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1 Introduction

WZW primary fields are also Virasoro primary fields. Since the Virasoro zero mode acting
on the primary state is proportional to the quadratic Casimir operator of the finite Lie alge-
bra, primary field conformal weight (or spin) [1, 2] is half the quadratic Casimir eigenvalues
divided by the sum of the level and dual Coxeter number of the finite Lie algebra. When
the level equals the dual Coxeter number in the adjoint representation, conformal weight is
halved.! For the diagonal coset model described in [1], section 7.3, spin-% current, which is
a N = 1 supersymmetry generator and commutes with the diagonal spin-1 current, can be
determined as the linear combination of two spin-1 current types and adjoint fermions [3-5]
(see, for example, [1], (7.50)). This leads to coset construction of N’ = 1 superconformal
algebra [6] for SU(2), coset construction of N'=1 W3 algebra for SU(3) [7-10], and N' =1
higher spin multiplets for SU(N) [11]. Although the N' = 1 extension for bosonic coset
models can be obtained from the particular level condition, we can also consider other cases
with A" =2 and NV = 3 extensions.?

Gaberdiel and Gopakumar [17] proposed duality between higher spin gauge theory on
AdSs space [18, 19] and the large N 't Hooft limit of a family of W minimal models (see
also [20-23]). This is a natural analogue of Klebanov and Polyakov duality [24] relating the
O(N) vector model in 3-dimensions to a higher spin theory on AdSs space. Then we can
generalize [17] by considering Klebanov and Polyakov duality in one lower dimension. The
relevant coset model was derived by replacing the SU(N) group by SO(2N) or SO(2N +
1) [25, 26], and N' = 1 and N' = 2 extensions of the (bosonic) orthogonal coset model
obtained [27] (see [28] also). Thus, putting the above level condition into the ' =1 coset
model, we can obtain the N' = 2 extension of the supersymmetric coset model.

Therefore, this paper considers the following coset model [29] at the “critical” level,

G _SORN+ Dk &SOCNN g oy 1. (1.1)
H SO(2N)p 11

For SO(2N+1), the quadratic Casimir eigenvalue for the adjoint representation = (2N —1),
i.e., the dual Coxeter number of SO(2/N +1). The central charge of the coset model at the
critical level is

3Nk 3N

_ _ 3N 1.2

‘T lk+2N-1) ’ (1.2)
k=2N-1

where the infinity limit of the central charge is equivalent to the infinity limit of N. Addi-
tional adjoint fermions occur in the first and second factors of group G in (1.1).

'For example, the quadratic Casimir operator eigenvalue = 2N and the dual Coxeter number = N for
1
2
2Taking adjoint spin-% fermions in the second factor appearing in the numerator of the diagonal coset

SU(N), where the overall numerical factor 3 is the conformal weight (or spin) of the adjoint fermion.
model [1] provides the coset construction for N/ = 2 superconformal algebra [12], and the observed N = 2
higher spin currents can be determined [13, 14]. Creutzig et al. and Ahn et al. [15, 16] investigated the
N = 3 extension from the N = 2 coset model.



We would like to construct the additional higher spin currents and their operator
product expansions (OPEs) for (1.1). We assume “minimal” N = 2 extension of the
N =1 higher spin currents [29-31],
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= + L +1,n+ 0 + 0 + 2 (1.3)
n 27n7n7n 2 9 n 7n 2?” 27n Y 9 *
where n = 2,4,6,---. The first multiplet is the well-known N = 2 superconformal algebra

generator [12]. The first two components of each N’ = 2 (higher spin) multiplet in (1.3)
are new and superpartners of the last two components. Thus, we obtain the lowest N' = 2
higher spin multiplet of spins (%, 2,2, %) in terms of two adjoint fermion types for generic IV,
their OPEs, and OPEs between the lowest and second N = 2 lowest higher spin multiplet
of spins (3,%,%, )

We also construct higher spin algebra generators in terms of oscillators corresponding
to the first two higher spin multiplets in (1.3), from OPEs realized in (1.1), and explicitly
provide some related (anti)commutators. The higher spin—% current in (1.3) requires addi-
tional degrees of freedom because the supersymmetry generator of spin—% also has spin—%,
leaving no room for the higher spin—% generator because they share a linear term in the
oscillator and we cannot differentiate them. This requires matrix generalization of the
Vasiliev theory [15].

An interesting question is how higher spin symmetry (with supersymmetry) for Vasiliev
higher spin theory on AdSs space appears in string theory. The A/ = 4 extension of [17]
was described in [32] with the hope that higher spin dualities might be embedded in the
string dualities (see also [22, 23]). Although some observations in the presence of infinite
tower of modes become massless [33-37], emergence of higher spin symmetry has not been
fully clarified from string theory viewpoint. There are few examples on string theory
with A/ = 2 supersymmetry compared to N' = 3 or N' = 4 supersymmetry. Recently,
N = 2 supergravity solutions for 10-dimensional theory containing AdS3 space have been
found [38], following [39], and an important supergravity outcome is that the symmetric
orbifold of the (four dimensional) hyperelliptic surface supports higher spin symmetry.
Thus, it remains an open problem to obtain the corresponding string theory containing
N = 2 supergravity. Perhaps chiral primary states [13] of the present model at the critical
level will be useful in this regard, which is one of the motivations for the current paper.
Datta et al. [39] showed that the generalized (1.1), replacing numerical value 1 by arbitrary
M, can be used to obtain the corresponding (unknown) string theory. We expect that the
current paper outcomes will provide further direction to help construct the unknown string
theory. Descriptions from [15] regarding two-dimensional conformal field theory will also
be useful to understand this general coset. The remainder of this paper is organized as
follows (the Thielemans pacakge [40] is used)

e Section 2 realizes the four N' = 2 superconformal algebra currents in terms of the
two adjoint fermion types in (1.1).



e Section 3 analyzes the first four /' = 2 higher spin multiplets in (1.3) for fixed N = 4.

e Section 4 determines the lowest N = 2 higher spin multiplet in terms of two adjoint
fermions for generic IV, and obtains its OPE and component results. The asymptotic
symmetry algebra [41-46] for the matrix extension of Vasiliev theory is also obtained
by taking the large central charge limit (1.2). OPE between the lowest ' = 2 higher
spin multiplet and the second N/ = 2 higher spin multiplet is obtained using the
Jacobi identity.

¢

e Section 5 reviews the “wedge” algebra of N' = 2 superconformal algebra, and con-
structs OSp(2|2) higher spin algebra generators in terms of oscillators and their alge-
bra [18, 19, 47, 48]. We also analyze the match between these outcomes and section 4

under the large c limit with wedge condition.

e Section 6 summarizes the findings and concludes the paper, and briefly discusses
some remaining open problems.

e Appendices A-F present various details described in the previous sections.

