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1 Introduction

Vasiliev’s theory of higher-spins [1] consistently describes the interaction of fields of any
positive spin, and apart from its intrinsic mathematical interest, it was first investigated as
a possible contender for an unbroken phase of string theory. The theory has seen a surge of
interest in recent years due to the fact that it can consistently be formulated on negatively
curved spaces and thus a ripe candidate to study the holographic principle [2-7].

One of the most appealing features of higher spin holography is that it does not require
the full machinery of string theory and in particular supersymmetry. The bulk side is a the-
ory of higher spins, including the graviton. Of course, there are disadvantages as well, with
no quantum definition of the theory as of yet. Still, though supersymmetry is not required,
it is easy to incorporate and allows to holographically study supersymmetric boundary the-
ories. It is also useful in order to see how string theory and higher spin theory are related.

In particular, a very wide range of supersymmetric higher spin holographic duals were
proposed in [8]. These are four dimensional bulk theories dual to 3d supersymmetric Chern-
Simons-matter theories. One example even covers a limit of ABJ theory [9], giving a new
perspective for studying the relationship of Vasiliev’s theory to string theory.

Exact solutions to Vasiliev’s higher spin equations in 4-dimensions are scarce. Apart
from the vacuum solution, the first exact solution was given by Sezgin and Sundell in [10].
A few years later, Didenko and Vasiliev obtained in [11] an exact solution with many
similarities to an extremal black hole. lazeolla and Sundell then generalized some aspect
of the construction and obtained six families of exact solutions in [12]. More recently, a
new family of solutions was found by Gubser and Song in [13]. In this paper we wish to
study the classical solutions of the supersymmetric higher spin theories.

Classical solutions of interacting theories like gravity and non-abelian gauge theory
provide important reference points for the understanding of the theories. One can study
the fluctuations about them and consider them as alternative vacua. In particular for
supersymmetric theories, solutions which preserve a large fraction of supersymmetry may



be insensitive to quantum effects and followed from weak to strong coupling, like D-branes
in string theory. In the holographic setting they can be studied by both a weakly coupled
gauge theory and a weakly curved gravitational theory.

With this in mind, we study the embedding of classical solutions of bosonic higher
spin theory into the supersymmetric theory. After presenting some general features of such
embeddings, we focus on the case of the solution of Didenko and Vasiliev (DV) [11]. By
studying the solution in a particular coordinate system and choosing a specific time-like
Killing vector which appears in the solution, we note a remarkable simplification to the
form of the solution — one of the master fields of the theory takes the same value as on
the AdS vacuum. We also generalized the solution to more general bosonic higher spin
theories, by allowing a non-zero parity breaking phase 6.1

This allows us to study such solutions in the supersymmetric higher spin theory, and
as already noted in [11], preserving supersymmetry requires embedding two different (but
closely related) bosonic solutions into the supersymmetric theory. In theories with extended
supersymmetry we find a rich structure of solutions which preserve different fractions of
the supersymmetries of the bulk AdS; vacuum.

To define the higher spin theory unambiguously requires choosing boundary conditions
for the fields of lowest spin, as was advocated in [9]. Depending on the boundary conditions,
the same bulk theory is dual to many different 3d vector Chern-Simons theories with varying
amount of supersymmetry. We therefore examine the asymptotics of the DV solution and
its possible embeddings in the proposed holographic duals of certain 3d theories with
N =2 N =3, N =4 and N = 6 supersymmetry. We find an intricate structure of
families of 1/4-BPS, 1/3-BPS and 1/2-BPS solutions depending on varying numbers of
free parameters. This structure of the solutions is quite nicely correlated to the global
symmetries of the holographic duals, and we comment briefly on how to match them to
the spectrum of protected operators in the dual theory.

We tried to organize the paper in a natural logical order and included most technical
details (including the review and simplification of the DV solution) in appendices.

2 Supersymmetric higher spin theory: a brief review

Our aim here is to give a very short introduction to Vasiliev’s theory of higher-spin, omitting
a lot of subtleties for the sake of clarity. More details can be found in the various existing
reviews such as [14-16].

2.1 Master fields of the theory

We present in this section the higher-spin theory following [8]. The theory consistently
describes the interactions of an infinite tower of real massless fields in AdSy carrying integer
(and in the presence of supersymmetry also half integer) spin with a scalar field of mass
m? = —2X72, where ) is the AdS curvature radius. The fields are packaged into the master
fields (W, B, S), which all depend on the following sets of variables

The solutions that are found in [12] already take into account the phase 6y, but are presented in a
different gauge.



x: the space-time coordinates.

(Ya, Ya): internal bosonic coordinates. Roughly speaking, the coefficients in the ex-
pansion of the master fields in these coordinates contain the dynamical (or auxiliary)
fields. They are collectively denoted Y .

® (24, Za): similar in nature to the Y coordinates, but have a very different role as they
are introduced to turn on interactions in an explicitly gauge-invariant way. They are
collectively denoted Z.

e 1J%: variables satisfying a Clifford algebra {197;, v } = 26Y, Taking i = 1,--- ,n turns
every field into a 2" component superfield. We recover the bosonic theory by setting
n =0.

The master fields have the following content

o W(Y,Z|x,9): is the higher-spin connection, containing the massless higher-spin gauge
fields of spin s > 1, as well as auxiliary fields. It is a space-time one-form.

o B(Y,Z|x,?): contains the curvature of the fields, such as the Weyl tensor and
its higher-spin generalisation, as well as the massive scalar, massless fermion and
Maxwell field. It is a space-time zero-form.

e S(Y, Z|x,9): is also introduced to turn on interactions, and is purely auxiliary. It is
a space-time zero-from, but a one-form in Z-space

S = Sodz® + Ssdz” (2.1)

One can combine the the two one-forms into a single field

A=W+S, (2.2)
It is required that {dz",dz"} = {d:n“, dZO"} = 0 and we will also define dz? = eaﬁdzo‘dzﬁ
and dz* = ¢, 3dz*dz".
2.2 Equations of motion
The Vasiliev equations for interacting higher spin fields are

F=dA— AN A= —Ff. (Bxv)dz* - f, (B*ol')dz?, (2.3)
dB—-AxB+ B#*m(A)=0. (2.4)

This deceptively elegant form requires all the following definitions

e Multiplication is performed using the star product (see appendix A.2)

— —

O(Y,Z) xO(Y, Z) = ®(Y, Z) exp [—eaﬂ(gya +920) (05 — 0.5) + ce.| O, 2).
(2.5)



e A function f(X)=14+X ¢(X) determining the interactions of the theory. A-priori
f can be a general function, but it was shown in [8, 17] that after field redefinitions
and imposing reality conditions it can be written in this form with 6 an even function
of X (and all products and exponentiation have to be done with the star product,
hence the subscript f.).

= 79" which satisfy

e The Kleiniens v = e*¥", ¥
vkv=1, v*x®(Y,Z)*xv=>(—Y,—v7),
vxv=1, vx®(Y,Z)x0v= (YVZ) (2.6)
V(0a) = ca (%) = —%4

e The generalized twist operators m and 7 acting by

) (2.7)
7 (B(Y, Z,dZ)) = ®(7Y,yZ,vdZ)

One should be careful with the fact that for a 1-form in (z,, Zs), this generalized
twist operator is equivalent to conjugation by v and the flipping of the sign of dz.

n(n—
e The chirality operator I' =77 2 1)191192 VA

The equations of motion (2.3), (2.4) are invariant under a very large set of gauge

transformations

dA =de—[A €], , dB=¢exB— Bx* 7(e) . (2.8)

where the gauge parameter e(Y, Z|z,1) is a zero-form which satisfies the same reality
conditions and truncations as W.
In components, the equations of motion (2.3)—(2.4) read

AW —W AW =0, (2.9a)

dB—W B+ Bxa(W)=0, (2.9b)
dSe — [W,S,], =0, dSs — [W,84), =0, (2.9¢)
B*7(Sy) +Sa*xB =0, B*m(84) —Ss*xB =0, (2.9d)

Sox S* =2f, (Bxv) , S xS =2f,(B*ol), (S, Salx =0,  (2.9¢)

and the gauge transformations take the form
SW =de—[W,e],, dB=exB—-Bxm(e), 0S5 =][6Sa],, 06Ss= [e,gd]* . (2.10)

2.3 Spin-statistics theorem

The construction of the superfields above is based on bosonic variables Y, Z carrying half
spin and fermionic variables 1 which are scalars. To satisfy the spin-statistics theorem we
must project on to half of the components of all the fields such that the number of Y, Z is
equal to the number of ¥ modulo 2. The correct condition to be imposed on the fields is

W (Y, Z|z,0) = TW (=Y, —Z|a,0)T, (2.11)



B(Y, Z|z,9) = TB(-Y, —Z|z,9)T, (2.12)
e(Y, Z|z,9) = Te(-Y, —Z|z,9)T, (2.13)

where e designates a higher-spin gauge parameter. Consistency with the equations of
motion imposes (this depends on the choice of reality conditions)

So(Y, Z|z,9) = =TS (=Y, —Z|z,9)T, (2.14)
S (Y, Z|x,9) = —TS4 (=Y, —Z|z,9)T. (2.15)

These conditions can alternatively be written using the properties of the kleinians as follows
[vol', W], = [vol', B], = [vol', €], = {vol', S}, =0. (2.16)

This ensures that functions which are even functions of the 9 are even functions in Y’
and Z, while functions which are odd functions of the ¥ are odd functions in Y, Z. This is
due to the fact that the matrix I' (anti-)commutes with an (odd) even number of ¥¢. This
means that now we can consider fermions in the theory while respecting the spin-statistics
theorem.

It should be noted that this supersymmetric extension is different from the ones in-
troduced by other authors. In [18] extensions are constructed out of the minimal bosonic
theory. Grassmann odd variables are also introduced, but some of them have a very distinct
role, as they introduce back the fields of odd spin. In [19], the fermions are also truncated
away but fields of odd spin are kept. The fermions are reintroduced with a grading inside
the tensored matrix algebra. Here the supersymmetric extension is constructed from the
bosonic theory with fields of all spin, even and odd while keeping the fermions from the
start.

2.4 Generalized reality conditions

For the equations (2.3)—(2.4) to consistently describe the interactions of real massless higher
spin fields, one has to impose adequate reality conditions on the master fields.?

It should be noted that different signatures imply different isometry groups and by
extension different higher-spin algebras. Notions of spinors will vary in subtle ways, and
so will the representation in terms of oscillators. In this work, we are mainly interested
in the Lorentzian signature, with the convention where we use mostly minus signs. As
explained in detail in [20], choosing a different signature puts constraints on the consistent
reality projections one can choose, and even on the Vasiliev equations, especially in the
interacting part. We will now present the reality conditions that we will be using and
which are identical to the ones in [8].

