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1 Introduction

There has been a recent resurgence in supersymmetric AdSs backgrounds in string the-
ory. This is partly because two-dimensional CFTs provide an excellent testing ground for
AdS/CFT since they are generally more tractable than their higher dimension cousins.
Moreover, with the recent advent of c-extremization [1, 2] it has become possible to com-
pute the central charges of strongly coupled two-dimensional IR fixed points using just
UV data. The analogous extremization principle in gravity [3-5]' has been understood for
backgrounds with only five-form flux [7]. However, since c-extremization works indepen-
dently of the brane construction of the 2d SCFT it is natural to conjecture that there are
similar extremization principles for all AdS3 backgrounds in string and M-theory preserving
N = (0,2) supersymmetry.

!See [6] for a proof of c-extremization and its geometric dual for toric theories.



Progress in understanding the geometric dual of c-extremization was only made possi-
ble after the underlying geometry of the class of solutions consisting of just five-form flux
was classified in [7] and further studied in [8]. To make progress in extending the geometric
dual of c-extremization to more general classes of AdS3 solutions one must thus first derive
the sufficient and necessary conditions for preserving supersymmetry a la [7]. This is the
motivation behind this paper and we classify all supersymmetric AdSs solutions of type
IIB supergravity preserving N = (0,2) with arbitrary flux configurations and an SU(3)
structure.

Many works have been produced in classifying and studying AdSs solutions, whether
in string theory or M-theory, yet a unified result for type IIB supergravity with arbitrary
fluxes, N' = (0,2) supersymmetry and a dynamical SU(3) structure was until now lack-
ing. Various aspects of type IIB supergravity with an AdSs factor have been discussed
in [7, 9-13]. Solutions preserving N' = (0,2) have been considered in [7, 9, 12]. The first
considers purely five-form flux configurations. Whilst the latter two include additional
fluxes, they are not the most general configurations possible. In [10] N' = (0,4) solutions
with five-form flux and varying axio-dilaton were considered and [11] considered N = (2, 2)
geometries with pure NS-NS flux. This work is an extension of all these results. Finally [13]
considered N' = (0, 1) solutions with a particular choice of three-form flux. By making a
suitable ansatz later, they find a class of N' = (0, 2) solutions generalizing [7, 9, 12|, this
class will be recovered as a special case of our results. Solutions of these various classifica-
tions can also be found in [14-17], see also [18] for some TsT-dual solutions.

Important results in other supergravity theories for AdSs solutions have also been
made. In massive type ITA A = (0, 4) solutions have been classified and their field theories
investigated in [19-23]. Further work for type IIA can be found in [24, 25]. Results
for Heterotic supergravity can be found in [26], whilst results in M-theory can be found
in [27, 28].

In this work we shall classify all N' = (0,2) solutions of type IIB supergravity with
arbitrary fluxes where the internal manifold admits an SU(3) structure. We shall not make
any assumptions on the form of the fluxes at any point in this work. The necessary and
sufficient conditions for supersymmetric solutions are phrased in terms of torsion conditions
for spinor bilinears after employing the G-structure formalism [29]. In seven dimensions
and with an SU(3) structure imposed, this is determined by three differential conditions
determining a one-form, a real two-form and a complex three-form. The vector dual to the
one-form foliates the internal manifold and therefore we reduce the torsion conditions on
to this base space. In general the base is complex but it need not be (conformally) Kéahler.
It does however satisfy the weaker (conformally) balanced condition.

The paper is organised as follows. In section 2 we derive the torsion conditions for
an arbitrary G-structure. We specialise the G-structure to a dynamical SU(3) structure in
section 3 and derive the necessary and sufficient conditions for a supersymmetric solution.
The analysis must be split into three classes depending on the scalar bilinears which deter-
mine whether the dynamical SU(3) structure reduces to a strict one. Some representative
examples of solutions are given in section 4 among which is a new infinite class of solutions.
We conclude in section 5. We have relegated some technical material and useful identities
to two appendices.



2 Conditions for supersymmetry in seven dimensions

In this section we begin our journey of finding supersymmetric AdS3 solutions of type IIB
with generic fluxes. We construct the most general ansatz for the metric and fluxes pre-
serving SO(2,2) symmetry and reduce the ten-dimensional supersymmetry variations onto
a seven-dimensional internal space X7. We present the reduced supersymmetry equations
that will form the starting point of our analysis.

By using G-structure techniques we will analyse the necessary and sufficient condi-
tions for the preservation of supersymmetry by reformulating the supersymmetry equa-
tions, (2.7)-(2.9), in terms of both algebraic and differential conditions on a set of differ-
ential forms constructed from spinor bilinears defined in table 1. We spare the reader the
tedious details of the derivation and present just the results. We have added a parameter
« = £ which determines the chirality of the preserved supersymmetry on the boundary
of AdS. We have included the higher form torsion conditions for completeness despite the
fact that they are typically implied by the lower form ones.

Since we will specialise to the case of N' = (0, 2) supersymmetry, one expects the exis-
tence of an R-symmetry vector. This is a Killing vector of the full solution both metric and
fluxes and is holographically dual to the R-symmetry of a putative SCFT dual. We show
that such a Killing vector always exists for solutions preserving N' = (0,2) supersymme-
try. We end the section by showing which equations of motion and Bianchi identities are
implied by supersymmetry and which need to be imposed by hand.

2.1 Reduced supersymmetry equations

The focus of this work is to find N' = (0,2) supersymmetric bosonic backgrouds of type
IIB supergravity? fully preserving an SO(2,2) symmetry. The ten-dimensional metric in
Einstein frame is taken to be the warped product

ds?y = ®2(ds*(AdS3) + ds*(X7)) , (2.1)

where A € Q°(X7,R). The metric on AdS3 has been normalised such that R,, = —2m?%gas,
with m an arbitrary length scale related to the cosmological constant of AdS space. The
remaining fluxes are expanded as

FO®) = (14 %10)F Advol(AdS3), G®) = Gaggdvol(AdSs) + G, (2.2)

with F' € Q@) (X7, R), Gaqs € QO (X7,C) and G € QB)(C). Moreover the axio-dilaton is
taken to be a complex function of X7 only. The reduction of the flux Bianchi identities
and equations of motion with this ansatz are:

dF = Tm[GaqsG*], dx F = %G NG, (2.3)
DG=—PAG*, DGags = —GhasP, D(E*®xG) =P AG*+iGprqsx F—iF AG.

*We shall follow the conventions for type ITB supergravity as given in [30], to which we refer the reader
for further details. In particular we will work in Einstein frame and use the formalism where the SU(1,1)
symmetry of type IIB is realised linearly.