2 Four currents for N/ = 2 superconformal algebra

We construct the four currents for N' = 2 superconformal algebra in the coset model (1.1)
following [14].

2.1 Kac-Moody spin-1 currents

For the diagonal coset model in (1.1), the spin-1 current J4(z) with level k and spin-1
current x’(z) (whose spin-1 current has the level 1) generate the affine Lie algebra G =
SO(2N + 1), & SO(2N); [29]. Adjoint indices A, B, -+ of SO2N +1) = 1,2, --- , N(2N +
1) and vector indices i,7, -+ of SO(2N) = 1,2,--- ;2N and can be relabeled by adding
N(2N — 1) respectively.® Diagonal spin-1 current (J* + K?)(z) with level (k + 1), where
K%(z) is quadratic in spin-3 current (2.2), generates H = S/(\)(2N )k+1 affine Lie algebra.

From condition £ = 2N — 1, we can introduce fermions wA(z) in the first factor of G,
and then consider two fermion field types ¥4 (z) and x*(z) that satisfy the OPEs

VDWW = —o s 58T A= ()
X' (2) X (w) = —(Z_lw) %6’7 SRR (2.1)

The corresponding Kac-Moody spin-1 currents are
T (z) = fPCPPYC (2) = fOpt0(2) + FU ' (2),
T'(2) = fPOYPC(2) = 2090 9Ty (2),

K%(z) = [ X'} (2), (2.2)

% Adjoint indices A, B, - - - of SO(2N +1) can be further decomposed into SO(2N) adjoint indices a, b, - - - =

1,2,--- ,N(2N —1) and SO(2N) vector indices 4,7, -- =1+ N(2N —1),--- ,2N+N(2N —1) = N(2N +1),
i.e., SO(2N + 1) adjoint indices A, B,--- =1,2,--- ,N(2N —1),1+ N(2N —1),--- ,2N + N(2N — 1).



hence f7% = 0 = fi@, which obey the nontrivial OPEs from (2.1) and (2.2),

J9(2) P (w) = _(z—1w)2 N~ 1) ! oy £ )
T T ) = s P ) 4
Ji(z) F(w) = _(,z—lw)? N - 18 + ! oy £ )
K%2) K*(w) = _(z—1w)2 5% 4 (z_lw) fo Ke(w) 4 - - . (2.3)

Spin-1 current J4(2) has level (2N —1). Hence, adding the first and last in (2.3), diagonal
spin-1 current (J% 4 K%)(z) has level 2V.
2.2 Four currents in terms of fermions

This section presents the four N/ = 2 superconformal algebra currents.

e Coset spin-1 current
Using the SO(2N) invariant tensor of rank 2, spin-1 current can be expressed as

J(2) =089 "X () = i9'x (). (24)
Thus, the OPE between spin-1 current and itself is

1 c 3
J(2)J = — 4. =—N. 2.5
(Iw) = ogmst o 0=, (25)
The overall factor in (2.4) is fixed by requiring the central term of OPE J(z) J(w)
should behave as in (2.5). The coset spin-1 current has no singular terms with the
diagonal spin-1 current, i.e.,

(J*+ K (2) J(w) = +---. (2.6)
In particular, combining the two fermions has nonzero U(1) charge, j:%, associated
with the spin-1 current
T() (0 i) = s (0 i) () + (27)
z ix")(w) = = ix ) (w) + - . .
X (z —w) 2 X

Similarly, the regular term in the OPE between spin-1 current J(z) and fermion
Y*(w) can be expressed as

J(2) Y w) =+ . (2.8)

We can analyze higher spin currents for fixed U(1) charges in terms of fermions using
fermion U(1) charges in (2.7) and (2.8).



e Coset Spin—% currents

3

From (2.6), spin-3

currents should satisfy
(J*+ K% (2) GF(w) = +---, (2.9)

where the OPE with spin-1 current is

1

z i'll}:
T GHw) = £ s

GE(w) 4 -+ . (2.10)

Then the spin-3 currents of U(1) charges &1 (2.10) can be expressed as

Gi(Z):m :Fl'lﬁzjli27:7f)aKa+2XZ<]l (Z), (211)

and we can obtain N’ =1 spin—% current by adding these two spin—% currents.

e Coset spin-2 current
The spin-2 stress energy tensor that satisfies the regular condition with the coset
spin-1 current as in (2.6) and (2.9) can be obtained from the difference between those
in group G and the one in subgroup H with the correct coefficients,

1 1

T(z) = TIEN = 1) (J%+ JiJ)(z) — SN 1) KK (2)
+4(2N1_1)(J“ +K*)(J*+ K%)(2), (2.12)

where the central charge is given by (2.5).

Therefore, the four N/ = 2 superconformal algebra currents in the coset model are
summarized by (2.4), (2.11), and (2.12). In N = 2 superspace, they can be organized by a
single N' = 2 stress energy tensor,

T(Z2)=J(2)+0GT(2) +0G (2) +00T(z). (2.13)

The defining OPEs between the four currents in (2.13) are given by (A.1).

3 N = 2 higher spin currents for fixed N = 4

This section describes N' = 2 higher spin multiplets in the coset model for N = 4. We show
higher spin—% (primary) current that belongs to the lowest N' = 2 higher spin multiplet,
and the presence of other higher spin currents in other N' = 2 higher spin multiplets.

3.1 The first (lowest) N/ = 2 higher spin multiplet

Creutzig et al., Ahn et al. and Candu et al. [29-31] showed that the lowest N' = 1 higher
spin multiplet contains higher spin-2 and higher spin-g currents. Due to the presence of
additional fermions 1)®(z) and 1(z), there is the possibility to have additional lower N = 1



higher spin multiplet of spins % and 2, which is a superpartner of the A/ = 1 higher spin
multiplet. Thus, it is natural to check whether a higher spin—% current occurs in the coset
model.

Let us consider the most general Spin—% current with unknown U(1) charge ¢ and

unknown coefficients [16],
Wq(Q)(Z) _ CfBC¢AwB¢C+OéBCXZwaC+C§4U¢AX1XJ+Czjkxzxjxk+cé48wz4+céaxz,
(3.1)

where the undetermined coefficients can be SO(2N + 1) or SO(2N) (of G in the coset
model) invariant tensors. To find this higher spin—% current (3.1), we use the conditions
from (B.1) with the regular condition in the OPE for diagonal spin-1 current (see [1, 49]
for the GKO [6] coset construction),

oW w)| =P w),
e
WD w)| = owD(w),
=
JOWw)| = WP w),
(ziw)
(T + K ) W ) = 4. . (3.2)

The first two conditions come from the primary field under the stress energy tensor, the
third is U(1) charge ¢ under spin-1 current, and finally the regular condition with diagonal
spin-1 current (see the defining OPEs in (B.1)).