First we define a natural generalisation of the complex conjugation to the master fields
with

(ya)T = Ya » (za)Jf = Za, (dza)T =dzZs, (ﬂﬂ")T = (2.17)

2Note that different conventions can be used for the reality conditions. This can be consistently tracked
down to a different choice for the canonical commutation relations between the spinor variables (sometimes
a factor ¢ is introduced as in [15]). See appendix A.3.



For any functions ®,© of (Y, Z|z,v), we then obtain from the definition (2.5)
(@+0) =0f «of (2.18)

We then define a second operator 7 (denoted ¢ in [8]) which reverses the order of the 1!
and otherwise acts by

T[®(Y, Z,dZ|x,09)] = (Y, —iZ, —idZ|z, T[V]) . (2.19)
In this way, for any two functions ®, O of (Y, Z|z, 1), we obtain
T(®%x0) =7(0)*x7(P), (2.20)

where it should be noted that the order of the functions is exchanged. Also we have that
M =r-1t=r.
Following [8] we impose the non-minimal reality conditions

W) =-w, 7(8)'=-5, (B =vxBxtl =Tv*B~*v. (2.21)

This differs from the minimal reality conditions where in addition to the condition above,
the fields are also assumed to be invariant under complex conjugation alone.

2.5 Extended higher-spin symmetry

One convenient way to add degrees of freedom to the theory is to tensor the higher-
spin algebra with another algebra. There are some restrictions as to the nature of the
algebras one can choose, which were discussed very early on by Konstein and Vasiliev
in [19]. This procedure amounts to promoting all the fields of the theory to matrices?
(Y, Z|x, ) — <I>ij(Y, Z|x,0), where i, j = 1... M. One can choose U(M) as the tensored
matrix algebra, and this results in having the Maxwell field becoming a U(M) gauge field.

This extension is called in [8] Vasiliev’s theory with U(M) Chan-Paton factors.

2.6 Higher-spin holography

Higher spin theories provide a realization of the holographic principle, as first introduced
in [3] and [2] for the 4-dimensional case. We present here a brief review and refer the reader
to the original papers and [6-8] for more details.
Asis usual in the AdS;y1/CFT,4 correspondence, fields in the bulk are dual to operators
in the boundary theory. In particular for a scalar field of mass m, the dual operator has
d+d? + 4m?2\?
Ay = 2+ ey (2.22)
This can be seen from the solution of the Klein-Gordon equation, which near the boundary
of AdS (r — 0 in the metric (B.3)) takes the form

dimension

a b

C(r,z) = . + .

T (2.23)

3Complex conjugation is replaced by the usual hermitian conjugation with respect to the matrix indices.



For most fields the dual operator has dimension A_, but for small enough m, there is an
ambiguity, where enforcing b = 0 corresponds to a dual theory an operator of dimension
A_ while the a = 0 boundary conditions gives a theory with operator of dimension A .

Furthermore, generic choices of boundary conditions will break the higher spin symme-
try. It is argued in [8] that for fields with spins higher than 3/2, generic boundary conditions
preserve the higher-spin symmetry. The problem lies with the fields of spin 0, 1/2 and 1.

In the minimal parity preserving bosonic theory there is one real massless field for
every even spin and in addition one real scalar field with mass m? = —2X~2. Plugging this
mass and d = 3 in (2.22), we find that the dual operator has A_ =1 and Ay = 2. This
leads to the four simplest holographic duals with either choice of dimension and with the
phase A(X) in the interaction term f(X) = 1+ Xe?X) equal to a constant 0 or 7/2. These
four choices are dual to either the free or critical, bosonic or fermionic O(N) vector models.

This can be generalized to the case of non-minimal theories, which contain fields of all
non-negative integer spins. Then one has to take care of the fact that the theory contains a
gauge field of spin 1, whose boundary conditions will be severely constrained if higher-spin
symmetry is to be preserved. In particular, the case we shall focus on in this paper, of super-
symmetric parity violating theories was studied in [8]. It was argued that the introduction
of a parity breaking phase (X ) = 6 corresponds to gauging the vector model and including
a Chern-Simons term at level k such that 6y = N/k is the 't Hooft coupling. We will return
to the question of the boundary conditions on the scalar and vector fields in section 5.

3 Embedding bosonic solutions

The equations of motion of the supersymmetric higher spin theory involve all the the
fields of the theory including the fermionic fields and several copies of the bosonic ones. A
simple organizing principle is to separate the fields into eigenstates of the chirality operator
D= 9t gn

W=T"W, +T"W_,
14T

B=T"B, +iI"B_, T% 5 (3.1)

S=I"S, +IS_,

The extra i in the decomposition of B is due to the fact that it is in the twisted adjoint
representation and it will simplify the equations of motion and reality conditions below.
Each of the fields ® are superfields which are given by an expansion in 9 restricted of
course to half the possible terms. Each of those superfields can then be further separated
into bosonic and fermionic parts, where the bosonic part has the same matter content as the
field of the bosonic theory with U(2"/2~1) Chan-Paton factors (generated by T'Hoit - . . (J72x),
The cases discussed below are those with n = 2,4,6 and hence Chan-Paton factors U(1),
U(2) and U(4) respectively.

4There is however an unresolved puzzle concerning this statement, for more details see the end of page
34 of [8]. We thank S. Giombi for bringing this point to our attention.



When considering classical solutions we can set all the fermionic fields to zero and
restrict to the two sets of bosonic fields in W4, B4+ and Si4. The main observation is
that the projectors I't either act trivially or annihilate these bosonic fields leading to very
simple equations of motion. The flatness equation for W (2.9a) becomes

TEAW — WA W) =TEWe —TEWL AL TEWL =T (dWe — Wa A, L), (3.2)

The equations project onto separate bosonic equations for W, and W_. This holds also
for the equations (2.9b)—(2.9d).

Equations (2.9¢) require a bit more care, due to the explicit appearance of I" in them.
They become

Sta*x 8¢ =2fi(By*v), SyaxSf =2f(Byxv),  [Sta,Stalk =0, (3.3)
S_ o xS =2f, (iB_%v), S_qxS5%=2f(—iB_xv), [S_a,S a]s= '
The equation for S, S, are the usual equations as in the bosonic theory, but the equation
for S_ is different due to the extra sign in f. Recall that f(X) = 1 + XX If we
assume® that 6 is a power series in X*, then

Fu(iB) =14 B_ % BIHT2D  f (B )y =14+ B_xe, 0BT 3y

Thus the equation for S_,S_ is the same as the bosonic equation with a shift in the phase
0(X) — 6(X) +m/2.

As mentioned before, the simplest two choices for f are given by #(X) = 0 and 0(X) =
7/2. These two examples are the only ones which do not break parity. They correspond
respectively to the so-called type-A (with parity-even B-field) and type-B (with parity-
odd B-field) theories. Classical solutions of a parity invariant supersymmetric theory can
therefore incorporate solutions of both the type-A and type-B bosonic theories.

3.1 Matrix factors

As shown, any solution of the supersymmetric equation can be written in terms of solutions
of the bosonic theory with U(M) Chan-Paton factors. We would like to discuss here how to
construct a solution to the bosonic theory with Chan-Paton factors, based on the solutions
to the abelian theory. Unlike the previous discussion, where we found all possible solutions,
in this case we will take a simple ansatz and will not find the most general solution. The
ansatz is
WY, Zl) = wl W (Y, Z|x),
BY(Y, Zlx) = b/ B(Y, Z|a),
Sei? (Y, Z]x) = JS (Y, Zl|z),
( ) =

5’@71‘]’ K Z’(I} (Y Z|.Z')

(3.5)

5This is not a very strong assumption, since it is known that §(X) can be written as a power series in
X? but mostly assumed to be X independent, for which a new argument was proposed in [21].



We take w, b, s and 5 to be matrix pre-factors for the classical solution given by W (Y, Z|x),
B(Y, Z|z), Sa(Y, Z|x) and §d(Y, Z|z). We deduce the reality conditions that apply on the
matrix factors

wh=w,bl=0b, sT =5 (3.6)

The equations of motion (2.9a)—(2.9¢) will be solved for this very general ansatz only if all
the terms in each equation are proportional to each other®

w?=w, wb=bw=>b, ws=sw=s, w

Y
Il
Y
S
Il
Y

3.7
$2=5=b, s5=35s. (3.7)

All the matrices commute, so can be simultaneously diagonalized. w is a projector which
acts trivially on an m dimensional subspace and annihilates an M — m dimensional one.
s has to vanish on the same space as w and may have up to m non-zero eigenvalues. b is
then determined by b = s2.

When the entries in the matrices are all made of a unique solution we saw that the
matrices can all be simultaneously diagonalized. In that case there is no reason to restrict
them to be proportional to a single solution of the bosonic theory and we can construct a
more general solution made of different solutions along the diagonal.

3.2 Supersymmetry invariance

Global symmetries (including supersymmetry) of a classical solution of higher spin theory
are represented by gauge symmetries which leave the solution invariant. The prime example
is given by the global symmetries of the vacuum solution (B.1)—(B.2). First, the equation
65y = 0 tells us that the gauge parameter € is independent of the Z variables. The B
field transforms homogeneously and thus gives no additional constraints. Finally with the
equation Wy = 0 we conclude that the global symmetries of the vacuum are generated by
the gauge parameter €(Y|z, ) satisfying

de — [Wo, €]« = 0. (3.8)

There may be solutions to this equation of the form €(Y|x,d) = R;;9"’ for i # j.
From (3.8) and the reality condition 7(e(9))T = —e(d) we deduce that R;; is a real
space-time independent parameter. These solutions correspond to the generators of the
R-symmetry of the theory, which will be broken in later sections upon introduction of
boundary conditions.

The second type of solutions corresponds to gauge parameters that are proportional
to Y. These are spinorial, and hence supersymmetry generators. Let us write these gauge
parameters as

e(Y|x,9) = Zq(2,9)y* + iZ4(z,9)5*, (3.9)

where the reality condition sets Z4 = =l and they are odd functions of the ¥ due to the
truncation (2.13). If we replace the components of Wy by the vierbein and connection

5We assume here that the interacting phase is a constant.



1-form of the AdS; metric using (B.1)—(B.2), we can rewrite (3.8) as

v ( > = <d — %waw”b + éhw“) (

where we split the equation into its y® and §* components. This is nothing but the Killing

1] [1]
(1] [1]

) =0, (3.10)

spinor equation in AdS background.

For AdSy, the solution to the spinor part of (3.10) is well known [22], and is
parametrized by four independent constants, as we summarize in appendix C.2. Since
there are 2”1 odd functions of ¥, there are a total of 2”1 real supersymmetry parame-
ters for the AdS, background.

We can thus express the parameter € (3.9) as linear combinations of the Killing spinors
of AdSy ¢ = ply* +ixky”

e(Y|z,9) = ! (Y]a)e! (9) (3.11)
with I =1,2,1,2. Due to the reality condition, the various ¢! are related through
() =¢, (3.12)
with ¢ = 1, 2. To see this, we write
() =7 (Wl +ixii®) = —i (Dh5® — ixky?) = — (xhy® +iks®) = —', (3.13)
where we have used the properties (C.13), so that
T(fZW + giwi)T _ _(Ei)Twi . (fi)Twz _ _(gzwz + fiw{) (3.14)

where the last equality comes from the reality condition.