To proceed we must decompose the two ten-dimensional Majorana-Weyl Killing
spinors, €; of type IIB supergravity under

Spin(1,9) — Spin(1,2) x Spin(7) . (2.4)

We take
ei:¢®e%)@®9, 6:61+iegzzp®e%§®0, (2.5)

where y; are Spin(7) Majorana spinors, 6 is a two-component constant spinor satisfying
030 = —0 and 9 is a Spin(1,2) Majorana spinor on AdSs satisfying

am

Vi = o (2.6)
The parameter &« = £1 and corresponds to the chirality of the preserved supersymmetry on
the boundary of AdS. For each choice of a there are two distinct Majorana Killing spinors
satisfying (2.6). In general a solitary Dirac spinor £ will preserve N' = (0, 1) supersymmetry,
however this is enhanced to N' = (0,2) when the Killing spinor equation decouples & from
its charge conjugate in the reduced supersymmetry variations, see for example [9]. We make
further comments about the G-structure and preserved supersymmetry in section 3.1.
With this spinor decomposition the ten-dimensional Killing spinor equations reduce to
the following Killing spinor equations on X7:

efQA

0=~"P,E + (& —iGaas) &, (2.7)
1 : —4A —2A
0= (28,,,Afw -+ F) §- S5 (iGaas + @) €, (2.8)

iam e—4A e 28 1 1
0= (DM + T’m — TFVIVQ')/HV“’2 &+ 1 (1GAds’yM + 2GW1V27””’2> €. (29

Simple manipulations of (2.7) show that if G vanishes then necessarily so does Gags. If
this is the case then we fall within the class of geometries considered in [7, 12] and thus we
shall restrict to G # 0.

2.2 Torsion conditions and general analysis

In this section we give the torsion conditions for the spinor bilinears defined in table 1.
These are computed from the supersymmetry equations (2.7)—(2.9).

Bilinear definitions. We shall use the notation v(,) to denote Clifford contraction.
Table 1 defines all the possible spinor bilinears. Higher order forms are given by the Hodge
star of the defined bilinears. It is then simple, but slightly tedious, to compute the torsion
conditions using (2.7)-(2.9) and some gamma matrix identities.?

30ne could use the mathematica package [31] to check the conditions given here.



Scalars Sij = & Ay = £,

One-forms | K;; = f_z"Y(l)fj Bij = gz(':’y(l)gj

Two-forms | U;; = giV(z)fj Vij = 55'7(2)53'

Three-forms | X;; = éﬂ(S)fj Yij = 51‘67(3)51

Table 1. Definition of the spinor bilinears.

Scalar conditions.

dRe [S”] = —%(ai — ozj)Im [Kzg] 5 (2.10)
_ 3m _ « N

e Rd(e* Im [S]) = —T(Oéi — a;)Re [K;;] — e ?2Re (GaasBj;] +e 4A11m[Kij]F,

(2.11)
AP 2A Ay Mg g
e “°D(e*"Ayy) = 5 (i —aj)Bij — AP . (2.12)
One-form conditions. The one-form equations are?

e_4Ad <e4ARe [KZJ]) = m(Oéi -+ Oéj)IHl [Uz ] — (3_4A Re[Sij]F, (2.13)

—2A
2

e84 (¢! Im[Ky]) = — m(ci + o) Re[Uy] — ™44 Tm[Sy] F — °

—2A —2A

Re[GaqsVij]

e , o € . X
- Im[ip,,G*] — 5 Reliy;; x G*] (2.14)
e *2D(e’*By;) = P A Bjj — ie” X i, )G - (2.15)
Two-form conditions.
e 2d(e*® Im[Uy]) = — %(ai — ;) Re[Xy;] +e722 Im[AF;GT, (2.16)
_ m 1 _ . . e (1)
e *2d(e™ Re[Ug]) = 5 (e — o) Im[Xy5] + So™** Imlis, % G7) + —— Reli{;) G*],
(2.17)
~AD(hAY; ) — S Y+ e AFEAB; + PAVY
e (€"7Viy) = = (i — )i +e A Bij + P AV

— ie_QAGAdS Re[X;;] — je™24 Im[S;;]G + e_QAZ'Im[K”.} *G . (2.18)

4Our convention for contractions of p-forms into g-forms, (p < q) is

: @ _ L) p@n1mp — u
Ty T _p!TﬂluﬂpT Lpt1e Hg dztPtt A dxte q_p)! .
We will also need notation for the contraction of a single index of a p-form into a g-form and their higher
order generalisations. We shall define the notation i;n(l)T(q) to mean contract the last n indices of TP into

the first n indices of T'?, including the correct numerical factors.



Three-form conditions.

e 82d(e® Tm[X,;]) = 2m(ey + ;) % Im[X;j] — e *2F A Tm[Uy4]

e 22 % Im[GaasYyj] + e 22 x Re[4;;G7] (2.19)

674Ad<e4A Re[Xij]) =— 674Ai1m[Kij} *x F +e28 Re[Bij NG, (2.20)
e OAD(e%2Y;,) =m(ai + o) * Yij — e 22G A Re[Ky;] +ie 22 Re[Sy] x G — P A Y-
(2.21)

Four-form conditions.

e 82d(e®A % Tm[ X)) = — = (@i — ;) x Re[Uy], (2.22)
e 12d(e*® x Re[X;5]) = — %(ai — a;) * Im[Uy;] + e_4Ai%) * Re[Uj;]
+e 22 Im[G A V] + e 22 «Im[Gaas Vi), (2.23)
im

e_GAD(e6A * }/l]) = — 7(0[1' — Oéj) * ‘/ij —PA *YVZ; — 6_4AA1‘]' * F — 6_2AG VAN Im[Uu]

2
(2.24)

Five-form conditions.

e 42d(e*® % Im[U;;]) = — m(ey + ;) % Re[Kij] + e 22 Re[G A Yl + e A F AxIm[X;4],

(2.25)

e 82d(e* x Re[Uy;]) = — m(a; + o) » Im[Kj] (2.26)
e O2D(e% x V;;) = e *AGaas * Im[Kjj] + P A V5 +ie 2 G A Re[ X5

+e 20 B, . (2.27)

Six-form conditions.