Only one higher spin—% primary field with U(1) charge ¢ = 0 exists, denoted by

h=3
Wq(:0 2>(z), with explicit expression for fixed N = 4,

3

R S R A [O) (3:3)

using previous relationships from (2.2). The last term of (3.3) does not appear in (2.11).
The general expression for generic N will be considered in section 4.1.
To find the other primary currents that belong to the same A = 2 higher spin multiplet

3
as W()(Q)(w), we can use the defining relations in (B.1). Given the lowest higher spin-3
current (3.3), we can determine higher spin-2 currents of U(1) charge +1 using G*(2)
in (2.11),

- |-z - BN (576
WE) = | T T g
.
+Z7’KGKG¢7JGL%13KaLa+7JJ¢7oz'aJ (2), (3.4)



where spin-1 current L?(z) considering the product of two fermions is
LU(z) = [ 9" (), (3.5)

and (2.2) and (2.4) are used. The last four terms in (3.4) do not appear in (2.12).
Similarly, the last component higher spin-g current of vanishing U(1) charge can be

determined by the OPE between spin—% and higher spin-2 currents,
5 1
WO(Q)(Z) _ _ﬁ 2% fabcwaKch _ 3fabc¢anLc + 6fabcwawwaJ
-6 waJaJ o idajkbﬂ)aﬂ}j)(kjb -}-’L'dibjcxi’gbbﬂ}jKC (Z), (36)

where the last two terms contain the totally symmetric d tensor of SO(2N + 1),
1
JABCD _ §TT[TDTATBTC L 7PTATCTB | pDpBpATC | pDBpCpA
+TPTCTATE L TPTCTBTA] A= (a,i). (3.7)

Since the SO(2N) adjoint and vector indexes inside SO(2N + 1) range independently,
there are nontrivial contributions in the last two terms of (3.6), and we used (2.2), (2.4),
and (3.5).

The three currents (3.4) and (3.6) satisfy regularity conditions with diagonal spin-1
current,

(J*+ K () W (w) = + -,
T+ K )W (w) = -+ . (3.8)

Therefore, the four currents (3.3), (3.4) and (3.6) that satisfy (3.2) and (3.8), are
components of the lowest A/ = 2 higher spin multiplet,

wiz) = (WO(S), w® W Wo(g)). (3.9)

We also checked the defining OPEs in (B.1) for h = 3 and ¢ = 0.
3
2

The existence of W(g )(Z ) [30] strongly suggests there would be A/ = 2 higher spin
3
multiplets in addition to the lowest A/ = 2 higher spin multiplet WgQ) (Z) (3.9)

z z
W = <Wé3>’ w® W), WO<4>> 7

11 1L
W(()S) = <W(§5)a W—&(-2 )7 W( 2 )7 W(g6)> y T (310)



The first multiplet of (3.10) is the N/ = 2 extension of N/ = 1 higher spin multiplet of
spins % and 4 [30]. The extra higher spin currents of spins % and 4 appear in the second
multiplet of (3.10). Similarly, the first two components in the third multiplet of (3.10) are
new additions. The following sections observe the presence of some higher spin currents

for fixed N = 4.

3.2 Second N = 2 higher spin multiplet

To investigate the existence of the second A = 2 higher spin multiplet Wég)(Z ) in (3.10),

we should show there is no other primary higher spin-3 current besides Wég)(z) in (1.1).

Therefore, we construct the most general higher spin-3 field Wq(h:?’) (z) with unknown U(1)
3

charge ¢ and use conditions (3.2) for this higher spin current as we did for W()(g) (z). Only
one higher spin-3 (primary) current with U(1) charge ¢ = 0 exists: the lowest higher spin
current WO(3)(z) of the second N/ = 2 higher spin multiplet, which can be expressed for
fixed N =4 as

W) = | g 0 KDL G WL =g (617 (0 1)
_%Ja(dajkb¢jkab)+3ggiz6 Ka(dajkbijkaH% Lo (d b )
+®Ji(dibjcl/)bijC>+%iJJJ_’_%Z.J,IJ@J_ 627()338372iKaK“J+%iL“LGJ
+%i JQK“J—% J“&L“—% L9~ ngf& K‘laL“+2§§29i *J|(2),

(3.11)

using (2.2), (2.4), and (3.5). In this case, an additional d tensor (3.7) with two adjoint
indices and two vector indices appears in the second and third lines.
The other components of A/ = 2 higher spin multiplet W(()g)(Z) in (3.10) can be
obtained from (B.1), in principle, or they can appear in the OPEs between the N' = 2
3

higher spin multiplet W(()g) (Z) components in (3.9). For example, the higher spin-3 current
5
2

Wo(3) (z) in (3.11) appears in the first-order pole for the OPE WO( )(z) WO( )(w),

3
2

5

W@ w) = B+ =P

mgj(w)—i-

1 2541
(z —w) 48

(3) , 30t
wW” + 561G

_l’_

49 91 35 175
We can rearrange the first order pole in (3.12) in terms of various quasi primary fields.

Similarly, other component higher spin—% currents Wii)(z) appear in the first-order pole



5
2

for OPE W3 (2) W@ (w)

(3) (2) _ 1 35 vt 1 ARV T L Py
Wy () Wi (w) = G_wp 3 G (w) + =) ¥ 12JG 128G (w)
L[ ) W9 85 o0 0 T
o) | B 178 o O T F 5,GT 0T+ 2 JIGT F 2J0G
9Ny ]
S UAC [CURSES (3.13)

which can be rearranged in terms of quasi primary fields in the second and first order poles.
Finally, the last component higher spin-4 current Wé4)(z) appears in the first-order

5 5
2 2

pole for OPE WO( )(z) WO( )(w),

e e e et [
- [ T o1+ Wor
G _1 o) [— Qiiliwg“) - 1—2@*8@+ - 1—72G+8G’ + %JG*G*
—%JJT - %J@T - 1—76J82J + %TT - %am}
F 0T | () + (3.14)

Although the left hand side currents are equal, the occurrence of higher spin-4 current in
the first order pole is expected, in contrast to the two bosonic currents (i.e., the higher
spin-5 current does not arise in the OPE of the higher spin-3 current and itself), since,
they are fermionic (from (3.14)). OPEs in (3.13) and (3.14) exhibit similar behavior in the
N =1 coset model [30].

Thus, (3.12), (3.13), and (3.14) prove the existence of second N' = 2 higher spin

3
multiplet W(()S)(Z ) from the OPE between the first A/ = 2 higher spin multiplet W(()Q) (Z)
and itself, although the analysis is incomplete. Section 4 investigates their relationship
from the Jacobi identity.