In the remainder of this paper we will study the Didenko-Vasiliev solution, which as
we show in appendix B, has W = W, — the same connection as the vacuum AdS solution.
These solutions have non-trivial values for the B and S fields, so to check supersymmetry we
will therefore have to impose that they are invariant under the gauge transformations (3.9).
Plugging this into (2.10) gives

VIxBED—Bra(phHbel =0, (3.15)
PIxSels —Sxylsel =0. (3.16)

The solutions to these equations determine the bulk supersymmetries of the solutions and
further conditions need to be checked to verify that they are not broken by the boundary
conditions, see section 5.

4 Supersymmetric embedding of the Didenko-Vasiliev solution

We turn our attention now to the Didenko-Vasiliev (DV) solution of the bosonic theory [11],
whose construction is outlined in appendix B. The presentation in the appendix goes beyond

,10,



that in [11], first we generalize it to a bosonic theory with arbitrary parity breaking phase
0. Second, we obtain a striking simplification by choosing a particular Killing vector and
a particular Lorentz frame such that the quantity o5/ defined in (B.12) is space-time
independent. We find that the W master field simply takes the AdS; background value
Wo. The full solution is given by (B.52)—(B.55).

In the original paper [11] this solution was also embedded into a supersymmetric theory
with the same amount of supersymmetry as the one with n = 2 (though in a different
formalism) and it was checked that it preserves 1/4 of the supercharges in the bulk.

We implement now our formalism from section 3 and find all such embeddings of the
bosonic solution into the supersymmetric theory with n = 2,4. We then check under
what conditions those solutions are BPS and whether they are compatible with boundary
conditions conjectured in [8] to be dual to different supersymmetric 3d-theories.

We saw in section 3, that one can diagonally embed any bosonic solution into the
supersymmetric theory with the restriction that the solution in the block projected to by
'~ is in the theory with the phase shifted by 7/2. As mentioned above, the DV solution
can be easily adapted to arbitrary phase. To find BPS embeddings we shall consider two
solutions with different Killing matrices differing by sign; K and —K [11].

In a basis where all the matrices are diagonal our embedding has W = Wy, or w = 1
in (3.5) (the case where w has vanishing eigenvalues does not seem particularly interesting).
The fields B and S are diagonal with every entry involving either of the Killing matrices
+K and a continuous parameter b.

To be specific, the ansatz is (see appendix B for the ingredients of the solution)

W(Y, Z|z) = Wy,

B(Y, Z|z) = b[npFx + nml-x]*(y)

SaY, Z|z) = 20 + s[npFroa(a, K|z) + npF-goa(a, —K|z)],
Sa(Y, Z|z) = Zs + §[npF0a(a, K|z) + nmF-g64(a, —K|z)]

(4.1)

where 7y, N, are orthogonal projectors. The matrices (including 7y, 7,,) are diagonal, and

we also define
b=by +ib_ = diag(bJﬁl, b+,2, ib_71, Z‘b_’z) ,

s =g, 4 00tm/2)g (4.2)
5= e_’ieogJr + €_i(60+7r/2)§7 ,

where the + subscript indicates as usual the fact that the matrix is an eigenstate of I'*, and
where all the parameters in b are real. The equations of motion then impose the following
constraints on the matrix factors

s+ = bt bs = sb, $5 = 3s, (4.3)

where we have omitted the equations obtained from the barred sector which can be deduced
from the unbarred sector by complex conjugation and using the reality conditions which
read for the matrix factors in (4.1)

bl=by, si=35 (4.4)

One can of course rotate this solution to a different basis, where it is not diagonal.
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4.1 The BPS equations for the DV solution

Following the discussion in section 3, our ansatz (4.1) is BPS if it solves the equations (3.15)
and (3.16) for non-trivial gauge parameters of the form

e(Y]z,9) = ¢! (Y|2)€' (9), (4.5)

where 1! are the Killing spinors of AdSys given in appendix C.2.

Note that the DV solution is based on a black hole solution of supergravity with a
Killing matrix K 45 discussed in appendix B.3. The B and S fields are proportional to the
star product projectors Fg (B.25). In particular Fx projects the four Y4 coordinates to a
two-dimensional subspace

1 .
M_LPYp)* Fx = Fx (T, PYp) =0,  Tiap= 5 (€aB+iKap) (4.6)
In fact, since K 4p is a bilinear in the AdSy Killing spinors, Fi projects the four Killing
spinors onto a two-dimensional subspace. We discuss in detail the properties of the pro-
jector IIL and the Killing matrix K4p (B.12) and how it is related to the Killing spinors
in appendix C.5. Here we write for convenience the following properties we will be using.

We have ) .
wi = H-‘rwl 3 ¢l = H—wl ) (47)

which gives
Wik Fre = Fgx' =0,  Frxo =2Fgpt, i« F=2Fx.  (4.8)
for i = 1,2. Using these properties, we can simplify the BPS equation (3.15) as follows
VP E b + O Fic€mpb — Fieh'mpb€’ — F_capnumbe’ = 0. (4.9)

This equation is satisfied if
Enmb = mpb€" = 0. (4.10)

Such an equation is easy to solve, as it is purely algebraic. We take b to be generic,
with no zero eigenvalues on the space that 7, + 7, projects onto (the value of b on the
orthogonal space is not important, as it is always projected out). For each nonzero entry
in 7,,, the corresponding column of & has to vanish and for each nonzero entry in np, the
corresponding line of ¢! has to vanish. Clearly, both the i-th column and the i-th line for
a fixed i cannot be crossed out simultaneously, since 7,7, = 0. The BPS equation (3.16)
is then automatically satisfied, as properties similar to (4.8) are satisfied when Fig is
replaced by Fik f(a), where f(a) is any holomorphic (or anti-holomorphic) function of a
(see appendix B and (B.39)).

4.2 n=2

The supersymmetric theory with n = 2 is particularly simple in the sense that the two I'*
subspaces are of rank 1. We thus have two independent eigenvalues. If both are non-zero,
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we have 7, + 1, = 1. Then we see that the only configuration with a non-trivial &' which
still satisfy (4.10) is (up to exchanging the role of Fx and F_k)

np = diag(1,0), 1, = diag(0, 1) (4.11)

and preserves the supersymmetry with 1*-content

&= (Sg) : (4.12)

and this corresponds to a half-BPS configuration, where in this section we include all the
supersymmetries of the bulk for this counting. This will change when we impose boundary
conditions which break some supersymmetries in the next section. In particular, if both
eigenvalues are to be non-zero, this means that the B-field cannot contain only F (or only
F_k) and still be BPS. If we impose only one of the two eigenvalues to be non-vanishing,
then we only need to cross either a line or a column, and the preserved supersymmetry will
have a 1’-content where only one off-diagonal entry is non-zero, leading again to half-BPS
configurations.

Finally, the case where both eigenvalues of b vanish simply corresponds to the AdSy
vacuum which is maximally supersymmetric.

4.3 n=4

We now turn to the n = 4 case, where b has four eigenvalues. Again, starting with the
configuration where none of the eigenvalues vanish, the most supersymmetric configuration
is given by (again, up to the exchange of the role of F and F_)

np = diag(1,1,0,0), nm = diag(0,0,1,1), (4.13)
as it preserves the supserymmetries with 9¥%-content

0000
. 10000
=1, 00l (4.14)

*x 00

which gives a half-BPS configuration. There are other configurations where B has four
non-vanishing eigenvalues, which preserve 1/4 of the supersymmetries. In a basis where b
is diagonal they are

0000
- looxo
np = diag(1,0,1,0),  nm = diag(0,1,0,1), & = 00;0 . (4.15)

*000
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Configurations where 7, + 7, is not the identity will generically preserve more super-
symmetries. If we consider only three non-vanishing eigenvalues, we can obtain configura-
tions that preserve a different amount of supersymmetry, such as the 3/8-BPS

0000
mp=diag(1,0,0,0), g =diag(0,1,0,1),  &=|70""|. (4.16)

*x000

Now turning on to only two non-vanishing eigenvalues, we obtain the following two
cases. The 1/2-BPS

0000
. . ; 00 * x
Tlp = dlag(L 070’0) ) Nm = dlag(07 170’0) ) gl = «000 |’ (417)

*000
and the 5/8-BPS

0000
- looxo0
np = diag(1,0,0,0),  nm = diag(0,0,0,1), & = ; aE (4.18)
%k

**%x00

Finally if the B-field has only one non-vanishing eigenvalue, we preserve 3/4 of the

supercharges
0000
. . ; 00 * %
np = diag(1,0,0,0), nm = diag(0,0,0,0), &= . (4.19)
* % 00
* %00

5 Compatibility of solutions with boundary conditions

Thus far we have studied the embeddings of the DV solution into different supersymmetric
extensions of higher spin theory with n = 2,4. We now turn to study the asymptotics
of the solutions. It was proven in [23] that theories with higher spin symmetry in 4d are
holographically dual to free field theories. To describe interacting theories one needs to
break the higher spin symmetry, which can be achieved by imposing different boundary
conditions on the fields.

The boundary conditions for the supersymmetric theories were studied in [8] where
the fields of spin (0, %,1) can break higher-spin symmetries as well as supersymmetry.
Furthermore, different boundary conditions were related there to different supersymmetric
3d CFTs. To study the classical solutions we need to concern ourselves only with the
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boundary conditions of the bosonic fields — the scalar and vector components of B, whose
fall-off near the boundary of AdS can take the form

1 . ~ 1 _ . . 3 1

BO) — . (F+ cosy + il sm'y) f1+ﬁ (I‘ COS’7+ZF+SID’7) f2+0(r3>’ (5.1)
1 ) Cae 1

B = = [e’ﬂFagyayﬁ +Te zBl*_’dﬁ'ya?ﬁ] + O<r3>’ (5:2)

where f1,27 F, F are functions’ of space-time and of the 9 and the choice of asymptotics
was imposed in [8] through them.

All our solutions are based on the DV solution and the asymptotics will be governed
by the expansion of (4.1) using® (B.54)

. P
B = %b(np + ) — %b(np /) <’i:ﬁy°‘y + jﬁy"‘ﬂﬁ> +0(Y"). (5.3)
In particular we see that the scalar piece does not have a 1/72 component, so we’ll have to
set fg = 0 throughout, and will rename fl as f .

In this section we study the subsets of supersymmetries preserved by the different
boundary conditions proposed in [8] and see whether they can be preserved by the field
configurations satisfying the equations of motion. In this sense, the counting of the pre-
served supersymmetries differs from the one of the previous section. The boundary condi-
tions correspond to specific choices for (3,7, fl’z) which in turn constrain our ansatz (4.1).
One important point to note here is that the following equation

4b(1p + nm) = (IF cosy +4I' " sinvy) f (5.4)

obtained from (5.1) and (5.3) tells us that the boundary conditions that are expressed
through constraints on f generically impose some relation between the two chiral parts b
of b.