5)
e 1284(e122 « Re[Ky]) = Tm(ozi — o) Im[Sy;]dvol (X7) + 22 Im[G' gs Aij]dvol (X7)
(2.28)
e84 (e8 & Im[K ;) = —%(ai — a;) Re|Sy;]dvol(X7) (2.29)
e 10AD(e1%% & Byj) = —&Tm(ai — aj)Ajjdvol(X7) — P AxBj; . (2.30)

Algebraic equations. Moreover the differential conditions are supplemented with a
number of algebraic conditions that can be derived from (2.7) and (2.8):

P, Im[K )¢ =0, (2.31)
0, A Tm[K; " = —%(ai — ;) Re[Sy;], (2.32)
2m(a; + o) Im[Sj5] = —e~*ipep, | F, (2.33)
e 22 Re[Si;]Gaas = —m(ai + aj) Ay, (2.34)
imm[x,;)G = Re[S;5]Gaas (2.35)



e—?A

ipg, P = — = (ine[x;;) G + Im[Sij]Gaas) (2.36)
462AZ’RQ[KZ.].]P = Z'YUG —1GAas4ij (2.37)
. e | .
Az‘jP — ZPV;-]- = — 1 (ZUZ']'G + liy,, * G — 1GAdSKij) , (238)
ie_2A
- RG[SZ]]P — ip III][UZ ] = 1 Z‘Yij * G s (239)
efQA
Im[SZ ]P — ip Re[Uij] = T(ZV”G — iGAdSBij> s (2.40)
ef4A . efQA .
Im[S;;]dA — 1 (k) F = (= Im[iy;,G*] — 6 Re[B;;G aas]) - (2.41)

In the above torsion conditions we have allowed for the existence of more than one
Killing spinor and therefore are preserving at least ' = (0,2) supersymmetry. Instead if
one wants to make contact with the N' = (0, 1) classification of [13] one should impose the
existence of a single Dirac Killing spinor. With a little work, and by switching off Gaqs,
one can derive the conditions presented there. Note that setting Gaqs = 0 is equivalent to
requiring A;; = 0, Vi,5. If we decompose the Dirac spinor into the Majorana spinors x;
in equation (2.5) the condition that A;; = 0 is equivalent to the two Majorana spinors x;
having equal norm |x1| = |x2|, which is indeed the additional condition imposed in [13].

2.3 Killing vector

We shall show in this subsection that geometries admitting at least two Killing spinors
preserving the same boundary chirality supercharges, necessarily have a universal Killing
vector which we call the R-symmetry vector in keeping with the literature. The R-symmetry
vector is a symmetry of the full solution, not only of the metric. Recall that in the vanishing
G case only one Dirac Killing spinor was needed to define such a universal Killing vector,
the inclusion of three-form flux gives an obstruction to this here. In principle, by a judicious
choice of fluxes, such as in [9], one could make the vector field K;; a Killing vector. This
fine tuning will not lend itself to a general analysis and therefore we shall not analyse this
choice of flux further.
The supersymmetry conditions imply

m
V(u Im[Kyjl,) = 5(041 — )9 Re[Sy], (2.42)

and therefore for oy = g, (i.e. N' = (0,2)) the vector dual to the one-form Im[K7s] is a
Killing vector.

We have thus shown that there always exists a Killing vector generating a symmetry
of the metric for any N/ = (0,2) preserving G-structure. To substantiate our claim that
this Killing vector is dual to the R-symmetry of the field theory we must now show that
this Killing vector is a symmetry of the full solution, i.e.

Lk, )F' = Li(k,;)G = Lim(k,;]GAds = Limi,; )P = Lim(x,;)A =0 (2.43)



The algebraic conditions (2.31) and (2.32) imply that iy x,,) P = 0 and iy ;) dA = 0,
from which it follows immediately that both A and 7 have vanishing Lie derivatives along
the R-symmetry vector.

Taking the gauged derivative of equation (2.15) and using the Bianchi identity for G
implies that Liyg,;)G = 0. Finally taking the exterior derivative of (2.33) and using the
Bianchi dientity for F' implies Lyy g, F" = 0.

We conclude that Im[K;;] defines an R-symmetry vector preserving the full solution
provided the Bianchi identities for ' and G hold.

2.4 Bianchi identities and equations of motion

We must check which equations of motion and Bianchi identities are automatically implied
by supersymmetry. In the case of trivial three-form fluxes all but the equation of motion
for the two-form F' was implied by supersymmetry. Instead the equation of motion for F
needed to be imposed separately and is equivalent to imposing the master equation [7, 9, 12].
As in the aforementioned cases the Einstein equation and equation of motion for the axio-
dilaton are implied by supersymmetry here. Only the F' and G flux Bianchi identities and
equations of motion need further consideration. We shall see that there are two cases that
we need to consider depending on whether G aqg is vanishing or not. In the generic case
when Gaqs # 0 we find that all the equations of motion and Bianchi identities are imposed
provided that the Bianchi identity for G is satisfied. In particular the equation of motion
for F' is automatically satisfied. Instead when Gagqg = 0 we find that imposing the Bianchi
identity for G is not sufficient and one must also impose the equation of motion for the
two-form F' which amounts to imposing the master equation derived in [13] or one of the
less general ones in [7, 9, 12] depending on the choice of fluxes.

Integrability of the torsion conditions implies the following relations between the equa-
tions of motion and Bianchi identities:

AijFrom = —e?GBianchi A Im[Uj;], (2.44)
iRe[Si;]Grom = e**GBianchi A Re[Kjj] - (2.45)

In addition the Bianchi identity for F' (2.3) is imposed by (2.13) and (2.16) whilst the
Bianchi identity for Gaqs is imposed by (2.12) and (2.34).

The result of this analysis shows that imposing the G Bianchi identity implies that the
G equation of motion is always satisfied and in addition when Gaqs # 0 the equation of
motion for F' is also satisfied. On the other hand when Gags = 0 we find that one must
impose the equation of motion for F' in addition, which as we shall see later, is equivalent
to the condition of section 5 in [13].

2.5 Some simplifying observations for chiral theories

Before we end this section let us make a few remarks about the scalars in the solution
when we consider chiral theories, i.e. o = . It is easy to see from (2.10) that Re[S;;] is
a constant for any choice of i,j. By a suitable constant rescaling of the spinor we may
normalise the spinors such that the norms Sj; (no sum) are 1. Furthermore, since Re[S12] is



a constant, we may set Re[S12] = 0 by a constant GL(2,R) rotation of the spinors, further
details may be found in [10]. Therefore Re[S;;] = d;;.

Inserting this into (2.34) implies that A1 = 0 and A1 = Ay = A = _ae2—T§A G ags.
We have introduced the shorthand A for this complex scalar related to Gaqs. Furthermore

notice that for a constant axio-dilaton Gags is also necessarily constant. The final non-
trivial scalar is the real scalar Im[S13] = S.

3 Specifying a G-structure: the SU(3) case

Until now our analysis has been completely general and we have not imposed a G-structure
on the internal manifold. We deviate from this general analysis in the remainder of the
paper and in the this section we will impose a particular G-structure on the internal
manifold.