3.3 Third and fourth A/ = 2 higher spin multiplets

7

To show the existence of the third A/ = 2 higher spin multiplet W(()2)(Z ) in (3.10), we
7

must first prove the presence of the first component of multiplet W 2)(2). We can check

7
that the higher spin—% current WO(Q) (z) appears in the second-order pole of the OPE (from

,10,



the OPE between the first and second higher spin multiplets),

3 3 1 2250 (2 1 75
W0<2)(Z) Wé )(w) = m 2 Wo(z)(w) +ﬂ 5 aWO( )( )
]. 7 2 2 1
t— [WO( 2) QG W( ) ﬂGjLW( ) 03ZJW0( 3)
(2 —w)
) 3
Sy )
! 7 (3) 60 @ 6 @) 8 (2
N P [33% +GOW - L GrowE 4 L IGTw
4 2 ’ 5 41
S rgow® - 2 wHar 4 2w 4 Srow
56t @) gt j @oc-+ BB or | U6 (5)
g WOGT — 5o Wim0G™ + 7 W™ 0T + 20 Wy*
. S
+%JG+W£2) - %33%(2) (w) +--- (3.15)

where each singular term can be rearranged in terms of various quasi primary fields as
z
discussed above. The other components of multiplet W(()2)(Z ) can be obtained from the

defining OPEs in (B.1) with explicit expressions for the higher spin—% current WO% (z) and
spin-3 currents G*(w).

To prove the fourth ' = 2 higher spin multiplet W(()S)(Z ) existence in (3.10), we must
first prove the existence of the first component of multiplet Wé5)(z). This higher spin-5
current W0(5)(Z) appears in the first-order pole of the OPE (from the OPE between the

first and third higher spin multiplets),

Wi W) = o W)
+(Z_1w)2 980’G oG+ — 9801G+8G‘ 637ZJJ8J
—1zg4iJaT @aJT lifiwo(%)wo(%) (3.16)
+ Do + 2 (w >+(Z_1w> [W@ (w) + -

However, due to the complexity of the first-order pole calculation (3.16), we could not find
any explicit structure for the first-order pole.* On the other hand, the first-order pole of
this OPE cannot be expressed in terms of descendant or known composite fields, which
suggests the existence of higher spin-5 current Wés)(z) belonging to the fourth higher spin

4Since spin = 5, the order of higher spin-5 current is similar to 10-th order in the two fermion types,
and there are more than one million terms even for N = 4 case.

— 11 —



multiplet. Therefore, we postulate the existence of fourth higher spin multiplet W(()s)(Z )
in (3.10). Section 4 considers more algebraic structures for the N.

4 Operator product expansions between N’ = 2 higher spin multiplets

Section 3 established the presence of N’ = 2 higher spin multiplets for N = 4,

3 3 5
W(()Q) = <W0(2)’ W_S), W£2), 0(2))7
3 3 3 3 4
w( = <W(§ ) w®) ws), §)>,
T z 9
wi?) = <W0(2), wi, w, 0(2)>,

11 1

Assuming that the super multiplets in (4.1) exist for N > 4, we now construct the (super)
OPEs between the N/ = 2 higher spin multiplets in (4.1) for N.

4.1 First N' = 2 higher spin multiplet for generic N

3 3
To find (super) OPE W(()2)(Z1)W((]2)(Zg), we must first find the four component fields of

3
WSQ)(Z) for N = 4,5,6, and 7 (or more N > 7), and extract the general form for the
component field.

3
We can obtain the general expression of WO( ) (z) for generic N from the first component

3 3
field WO(Q)(Z) of the lowest N' = 2 higher spin multiplet W(()Z)(Z) for N =4,5,6, and 7,

(3), .y _ (3N —2)
W™ (z) = \/12(N “1(2N —1)

which generalizes (3.3), and the order of N in the denominator inside the square root

6(N —1) 2

Y+ (3N —2) 0 (3N —2)

P (2), (42)

is quadratic. Thus, the four N values completely determine this N dependence and the

numerator and denominator of relative coefficients behave linearly. Therefore, we can

determine N dependence.®

°In particular, the relative coefficients of (4.2) for N = 4, 5,6, 7 can be found from the last two relations
in (3.2) to be fractional functions of N, and N dependence appears in the second order pole of the OPE
between (J* + K?)(z) and (1*J*)(w) linearly. Thus, the numerator and denominator of the fractional
functions behave as V.

We need four different N values because the numerator goes as ¢1 N +c2 and the denominator as cs N +c4.

Therefore, four distinct N values fix the unknown values ci1, c2, c3, and ca. The overall factor is fixed by
2¢

5, which behaves as

requiring that the third order pole of the higher spin—% current and itself should be
N. Finally, the overall factor can be fixed from the four values of V.

We can determine the relative coefficients and overall factor by calculating the corresponding OPEs [14].
The third order pole of the OPE between the first and the last terms is N(2N — 1) and the corresponding

value for the OPE between the second and itself is 2 N (2N —1), where the last term is 3 N(2N —1)(6N —5).
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3
The other component fields of W(()Q) (Z) for N are obtained from (B.1) with G¥,

V3

W (z) = SN ) DN =T | - i(NQ_ Y jigiy i JeJe (ZNQ_W TR
+(2N4_1)iK“K“ T (2N —1)J°L* + (4N — 3) K“L"
+(2N — 1) JJ Fi(2N — 1)(3N — 2) &]] (2),

WU(%)(Z) T /(N- 1)(21\?— 1)(3N —2) [% FRNRL Q(UJ\\;:;))Z frn
+4((fvv__21)) Feprtyes — “((]]VV__;)) WIS — i (dIIX )
+ix' (d“’jcw”ijC>] (2), (4.3)

where the numerator and denominator of relative coefficients behave linearly in N. There-
fore, the lowest N/ = 2 higher spin multiplet in terms of two fermions in the coset model
is given by (4.2) and (4.3) for general N. Section 4.2 describes the OPEs between them.
To obtain the next A/ = 2 higher spin multiplet for generic N, we calculate the OPEs
between (4.2) and (4.3) (not presented here for space considerations).