The constraints imposed on (8, , sz) are expressed in [8] in terms of commutation
relations with the 9. To make the link with the previous section explicit, we choose a
specific matrix representation for the ¥, that we write down in appendix D.

In the previous section we worked in a basis where the master fields were diagonal. In
this section we will choose a particular basis for the supersymmetry generators that preserve
the boundary conditions (and £, ~, f), so we need in principle to repeat the analysis of
section 4 in the specific bases. That requires to solve the BPS equation (4.10) for a general
linear combination of the supersymmetries preserved by the imposed boundary conditions.
In practice, we were able to choose the supersymmetry generators in the examples below
such that they are compatible with the basis of solutions in section 4.

"F and F are of course related via the reality condition imposed on B.

80ne should note that the DV solutions are obtained in a gauge in which they take the deceivingly
simple form of a perturbation around the AdSs vacuum. However this gauge is different from the so-called
physical gauge used in [8] for which there is a prescription to linearise the theory and to make contact
with Fronsdal’s theory. The complete form of the DV solutions are not known in this physical gauge. At
first order in b however, the master fields B coincide in these two gauges, and this allows us to use (5.1)
with (5.3) for our discussion. Starting from the next order in b, due to the non-linearity of the equations of
motion there will most likely be additional terms both in the 1/ and 1/r? branches.
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51 N =2

We start with the bulk theories which are conjectured to be dual to A" = 2 Chern-Simons
vector models with matter. We consider two types of boundary conditions that are dual
to two different such theories.

5.1.1 SU(2) flavour symmetry

The first theory preserves the supersymmetries (3.11) with the ¥-dependence restricted
to (91, T9').2 It is the n = 4 supersymmetric extended Vasiliev theory with the boundary
conditions

B=v=6, [,f]=0, (5.5)

which is conjectured in [8] to be dual to the N' = 2 Chern-Simons vector model with
two fundamental chiral multiplets. The SU(2) flavour symmetry rotating the two chiral
multiplets is identified with the SO(3) symmetry of rotations in ¥/, for j = 2,3, 4.

To solve equation (4.10) we note that ¢’ is a linear combination of I'*9!. For either of
the signs we get the equations

TF9,b=T%n,b=0. (5.6)

Since I't are orthogonal projectors, non-trivial solutions exist only when & equals either
of the two, and not a general linear combination. For example, if &/ = I'*9!, then 1, is an
eigenstate of I'~ while 7, is an eigenstate of I'". Another way to say this is to note that
if we write £ in (4.14) in terms of ¥ (see appendix D), then it is a linear combination of
I'~9%, so in particular preserves I'"9', but none of the other examples will also preserve
I'*+9! (or a different pair T*19?, since we may be in a different basis). So indeed for the
choice of I'" 9! we find 1, and 7, as in (4.13) which is half BPS.

Next, the second equation in (5.5) tells us that f is generated by 1, 9203, 929* and
9394, Since f cannot be an eigenstate of I'F, equation (5.4) implies that by and b_ are
proportional to each other (with proportionality constant tan @) and therefore the solution
is given by four arbitrary parameters, a generic (not necessarily diagonal) b,.. Lastly, BW
is not constrained further by (5.5).

We conclude that we have found a four-parameter family of half-BPS configurations
to the theory with boundary conditions (5.5).

5.1.2 U(1) x U(1) flavour symmetry

In the second case with N’ = 2 SUSY, the boundary conditions preserve the two super-
symmetries generated by (9!,9?) and are given by

B =6, v = 00D 394, f € span {1, 939%, 9?9t 0397 9ot 9P (5.7)

where Pj y3g4 projects onto the subspace spanned by 1, 93094, Tt is conjectured in [8] that
the dual boundary theory is the N’ = 2 Chern-Simons vector model with one fundamental

9Here we should note that in [8], the supersymmetry generators are parametrized by two constant spinors
Ao and A_ which are functions of the ¥¢. Only the structure of Ao has been explicitly given, and we here
assume that A_ is generated by the same 9% as Ag.
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and one anti-fundamental chiral matter, with U(1) x U(1) flavour symmetry corresponding
to the components of the bulk vector gauge field proportional to 1, 939*. The last statement
in (5.7) means that each monomial generating f commutes with either ' and/or ¥2. The
projector in v in (5.7) allows us to rewrite (5.4) in the following way

4b(np + nm) = (TF cos O + il sinfy) f(1,93%0%) + TF f/ (9301, 9392, 929, 919?)  (5.8)

However, span{039!, 9392, 949!, 9492} = span{I'T9¥39, I'*9¥39?}, and the T'" factor in
front of f’ restricts its dependence to f/(I'F939!, I+9392). We conclude that b has at most
four real independent parameters.

To make the link with section 4, we note that the ¢ in (4.14) all involve a chiral
projection I'"9%. These cannot be made out of the pair 9,92 (or any rotations of them).
On the other hand, the ¢% in (4.15) is equal to 9 —49? (for appropriate values of the stars),
so this configuration will be half-BPS (it is easy to see that it does not preserve the second
supersymmetry).

Imposing (5.7) restricts through (5.4) the parameter space of the solutions. We find
that b(n, + 1) has two real parameters. We thus find a two-parameter family of half-BPS
configuration for the theory with boundary conditions (5.7).

5.1.3 A one-parameter family of A/ = 2 theories

The boundary conditions just discussed above are in fact a special point in a one-parameter
family of N/ = 2 theories preserving the same set of supersymmetries. The boundary
conditions are similar to (5.7) with v now having an additional term

Y= 00P1’193194 + 0~4P192194’191194 s (59)

where & is a real parameter. By taking &, we recover (5.7),while taking & = 6 yields
a theory with supersymmetry enhanced to N' = 3 described in the next section. The
discussion for preservation of supersymmetry is the same as before. The difference is
that (5.4) now reads
4b(np + nm) = (" cos by + 4T~ sinfy) f(1,930%) + TF (9391, 939?)
+ (" cos@ + il sin @) " (0*0*, 91

The situation is similar as to the one for & = 0, as we find the same number of parameters.

52 N =3

The boundary conditions given by
B=~vy=0y, fespan{l,0t* 929* 9>0*}, (5.10)

preserve the supersymmetries generated by (9,92 9%), and yield a bulk theory conjec-
tured to be dual to the N' = 3 Chern-Simons vector model with a single fundamental
hypermultiplet.

As in the last example, there is no chiral supersymmetry preserved by the boundary
conditions, which excludes solutions of the type (4.13). But we can look at solutions which
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preserve the same supercharge as in the previous case, & = 9! — 92, which corresponds
to (4.15). It is easy to verify that no other linear combination of 9!, 192 and 93 are preserved,
so these configurations are 1/3-BPS.

As before, the second equation in (5.10) reduces the parameter space to two real
parameters. This leads to a two-parameter family of 1/3-BPS configuration for the theory
with boundary conditions (5.10).

5.2.1 A one-parameter family of A/ = 3 theories

The boundary conditions just discussed are in fact a special point in a one parameter family
of NV = 3 theories preserving the same set of supersymmetries. The boundary conditions are

B=00(1-Pr)+BPr, y=00Pi+BPyigsg291 9391, [eEspan{l,0'9* 9>9* 939}, (5.11)

where B is a real parameter. At BN = 6y, we recover (5.10), while at B = 0, the supersym-
metry is enhanced to A/ = 4 and corresponds to the case described in the next section.
With these boundary conditions, (5.4) reads

4b(np + nm) = (I'F cos by + 4T~ sinfy) f(1)

+ (T cos B + D sin B) f (9" 9*, 920, 9%9?) (5.12)
We again find that the space of 1/3-BPS solutions has two real parameters.
53 N =4
The boundary conditions given by
B=00(1-Pr), v =00Pr, Prf=0, (5.13)

preserve the supersymmetries generated by (9',92,93,9%), and yield a bulk theory con-
jectured to be dual to the N' = 4 Chern-Simons quiver theory with gauge group
U(N)g x U(1)_g and a single bi-fundamental hypermultiplet.

The presence of the projector P; in the second equation of (5.13) restricts greatly the
type of field configurations that we can have. We obtain

4b = (T cosfp + il sinby) f(1) + TF /(9197 9'9°, 9'9*). (5.14)

We can now repeat the procedure of the previous subsections. As in the last two cases,
the configurations (4.13) are excluded by the absence of supersymmetry parameters of the
form I'*9?, so we focus again on (4.15). Clearly this preserves 9; — it and is 1/4-BPS.

For 0y # 0 equation (5.14) requires I'"b to be proportional to the identity, so in (4.15)
we need to set b_1 = b_o (4.2). T'"b is then also related to them. The remaining free
parameter is by 1 — by 2, so there are overall two parameters for this 1/4-BPS solution.

A special case is when the lower right block of b vanishes, so b_; = b_> = 0. This
corresponds to case (4.17), which is compatible with two of our preserved supercharges,
9! — 92 and 92 — 9%, In this case we have only one parameter, since (5.14) now enforces
by =—bypo.

We conclude that for these boundary conditions there is a two-parameter family of
embeddings of the DV-solution which are 1/4-BPS and a one-parameter family which is
1/2-BPS.
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54 N =6

We will now consider the bulk theory with n = 6 extended supersymmetry. The boundary
conditions

B=00(1-Pr)—0Pr, v=00P gigs, Prgwgirf=0, (5.15)

where 949 stands for all such terms with 4,5 = 1,...,6, preserve the supersymmetries
generated by 91,92 93, 9%, 95, 95, Upon adding a U(M) Chan-Paton factor, it is proposed
in [8] that the dual theory is the U(N); x U(M)_; ABJ model in the large N, k, fixed M
limit. We can then proceed as before and write (5.4) as

b(Np + M) = i (T cos g + 4T~ sinfly) f(1,9°07) (5.16)
where we have used the last equation in (5.15) which tells us that f is only spanned by
1, 9%99.

Now for this n = 6 case we will work the other way around. Say we want to find
the configurations which preserve the supersymmetry 9! — 792. Then the most general
configuration (that is the one with the greatest number of parameters) is given by (as long

as b, np, nm, are diagonal)
np = diag(1,0,1,0,1,0,1,0), 7 = diag(0,1,0,1,0,1,0,1) (5.17)

which is thus 1/6-BPS. We can then consider degenerate cases by taking some of the
non-zero entries above to zero. We then find that the following configuration

np = diag(1,0,0,0,1,0,0,0), 7, = diag(0,1,0,0,0,1,0,0) (5.18)
preserves 9! — i9? and 93 — 94, and so is 1/3-BPS. Then the configuration
np = diag(1,0,0,0,0,0,0,0), 7, = diag(0,0,0,0,0,1,0,0) (5.19)

preserves ¥ — 92, 93 — 9* and 9> — 9%, and is thus half-BPS. However this last case is
not compatible with (5.16).