3.1 G-structure and supersymmetry preservation

We restrict our attention to solutions preserving N' = (0,2) since we want the internal
manifold to admit an R-symmetry vector, and for the dual field theory to admit an R-
symmetry. As we remarked in the introduction, this is desirable since it allows for the
use of c-extremization [1, 2] in computing the central charge and R~charges of the dual 2d
SCFT. Without a continuous R-symmetry this is not possible. This is reflected in gravity
by the fact that in the geometric dual of c-extremization [3, 4],° the existence of an R-
symmetry vector plays a central role. Recall that the class of gravity solutions studied there
had only five-form flux turned on, preserved N' = (0,2) and admitted an SU(3) structure.
We want to to mimic the properties of the classification in [7] as much as possible whilst
turning on arbitrary three-form fluxes and axio-dilaton. As such, we impose that the
internal manifold admits two independent Killing spinors satisfying (2.7)—(2.9), thereby
preserving A/ = (0,2) supersymmetry.® With these two spinors we have a richer choice of
G-structure than in [7], however we shall focus on the SU(3) G-structure case as was done
in [7, 9, 12]. We have presented some details about SU(3) structures in appendix A and
present the analysis of the SU(3) G-structure in the following section.

The static SU(3) structure for solutions preserving N' = (0, 1) has recently been inves-
tigated in the case where Gaqs = 0 but otherwise general G flux in [13]. The authors of [13]
also made a further ansatz in a later section thereby enhancing the amount of supersym-
metry preserved to N/ = (0,2) and generalizing the results of [12] to include a particular
three-form and the results of [9] to include a non-trivial axio-dilaton. We shall recover this
as a special case.

5See [32] for the geometric dual of Z-extremization and [33, 34] for further developments.

6 A key difference of turning on three-form flux to the case without is the counting of preserved supersym-
metries by a single Dirac spinor. As is clear from the explicit expressions (2.7)—(2.9), the supersymmetry
equations without three-form flux are invariant under the multiplication of the Killing spinor by an arbi-
trary complex constant. By this mechanism one can trivially generate an additional real supercharge on the
boundary. However as soon as one turns on a generic three-form flux this argument is no longer applicable
and a single Killing spinor thus gives a single real supercharge, i.e. N' = (0,1). This enhancement can be
seen in [9] with the inclusion of transgression terms and in section 5 of [13], the latter of which studies
N = (0,1) solutions.



An SU(3) structure in seven dimensions is specified by the existence of a single real
vector defining a transverse foliation over a six-dimensional base admitting a canonical
SU(3) structure. This constitutes a real two-form J and a (3,0)-form 2, which satisfy the
algebraic conditions

1 _
gJ?’:dvol6, QANQ=—8idvolg, JAQ=0. (3.1)

Since we have two spinors forming this SU(3) structure it is necessary to impose a condition
on the spinor bilinear scalars. As we explain in appendix A one must impose a relation
between the scalar spinor bilinears A = Aj; = Ags and S = Im[S)2], namely

AP +S8%=1. (3.2)
One can then rewrite the two scalars as
A=¢e%¥sin®, S=cosO, (3.3)

with © and ¢ real functions. This parametrisation will not be used extensively in the
computations, but should be kept in mind. There are two special limits to consider where
A or S vanish (but not both!) and they require a separate investigation.

For clarity of the reduced torsion conditions we shall show how the classic AdSz x S3 x
S3 x S! with only three-form fluxes fits into the classification and we shall present a new
solution which fits into the more general class of solutions. This new solution is obtained
by performing a beta deformation [35] on the solution given in [14] with a product T2
Such a solution then admits both three-form flux, five-form flux and dilaton and possesses
a parameter interpolating between vanishing and non-vanishing three-form flux. To the
best of our knowledge such a solution has not appeared in the literature previously.

3.2 Reduced torsion conditions

We shall now assume throughout the remainder of the paper that the internal manifold
admits an SU(3) structure.” Having imposed the structure we can simplify the above
torsion conditions in terms of the invariant forms of the SU(3) structure. It is easy to
check, either through Fierz identities or by constructing an orthonormal frame, that the
bilinears satisfy®

Im[Kjp] =K = —¢", K3 =Ko =SK, Bjp=iAK, (3.4)
Up =J, U = Usy = —iSJ, Vig= AJ,
X1 = —iK AJ —i|A|Re[Q], Xao = —iK A J +i|A|Re[Q)],
X9 = ST A K —i|A|Tm[Q)], (3.6)

"One should note that the solution discussed in appendix F of [10] admits an identity structure. Of
course given an identity structure one can still define an SU(3) structure as considered here, however it
would still be interesting to look into the identity structure case in the future.

8For simplicity of notation we have defined

K= Im[K12] N A = A11 s S = Im[Slg} .

~10 -



A
Y1 = —1AK A J —i—(Re[Q] —iSIm[Q]),

|A]
A
Yoo = —1AK N J + lm(Re[Q] —i8 Im[Q]) ,
A .
Yio = W(S Re[Q] —iIm[Q]) . (3.7)
Here e is a vielbein transverse to the six-dimensional canonical SU(3) structure foliation.

Note that the Killing vector has unit norm and since it defines a transverse foliation of the

space we can introduce a local coordinate via

1
Kt o d  go_ L

55" S—(dv +0) (3.8)

The metric then takes the form
1
m?ds*(X;) = 1(dw +0)% + ds*(Ms), (3.9)

and we reduce the torsion conditions onto the base of the U(1) fibration Mg. In the
remainder of this section we shall first reduce the torsion conditions to a minimal set
without making any assumptions on the scalar bilinears. In later sections we shall consider
the three cases separately.

Scalar conditions. Let us first study the conditions arising from the scalar bilinears. The
only non-redundant condition is obtained from equation (2.12) which implies the Bianchi
identity for Gaqs. The condition following from (2.11) is implied by later conditions.

One-form conditions. Since Ki; = K3, we may use the torsion condition for Re[K;]
to define the two-form F,

F = —2me*?SJ — d(e*ASK) . (3.10)

This takes a similar form to the two-form appearing in [7] and the later generalisations,
differing only by the inclusion of the scalar S. It is clear that for S = 0, which is one of
the special cases we shall consider later, that the five-form flux is switched off. It is useful
to decompose F' into a part with a leg along the Killing direction and a term without, we

have
F=KAdE*®S)+F, F=—-e2502mJ+dK). (3.11)
Equation (2.15) implies
ixG = —e*2AdK (3.12)
and therefore we may write G as
G=—PPAKNAK + G, igG=0. (3.13)

The complex three-form G is as yet undetermined.
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The final non-trivial one-form equation implies two conditions

e 82A(eBP|A?) = e 220 %6 Re[AGY], (3.14)
0= |A]?(2mJ 4+ dK + *¢(J A dK)) . (3.15)

We shall see later that the bracketed part of the second equation is in fact true even for
A =0 and implies i jdK = —2m.

