj;
1 [ 16 3 1 101
+ — | Uy 4 T, T,) — —T"} + —1"| — 1}, 2.1
21 4 22 + Scy, (( ) 10 w) 15 w- 212} (2.1)
where
ooy (UU) (JoJ) (2K+ N)(—1 +3K +2N)(1 +4K + 3N)
W= Cw:

2¢,, 2(K+N)’ (K+N)(K+N+1) ’



S. Bellucci et al. / Physics Letters B 392 (1997) 350—359 353

Usy=eW +e(WU) +€3(G, G ) + €x(TT) +es(T (UU)) + e(T (J° J$)) + &(T' U)
+ (T U') + €T" + €10(U (U (U U))) + e (U (UU)) + €12(U (U (JE IE))) + €13(U" U)
+ (U U') + €1sU" + €16(U (I, (J5 I2))) +er7(U' (J2 J3)) + e1s(U (J5' JE))
+ €19(Jo (Jg, (JEIP)) + €0(J2 (J5 (JEID)) + € (IS (I D)) + €(J2" TF) + €23(J5" J§)

—

16 3 3

T, T, T T,
22 450, | T Tw) = 150w | — 57 (2.2)

Here the indices a, b, ... run over the following ranges 1 < a,b < N, and the ¢,,,, @, B and € coefficients are
found in Table 1 (see appendix) in terms of the level K of s/(N) algebra. Although the coefficient € could be
set to unity provided the current W(z) 1s rescaled, we keep it for convenience, since this makes the coefficients
simpler.

Inspecting the expressions given in Table 1 makes it evident that the OPE T(z;)T(z2) (2.1) is singular for
K = —1 — N. In fact, the W(sI(N + 3), sl(3)) algebras are not defined for this level value? and we take
K # —1 — N. In order to remove {from the OPEs (2.1) the additional singularities occurring in some of the
coefficients of Table 1 for the level values K = —r, with r =0, N,2N/3, we must redefine the generators of the
W(sI(N +3),sl(3)) algebras (2.1) as follows:

I~ 1 = —a ] —d
W = W, G,= Ga, G = G, r=0,N, 2.3
K+r vK+r ° vVK+r (2.3)
1 ~ 1 ~ —a ] =a 2N
W= W, = , G = G, = : " .
(K +r)? “K+4+r © K+r T3 (2:4)
After the above redefinitions the OPEs (2.1) describe, for K = —r, some uninteresting algebras obtained as a

contraction of W(slI(N + 3),sl(3)). For the first two levels K = 0, —N the central charge ¢, does not vanish,
whereas ¢, =0 at K = —2N/3. In all three K = —r cases one has ¢, = ec, = 0 and ¢, # 0. Hence the algebra
described by the OPEs (2.1) exists for all values of the level parameter K, except K = —1 — N. However one
has to keep in mind that the algebras of interest to us correspond to K +r # O.

Let us note that the spin-4 current Us(z) is defined to be primary with respect to the stress tensor T, (z) >

Cy 2T, T, 4U U’
To(2)T(z) = 57 + 50+ -2 Tu(a)Us(z) = — + (2.5)
219 i12 <12 {19 {12
and both 7,, and U4 have regular OPEs with the u(1) and sI(N) currents U(z) and Jf;(z)
U(z)Tw(22) = U(21)Us(22) = J2(21)TW(22) = J5(21) Us(22) = regular . (2.6)

Thus, it follows from the above considerations that the currents 7,,(z), W(z) and Us(z) belong to the coset
W((sI(N+3),s1(3))/(u(1)®d sI(N)).

3. W3 contractions of W(sI(N + 3), sl(3)) algebras

In this section we would like to briefly recall the method for constructing the so called realizations modulo null
fields for the W5 algebra [6,8-13]. The distinguished feature of these realizations, with respect to the ordinary

4 After rescaling their currents, the algebras do not contain the Virasoro subalgebra.
> Due to the regular OPE of the spin-3 current W(z) with U(z) and Jf; (z), W(z) is a primary current, not only with respect to 7', but
also with respect to T,y.
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ones, consists in allowing the presence (besides standard terms) of a nonvanishing spin-4 null operator V in
the OPE of the spin-3 current W with itself®

V V
W(z1)W(z;) = standard terms + —- 4 . (3.1)
ey 22]2
The null operator V must satisty the following requirement:
< VYV >=40. (3.2)

This corresponds to requiring that the OPE of the operator V with 1tselt contains no central term. One can
check that the condition (3.2) mmplies < VW > = 0. Being a null operator, V can generate only null fields
in its OPEs. All such null operators span an ideal and can be consistently set to zero, yielding a W5 algebra
which closes only modulo null currents. Thus, on the shell defined by these constraints, the spin-2 and spin-3
currents form a W3 algebra.