6 Discussion

We have developed the tools to study embeddings of solutions of bosonic higher spin
theory into its supersymmetric extensions and implemented them for the case of the DV
solution. In the process we also simplified the solution and generalized it to arbitrary
parity violating phase. The final result of our study is presented in the preceding section,
where we checked which of the possible embeddings are compatible with the boundary
conditions and supersymmetries of theories conjectured to be dual to several different 3d
Chern-Simons vector models.

One of the theories we considered has an SU(2) flavour symmetry and N' = 2 super-
symmetry. We found 1/2-BPS solutions parametrized by an arbitrary 2 x 2 Hermitian
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matrix. The matrix structure should be associated to a U(2) flavour symmetry (the cen-
ter of which is normally gauged, in the field theory dual). Thus ignoring the center and
choosing a Cartan there is a single parameter.

In the case with U(1) x U(1) symmetry there are two parameters for the 1/2-BPS
solution, which matches with a single free parameter for each element of the Cartan.

This theory can be enhanced (on both sides of the duality) to N/ = 3. We find though
the exact same set of BPS solutions, which are now 1/3-BPS.

Lastly we consider a theory with N' = 4 supersymmetry. Again we find a 2-parameter
family of solutions with the same number of supersymmetries as before, which in this case
are 1/4-BPS. If we restrict to a subspace of these solutions we find a one dimensional family
of 1/2-BPS solutions.

We should mention that part of this analysis was carried out (in a somewhat different
supersymmetric formalism) in [11], and there it was found that the solution preserves only
1/4 of the bulk supersymmetries. We do not understand the reason for the discrepancy.

The DV solutions have SO(3) x R global symmetry [11] so it is natural to identify them
with local operators in the dual field theory and ask whether we have found the higher spin
dual of all such 1/2-BPS operators.

The holographic duality of 4d higher spin theories has been studied at the level of
matching of perturbative spectrum and correlation functions. Normally it is very hard to
match a classical asymptotically AdS bulk solution with a state in the field theory, since
the spectrum of high-dimension operators in an interacting field theory is very complicated.
Studying BPS protected operators eliminates this problem, as they can be rather easily
identified and classified and their dimensions are fixed by their charges. Our analysis allows
the first identification of solutions of higher spin theory with states in the dual CET (other
than the vacuum).

Indeed, a rudimentary examination of the index for some of these theories [24] indi-
cates that the dimension of the space of 1/2-BPS operators does match the Cartan of the
flavour group, as we have found. More precisely, the three-dimensional index as defined
in [24] is given by a trace formula which gets contributions from states that preserve a single
supercharge labelled @ (and an associated superconformal generator Q). The trace then
contains fugacities that correspond to the Cartans of the subalgebra of the full supercon-
formal algebra commuting with Q, @, as well as the Cartans for the flavours. In the spirit
of the work done in [25], the index can be refined further by enhancing supersymmetry,
such that the contributions to the trace come from states that preserve at least half of the
supersymmetries. In the three-dimensional case, the only remaining fugacities are then the
Cartans of the flavours. It would be worthwhile studying this in more detail. Finding a
precise match should then lead to a quantization of the space of solutions to match the
discrete dimensions of operators in the dual field theory.

There are obvious generalizations of our analysis. First, a generalization which we
have mentioned but have not analysed in detail, are theories with extra Chan-Paton fac-
tors. These are dual to more general Chern-Simons models, whose degrees of freedom are
rectangular matrices, not just single-column vector models.
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Lastly one can study the embeddings of other classical solutions, like those of [10, 12,
13], or find new solutions and embed them.

Supersymmetric higher spin theories provide a fertile ground for deeper understanding
of the higher spin holographic duality.
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A Notations and conventions

A.1 Spinors

The word spinor here designates complex 2-dimensional vectors belonging to the funda-
mental or anti-fundamental representation of the group SI(2,C) (SU(2)) when using a
Lorentzian (Euclidian) metric. Indices are raised and lowered in the following way

v =Py, Yo =V ega, (A.1)

where similar rules apply for dotted spinors, and where

€ = —€ 2612:—621:1
€ape” = =07 (A.2)
B — B

In Lorentzian metric, we choose the explicit form for the hermitian soldering form

I 1 (01 1 [0 —2 1 10
’ =7 ”1=ﬁ(10>’ :ﬂ<0> Ug;ﬂ(@—l)’ o

so that we have the following useful relations
(59)%8 = ed’yeﬁé(o_zz)ﬁ” Tr[o%5] = n,
(6)5(30) = 0337 (0o (00)y5 = €anss (A4)
(695" + 0%6%) P = nsP .
The maps from multispinors to tensors of SO(3,1) are then given by

Tt = (0" aris (0" e (93) 0 (0, ) o T (A )
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Td191~.-dsqs — (O'z/1 )O'élal . (Uu )dsas(o-ﬂl)
S

. Hn V1...Vs
B1B1---Bnbn (a¥) T, (A.6)

Bip BrBn " M1 in”

The ones we will be particularly interested in are

Bt = () hay s wap = =i ((0a) % = (Gar) 5" .
h =W (00)asr wd = —swmlo™)f W= Lua(e®), |
where we have defined the following hermitian matrices
(0N = Lo'e" — ') f, (@), = Lo — oo, (A.5)
which satisfy the Lorentz algebra
[O_ab’ O_cd] _ <nbco_ad _ gl 4 padgbe _ nbdo_ac) ‘ (A.9)
as well as ‘
(0an)d (0%) ) = 0265 — eaye®™,  (Gap)"5 (0™, = 0. (A.10)

We can then define the four dimensional v matrices
0 o o 0
0“_ ab— ¥ [a b] _ A1l
gl <aa 0)’ gl [%7] <oaab> (A.11)

{,ya’,yb} _— (A.12)

DN | .

with

A.2 Star-product formulae

The equations of motion (2.3)—(2.4) are written in this compact form with the use of a
star-product defined as

N

By Py 2
(Y, Z)x0(Y,Z) =2(Y,Z) exp [—ea (Oye + 020)(8ys — 0.0) + C.C_} o, Z)
L (A13)
=/d2ud2ﬂd20d2@ O(Y+U,Z+U)O(Y 4V, Z—V)e(“a” +6,7%)

where the integral in the second line is implicitly normalized and the integration contour
chosen in such a way that
OPx1=1xP=1. (A.14)

More precisely, this means that we assume the following representation of the delta function
/duzdvze“ava = /du252(u) , (A.15)

and similarly for the dotted variables. This is equivalent to integrating over the real axis
rotated by a certain angle. We see that if u; and vy are rotated by 7/4, then we obtain a
valid representation of the delta function. However, the rotation angle is not entirely fixed,
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as can be seen from the fact that we could have chosen u; and vy to be both rotated by
—m/4 instead. Our choice will be the following

uy, vo rotated by — %
x (A.16)
ug, v1 rotated by 1
and similarly for the dotted variables.
With this definition, we have
[Ya, Yalx = —2€ag , [T, Yple = —2¢€45 [Ya, Yl =0, (A.17)
[Za’ Zﬁ]* = 26&5 s [Zo'n ZB]* = 26@5 5 [Zon ZB]* =0, (A18)
as well as the following properties which will be used in appendix B
v=20(y)*xd(z), d(y)*0(y) =0(z)*xd0(z) = 1. (A.19)
Note that the bilinears
1 - 1. _
Lag = 5{vasysy s Lag=510a038, Py =Ya¥s, (A.20)

give an oscillator representation of the algebra so(3,2) ~ sp(4), which is the unique finite
dimensional subalgebra of the higher spin algebra spanned by general polynomials in Y of
the form

00
Ply,g) = D POomftng, oG - Y- (A.21)

n,m=0
In perturbation theory, it is often needed to evaluate the star product of Wy (B.1) with an
arbitrary function. If @ is a zero-form, we obtain
Wasy™y" OV, 2)| = —AWape e {ys0y7 + 00,0} OV, 2) (A.22)
*
Wagl 5%, @Y, 2)] = =AW, 7% {5055 + 0305} (Y, 2) (A.23)

Wy 3, @Y, 2)| ==2W, e {530, 4,05+ (000055 +0,00.5) JO(V. Z) - (A24)
If @ is a one-form, it will appear in the equations in anti-commutators, and we can use
the above formula without changing signs, and replacing [-,-], — {-,-},. If ® transforms in

the so-called twisted adjoint representation, we are led to evaluate quantities of the form
O x 7 (Wy) — Wy + &. We obtain

D x7 (W()) — W(] * P =— [Waﬁyayﬁv ‘P(yaga Z):|

*

- [stﬂé‘ﬂﬁ ,D(y, 7, z)}
. : N N * (A.25)
W, [—angﬂ 2P0, — 25y, e (aywagg +8,, ags)} o(Y, 2).
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A.3 Conventions in the literature

We will here briefly describe different conventions used by other authors. Setting aside
conventions used for spinors and soldering forms, the most fundamental choice of convention
is usually made at the level of the definition of the canonical commutation relations of the
auxiliary spinor variables. We have opted for

[yaayﬁ]* - = [ZOU Zﬁ]* = _2601,37 _gdca gﬁ_ N = _2(547 Zﬁ_ = _QGdB' (A26)
In many places, one will find the following definitions

[youyﬂ]* = [ZOH Z,B]* = 2i6a,3 ) _gda gﬁ_ N = - _2(5(7 Zﬁ

= e (A.27)

4%

With this choice, the star-product (2.5) becomes

— —

YV, 2) % g(Y, Z) = f(Y, Z) expi [eaﬁ (5ya + gza) (ayg - 8Z/3> n c.c.} gV, Z). (A.28)

Hermitian conjugation can of course still be defined, but in a less trivial way. Looking again
at the simplest case of the AdS vacuum solution, we see that the definition (B.1)-(B.2) is
no longer valid, in the sense that the components do no longer correspond to the ones that
satisfy the first order formulation of the Einstein equations. To circumvent this, authors
usually expand the field W as (see [15])

o0

W($, Y, g) = Wu(x, Y, gj)dm“ = Z
n,m=
n+m=even

1

WWal...an,al...amyo‘l o yangdl o gdm ) (A-29)
B 'm!

where the important point is the presence of the factor i. Then one can identify the
components of the bilinears in the oscillators with the Lorentz connection and vielbein as
we did, as long as the reality condition is chosen to be (W)T = —W. For the fully non-
linear theory, with the Z dependence included, one has to modify the way the oscillators
transform

) =y =2, (A.30)

so that for two functions f, g of (Y, Z|z) we then obtain

(fxg)t =gt « T, (A.31)

where it should be noted that the order of the functions has been inverted. Once more one

has to introduce appropriate minus signs when manipulating forms, as the hermitian conju-

gation is blind to the wedge product. For consistency with the equations of motion involving

the field B, this in turn imposes that BT = v« Bxv. Finally, we would like to point out some

possible differences in the definitions of the master field S. Indeed, Sy can be taken to be

identically zero, in which case the differential operator in (2.3) should be replaced as follows
0 0 0

d= dm“@ —  d=da" e +dz" 5.0 + dz® 8(,;' (A.32)
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B The Didenko-Vasiliev solution

We review here the construction of the Didenko-Vasiliev solution [11]. We start with the
AdSy vacuum solution, then the extremal AdS-black-hole solution. Then we present the
solution of the free higher-spin theory and finally the full solution to the interacting theory
employed in the main text.