4.2 Operator product expansion between the first A/ = 2 higher spin multiplet

3 3
The (super) OPE WSQ)(Zl) WSZ)(ZQ) is completely determined from the Jocobi identity
3 3
between the two (higher spin) currents (T,W(()z),WSZ) ), i.e., all the structure constants
in the right hand side of the OPE are fixed in terms of the central charge or N, for general

w

3 3 1 2 690
W(()Q)(Zl)W(()Q)(ZQ) _ T*C—F 123 12 3T(ZQ)
29 3 212

1 _ _
+ZT —36019DT+36019DT+360190120T (ZQ)

1 _
¢[D, D]T+3TT

(Z2)

b 1
z12 (1—c) I

(2¢c—3)0DT+3TDT |(Z,)

Finally, the first term is 2N (2N — 1). There are also two relations —2A4; — Ay + A3(—6N +5) = 0 and
A — % As + % As = 0, where A; are the coefficients of the higher spin-% current from the last two equations
of (3.2). Then we obtain the three coefficients A; as in (4.2). We can proceed for the other higher spin
currents similarly.
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512 1 — - 912§12 (3) (3)
— | —(2¢-3)0DT+3TDT | (Z C W
+212 (1=0) ! (2e=3) (Z2)+ 212 (3)(3) 0
+ ! 9 (=9+4¢)0[D, DT
(—1+¢)(64+c)(—3+2¢) \  4° o=
9 ) 27
—5(9=3c+2¢*)T[D, D]T—-(1+2¢) TTT
—9c(—9+4c)DTDT+2(18—18c+3c2+203)82T) (Z3)
R (4.4)
Here the structure constant
3(3+2¢)(—9 + 4c)(—3 + 5c¢)
0(3) 2 _ , 4.5
( (%)(%)) 2(—1+¢)(6 + ¢)(—3 + 2¢) (4.5)

which is fixed by requiring that the sixth-order pole of OPE WO(?’) (2) Wé3) (w) should behave

as and we can express (4.5) in terms of N using (1.2). Under the infinity limit

1
(z—w)6 %’
of ¢, (4.5) is finite and equals 30. We can rewrite (4.4) in terms of various quasi primary

fields as discussed in section 3 for the component approach.
3
2

From (4.4), OPEs between component fields of W(g )(Z ),6 can be expressed as

(%) () = 1 2, 1 _
W2/ (2) Wy ? (w) E=mE 3+(z—w) o) 2¢T+3JJ | (w)+---,
1 2c 1 3
— P 3 o |27 (w)+- -,
1
W@ W ) = F 364 w)
bt U s Gt (2e-3)0G% | (w) 4 - -
(z—w) (1—c) ’
— F ! 3G (w)+ ! —§Jqu:2aGi (w)+-
(z—w)? (z—w) ’
(3) (3, - 1 1 1 (3) (3)
Wy (2) Wy 2 (w) = 3J (w)+ E=mE 38J(w)+<z_w) Ci) () Wo
1 —
TG+ (—3+20) (‘90(_9+4C)G “
s B _w(?) )  w@=pw(? ) . wO-pw(? ~ and w B _1ppw(? )

= o H6=0—=
Similarly, J = T|y_g—g, GT = DT|y_g_0,G~ = DT|y_g—o and T = —3[D, D|T|4_s_, are also satisfied.
Thus, we can obtain (4.6) by selecting 612 and 012 independent terms, #12 dependent terms, 01 dependent
terms, and the remaining terms respectively, applying D; or D; on both sides and putting 612 = 012 = 0.
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2
+9(9—3c+2c2)JT—37(1+20)JJJ

+ZC(—9—|—46)8T—1—§(18—180+302—|—203)82J) (w)+- -+,
SN Sy 307 (w)
(z—w)3 v (z—w)? v
1 (3) 3 18 . .9 27 3.
= ZJr—=—= z
Tomw | S G T T T8 | (w)

where the large ¢ limit is taken by keeping % for the quadratic fields and c% for cubic fields
in the right hand sides of the OPEs in (4.6)” (see [51, 52] for the large c limit). Thus, this
classical algebra provides asymptotic symmetry algebra for the (matrix extension of) AdSs
bulk theory [29], and section 5 describes the corresponding wedge algebra and appendix C
provides the remaining OPEs explicitly.

4.3 Operator product expansions between first and second N’ = 2 higher spin
multiplets

3
From the Jocobi identity between the three (higher spin) currents <T, WSQ),WéB’)), and

3 3 3

the Jocobi identity of the higher spin current <W(()2),W((]2),W(()2)>, the (super) OPE

3
Wgz)(Zl) Wég)(Zg) for general N can be expressed as

(%) (3) 012012 3(=9+4c)(—=9+9c+10c?) (2)

1 (—9+4¢)(—9+9c+10c?)

7?2 2(—1+c)(6+6)(*3+20)0é)(%)

3 3
2 2

912(—1)DW(<) Me}ﬁwé ) (Z)

0156015 1
+2Z 1250(pole—4)(Z2)

212

"In terms of mode expansions,

3 3
{W'r(2)7Ws(2)} - 2Lr+s + g (TQ - %) 67‘,—57

{Wff)i, WT(%)} — T (m—2r)GE

m—4rs
5 3
{WT(2)7WS(2)} =W

) )W+ 225+ D25 = D, (4.7)

8

up to modes from nonlinear terms, i.e., the infinity limit of ¢. The central term vanishes for r = 1, and

29
the second term of the last equation vanishes for s = i%.
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1 c(9—9¢—10c?) — e (2)

21 —14c c)(— o)c®
2(—14¢)(64c)(—3+2 )C(%)(%)
9(—9+9c+10c?)

3 1
TR E ?;))(3) tw!? 6., <48(pole—3)9_0+Q1>

/1
+012 <40(pole—3)e—o+Qz)

7 (2 1
+012012 (_20((:5))(3)“782)‘*‘1282(p01€'4)+Q3> (Z2) (4.8)
L L apole-2
+712 [5 (pole-2)y_g_o+Qu

where the structure constant is determined using simplified notations (e.g. in the expression
of (pole-3);_, of (4.8), we take the third order pole of (4.8) by taking § = 0, leaving the
first term of the third order pole) as

(€

7
by requiring that the seventh-order pole for OPE WO(Q) (2) WO( )(w) should have —L %

(z—w)7 T
Under the infinity limit of ¢, the structure constant (4.9) is finite and equals 7. The

(3)

appearance of W?/(Z3) in (4.8) was also observed in (3.15) for the component approach.

NI |1

) >2 (108 — 144c + 15¢% + 7¢%)
®)

4.9
) (39 — 53¢+ 13¢2 + ¢3) (49)

The seven quasi primary fields, Q1(Z2), - ,Q7(Z3), are presented in appendix D. The
large ¢ limit can be taken in (4.8) as in section 4.2, but are not included here for space
considerations. The nonlinear term in the second order pole in (4.8) vanishes in this
limit and the quasi primary fields in appendix D also vanish. We can then obtain the
(anti)commutators from (4.8), similarly to (4.7) and (C.2) (not presented here), which
provide the correct relations between higher spin generators corresponding to the first two
N = 2 higher spin multiplets.

The two important results in this section are summarized by (4.4) and (4.8), and other
OPEs are given in appendix E.