From the above definition it 1s clear that the problem of the construction of realizations modulo null fields is
a very complicated one. However, 1t can be reduced to the easier task of constructing ordinary realizations, but
for a larger VW-algebra, containing more currents than W3 and including the OPE (3.1) within the full set of its
OPEs. Then, for some discrete values of the central charge, the null field condition (3.2) for the spin-4 operator
of such Wh-algebra could be satisfied. Hence, for these specific values of the central charge, the realizations of
such larger YW-algebra form simultaneously a realization of W3 modulo null fields.

The W(si(N + 3),sl(3)) algebras constructed in the previous section provides a class of such kind of W-
algebras, larger than W5 and including in their OPEs a spin-4 current V, according to (3.1). Having found the
candidate algebras, all we need, 1n order to use the abovementioned approach for the construction of realizations
of W3 modulo null fields, is to determine the truncation condition of these class of VW-algebras to W3, i.e. find
the spectrum c,, corresponding to solutions of (3.2). As a second step, we must build VW-algebras realizations
tor the specific ¢, values, for which W reduces to W3. We start with nonlinear W(sI(N + 3),sl(3)) algebras
because they possess the following properties:

— the algebras W(sl(N + 3),s{(3)) include the OPE (3.1);

- the algebras W(sI(N + 3),sl(3)) can be linearized (see Section 4 below).
These facts are of use, because they respectively allow the following:

— to truncate (contract) the algebras W(sI(N + 3),sl(3)) to Wy;

- to build realizations, starting from the linearizing W(slI(N + 3), sl(3)) algebras.

Indeed, inspecting (2.1) 1t is easy to realize that the OPE of the spin-3 current with itself looks like (3.1). We
stress that 1t 1s not possible to perform a redefinition of the currents of W(sI(N + 3),s/(3)), such as to avoid
the appearance of the Uy (z) current in the r.h.s. of the OPE W(z;)W(z2). Therefore, the W(sI(N+3), sl(3))
algebras do not contain W5 as a subalgebra.

The vacuum expectation values for the currents 7, W, Us which are contained in the coset W((sI(N +

3),s1(3))/(u(l) ® sl(N)) read

T T (2K + N)(—1 + 3K +2N)(1 + 4K + 3N)
W 2K+ N(K+N+1) ’

(-2 +3K+2N)(2+ 5K+ 4N)
< WW > = < TwT, >,
27K (3K + 2N)

% The spin-4 operator V could be composite or elementary.
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8N(—1 42K + N)(=3 4+ 3K +2N)(1 + 3K + 2N) (4K + 3N) (3 + 6K + 5N)

120K3 — 32K — 32K? — 27N — 59KN + 230K?N ~ 27N? + 145KN? + 30N3
]

* 3K2(3K + 2N)

< UgUy > =

< WW > . (3.3)

The spin-4 operator Us(z) becomes a null field — under the condition < UsUs > = 0, but requiring at the same
time that W(z) and 7,,(z) themselves do not turn into null fields, 1.e. < WW > # Qand < T, T, > # 0 - at
the following values of the level parameter K and for the corresponding values of the central charge c,,:

1 — N —1 - 2N —3N
K = CIN>D, K=—5"=, K=—= = c=-2, (3.4)
3—2N 2(N —6)(N + 15)
K = w ’ :
3 T TT(NT3)(N+6) (3:)
3 —5N 2(N+5)(2N +3
K = c , (N#+3) = c¢,= ( +N)£3 +5) . (3.6)

Hence, just for these values of the level parameter K, every realization of the algebras (2.1) induces a
corresponding realization — modulo null fields — of the W3 algebra formed by the currents 7, and W. All other
poles and zeros of the vacuum expectation value < UsU4 > provide us with further contractions of the algebra,
where the spin-3 current W(z) and even the stress tensor 7,, become null operators.