Two-form conditions. Equation (2.16) implies
N 1 A
d(e*SJ) = 22 Im[AGY] = 5 m[GhasG] - (3.16)

This guarantees that the three-form Im[szSGA] is closed as is necessary for the Bianchi
identity of F' to be consistent. Equation (2.17) implies the two conditions

1A% MaK =0, (3.17)
N Ay | (1) Ak
e *2d(e*?J) = (*6 Re[AG™] + i’ Re[AG™]) . (3.18)
Finally equation (2.18) implies
Ae 42A(e* ) = 24" P N J + e 2 (x6G — i8G) . (3.19)

Depending on the case under consideration imposing that these three conditions are consis-
tent for J will impose conditions on the three-form flux G. For the special case of A = 0 it
is easy to see that J is conformally closed, and G satisfies a self-duality constraint. Instead
in the S = 0 case we see that Im[AG’*] vanishes. We shall analyse these cases in further
detail later.

Three-form conditions. The reduced three-form equations will be used to compute the
derivative of the holomorphic three-form €. From equation (2.20) we find

S(2mJ + dK + x¢(J AdK)) =0 (3.20)

and since both A and S cannot be simultaneously vanishing we have that the bracketed
expression must vanish identically after using (3.15).
Reducing equation (2.19) for the difference X717 — X929 and for X9 implies

e 824(eB2A410) = —2im|A|K A Q. (3.21)

Therefore the internal manifold is complex when A # 0 and the almost complex structure
provided by J is integrable. In fact we shall see shortly that the base Mg is complex in
all cases, and as such we shall use that we can split n-forms into forms of bidegree (p,q),
p + q¢ = n. Computing (2.19) for the sum X;; + Xo2 one finds

x5 Re[AG*] = J A x(J A Re[AG*)) + i) Re[AG™] (3.22)
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which implies that Re[AG*] has no (3,0) nor (0,3) part (this is implied by the algebraic
conditions also), whilst it is satisfied identically for generic (2,1) and (1,2) three-forms.

We obtain two further conditions on the holomorphic three-form by reducing (2.21)
for Y11 — Yoo and Y39 and taking suitable combinations:

05D (eﬁA(l + S)’fl‘@) — 2im(1 + S)@K AQ+(1— S)ilnP AQL (3.23)
—6A7 (64 A , A A
0D (21— 5)510) = <2im(1 = ) GH A+ (1+S) TP (320)

The equation for the sum Y77 + Y59 is trivial in this case. Note that the three equations
for 2 given above all imply that the transverse foliation is a complex space.

Four-form conditions. The only remaining torsion condition to impose is the four-form
equation (2.22) for the sum X33 + X9 which implies

e 8242 TNT)=0. (3.25)

This is the condition for a manifold to be conformally balanced.

All other differential torsion conditions are implied by the conditions above and so this
is a set of necessary conditions to impose. In the following sections we shall simplify the
above conditions, however this must be done on a case by case basis depending on whether
the SU(3) structure is dynamical or strict. We first consider the case when A = 0, before
turning our attention to A # 0. For S = 0 the conditions simplify further and we present
the S = 0 case in the final part of this section.

3.3 Special case 1: A =0

Recall from (2.34) that A = 0 implies Gaqs = 0 and therefore the geometry does not sup-
port the inclusion of D1-branes nor fundamental strings. The SU(3) scalar condition (3.2)
implies S = £1. Without loss of generality we choose to set S = 1, however for a better
exposition it is useful to keep S explicitly in places and therefore we employ a somewhat
laissez-faire approach towards setting S = 1.2 Since the only solutions in this class are
those contained in section 5 of [13] we shall be somewhat brief in this section and sketch
only the most pertinent details.

Note that setting A = 0 in the frame given in (3.7) is a bit subtle. The term ‘% in the
limit of A = 0 simply becomes a phase which may be absorbed into the definition of €.
This subtlety does not extend to any other terms where the naive limit works and should
be taken.

With the frame in hand let us reduce the necessary conditions derived in the previous
section 3.2. The two-form flux F is given by (3.10). Further it is trivial to see from (3.13)
that G has no leg on the Killing vector and is therefore defined only on the transverse

9The sign is correlated with the sign of the complex structure that we choose and is thus irrelevant. We
have chosen S = 1 so that the axio-dilaton is holomorphic as is the usual convention in F-theory.
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foliation Mg. From (3.16) and (3.18) we see that the transverse foliation Mg admits a
conformally closed two-form which will give rise to the Kéahler form

de*2) =0. (3.26)

This clearly also satisfies the conformally balanced manifold condition (3.25). More-
over (3.19) implies
*6 G = iSG . (3.27)

The sign of S then fixes whether (4 is self-dual or anti self-dual. We absorb the conformal
factor into the definition of the two-form by defining the new SU(3) structure forms

j=m2ettT, w=m3%0. (3.28)
The metric takes the form
1
m2ds? = (A0 + 0)? + e 2 ds?(Xe) (3.29)

with Xg Kéhler.
Finally (3.23) and (3.24) imply'®

PAw=0, Du=—i(dp+0)Aw. (3.30)

The first condition shows that 7 is a holomorphic function, this can also be derived from the
algebraic condition (2.40). The second condition is precisely the result from [12] and gives
the Ricci-form of the base p in terms of the 7 dependent connection () and the connection
on the R-symmetry vector o,

p=dlc—-Q). (3.31)
From (3.20) and from the Ké&hler geometry identity
Ry =—=J," prv (3.32)
we find that the Ricci scalar is given by

R =2|P|> + 8742, (3.33)

exactly as in [12].
Finally the algebraic conditions imply that G is a primitive!! (2,1)-form ((1,2)-form
if one sets S = —1), and its Bianchi identity implies that it takes the form

A i
G = ——(rdB —dC?) € Q@Y (M) . (3.34)
VT2
"We have set S = 1 here, setting S = —1 will exchange w < @ below and holomorphic > anti-

holomorphic.
1A pform u®, p= {2, 3} is primitive with respect to the complex hermitian form J if iyuP=0.
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The final condition to impose is the equation of motion for F', which is not imposed
by supersymmetry in this case. It is trivial to see by using an amalgamation of the results
in [9] and [10] that this implies precisely the master equation presented in [13]

1
O(R — 2|P|?) — 532 + R, R"™ 4+ 2|P|*R — 4R,,,P*P* —4|G]* =0 . (3.35)

We have recovered the class of NV = (0, 2) solutions considered in [13] which they obtained
upon imposing an ansatz in their N/ = (0,1) results. This gives a generalization of the
results in [7, 9, 12] to include additional fluxes. As a byproduct of our analysis we have
shown that this class of solutions is the unique one preserving N' = (0,2), Gags = 0 and
an SU(3) structure.

3.4 A#0 case

In the following we will analyse the class of solutions where A # 0. We must further
distinguish between whether S = 0 or is non-trivial, however much of the analysis can be
performed concurrently.