B.1 The vacuum solution
The AdS4 vacuum solution in the interacting theory is given by

Wo = ~1 (wagyo‘yﬁ —i—wdﬁ-y“gj’g — \@haﬁ-yo‘gf) , (B.1)

By=0, So = 2adz® + Z5dz". (B.2)

One can define a perturbation scheme around the vacuum solution, and the obtained
linearised equations of motion are equivalent to the ones written by Fronsdal in [26] for
real massless fields propagating in AdSy (see [15] for an explicit derivation).

In this paper we will be using global coordinates for AdSy

ds® = gp, datda” = (1 + X72r%)dt? — dr? —12(d6? +sin0dp?).  (B.3)

14 A—2p2

From here onwards we set the AdS scale A — 1 for simplicity. We choose the following
explicit expressions for the vielbeins

1
R = /14 r2dt, hlzﬁdr, h? =rde, R =rsinfdyp, (B.4)

and obtain the connection one-forms

wor=rdt, wip=\V1+7r2df, wiz=+\V1+r2sinfdp, wez=cosbldyp, (B.5)

with all others are zero. The connections and vielbein wqg, w &b h af appearing in (B.1)
are then obtained using appendix A.1l.

B.2 Black-holes in AdS,

The simplest black holes in 4-dimensions are characterized by an SO(3) x R symmetry.
The black-hole solution in AdSs can be written in the so-called Kerr-Schild form (see [27]
and [28])

2M y L, 2M y
Guv = 921/ - Tk,ukl/’ g = 90# + Tkuk ) (B.6)
with p
r
kydxt = dt — T2 (B.7)

Using this definition, one can define the following traceless completely symmetric ten-

SOT's oM
R — U (B.8)

T
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which satisfy the equations of motion of a massless spin-s field in a AdS background
D“D,uqbu(s) - SD,LLDVQSZ(S_D =-2(s—1)(s+ 1)¢7/(S)‘ (B.9)

From these facts we learn a number of things which will be directly transposed in the
construction of the fully interacting theory. First, a black-hole solution in AdS; can be
written as a one loop perturbation. The perturbation is constructed from a vector k£ which
in turn generates an infinite tower of massless higher-spin fields. Finally, it should be noted
that this Kerr vector k can be expressed in terms of the killing vector V' = 1/20/0t and
the associated Killing two-form kag, %, 4 through this simple formula

1 KaPv3q
koo = 112 <Uac'x - . Ba) : (B.10)

In the next section we explain in detail the role of these quantities.

B.3 Killing matrix

The main ingredients in the construction of the Didenko-Vasiliev (DV) solution are the
Killing vectors and Killing two-forms of the vacuum. From (2.10), we see that a global
symmetry is generated by a Z-independent gauge parameter € = (Y |x) satisfying

de — [Wo, €]« =0. (B.11)

If we take € to be bilinear in Y and identify Uog with a Killing vector V,, and kg, Kaj
with the self and anti-self dual parts of the Killing two-form V,,, = D,V associated with
the same Killing vector, (B.11) reduces to the Killing equation with the identification

Kap = (ﬁ’w o > , (B.12)

to which we will be referring to as the Killing matrix. In Sp(4) notations, (B.11) can be
written in a compact way as
Dy (KapY“Y?P) =0. (B.13)

In what follows we will be using a particular time-like Killing vector defined as

0 0
V=Vli——=v2— B.14
OxH fat ( )
The various factors in the definition of the Killing matrix in terms of the Killing vector

and Killing two-forms have been chosen so that we have the following identity

KPKS =69, (B.15)
which reads in components
B _ 2 2 1 af
Ko KBy = —€ayk®, K" = Shagh™ = det(Kag) (B.16)
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2/10561/154Y + vaﬁvm = —€ay 2K ’Bmm + vdﬁv/gﬁ = —€a, (B.17)

@
K vy + vaﬁmm =0, ”aﬁ%y + vdﬁmm =0. (B.18)
If we contract the second set of these equations, we obtain

262 +0? = 2R + 0% =1, (B.19)

where we have defined v? = %UQBUO‘B = %VHV“ which is consistent with k2 = &2. More
explicitly, we have

v? =141, K2 =——. (B.20)

We will also be needing explicit expressions for kg

- _\/ET ~-10 K._\/ﬁr -10
af T 01) ° MeBT 2 01) .’
o B

(B.21)
1
UQB:\/1+T2<O§)> .
af
Of course, it is straightforward to recover (B.16)-(B.19) from (B.21).
The linearised equations of motion are given by
DoQ =dQ — Wy A Q — QA W
= 1% A by, P050;C(0,3lx) + h*Y A R’ 0a05C (y,0]x) (B.22)
DoC = dC — Wy C + Cxm(Wp) =0, (B.23)

where the master fields Q, C' correspond to the Z-independent part of (W, B). They are
solved by the following ansatz
C =bFkg*0(y), (B.24)

with .
Fi = 4exp (;KABYAYB> . (B.25)

This solution has very interesting properties
FK*5(y):FK*6(gj), Fgx Fig = Fg. (B.26)

By performing the star-product explicitly, we obtain

4b 1 . ;
_ 5 . RPN
C = . exXp [W (Faagyay + ﬁdﬂyay + 2iKayv Byay )] . (B.27)

We can read off the components of the generalised higher-spin Weyl tensors

b Koo\ ~ b iKag \ -
Caas) = 51252y < K2 ) ' Caas) = s125=2p \ g2 ) (B.28)
This corresponds at the spin two level to a Petrov type-D Weyl tensor, describing a black
hole.
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B.4 Didenko-Vasiliev solution for the purely bosonic theory

The solution to the non-linear equations (2.9a)—(2.9¢) was obtained in [11] by starting from
the solution of the linearised theory and studying the corrections order by order in b. It
turns out that in a similar way to what happens for the Kerr-Schild ansatz for classical
GR, there are no higher order corrections beyond the linearised part.

B.4.1 Induced star-product and Fock space

To adapt the solution of the free theory to the interacting one, the idea is to use an ansatz
for the linearised part of the master fields of the form Fi x f(Z|z) where the Z-dependent
part is explicitly factored out. If one defines A4 by

FyxZa=FgAy, AAE(aa,c_Ld)EZA—FiKABYB, [Aa, Ap] = 4eap. (B.29)

then in fact the star product of Fi with any function of Z can be expressed without the

star product in terms of A
Fic » $(Zle) = Fic 6(Ala). (B.30)

Furthermore, it can be shown that functions of this form define a subalgebra as

(Frd1) * (Frp2) = Fi (1 % ¢2), (B.31)

where the star-product * is associative and takes the form
(1 % ) (A) = / d*u 1 (A + 2U4 ) oA — 2U_ )e2U+al?, (B.32)
where we have defined Uy = 11 if Up in terms of the projectors
Miap = %(eAB +iKap), ILANLE=T.9, I5I.§=o0. (B.33)
We can then obtain the following formulae for any function ¢(a) holomorphic in a

G0y 6(0)], = 2046(a),  {aa, @(a)}, =2 (aa + ik D0 ) Bla). (B.34)

where similar equations hold for functions that depend only on a. The star-product (B.32)
possesses Kleinien operators K and K, defined as follows

Their explicit expressions are

1 ; _ 1 R4y . -
IC — ; exXp |:Z;£/:[26aaa6:| 5 ’C = ;exp |:2/:2BC_LQC_ZB:| 5 (B36)
and it is then straightforward to show that

K« K=K«xK=1, {/C,aa}*:{la,dd}*zo,

K], = K. agl, = [K,a], =0 (B.37)
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As for the action of Fix on the Y coordinates, it is easy to see that it annihilates half
of them
Y_A*FK:FK*Y+A:0, (B.38)

Using the closure (B.31), we can immediately see that this projection holds true for any
member of the subalgebra

(Fr @) xYia = (Fg ¢) x Fg x Y34 = 0. (B.39)

B.4.2 Solving the non-linear equations of motion

We have thus seen that by choosing to factor out the Z-dependence by looking at functions
of the form F * ¢(Z|z) we are led to study a subalgebra of the full higher-spin algebra.
This can be used to simplify the equations of motions. More precisely, we take the following
ansatz for the master fields of the theory

W =W + F [Q(a]z) + Q(ala)] . (B.40)

So = za + Froa(alz), & = Za + Fros(alx), (B.41)
while the B-field is kept identical to (B.24)
B =bFk *6(y). (B.42)
This ansatz reduces the equations (2.9d) and (2.9¢) to the following set of equations
Sa(al2), ss(ala)], = 26as (14 €0K) ,  [alalz), sa(ala)], = 0,

{K,calalz)}, =0, {salalz),K}, =0, (B.43)
QQ_Q/\*QZO’ an—[Q,§a]*:0,

with similar equations in the barred sector and where we have defined
Sa = Qg + 04(alz), Sa = g + 0a(alz), (B.44)
Q= <c2 - ;dnaﬁaaaaa5> : (B.45)
where d acts as the standard exterior derivative but leaves invariant a,a i.e., da = da = 0.

The simplified set of equations (B.43) can be solved exactly by analogy with the standard
perturbative analysis, taking here b to be the infinitesimal parameter. We obtain

be'? ! it K
oqlalz) = . W;F’Bag/o dt exp (Q:faaaﬁ), (B.46)
Golalr) = er Wgﬂ%/o dt exp (;:fao‘c‘ﬁ), (B.47)

with a new set of projectors

1 K 1 Kas
+ L ap + _ + . ap
T = 5 <ea5 + */@) , T8 = 3 <edﬂ + T,@) . (B.48)
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Because of the introduction of the above projectors, the O(b?) terms vanish. Then one can
note that with the ansatz for W, (2.9b) is trivially satisfied. At first order in b, the second
equation of (B.43) reads

0 1.4
and is solved by
Qa) = fo+ 0%, (B.50)

where we use the fact that k,p/r is a constant. As argued in [11], the O(b?) terms vanish,
and the first equation in the last line of (B.43) then imposes

dfo =0, (B.51)
and we take fo = 0.

B.4.3 The solution

We can now give the solution to the full non-linear equations of motion

Z@b 1 t

Sa = 2o + FKe ﬂgﬂag/ dt exp (—Mgﬂaaaﬁ) (B.52)
r 0 2r

_ e—ieb . 1 K. .

Sa = Za + Fi " w;rﬁ%/o dt exp (—ﬁa“a[f) (B.53)

4b i o s D
B = —exXP | =55 (Hagy YW+ KUY+ 2ikayv 59"y ) (B.54)
1 o .
W =Wo = =7 (wapty” +wegt™ s’ — V2h,55°3") (B.55)

It is then straightforward to show that the solution obtained satisfies the bosonic non-
minimal reality projection which is obtained from (2.21) by removing the I". The bosonic
symmetries of the solution are discussed in detail in [11]. There it is shown that the higher-
spin symmetries are broken to a subalgebra, whose unique finite dimensional subalgebra is
su(2) @ gl(1), thus hinting at yet another similarity with a black hole solution.