A list of the central charges of the spectrum (3.5) corresponding to some first values of N reads as follows:

40 17 _~» _ 38 _ 35 22 46 4 25
Cw==7, "5, "2, =55, —7> 0 &, 77 50 K- (3.7)

Analogously, we can list the central charges of the spectrum (3.6) corresponding to first values of N as follows:

cy =—30, —98, 198, 130, 110, 102, %£*, 98, =2, (3.8)

Earlier attempts to classify the possible algebras which allow a contraction to Wy have been made in [13,14],
where the central charge spectra (3.5) and (3.6) were conjectured. In the present Letter we proved these
conjectures by explicit construction. Let us notice that the spectrum of K-values corresponding to the point
cw = —2 of (3.4) 1s constructed here for the first time. A remark 1s 1n order concerning the latter point.
Indeed this point of the resulting spectrum 1s particularly interesting, since i1t corresponds to three distinct
representations of W3 with arbitrary values of N. Namely, 1t turns out according to our result (3.4) that there
exist three different null-fields realizations of W3, which have the same value of the central charge ¢, = —2.

The natural continuation and completion of our reasoning brings up the task of constructing explicitly the
realizations of the W(sI(N+3), s{(3)) algebras, which 1n turn yield realizations of W3 modulo null fields. The
tool of the conformal linearization method of Refs. [2-5] provides a direct way to construct such null-fields
realizations, a fact that has been exploited for the first time in Ref. [6].

4. The linearizing W(s/(N + 3), sI1(3)) algebras

The method of the conformal linearization {2-5] 1s a tool that drastically simplifies the problem of con-
structing explicitly the realizations — modulo null fields - of the W3 algebra obtained by contracting the
W(sI(N + 3),sl(3)) algebras, according to the central charge spectrum determined in the previous section.
This is so, because any realization of the linearizing W(sI(N + 3), sl(3)) algebras gives rise to a realization
of the corresponding nonlinear W(sl(N + 3), sl(3)) algebras.

The linearizing algebras for W(sI(N + 3),sl(3)) can be constructed starting with the currents (7, U, Jab :
Uy, Gg, G, Q, W). The OPEs of the conformally linearized W (slI(N + 3), sl(3)) algebras read
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c 27 T’ Jr o gp
T)T() =5 ¢+ 3 +—.  T)I(n) =+,
<12 <12 <12 <19 <12
ga ga! —=da ?ﬂ 3{1’
T(21)Ga(22) = — A , T(2)G (22) = — A ,
212 {12 le 212
—a 3(K+1+N)Y+3+NQ O u u'
T = | : T(z))U() = — + —,
(21)2 (22) T ESEN 2 (z1)U(22) 2w
3(K+1+N)+3+NW W U U,
T W = | , T(z)U(zp) = | :
(1) W(22) S KT1EN 2 (z1)Ui(22) 2
UN+D(K+1+N —a [0} %
U U(z) = 2T DEATHN) )T @) = -2, UW(a) = -2
(3+N)Z12 <12 212

—c — 1] . — 1
TE(2) D () = —(85Q + —80°)

b

{12

1 |
T2 (21) T (22) = K(858% — —8.68°) — A (aﬁjad——agjj’)—-l—-,
N ZI'Z 21?2
1 I — — 1 . — 1
T2 (21)G:(22) = (872G, — ﬁﬁfigc)— , TI(z2)G () = "(3flgb + —8°G )y —,
212 N 212
KN QD _ Y
Ui (z1)U 1 (72) = TN U(z21)Q (z22) = Ntz Ui (21)Ga(22) = -
—a G B NW
U (21)G (22) =70 U (1)) W(z) = Nt Dz’
_ &b _ K& | N +1 1 1
Go(2)D(z2) = =22 G T () = Noa g | - Mt Ly | L
212 Z, 1L N ] 212
G (z)W(z) = < (4.1)
212

In this basis the central charge of the linearizing algebras has the following expression:

—6(K+14+ N2 (N2 +2N+14)(K+1+N) + N> +3N2 +2N 46
‘= K+1+N - (4.2)

The transtormations that give the currents of the nonlinear W(sI(N+3), s{(3) ) algebras in terms of the currents
of the linearizing algebras (4.1) read’