Consider first the equation (2.12) for A;;, which allows us to express the real part of
A*2P in terms of A and |A|,

e 42A(e*AY) = —(A*2P 4 A%PY) | (3.36)

Alternatively, from (2.38) we find

Re[A*?P] = —e_4AiJ(*69R - 8gGhy,
Im[A*2P] = e_4A¢J(*6gf + 561, (3.37)
where we have introduced the notation
GR = 22 Re[AG"], ¢! =e*Im[AGY], G = ﬁf(gf? —igl). (3.38)

From the algebraic conditions (2.35) and (2.36) it is trivial to see that these three-forms
have no (3, 0) nor (0, 3) part, iRe[Q]G' = iIm[Q]G = 0. Clearly since they are real they contain
both a (2,1)-form and a (1,2)-form. Note that this differs with the A = 0 case where the
three-form G is either (2,1) or (1,2) but not both. Further the algebraic condition (2.41)
implies

oA

2

From (3.14) and the scalar condition (3.2) one can derive analogous expressions for dA

and d|A|:

ds =

isG. (3.39)

e—4A

_ : R 1
dA = grpis(xeG" +567), (3.40)
ef4AS. s

This fixes all the scalars of the theory in terms of contractions of the three-form with J.
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Consistency of the three equations involving J, (3.16), (3.18) and (3.19), requires that
the three-form flux satisfies

gl — %J NigGgl =8 (*6gR — %J A iy %6 gR> ; (3.42)

and then .
e 742 ) = 71 <*6gR — 5 Nig ¥ gR) . (3.43)

Note that both dJ and *d.J are primitive and therefore equation (3.43) implies the confor-
mally balanced condition (3.25).
The simplest way of solving (3.42) is to set

G' =S G" (3.44)

and this is in fact how our new solution satisfies this equation. However it is not clear that
this is the most general solution. What is clear is that when S = 0 one has Gl =0 and
many of the one-forms given above vanish. The S = 0 case therefore results in a much
simpler class of solutions to consider.

It remains to study the consistency of the three equations for the holomorphic three-
form, namely equations (3.21), (3.23) and (3.24). Using all the previously defined results
it is simple to see that the three conditions all imply

—2A
Al

e

e 02d(e52Q) = (—QimK — d(e2A|A])> AQYL. (3.45)
As previously stated we can see from the above that the base space is complex and that
the complex structure is integrable.

Similar to the A = 0 case we absorb a conformal factor into the SU(3) invariant

forms, viz.

j=m2tBT, w=m30. (3.46)

The equations then reduce to

1
dj = %G — 53 Nij %6 G, (3.47)
‘ e 28

dw = | =2imK — A d(e*7A]) | Nw, (3.48)
djng=0. (3.49)

From (3.48) we can compute the Ricci-form potential of the base space:

—2A
e ac

P=o+
4]

(e22]4)), (3.50)

where d¢ = i(0 — 9) = —ig-l)d. The Ricci-form is given simply by p = dP and o is defined
in (3.8).
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Since the base is not Kéhler but only the weaker condition of being a balanced man-
ifold some of the nice Kéhler identities used in the previous section no longer hold. In
particular the Ricci-form and the Levi-Civita curvature two-forms are not identical, see for
example [36]. One can therefore define more than one scalar obtained by contracting the
curvature two-form with the complex structure (i.e. the identity used to obtain the Ricci
scalar in (3.32)). If we use that i;dK = —2e™*2, as follows from (3.15), we can compute
an expression for the Chern Ricci scalar in terms of the warp factor and |A|:

Ro = 4e™ 2 +i;d ( A (e 2A|A\)> (3.51)

For a balanced manifold the Chern Ricci scalar is related to the usual Ricci scalar by a
torsion term

1
R=2Rc — §|T]2, T =d¢% . (3.52)
The fluxes are determined via

mF = —25j — md(e**SK),

—QAA
G =—Ae* ™K NdK + AR ——(GF —igh, (3.53)
Gagas = —2meQAA,
and the derivatives of the scalars are fixed via
2 2 2q; I m? R I

dS® = —d|A]* =m*Si;G", dA = 8]A|2 ij(xG" +5G"),

*2 m? R I *2 m’ ( R I
Re[A*P] = —sz(*ﬁg —-5G7), Im[A*P] = sz ; (S*xG" —G") . (3.54)

Recall that all the equations of motion and Bianchi identities are satisfied provided that
the Bianchi identity for G is satisfied. This implies the unwieldy condition

74A
P APMAAK A dK = e8| A2 ddc< )

A2
. 1+ 52 2, 2(1+8%) . 5
c = = °A +dA Ad°
FiN |-G S Ap (AS° AdA+AANLS?)

1—65% — 354

45%dd°A — 16S2dAANd°A + — = 7
* MV

dS? Ad°S?| . (3.55)
Note that the last term vanishes if one imposes G = S x5 G% or S = 0.

These are the general equations one needs to solve for a generic solution with all possible
fluxes turned on.'? This class of solutions allows for a very complicated brane construction,
it would therefore be very interesting to find new solutions to this set of equations. We

12Tt would be interesting to understand if there is a connection to the AdSs solutions of [30] in an
analogous way to the connection between the Sasaki-Einstein solutions and those of [7]. Since the solutions
of [30] admit an identity structure this seems somewhat fanciful.
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have presented a new solution in section 4 derived using duality transformations and some
other N' = (0, 4) solutions can be found in [21] also found by using duality transformations.

The equations to solve are relatively imposing. To proceed it is useful to make an
assumption and the most useful and less strict one is to set G/ = S xg G*. Alternatively if
one sets the stronger condition .S = 0 the conditions simplify further as we shall show now.

3.5 Special case 2: S=0

We set S = 0 in the remainder of this section. Recall that this implies in addition that
|A| = 1. Clearly for S = 0 the two-form F' vanishes and consequently there is no five-form
flux.!3 Moreover it is easy to see that G! vanishes in this case, which in turn implies
Im[A*2P] = 0. We can rewrite (3.47) as

e 42d(e?j) = x6G7 (3.56)
whilst (3.48) implies that the Ricci-form potential P is
P =o+2d°A, (3.57)
Finally the Bianchi identity reduces to
%da Ado = dd¢(e744j) . (3.58)

An interesting ansatz to make is to set the warp factor to be constant. This is equivalent
to imposing that the three-form flux x¢G? is primitive. The equations reduce to the
simpler set

p=do, (3.59)
pAp=4dd, (3.60)
dj = +G% . (3.61)

We shall present an example of a solution with this restriction in section 4, namely the
classic AdS3 x S2 x §% x S! solution.