5 AdS;3 higher spin theory with matrix generalization

We construct Vasiliev’s oscillator description corresponding to the first two N' = 2 higher
spin multiplet discussed in previous sections 3 and 4.
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5.1 Wedge algebra for A/ = 2 superconformal algebra

Lie algebra shs [\ = %] is generated by g, (=1, 2) with fundamental commutator [Jq, Y] =
2ienp [18, 19, 47, 48, 53], which has no oscillator k£ dependence. Chan-Paton factors are
introduced and generators shsp;—o [)\ = %] are given by the tensor product between gen-
erators of shs [)\ = %] higher spin algebra and GL(2) generators. The 't Hooft parameter
A= % in [29, 30] becomes (21\1[\/_1) at the critical level and tends to A = 1 under the
infinity limit of V.

Spin—% currents of N' = 2 superconformal algebra play the role of the four fermionic
generators for N' = 2 wedge algebra [15] (N = 2 truncation of N' = 4 theory [32]),

1 1
AR 01 AL 01
G%_<4> yl@(oo)’ G—$_<4> yQ@(oo ’
i\ 2 00 i\ 2 00
1 1
A S A , 1
¢ ( 4) y1®<10>’ G2y ( 4) y2®(10) (5-1)

Calculating the anticommutators between these operators in (5.1),

1
(G5 G} = Ligs + 5(7” = 8)Jrts, (52)

where the spin-2 current of A/ = 2 superconformal algebra plays the role of three bosonic
generators, i.e., the matrix generalization of the N' = 2 wedge algebra [32],

) 10 /) 10
L = _— 01U L_ — —_ Uo U
1 < 4)y1y1®<01>, 1 ( 4>y2y2®<01>,

L= (-7) Ui+ i) @ ( . ?) , (53)

and spin-1 has matrix form

=32 (55): 50

We can check® the following commutators
[Jo,GF] = £GE. (5.5)

Thus, the N' = 2 wedge algebra [32] (generated by four bosonic and fermionic generators)
is described by (5.2), (5.5), and those in footnote 8, together with (5.1), (5.3) and (5.4).
Finally, N = 2 wedge algebra is reproduced by restricting the mode indices in appendix A
to wedge cases.

8 The remaining nontrivial nonzero commutators are given by [Ly, Ln] = (m — n)Lumin, [Lm, GE] =
m +
(3-raG

m+r*

,17,



5.2 OSp(2|2) higher spin algebra

From the classical limit discussed in section 4, we would like to construct the higher spin
generators corresponding to the first two N = 2 higher spin multiplets.

5.2.1 Twelve higher spin generators

We can obtain the (lowest) two higher spin generators by adding the matrix degree of
3 3
freedoms to the bulk theory [29] and requiring that {Jo, Vr(2) } = 0 and [Lm,VT(Q)} =

3

(G-)m=rI i)

m-+r

1 1
(3) 1/ i\2. 10 (3) L[ ©\2. 10
Vit=5("1) @) Vii=3(71) B®{y) 6O

which have the anticommutator

given in appendix B,

{v;(g),VS@)} Y (5.7)

2

3
corresponding to the first one in footnote 7 because half of WT( :) satisfies (5.7) by restricting
mode r to :I:%.

We can obtain the three higher spin generators by calculating the anticommutators

3
{G;L, 1/;(2)} = —Vr(i)j described in appendix B using (5.1) and (5.6),

@+ _ _3' A 01 @+ _ _1’ A 01
W = <4>?/1?/1®<00>a Vi = (4>yzyz®<00 ,

@O+ i\ o 01
W’ = <4> 2(y1y2+y2y1)®(00 ) (5.8)

Similarly, the three higher spin generators are

@- _ (=) . . 00 @- _ KA P 00
Vl _(4>y1y1®<10>7 V—l ( 4>y2y2®<10 5

2)— i\ 1, . 00
vy =<—4>2<y1y2+y2y1>®<10>, (5.9)

3
by calculating the anticommutators {G, ,VS(Q)} = VT(_E)* (see appendix B) using (5.1)
and (5.6). Thus, we obtain commutators

3

[Vn(f)i, VS(Q)] = :F%(m —25)GE (5.10)

m—+s?

using (5.8), (5.9), (5.6), and (5.1).° Multiplying } of the second relationship (half of A

3
and half of W,ﬂ(z)) in footnote 7, we can obtain (5.10) by restricting mode indices to wedge
cases.

9We have nontrivial relationships [JO7 V,ﬁf)i] = 1Y% (described in appendix B), similar to (5.5).
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5 3
Finally, from |G, Vn(f)jF] = V(Q) +i2r— m)V(Jfm (see appendix B), we have the four
higher spin generators

3
5 7\2 1 0
V;(2) === (092 + 019201 + G20191)
2 4 3 —1
3
(3) i21
V_% =\"1) 3 = (019292 + U29192 + F29201) 1 (5.11)

The matrices appearing in the higher spin generators for spins % and % are diagonal in (5.6)
and (5.11). Decomposition of these in the above commutator can be achieved by moving

5
the oscillators appropriately. Thus, we have nontrivial relationships {G}, VS(Q)} = %(37“ —

)V( +l, , which also appear in appendix B. There are several ways to express the last two

higher spin generators of (5.11), for convenience we express them symmetrically in the
indices.
5.2.2 Next twenty-four higher spin generators

We can calculate the anticommutators for the second N' = 2 higher spin multiplet, together
with (5.6) and (5.11) by recalling that higher spin-3 current appears in the OPE between
higher spin—% and spin—% currents from section 4.2,

{ T(S)’VS(S)} — (5.12)

Compared to the previous (5.7) and (5.10), this result produces new higher spin generators
in the right-hand side of (5.12),

@) i\* 10
Ve = (=2) giining
2 ( 4) y1y1y1y1®<0 _1>7

N 2
7 1, 10
= (—) 4(y1ylylyz+y1y1y2y1+y1y2y1y1+ygy1y1y1)®( ) )

Y
w
=

!

4 0 -1
(3) izlAAAA o 10
W’ = 7 6(ylylyzyg+y1y2y1y2+y1y2y2y1+y2y1y1y2+y2y1y2y1+y2y2y1y1)® 01/

v Sl T 10
Y= 1(y2y2y2y1+y2y2y1yz+y2y1yzyz+y1y2y2y2)® :

4 0 -1
N\ 2
3) 1 PN 10
Ve =|(—= ® . 5.13
2 ( 4) Y2Y2Y2Y2 (O _1> ( )

Following the approach in section 5.2.1, we present the generators symmetrically in the
indices. The anticommutators (5.12) can be seen in the third relation of footnote 7 with
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the wedge condition for the mode indices. We present the remaining generators for the
second N = 2 higher spin multiplet in appendix F.1© We can continue to determine the
next generators corresponding to the third AN/ = 2 higher spin multiplet using (4.8), which
will take the form of the tensor product of the generators, i.e., symmetrized products of
Ua's and GL(2) generators. Although we can calculate their (anti)commutators, this is not
presented here for space considerations.