B (N + 3)KU'’ T
"2IN+D(K+1+N) '
2NU 1

U= IZZ/( y b= ‘ ba a— ’
N—'—l 1 Ja \7{1 Nulaa G gﬂ

’ The expression for the W current can be easily obtained from the first pole of the OPE G, (z; )Eb(ZQ) (2.1). It is a rather complicated
and lengthy expression and we do not write it here explicitly.
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G '=0"+m(TG") +h(Go G C) + hs(Uy Uy G°) + ha(Uy' ) + hs(Uy C™) + he(U Uy T
Ch(UUTG) +he(UT) + ho(U' T + hm?“” + (TS TECYY + ho(TE TG

+his(UTEG) + (T U G + is(T' G + he(TE T (4.3)

For the expressions of the coefficients hy, ..., h1s see Table 2 given in the appendix.

With the above expressions we have completed our task to construct the realizations for the W(sI(N +
3),s1(3)) (2.1) algebras, in terms of the currents of the linear algebras (4.1). In fact, starting from any given
realization of (4.1), the use of (4.3) allows us to construct the realizations of the nonlinear algebras (2.1).
Notice the appearance of the following exceptional value of the parameter K: K = 0, which is a singular point
of the transformations (4.3). Precisely for this value, the currents generating the starting nonlinear algebras
(2.1) have to be redefined, in order to prevent the coefficients appearing in their OPEs from being singular, as
it appears from some of the expressions given in Table 1.

In addition, there 1s a second level K = —1 — N where the transformations (4.3) have a singularity. However,
for this point the nonlinear algebras we started with, i.e. (2.1), are not defined. Hence we must exclude this
point from our present consideration of the linearizing W(sI(N + 3), si(3)) algebras as well. Thus, the set of
exceptional points where the realizations of the W(sI/(N + 3), sl(3)) algebras develop some singular terms is
entirely determined by the structure relations of the W(sI(N + 3),s/[(3)) algebras. Null field realizations of
the W5 algebra that lies in the coset W((sI(N + 3),sl(3))/(u(1) ® sI(N)) are obtained from (4.3) at each
value of the parameter K and the corresponding central charge c,, given in Egs. (3.4)-(3.6).

5. Discussion and outlook

In this paper we have explicitly constructed the algebras W(sI(N + 3), sI(3)). Using the relations between
nonlinear and linearizing algebras, we have found their realizations, including the induced realizations of W;
modulo null fields, when the algebras W{(sI/(N + 3),s{(3)) are contracted to the W3 one. Such null field
realizations exist for the following values of the central charge of the Wj; algebra that lies in the coset

W((sI(N+3),s1(3))/(u(1) & sI(N)):

_ ., 2N-6)(N+15)  2(N+5)(2N+3) 5y
s (N+3)(N+6) N 3 ‘ '

Let us remark that one can rewrite this spectrum in terms of the spectrum of W3 minimal models, as follows:

cw = cip™4(3,2) (6 + N,3+ N), ™9 (3 -~ N,6), (5.2)
where
— )27
CW“ mod-( @) =21 — 12(p quI) : (5.3)

We wish to conclude this Letter by predicting the spectrum of central charges for the W(sI(N + 3), sl(3))
minimal models. One can start with noticing that in the llneanzmg W(sl (N + 3),sl(3)) algebras there is
a decoupling basis (when all null fields of the linearizing algebras Q" and W are set equal to zero), with

some redefined energy-momentum tensor Tv;,, which commutes with the remaining currents and possesses the
following central charge:

K—1)?
cvie = 1 6. = )" (5.4)
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Table 1
¢ = Ell-(zkl _24x2 Cu = ﬁ? Cp = — uK;;':)R?- | € = (2'—R3;&’;‘+R3)-

—~22KN—6N? +KN?) By = (E}agiz);%” e =2 €14 = BHm;;;i_N)
ay = (3“‘; );,}2?’1‘-'*” ) X (R1+R2) (2R +R3) € = 23(,3;;;2 €15 = 1%?;}1;2)6
o, = (213;21)1?2_ B, = (Rz—z)l(gzﬁggflgv))(é#—kl € = ___3% y (6R1+6K2:?—;!KN+2N2)
ay = (31;23(22;1\!) By = (2—-—Rg)(i3;{f‘:);22_fh+ﬁ’z) €4 = %J; €16 = 27K2if(?;f;f)R,e
ay = —-3—%—1 By = (R%;?ﬁ)(fﬁ;;—fz) €5 = (2-1_3]2\5;%-?) €17 = (3+Tg§g§;fﬁ:f~)
s = %;——;1- Bs = — 32.'5?2 €6 = 29(;?1;2 €18 = 27K%?‘V_2NK)+N)
ap = — 2 B = CHMCNR1R)) e = — SN o K3 +3KRy+3KNR )