4 Examples of solutions

Having given the reduced torsion conditions for the three cases we shall exhibit how these
can be solved for various solutions. We shall focus on the two cases where A # 0 since the
A = 0 case has been studied, albeit not in full generality, in the literature already. For the
S = 0 case we shall show how the classic AdS3 x S3 x S3 x S! fits into the classification.
Of course this solution preserves more than the N/ = (0,2) supersymmetry that we have
imposed here and therefore we will restrict ourselves to an N/ = (0,2) subsector of the
preserved supersymmetry. We will find that despite the warp factor and axio-dilaton being

3Mirroring the previous footnote, it would be interesting to see if there is a connection with the AdSs
classification in type IIB without five-form flux carried out in [37] and this class of solutions.
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trivial, the flux G is non-vanishing and is instead a primitive three-form on the base. Had
we instead considered the AdS3 x S% x CYy with just three-form flux, we would have found
that GF = 0.

For the more generic case with both scalar bilinears non-vanishing we find a new
solution by applying a beta deformation [35] to the solution found in [9, 14]. The solution
we find has all fluxes, except axion, switched on. We shall make some brief comments on
the field theory of the solution but we will not pursue this in more detail here since it can
be understood from the beta deformed field theory of the seed solution.

4.1 S =0 case and the AdS; x S x S3 x S! solution

The near-horizon limit of the supergravity solution for the intersection of two stacks of
D5-branes intersecting with the worldvolume of a stack of D1-branes was given in [38-40].
The geometry is

AdS3 x §% x 83 x S (4.1)

where we have compactified the real line one would get in the near-horizon. By suitable
SL(2,Z) transformations one can exchange the RR-fluxes for NS-NS fluxes, or some com-
bination of them. We shall take a solution with a constant parameter that allows us to
interpolate between the two distinct endpoints. In particular the solution we will use is
the following

R? R?
m?ds? = ds?(AdSs3) + TJF(U%JF +o05, +03,)+ T_(U%_ + 02 403 )+d?,
; R? R?
m2G = 2% (dvol(Ang,) + %dVOI(Si) + 8dvol(53)> ; (4.2)

where ;1 are the SU(2) invariant Maurer-Cartan one-forms, Ry are the radii of the two
three-spheres satisfying RiR% =R? + R%r, the radius of AdSs is given by m? = R%r + R?
and ¢ is a real constant. We have defined the volume of the three-spheres to be dvol(S%) =
o1+ Nogt Aosx. All other fluxes are trivial. We shall focus only on an N = (0, 2) subsector
of the total preserved supersymmetry, the choice of which amongst the four quasi-Majorana
spinors satisfying (A.11) is arbitrary. It is easy to find the Killing spinors solving (2.7)—(2.9)
on the internal manifold:

WiRe + R R iRy iRy + R, R —iR,

1 . -
i v _el%p
§ 2{6 G TR R, T TRLR. " RiR_ " RiR_

a,b,a} , (4.3)
with a and b arbitrary complex constants. Moreover it is not too difficult to see that
the spinor satisfies the quasi-Majorana condition (A.11) as required. In the following we
shall work with the SU(3) structure given by the two Killing spinors obtained by setting
a =0, b =1 for the first and a = 0, b = i for the second. We reiterate that this is an
arbitrary choice and any other combination would also give an SU(3) structure satisfying
the conditions presented above. Then the scalar bilinears are

A= —ei‘P s Sij == 5ij . (44)
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The Killing vector is

1
K = %(Ulf —034), (4.5)
whilst the two-form j is
R? R? 1 /R R

m?j = T"’JH N ooy — T_GQ, No3_ — 3 (R;U;H + ij) Adz . (4.6)

Finally the three-form G is given by

G" =L [R2R_o12 Aooy Noss + RER_(R® — 1)o1s Aoy A
—m[ tR_o14 Aoy Nogy + RUR_(RZ — 1)o14 Aoy Ao

+ R?103+ ANooa_ Noz_ + R?i(Rz_ —1)oi1- Noa_ Nos—_], (4.7)

which can be seen to be primitive. It is now simple to check that the reduced torsion
conditions of section 3.5 are all satisfied.

4.2 A representative solution of the general case

In this section we shall present a representative example of the generic class of solutions.
This solution was obtained by taking the Baryonic twist solution for Y74 found in [14] and
further elucidated in [12] and performing a beta deformation [35] along the two directions
of the two-torus in the geometry. We use the conventions for the solution presented in [12].
The final solution includes all fluxes but for a non-trivial axion, though this may be added
by using the SL(2,Z) symmetry. We shall present only the final solution since performing
a beta deformation on a two-torus is relatively straightforward. The final solution is

1
m2ds?(X;) = Z(dx + 0)?

V1+ap2x ( da?

—4A
e 4z 22U (x)

I

+ U(x)Dy? + d52(52)9,¢> + da? + dad

A pe)=1-a(z—1)?, (4.8)

V1+aB2z’

o=a(x—1)Dy + 2dv,

where we have defined the shorthand D1 = dvy 4 cos 8d¢. The fluxes are given by

, —2A
m?G = —— 20 quol(adSs) — A2 K A dK + S Agh,
(1+ af?x)1 |4
) 2 7
e 2AgR — _iaf"Vazr Va‘rgdx A dvol(T?) + aﬁa—gCU(xB)sz A dvol(S?),
(14 ap?z)s A(1 + af?x)i
e 2 =1 +af%z, (4.9)

_iBVax
 V1+ap%’

1 1—2x 2
F=- de A D de A D —_
m 2022 " X+ 222 " v (14 af?x)

1
+ 5dvol(52) .
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We have written the metric and fluxes in terms of the classification and it is easy to see
that the conditions are satisfied identically.

From the origin of the solution it is easy to see that the metric is regular by construction
and therefore we shall not perform any regularity analysis. Furthermore by construction the
central charge will be 8 independent and therefore its result precisely agrees with the value
of the central charge of the seed solution. It is interesting to note that the field theories on
the two sides have quite different brane constructions. The original seed theory consists of
wrapping D3-branes on a two-torus with a Baryonic twist whilst this new solution is a com-
plicated intersection of D3-branes, (p,q) 5-branes and fundamental strings with a non-trivial
dilaton. It would be interesting to better understand the dual field theory in this case.

5 Concluding remarks

In this paper we have classified all AdSs solutions of type IIB supergravity with an AdSs
factor, arbitrary fluxes and an SU(3) structure. We have seen that there are three distinct
cases to consider depending on the values of particular scalar bilinears.

The first case recovers the master equation derived in [13] which is a generalization of
the master equations appearing in [7, 9, 12]. The internal manifold is a U(1) fibration over
a conformally K&hler base space which supports a holomorphically varying axio-dilaton,
a particular choice of three-form flux (primitive and of (2,1) type), and in addition the
geometry supports five-form flux. Only this case, of the three discussed in this paper, allows
for a canonical F-theoretic interpretation. Duality to eleven-dimensional supergravity along
the AdSs factor (see [12] for further details of the duality prescribed here) shows that this
class of solutions are dual to the AdSs class discussed in [9] when the Kéhler base is taken to
be an elliptically fibered manifold satisfying the eleven-dimensional master equation in [9)].
Of the three cases studied in the paper it is this first class that looks most promising for
extending the geometric dual of c-extremization.