6 Conclusions

This paper analyzed the N/ = 1 holographic minimal model at the critical level, determined
the lowest N' = 2 higher spin currents, and obtained their OPEs and OPEs between these
higher spin currents and second N = 2 higher spin currents. We also investigated Vasiliev’s
oscillator construction with matrix degrees of freedom, which generalizes OSp(2|2) super-
conformal algebra.

Several relevant problems remain open, which will be investigated in the near future.

e The next AN/ = 2 higher spin multiplet in terms of two adjoint fermions.
The expression for higher spin currents for general N was obtained for the lowest
cases. It remains an open problem to determine the next A/ = 2 higher spin cur-
rents for generic N. Once the lowest component field of this multiplet is obtained,
the remaining components can be determined using spin—% currents in (2.11) from
appendix B.

e More general coset model.
Creutzig et al. [54] generalized coset (1.1), and it would be interesting to observe
the presence of the higher spin currents (see also [55-57] for recent relevant works in
different context).

e N = 2 superspace description for the two adjoint fermions.
We determined the lowest N' = 2 higher spin currents for general N in section 4.1,
but it remains an open problem whether we can express the two adjoint fermions in
N = 2 superspace explicitly, which would simplify some complicated calculations.

%We obtain the remaining (anti)commutators using (5.6), (5.8), (5.9) and (5.11),

_ f 1 1
V@~ v+ = y& 5 (m =) Ly + g(m2 —mn+n®—1)Jmin,

m-+n
5 i
[\/T(?), V;f)i} - 7VT(+2721i + 3—12(9 — 47 + 8rm — 12m2)Gf+m,
5 5 1
{VT(Z), VS(Z)} = Vr(i)s + E(—9 +6r° — 8rs + 682)Lr+5. (5.14)

Therefore, the OSp(2|2) higher spin algebra (extension of N" = 2 wedge algebra) contains (5.7), (5.10), (5.12),
and (5.14). We can then calculate the (anti)commutators between the higher spin generators described
in sections 5.2.1 and 5.2.2, and we expect they will appear in the corresponding (anti)commutators in
section 4.2 with an appropriate limit.
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e General structure of A/ = 2 higher spin algebra.

We determined some structure constants for N” = 2 higher spin algebra corresponding
to the coset model (1.1) in section 5.2, but it remains an open problem to derive the
complete set of structure constants [47, 48]. Any (anti)commutators between the
higher spin generators consist of a sum of lower higher spin generators as well as
generators from N = 2 wedge algebra. The right-hand sides will be considerably
simplified by considering the (anti)commutator with the U(1) charges. However, the
main task is how to express the structure constants in terms of arbitrary modes and
spins.

e Vasiliev’s oscillator formalism with matrix generalization.

It would be interesting to construct the Vasiliev’s oscillator formalism in different
coset models [10, 11, 14, 16, 27]. We can analyze the present method in the general
coset model, e.g. in the context of large N' = 4 holography [32]. It may be difficult to
construct OPEs as spins increase in the coset model, but the oscillator construction
will assist with this and although the procedure to obtain the (anti)commutators
in terms of oscillators is rather tedious, we can confirm the presence of higher spin
generators by counting the number of oscillators.

e Asymptotic symmetry algebra at the quantum level.

We found only two (super) OPEs between the first and second AN/ = 2 higher spin
multiplets in section 4, with some structure constants appearing in the right hand
sides of the remaining OPEs remaining undetermined (see appendix E). To find these,
we need to obtain OPEs between the higher spin currents in terms of two adjoint
fermions. However, even the N = 4 case leads to very complicated singular terms. It
would be interesting to obtain the complete OPEs from appendix E by determining
all the unknown structure constants.

From the behavior of 5higher spin algebra described in section 5, anticommuta-

tors between generator V) 2/ of higher spin—% and generators for half integer higher
spin provide lowest component generators corresponding to the second, fourth, and
sixth of (4.1), etc. (i.e., VO(S), 0(5), V0(7), -++). On the other hand, commutators be-

5
2

tween generator V;?’ of higher spin—% and generators of integer higher spin provide

lowest component generators corresponding to the third, fifth, seventh, etc. (i.e.,
7 1 15

VO(Q),VO( 2 ),VO( 2 ), -++). The remaining undetermined structure constants in ap-
pendix E will be fixed by applying Jacobi identities associated with these OPEs and
assuming the OPEs between the first three A' = 2 higher spin multiplets in (4.1) and
the fourth and the fifth multiplets (expressing the possible terms in the right hand
sides).
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A N = 2 superconformal algebra

Nontrivial OPEs between the four N/ = 2 superconformal algebra currents [12] can be
summarized as

T Tw) = o g

T GHw) = s GH )+

TE) G () =~ G (w)

T T) = g Tw) -
GHE) G ) = = 5+ e T [T+;8J] (w)+ -,
GH(:) Tw) = oy 5 G 0) + (s 5 06T () 4

G(:) Tw) = oy 5 O () + (s 5 96 () 4

T()Tw) = ——— S+ — 1 orw)+ —— aT(w) +--- . (A1)

(z—w)t2  (z—w)? (z —w)

The N = 2 superspace description can be found in [58], and for convenience we present
the (anti)commutators,

C

[JmaJn] - gmém,—nv
[T, GF] = £G5 .

[Jma Ln] = MmJmin,

1 1
{GF,G} = Loys + 5(7“ — 8)pts + g (7«2 _ > Or—ss

(G L] = (r - %) ¢t

(Lo, Ln] = (m = 1) Lonn + 1—02(7713 — 1) (A.2)

The central terms in (A.2) vanish at m = 0, r = +1

5;orm=0=x1.
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B Operator product expansions between the four currents and higher
spin currents

Nontrivial OPEs between the four A/ = 2 superconformal algebra currents and four higher

spin currents <Wq<"), Wq(ff%), Wq(ff%),Wq("* ”) with spins and U(1) charges can be ex-
pressed as
TE W) = s a W)
W ) = s @) Wi
WV w) = — a0 W e
TE W ) = g B )+ s g WD )
GHE W) = = Wi )
W w) = (Z_lw)2 (h+g) Wq<h>+(z_1w) [W;h+1>+;awq<h> (W) -,
GHAWP D w) = o (gl WD w2 Sow e
WP w) = s W T
G ()Wl (w) = (z—lw)2 (~h+ ) Wi+ (Z_lw) {W;W)— WP (w)+---
G W) = s [l WP s gow T e
T(2) Wi (w) = (Z_lw)thq(h)(w)—i— o W)
Wi w) = o (v) Wi L owi  wr
Tz W w) = (Z_lw)2 <h+;> W) (w)+ (Z_lw)awq(hfé)(ww ,
T(z) W (w) (zlw)ggwgm (le)2 (h+1) WD (w)+ (le)awgh“)(w)
+ (B.1)
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The N = 2 superspace description can be found in [14], and for convenience, we present
the (anti)commutators. The first four can be expressed as

s W] = q W%

m—+n>?
(h+3,q%1) (h+3.q%1)
|:Jma Wn 2 = (q + 1) Wm+n2 )
[Ty W] = g WD 4 mh W0, (B.2)