2 12KN?R; 9KR;e RiRje
2

ay = 14(‘13:3}2,% B = 3.%%2 €8 = "9:;&55 €19 = 9K2(KJ£N)R16

X (2NR)+NRy+2R2) Bg = — €9 = — o €0 = 13;24:2:5:;‘% -

2

ag = 3((5?«;?%2 By = (Q_K)l(zﬁN?;?HRL) €10 = 86412\’-;1;3}?235 €2 = T3 (Tiﬂ)kle

X (3R} +6K% +TKN+2N?) Bio = 3K(I}+N) X (3k* N—18K—24NRy —2KN°> —4N?) € = yiﬁéfgﬁﬁfz

- 2

g = uf;;,ﬁf?}f) P = 3K(KilN)R2 €= 721&1211)@.5 €23 = 36K2(K+IN)R1R26
aj = 9KR1(IK+N] B2 = 6K(§%1—N) X (6K+6N+SKN+4N*) X (—20K— 16K —35K3 49K
@y = %};ﬁ;ﬁﬁ? B3 = (;‘,;;iﬁﬁ‘;? €)2 = 361{2&?1355 — 16N —32KN —T8K2 N+15K3 N
gy = 6;1;%1 Bia = 36K(K4I—N)R22 X (K*N—18K—8N — 10KN —4N?) ~16N? —S4KN? +-6K> N2 — 12N7)
@y = 6KlR1 X (44+8K+13K2 +9K3 + 18K +8N €13 = 432’?;:: o
Qg = 23"‘,;}’?’ +38KN+39K2 N+33K3 N+20N2 X (27K® — 60— 48K — 105K% —72N
ays = El’fg:“w +46KN? +20N° K2 +16N3 +4KN?) — 150KN+3K? N— 60N —38KN% —16N3)

This central charge is still related to the central charge of the W(sI(N + 3),sl(3)) algebras. It is interesting
that the values of cv;, corresponding to the minimal models of the Virasoro algebra at

N2
k=L ocpy=1-6L"2

q Pq

induce the following spectrum for the central charge (2.2) of the nonlinear W(si(N + 3),s/(3)) algebras:

24p% + (N +4)(N +3)(N +2)g*

in. mod. 2

(5.5)

In all known cases of linearizing algebras the minimal models of the Virasoro algebra spanned by Tvi
reproduce the minumal models for the corresponding nonlinear algebras. For instance, in the case of N = 2
superconformal and W§2) algebras, it can be checked that the above procedure yields the spectrum of minimal
models [5]. The values of cyj corresponding to the minimal models of the Virasoro algebra (5.4) are also
found to induce the central charges cm"md' for the Wy algebras [5]. One can check that, in the case at hand,
the discussed spectrum of central charges also coincides with that proposed in [15]
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Table 2
_ 1 - _ 1 _ __ 2+N+N? _ —242K—~N-—N?
h = 3% h 3KR) hy = 6KNZR, ha = OKNR;
hs = [+2K+3N he = 3+N he = (2+N)(3+N) he = — GHN)(K+N)
TKNR, 3KN(1+N)R, 7 6K(1+N)2R, 8 3IK(1+N)R,
. (HENYK+EN) __ Ri+2(K+N)* 1 3 [
hy = 6K(1+N)R, fio = 6KR, hiy = 6KR; hia = AKR;
_ 3+N 2 _ 1=K _ 1=2Ry
fli3 = 3K(1+N)R; hig = 3KNR; his = 3KR, hi6 = 3KR,
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Appendix

We write down the expressions of the coefficients in the OPEs (2.1) for the algebra W(s/(N + 3),sI(3))
in Table 1. Here we define Ry =1+ N+ K and R, =3K + 2N.

Finally, we give the coefficients for the currents in the nonlinear basis (4.3) in Table 2.
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