The second special class of supersymmetric solutionsconsist of U(1) fibrations over
a complex base, however unlike in the previous case this is not generically Kéhler, but
instead admit a conformally balanced metric. In this case the geometry is supported by
three-form flux and admits a non-trivial axio-dilaton, albeit not a holomorphically varying
one. It is interesting to note that it is necessary to have both 1-branes and 5-branes in
such solutions, with the classic D1-D5 (or their SL(2,7Z) relatives) solutions examples of
geometries in this class.

The final class of solutions allows for the inclusion of all fluxes. As before the internal
manifold is a U(1) fibration over a complex conformally balanced manifold, and again is
not generically Kahler. We have provided an example of a solution within this class which
was obtained by performing a beta deformation to a known solution discussed in [14].
Regularity of the solution follows from regularity of the seed solution which was performed
in [14] and expanded on in [12]. Moreover the central charge in the beta deformed solution
is known, by general arguments of beta deformation and T-dualities to be independent of
the deformation parameter and therefore it is the same as the result presented in [12]. Tt
would still be interesting to study the field theory in more detail.
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We have presented the necessary and sufficient conditions for a bosonic AdS3 geometry
with SU(3) structure and generic fluxes. It would be interesting to find the geometric
dual of c-extremization for this more general class of solutions. The first class seems the
most promising of the three discussed here due to its similarity with the class of solutions
considered in [3-5].
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A  TImposing an SU(3) G-structure

In general a Dirac spinor in seven dimensions admits an SU(3) structure which defines a
vector v and a transverse foliation admitting a canonical SU(3) structure, (J,2). We are
interested in imposing N' = (0, 2) supersymmetry and therefore we assume the existence
of two independent nowhere vanishing Dirac spinors &;. Clearly each Killing spinor defines
its own SU(3) G-structure From two such spinors it is possible to obtain three possible
G-structures depending on the intersection of the SU(3) structures: SU(3), SU(2) and
an identity structure. In this appendix we shall focus on the case where the two SU(3)
structures intersect, giving an SU(3) structure. We will find that the existence of such an
SU(3) structure implies the condition on the scalar bilinears given in the main text (3.2).

Since a Dirac spinor in seven dimensions defines a vector v we can define a unit norm
7= i| Define the projectors Py = %(1 + 447) and compute the projections of

=0
€, &4 = £ The six-dimensional space transverse to the vector e’ then admits positive

vector e

and negative chirality spinors under the action of 47. The projections &+ can then be
associated with positive (negative) chirality spinors in six dimensions respectively. Each
spinor then defines an SU(3) structure since SU(3) is the stabilizer of a six-dimensional
spinor of definite chirality. One can argue (though we suppress the details here) that the

two spinors are related via
& = N (A1)

with A a complex function and ¢ charge conjugation.

This allows us to decompose an arbitrary 7d Dirac spinor as
E=ax+bx", Yx=x, xx=1. (A.2)

With the second spinor we may run the same argument. Since we are looking for an SU(3)
structure it must be that the two vectors are aligned and therefore the unit norm vectors
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differ only by an irrelevant sign. We can now expand both spinors in terms of the y above:!4

& =ax+bx%, & =cx+dx°. (A.3)

Since x is chiral it satisfies Y“x = 0 and x“y1)x = 0. We may now compute the various
bilinears in terms of this basis. We find

S =la* + b =1, Spo=|cf>+|d> =1, Sip=a%c+bd" =iS,
A1 =2ab=2cd = Ay = A, Ao = ad +be . (A4)

We may solve these conditions via the real functions © and ¢ as

; © i ©
a:el‘psini, bzcosi, c:—iewsini, d:icosi, (A.5)

which implies that the scalars are given by
S=cos®, A=¢e¥sin® . (A.6)
From here it is then trivial to check that imposing an SU(3) structure implies equation (3.2):
1=|A%45%. (A7)
The one-form bilinears in this basis are easily computed to be
Im[Kpp) =K = —e”, Ky =Ko =S8K, Re[Kps] =0, Bjp=iAK . (A.8)
The two-form bilinears are given by
Ug=J, Upj=Uxp=-iSJ, Via=AJ, (A.9)
whilst the three-form bilinears are

X11:—iK/\J—i|A’ReQ, XQQZ—iK/\J—i-HA’ReQ, X12:SK/\J—1‘A‘IH]Q,
Y1 = —iAK A J —ie¥(ReQ —iSTmQ), Y = —iK AJ +ie?(ReQ —iSImQ),
Y = e?(SReQ —ilmQ) . (A.10)

Special limits. Before we end this section we shall look at the special limits of the func-
tion ©. For © = 0 we have that A vanishes and S = 1. From equation (A.3) and (A.5) we
see that this imposes §; = i€y. If we insert this into the Killing spinor equations (2.7)—(2.9)
we see that the G®) dependent part of the supersymmetry equations decouples from the
remainder. One is left with the Killing spinor equations of [12] coupled with the G®) de-
pendent part of [9]. It is then clear that this is precisely the class of solutions considered in
section 5 of [13] which generalises the master equations of [7, 9, 12] in various directions.

11f we wanted to look at an SU(2) structure one should now introduce a second spinor ¥ such that
&2 = cx +dx° + éx + dx°. It is simple to see that imposing an SU(3) structure would set é = d = 0 as
expected.
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The other special limit is © = . In this case S vanishes and A is just a phase.

From (A.3) and (A.5) we see that the spinors & become quasi Majorana

& = —e ¥, (A.11)

2

with the phase correlated with the phase of the bilinear A and therefore also Gags. As
we saw in the main text in this limit the five-form flux is switched off and solutions only
contain three-form fluxes. Moreover it is necessary to include both non-trivial Gaqs and G
flux, i.e. both magnetic and electric components of three-form flux in ten dimensions. It is
in this class that the well-known D1-D5 solutions™® AdSs x .83 x S3 x 51 and AdS3 x 5% x CY>
(or quotients thereof) can be embedded when studying an N = (0,2) subset of their full
supersymmetry.

B Useful identities

In this final section we gather some useful identities that we have employed in the various
sections for simplifying the conditions on the base. Since neither (3,0)- nor (0,3)-forms
played any role in this paper we shall assume that all three-forms in this section are of
(2,1) or (1,2) type only. Let Z be such a three-form, then
iJ*GZ:*6(JAZ),
1gZ = —x¢ (J ANx¢Z),
x6Z =iY) (Z — TN (is2))
iMWi,2)=—ijx6 Z . (B.1)

Moreover for a one-form z on the base one has
*6 <z A ;J2> = —isl)z,
w2 NJ =—JA@IPz) (B.2)
More useful identities can be found in the appendix of [13].

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.
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