If h is integer, the next six are equivalent to

[G;t’ Wéh,q)} — :FWT(J}:Z%’(]:EI)’

{G;—L, 5(h+%"m)} = whiit0+ |1 <7“ + ;) + (h - ;) r s (Wi,
[GE, Wht10] = [ (hr - g) + g (r + ;) ARl (B.3)
and if h is half-integer, then
(G Wy = sw ey,
[G?F, W,SH;"FI)] = w0+ |2 <r + ;) + (h - ;) r g (Wi,
(G, w9} = [ (r=3) %3 <r + ;) e, (B.4)
We have the following commutators for the last four of (B.1)
L WG] = [ b= 1 n] Wi,
[Lm, Wythr;’qﬂ)} = | (h - ;) m — n] Wr(rb}:-t?qil),
(L, WD) = (hm — n) WL %(m + m W), (B.5)

We can derive the ¢ = 0 case from (B.2), (B.3), (B.4), and (B.5).

C Remaining operator product expansions for section 4.2

One way to determine the remaining nontrivial OPEs for section 4.2 is to start with the
OPE in (4.4), take super derivatives of both sides, and then apply 612 = 0 and/or 012 =0
constraints to extract OPE components. Following this process, the remaining nontrivial
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OPEs, including the two trivial cases, can be expressed as (at the large ¢ limit)
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To compare with the (anti)commutators from the oscillator description, we also need
the commutators and anticommutators corresponding to (C.1),

B 1
(WA= W+ = Cé))(%)w,ﬂn —2(m —n)Lpyqn + 5( 2 —mn+n® —1)Jnin

—g(m + 1)m(m — 16 —n,
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r+n>

5 1 1
[Wr(2)7 Wy)i} = _Cégs))(?))wr(fn + 5(9 — 47 + 8rn — 12n2)GE
2 2

5 5 1
{WT(”, WS(Q)} =c® w4 (9467 = 8rs + 657) Ly

+1—02 (r - 2) (7" - ;) (r - ;) (r+ g)5r,—s, (C.2)

where modes coming from nonlinear terms were ignored, i.e., the infinity limit of ¢. The
central terms vanish for m = 0,41 or r = j:%,j:%. As above, (C.2) contain the cases
in footnote 10 by restricting mode indices to wedge cases. Thus, we have the complete
(anti)commutators for (4.7) and (C.2) for the lowest A/ = 2 higher spin multiplet.

D Quasi primary operators from section 4.3
The various quasi primary fields from section 4.3 can be expressed as
1
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Component for (4.8) can be derived using super derivatives of both sides of (4.8) and
applying #12 = 0 and/or f15 = 0 constraints for the final stage. For the quasi primary
fields components we use (2.13) and (4.1). The third order pole in OPEs between the
stress energy tensor and (D.1) components for §# = # = 0 vanish as usual.!!

E Operator product expansions between N/ = 2 higher spin multiplets
in (4.1)

E.1 Operator product expansions between the first and third N/ = 2 higher
spin multiplets
Operator product expansions between the lowest and third A" = 2 higher spin multiplets

can be expressed as

3

3 7 0126 3(108—144c+15c2+7¢3

W((]Q)(Zl)w(()Q)(ZQ) = 122312 ( (7)) W(()3)(ZQ)

12 (1—C)(—39—|—14c—|—02)0(§)(3)
2
0 432—990c+645¢2—79¢% —14¢* A
+7;2 _ ()7) DW Q| (2s)
12 (—1+c)(—3+2c)(—39+14c+c2)0(§)(3)
2

1 Or in M = 2 superspace, which is equivalent to the singular term of 9;212 in OPE T(Z1) Qi(Z2), where

12
i =1,2,---,7 vanishes. These have been explicitly checked (not shown here).
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(D) EW(()3)+Q2 (Z2)
A2 | (—14¢)(—3+2¢)(—39+14c+c2)C) 2
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+ ¢ & 1D, DIWP+Qu | (2)
Z12 (_1—}—0)0(5)(3)
912 2 ~ 9_12 2 ~
+— [8(pole—2)g:0+Q5] (Zy)+— [8(pole—2)9:0+Q6] (Z3)
z12 |7 z12 | 7
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Quasi primary fields Qi(Zg), which depends on T(ZQ);WS%)(ZQ); and W(()S)(ZQ) appear
in the right hand side of the OPE, but are not explicitly expressed here for space con-
siderations. In particular, the complete expression for Q7(Zg) was not determined be-
cause we do not use OPEs between the first three A/ = 2 higher spin multiplets and the
fourth (W{(Z5)).

E.2 Operator product expansions between the second N/ = 2 higher spin
multiplet

Operator product expansions between the second N' = 2 higher spin multiplet can be

expressed as
W 20) W (2,) =
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and we omit the quasi primary fields QZ’(ZQ) (i =1,2,---,13), which depends on T(Z2);

3 - -

W(()Q)(ZQ); and Wég)(Zg). As above, the complete expressions for Qi0(Z2), Q11(Z2),

Q12(Z»), and Q13(Z,) were not determined.

E.3 Operator product expansions between the second and the third N' = 2
higher spin multiplets

Operator product expansions between the second and the third A/ = 2 higher spin multi-

plets can be expressed as
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where we omit the quasi primary fields Q;(Z2) (i = 1,2, - - - ,15), which depends on T(Z5);
3 7

WgQ)(Zg); and W(()Z) (Z3). Similarly to the previous derivations, complete expressions for
Qll(Zg), ng(ZQ), Q14(ZQ), and Q15(Z2) were not determined.

E.4 Operator product expansions between the third N/ = 2 higher spin mul-

tiplet

Operator product expansions between the third N' = 2 higher spin multiplet can be ex-
pressed as
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C’E?)( 7 is undetermined. The quasi primary fields Q; (i = 11,12,---,17), remain unde-

2 A 2
termined.

The analysis from section 5 can be similarly described.
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F Partners for (5.13) from section 5.2
The remaining (5.13) generators for the second N' = 2 higher spin multiplet can be obtained
from the relationships in footnote 10,
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Higher spin generators for (1.3), in the extension of OSp(2|2) higher spin algebra, can be

=
wE
I

described by the tensor product between the generators (whose spins and modes can be
fixed by the number of oscillators ¢,) and the 2 x 2 Pauli matrices (plus identity matrix)
with appropriate normalization factors in (F.1).
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