As advertised in the main text, the master-field W (B.55) is equal to the vacuum value
Wo, and is thus much simpler than the expression given in [11]. This can be traced back
to our choice of Killing vector, for which the quantity k.g/r is a space-time independent
constant.

It should also be noted that this solution generalizes slightly the one presented in [11]
as it accommodates for an arbitrary parity breaking phase 6y. As previously mentioned,
the DV solution was generalized in [12], by working in a different gauge and using an
infinite family of projectors similar to (B.33). Furthermore, the authors of [12] considered
an arbitrary real even function for the interaction ambiguity 6(X) = 6g+602 X2 +. .., instead
of just a phase. We show here that this can also be done in the gauge of [11]. Indeed, using

Bxv=0Fgx0(y)*v=>0bFk xd(z) = bFLK (B.56)
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and since K squares to one under the induced star-product (B.32) and F is a projector

we obtain

f(Bxv) =14 Bxv*exp,[id(B*v)] =1+ Bxv*exp,[id(bFK)]

| . (B.57)
=14+ Bxvx Fgexplif(b)] =1+ Bxvexpif(b)]

This means that this particular solution also solves the equations of motion in the general
case after a redefinition of 6.

C Killing spinors in global AdS,

C.1 Sp(4) matrices and notations

Here we will try to make clear a few things about notations. We define an Sp(4) matrix

M.z M,
Man = ab | . C.1
w <Mcw Ma6> -y

the following way

Then whenever we use it in expressions involving the star-product and the Y, Z, we will
manipulate the quantity M pY4Y? with Y4 = (y*,7%). As an example, the covariant
constancy condition for such a matrix reads Do(MsgY Y B) = 0.

Now we define its action on Y4 (or on a spinor £4 = (£%,ix?®)) as M4BYg. However,
it will prove to be easier to manipulate M4p as a usual matrix when acting on spinors.
Then one has to be careful how to go from an expression involving the star-product to
a matrix expression. To see how this works, we will work with the example of imposing
that a spinor is covariantly constant. We define € = £,y® + ixXay". Note here the i in the
definition. The equation we want to consider is thus Dge = 0. This reads in components

,L' .
déa +wa8s + —zh, 3" =0,
V2 (C.2)

d)Zd — waB)ZB + %hdﬁfg = 0.

7

We then represent the spinor € as a column vector that we denote € as follows

¢= (%) (€.3)
X

where one should note the absence of ¢, and the position of the indices. Using this notation,
the Killing spinor equation reads:

10 i y i i
o™ 4 — by ) € = 0. 4
(0 2) (d 5 WabY +ﬂh7 )e 0 (C.4)

Now we will consider the case of a general Sp(4) matrix Myp again, and see how it
acts on the column vector ¢ (C.3). We have

Yt o MaPepy = (Mo76s + Mingg ) v + (MaPing + Ma"gs) * - (C5)
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Now if we raise and lower indices accordingly to see what this gives on a spinor in the

notation of (C.3), we obtain

(Xa> - M (Xd) - (0 Z) <_MdBiXB —l—Md‘Bfg T\ s _Mdg' )Zﬁ (C.6)

So we learn that the matrix
B _; .
wr= [ Ml Mg (1)
—iM% MY,

acts on € and gives back a spinor of the same form.

C.2 The Killing spinors of global AdS,

The AdS, Killing spinor equation is given by

_z ab L a _
<d 5 Wab? +ﬂha7>e 0, (C.8)

where € is a 4-component spinor. We obtain

1 ‘
Ore =i <r701 — ﬁ 1+ r2’yo> €= %70 <i\/§7‘fyl —V1+ 7‘2) €,

i 1
= 7 =16
/ 2
V2V1+r (C.9)

1
Ope =1 1+r292 4 —r 2>e,
et (T L

1
Dpe =i (\/ 1+ r2sin 0y 4 cos 9y + Er sin 973> €.

Or€

The solution to these equations is given by

1T it 0 g 12 . 23
e = Qe Q=evil e vl 077l (C.10)

with sinh p = r and ¢p is an arbitrary constant spinor.

An important point is that if € = &,y + ixay® is a Killing spinor, then so is € =
Yay® +i€47%, where we define y4 = (XQ)T and &4 = (fa)T. With this in mind, a convenient
choice of constant spinors leads to the four Killing spinors e

1 0 —1 0
Q10 Q|1 Q 0 Q 1
_ °° , i , 5= —— , = C.11
€1 ﬁ 1 €2 ﬁ 0 €3 ﬁ 1 €1 \/5 0 ( )
0 1 0 —1

If we write each spinor as in (C.3)

€ = (f;) , (C.12)
Xi
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then we obtain

X1,a £la X2,a S
! = % = = . . 013
(f%) (x?)’ (5) (x) €49

Furthermore, we have

where we have defined & = €| V270,

C.3 Killing vectors of AdSy

In this section we will find explicitly the Killing vectors of global AdS, and show that they
can be put into two distinct categories. The splitting corresponds to the conformal and
non-conformal isometries of the boundary R x S2.

First recall that AdS4 can be seen as the embedding in R?3 of the following hyperboloid

3
Xg+Xi-> x7=1 (C.16)
i=1
From this it is easy to see that the isometries of AdSy are generated by the following Killing
vectors

0 0
7 x, =
axb  “Poxe
If we want to write them using the coordinates of global AdS; where the metric takes the

Loy = X (C.17)

form

ds? = [cosh2 pdt? — dp?* —sinh® p (d92 +sin? 6 d<p2)] , (C.18)
We need to make the following change of variables
Xo+iX, =ecoshp, X; =n;sinhp (C.19)

with n; = (cos,sin 6 cos @, sin @ sin ). We obtain a first set of four Killing vectors which
do not depend on p nor ¢

Loy = 0y, L3y = ap , Loy +1il3 = P (89 + 7 cot 0(9@) . (C.QO)

These are also Killing vectors of the boundary R x S%. The other six Killing vectors of

AdSy are '
Loy + il = e (¢ cosBtanh p 9 + cos @ 0, — coth psinf dy) ,

Loy +iLoy = € (z cos psin @ tanh p 9; + cos psinf d,

th
+ cos  cos p coth p Jy — C;)inﬁp singpﬁw) ) (C.21)
Loz +iLgy = € (z sin 0 sin p tanh p Oy + sin 0'sin ¢ 9,

th
+ cos B coth psin p Jy + COSPCOnap ((9@) ,

sin 6

and in the p — oo become the conformal Killing vectors of the boundary manifold.
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C.4 Killing vectors from Killing spinors

It is well known that Killing vectors can be obtained as the bilinears €+*¢ where ¢, € are
two independent Killing spinors and € = v/2¢f7°. We now give explicit expressions for the
Killing vectors (C.20) in terms of the Killing spinors €;, €2 defined in (C.11)

L'U‘ = —€ Me + —=¢ Ne , L:U‘ - _ ¢ Mﬁ o é Me :
MT RN R e T T e T g e (C.22)
{ _ 7 _ 1 _ 1 B .
LE, = —&fes — —=éner, Ly = ——=ee + e |

V2 V2 V2
C.5 The DV Killing matrix from Killing spinors

V2

A central ingredient in [11] is an Sp(4) matrix which is AdS covariantly constant and which
squares to minus one, i.e., from which we can construct a projector. The projector is then
a key element in simplifying the equations of motion, as well as in proving that the solution
is BPS.

Using the notations of the previous subsection, V,, of (B.14) is

V’yé =Ve (Ua)'yS = (El’yael + EQ’}/GGQ) (U‘l)fyS (C.23)

Noting that:
. " = 0 (69,5 [&is 0o B E o aa
EY'ei = (xi 5@',&) <(Ua)d5 0 5) (5 = X8 (0N X; +Eia ()P &g (C24)
So that
V= (xf‘ (0" Xi + & (@) fi,ﬂ) (0a)5 = (Xi77>zi,$ + 5%7@,5) (C.25)
i=1,2 i=1,2

Now if we define

§i,aXi,8 T Xiai, &,M%g + XiatX; g ) (C.26)

% AB = 2€i,4€, g = - Sz 2
" b (Xi,azxiﬁ + fi,azfiﬁ ZXi,ézZéiﬁ + Zfz‘,dﬂXi,g
then we see that the diagonal entries are reminiscent of the time-like Killing vectors ex-
pressed in terms of the components of the basis of Killing spinors. The corresponding

operators which acts on the Killing spinors basis (C.11) is
Pi = €i€i + Eggz. (027)

However one should note that for this particular Killing vector, there is a sum over i = 1, 2.
This amounts to taking P; + P». Indeed, this yields a matrix which is by construction
covariantly constant, and which also squares to the identity, since (P; + P2)2 = €161 +
€262 — €7€7 — €363 = 1, when acting on the space spanned by (C.11). In terms of Sp(4)
matrices, this is 567 g + 293 ap- If we look at the explicit content of this matrix, it is
straightforward to relate it to the Killing matrix K 4p defined in (B.12)

1,48 + #2348 = 4B, (C.28)
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just as expected. This allows us to see clearly how K4p, as well as the projector II1 ap
defined in (B.33) act on our basis of Killing spinors (C.11). We see using (C.13) and (C.14)
that I} projects on the space spanned by €1, €, while II_ projects on the space spanned
by €1, €5.

D Representations of the Clifford algebra

We choose the following matrix representation for the ¥ in the n = 4 case

00 0-1 0 0 0 i
g _L1ril00 10 g2 _L1Fi| 0 0 Qo0
V2 lo=ioo |’ V2 lo-100]"

i 0 00 ~10 00

(D.1)

004i 0 00 10
gp_Lti| 000—i| o, 14i|0 0 01
V2 |=100 0" V2 |=io 0ol
0100 0 —i 00

Open Access. This article is distributed under the terms of the Creative Commons
Attribution License (CC-BY 4.0), which permits any use, distribution and reproduction in
any medium, provided the original author(s) and source are credited.

References

[1] M.A. Vasiliev, Consistent equations for interacting massless fields of all spins in the first
order in curvatures, Annals Phys. 190 (1989) 59 InSPIRE].

[2] E. Sezgin and P. Sundell, Massless higher spins and holography,
Nucl. Phys. B 644 (2002) 303 [Erratum ibid. B 660 (2003) 403] [hep-th/0205131]
[INSPIRE].

[3] LR. Klebanov and A.M. Polyakov, AdS dual of the critical O(N) vector model,
Phys. Lett. B 550 (2002) 213 [hep-th/0210114] [INSPIRE].

[4] S. Giombi and X. Yin, Higher spin gauge theory and holography: the three-point functions,
JHEP 09 (2010) 115 [arXiv:0912.3462] [INSPIRE].

[5] S.H. Shenker and X. Yin, Vector models in the singlet sector at finite temperature,
arXiv:1109.3519 [INSPIRE].

[6] M.A. Vasiliev, Holography, unfolding and higher-spin theory, J. Phys. A 46 (2013) 214013
[arXiv:1203.5554] INSPIRE].

[7] S. Giombi and X. Yin, The higher spin/vector model duality, J. Phys. A 46 (2013) 214003
[arXiv:1208.4036] INSPIRE].

[8] C.-M. Chang, S. Minwalla, T. Sharma and X. Yin, ABJ triality: from higher spin fields to
strings, J. Phys. A 46 (2013) 214009 [arXiv:1207.4485] nSPIRE].

[9] O. Aharony, O. Bergman and D.L. Jafferis, Fractional M2-branes, JHEP 11 (2008) 043
[arXiv:0807.4924] [INSPIRE].

— 35 —


http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1016/0003-4916(89)90261-3
http://inspirehep.net/search?p=find+J+AnnalsPhys.,190,59
http://dx.doi.org/10.1016/S0550-3213(02)00739-3
http://arxiv.org/abs/hep-th/0205131
http://inspirehep.net/search?p=find+EPRINT+hep-th/0205131
http://dx.doi.org/10.1016/S0370-2693(02)02980-5
http://arxiv.org/abs/hep-th/0210114
http://inspirehep.net/search?p=find+EPRINT+hep-th/0210114
http://dx.doi.org/10.1007/JHEP09(2010)115
http://arxiv.org/abs/0912.3462
http://inspirehep.net/search?p=find+EPRINT+arXiv:0912.3462
http://arxiv.org/abs/1109.3519
http://inspirehep.net/search?p=find+EPRINT+arXiv:1109.3519
http://dx.doi.org/10.1088/1751-8113/46/21/214013
http://arxiv.org/abs/1203.5554
http://inspirehep.net/search?p=find+EPRINT+arXiv:1203.5554
http://dx.doi.org/10.1088/1751-8113/46/21/214003
http://arxiv.org/abs/1208.4036
http://inspirehep.net/search?p=find+EPRINT+arXiv:1208.4036
http://dx.doi.org/10.1088/1751-8113/46/21/214009
http://arxiv.org/abs/1207.4485
http://inspirehep.net/search?p=find+EPRINT+arXiv:1207.4485
http://dx.doi.org/10.1088/1126-6708/2008/11/043
http://arxiv.org/abs/0807.4924
http://inspirehep.net/search?p=find+EPRINT+arXiv:0807.4924

[10]

[11]

[12]

E. Sezgin and P. Sundell, An exact solution of 4D higher-spin gauge theory,
Nucl. Phys. B 762 (2007) 1 [hep-th/0508158] [INSPIRE].

V.E. Didenko and M.A. Vasiliev, Static BPS black hole in 4d higher-spin gauge theory,
Phys. Lett. B 682 (2009) 305 [Erratum ibid. B 722 (2013) 389] [arXiv:0906.3898]
[INSPIRE].

C. Tazeolla and P. Sundell, Families of exact solutions to Vasiliev’s 4D equations with
spherical, cylindrical and biazial symmetry, JHEP 12 (2011) 084 [arXiv:1107.1217]
[INSPIRE].

S.S. Gubser and W. Song, An azxial gauge ansatz for higher spin theories,
JHEP 11 (2014) 036 [arXiv:1405.7045] [INSPIRE].

M.A. Vasiliev, Higher spin gauge theories in four-dimensions, three-dimensions and
two-dimensions, Int. J. Mod. Phys. D 5 (1996) 763 [hep-th/9611024| INSPIRE].

M.A. Vasiliev, Higher spin gauge theories: star product and AdS space, in The many faces of
the superworld, M.A. Shifman ed., World Scientific, Singapore (2000), pg. 533
[hep-th/9910096] [INSPIRE].

X. Bekaert, N. Boulanger and P. Sundell, How higher-spin gravity surpasses the spin two
barrier: no-go theorems versus yes-go examples, Rev. Mod. Phys. 84 (2012) 987
[arXiv:1007.0435] [INSPIRE].

M.A. Vasiliev, More on equations of motion for interacting massless fields of all spins in
(3 + 1)-dimensions, Phys. Lett. B 285 (1992) 225 [InSPIRE].

J. Engquist, E. Sezgin and P. Sundell, On N =1, N =2, N = 4 higher spin gauge theories
in four-dimensions, Class. Quant. Grav. 19 (2002) 6175 [hep-th/0207101] INSPIRE].

S.E. Konstein and M.A. Vasiliev, Extended higher spin superalgebras and their massless
representations, Nucl. Phys. B 331 (1990) 475 [INSPIRE].

C. Tazeolla, E. Sezgin and P. Sundell, Real forms of complex higher spin field equations and
new exact solutions, Nucl. Phys. B 791 (2008) 231 [arXiv:0706.2983] [INSPIRE].

M.A. Vasiliev, Higher-rank fields, currents and higher spin holography, talk presented at
Strings 2014, Princeton U.S.A. June 2014.

P. Breitenlohner and D.Z. Freedman, Stability in gauged extended supergravity,
Annals Phys. 144 (1982) 249 [INSPIRE].

J. Maldacena and A. Zhiboedov, Constraining conformal field theories with a higher spin
symmetry, J. Phys. A 46 (2013) 214011 [arXiv:1112.1016] [NSPIRE].

J. Bhattacharya, S. Bhattacharyya, S. Minwalla and S. Raju, Indices for superconformal field
theories in 3,5 and 6 dimensions, JHEP 02 (2008) 064 [arXiv:0801.1435] [INSPIRE].

A. Gadde, L. Rastelli, S.S. Razamat and W. Yan, Gauge theories and Macdonald
polynomials, Commun. Math. Phys. 319 (2013) 147 [arXiv:1110.3740] [INSPIRE].

C. Fronsdal, Massless fields with integer spin, Phys. Rev. D 18 (1978) 3624 nSPIRE].

B. Carter, Hamilton-Jacobi and Schridinger separable solutions of Einstein’s equations,
Commun. Math. Phys. 10 (1968) 280 [INSPIRE].

G.W. Gibbons, H. Lii, D.N. Page and C.N. Pope, The general Kerr-de Sitter metrics in all
dimensions, J. Geom. Phys. 53 (2005) 49 [hep-th/0404008] [INSPIRE].

— 36 —


http://dx.doi.org/10.1016/j.nuclphysb.2006.06.038
http://arxiv.org/abs/hep-th/0508158
http://inspirehep.net/search?p=find+EPRINT+hep-th/0508158
http://dx.doi.org/10.1016/j.physletb.2013.04.021
http://arxiv.org/abs/0906.3898
http://inspirehep.net/search?p=find+EPRINT+arXiv:0906.3898
http://dx.doi.org/10.1007/JHEP12(2011)084
http://arxiv.org/abs/1107.1217
http://inspirehep.net/search?p=find+EPRINT+arXiv:1107.1217
http://dx.doi.org/10.1007/JHEP11(2014)036
http://arxiv.org/abs/1405.7045
http://inspirehep.net/search?p=find+EPRINT+arXiv:1405.7045
http://dx.doi.org/10.1142/S0218271896000473
http://arxiv.org/abs/hep-th/9611024
http://inspirehep.net/search?p=find+EPRINT+hep-th/9611024
http://arxiv.org/abs/hep-th/9910096
http://inspirehep.net/search?p=find+EPRINT+hep-th/9910096
http://dx.doi.org/10.1103/RevModPhys.84.987
http://arxiv.org/abs/1007.0435
http://inspirehep.net/search?p=find+EPRINT+arXiv:1007.0435
http://dx.doi.org/10.1016/0370-2693(92)91457-K
http://inspirehep.net/search?p=find+J+Phys.Lett.,B285,225
http://dx.doi.org/10.1088/0264-9381/19/23/316
http://arxiv.org/abs/hep-th/0207101
http://inspirehep.net/search?p=find+EPRINT+hep-th/0207101
http://dx.doi.org/10.1016/0550-3213(90)90216-Z
http://inspirehep.net/search?p=find+J+Nucl.Phys.,B331,475
http://dx.doi.org/10.1016/j.nuclphysb.2007.08.002
http://arxiv.org/abs/0706.2983
http://inspirehep.net/search?p=find+EPRINT+arXiv:0706.2983
http://dx.doi.org/10.1016/0003-4916(82)90116-6
http://inspirehep.net/search?p=find+J+AnnalsPhys.,144,249
http://dx.doi.org/10.1088/1751-8113/46/21/214011
http://arxiv.org/abs/1112.1016
http://inspirehep.net/search?p=find+EPRINT+arXiv:1112.1016
http://dx.doi.org/10.1088/1126-6708/2008/02/064
http://arxiv.org/abs/0801.1435
http://inspirehep.net/search?p=find+EPRINT+arXiv:0801.1435
http://dx.doi.org/10.1007/s00220-012-1607-8
http://arxiv.org/abs/1110.3740
http://inspirehep.net/search?p=find+EPRINT+arXiv:1110.3740
http://dx.doi.org/10.1103/PhysRevD.18.3624
http://inspirehep.net/search?p=find+J+Phys.Rev.,D18,3624
http://projecteuclid.org/euclid.cmp/1103841118
http://inspirehep.net/search?p=find+J+Comm.Math.Phys.,10,280
http://dx.doi.org/10.1016/j.geomphys.2004.05.001
http://arxiv.org/abs/hep-th/0404008
http://inspirehep.net/search?p=find+EPRINT+hep-th/0404008

	Introduction
	Supersymmetric higher spin theory: a brief review
	Master fields of the theory
	Equations of motion
	Spin-statistics theorem
	Generalized reality conditions
	Extended higher-spin symmetry
	Higher-spin holography

	Embedding bosonic solutions
	Matrix factors
	Supersymmetry invariance

	Supersymmetric embedding of the Didenko-Vasiliev solution
	The BPS equations for the DV solution
	n=2
	n=4

	Compatibility of solutions with boundary conditions
	mathcalN=2
	SU(2) flavour symmetry
	U(1) x U(1) flavour symmetry
	A one-parameter family of mathcalN=2 theories

	mathcalN=3
	A one-parameter family of mathcalN=3 theories

	mathcalN=4
	mathcalN=6

	Discussion
	Notations and conventions
	Spinors
	Star-product formulae
	Conventions in the literature

	The Didenko-Vasiliev solution
	The vacuum solution
	Black-holes in AdS(4)
	Killing matrix
	Didenko-Vasiliev solution for the purely bosonic theory
	Induced star-product and Fock space
	Solving the non-linear equations of motion
	The solution


	Killing spinors in global AdS(4)
	Sp(4) matrices and notations
	The Killing spinors of global AdS(4)
	Killing vectors of AdS(4)
	Killing vectors from Killing spinors
	The DV Killing matrix from Killing spinors

	Representations of the Clifford algebra

