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1 Introduction

In recent years non-Abelian T duality (NAT duality) has been very successfully applied
as a generator of new supergravity backgrounds that may have interesting applications in
the context of the AdS/CFT correspondence [1]-[17]. While some of these backgrounds
represent explicit new solutions to existing classifications [1, 4, 5, 12], some of them have
been shown to fall outside known classifications [18] or to provide the only explicit solution
to some set of PDEs [3].

A very inspiring example is the AdSg solution to Type IIB supergravity constructed
in [3]. Supersymmetry is known to impose strong constraints on AdSg backgrounds [19,



20],! even if large classes of fixed point theories are known to exist in 5 dimensions [22-24]
with expected AdSg duals. The only AdSg/CFTs explicit example identified to date is the
duality between the Brandhuber and Oz solution to massive Type IIA [25] (known to be
the only possible ITA AdSg background [19]%) and the fixed point theory that arises from
the D4/D8/08 system in [22]. Yet, there are families of 5 and 7-brane webs giving rise
to 5d fixed point theories [27-29] whose dual AdSg spaces remain to be identified. The
solution in [3]3 provides a possible holographic dual to these theories.

The duality between 3d SCFTs arising from M5-branes wrapped on 3d manifolds and
AdSy spaces is yet another example in which explicit AdSy solutions with the required
properties are scarce. Remarkable progress has been achieved recently [30] through the
construction of explicit AdS4 X X3 X My solutions to massive IIA which are candidate duals
to compactifications of the (1,0) 6d CFTs living in NS5-D6-D8 systems [31] on a 3-manifold
Y3, which could eventually lead to a generalization of the 3d-3d correspondence [32-38]
to N = 1. The N = 2 case is yet especially interesting, since with this number of su-
persymmetries the 3d-3d correspondence allows to associate a 3d N'= 2 SCFT to the 3d
manifold on which the M5-branes are wrapped [32-38]. This field theory arises as a twisted
compactification on the 3d Riemann surface of the (2,0) CFTg living in the M5-branes.

However, to date only one N' = 2 AdS, explicit solution to M-theory is known that
could provide the holographic dual to these compactifications. This solution is the uplift
to eleven dimensions [40, 41] of the Pernici-Sezgin solution [42] to 7d gauged supergravity,
that dates back to the 80’s. This is of the form AdSs x My where My is an S*-fibration
over a hyperbolic manifold Hs, on which the M5-branes are wrapped. The Pernici-Sezgin
solution is the only explicit solution of the form AdS; x Y3 x S% in the general class of
N =2 AdS, backgrounds obtained from M5-branes wrapping calibrated cycles in [43].

In this paper we construct a new N = 2 AdSy solution to M-theory belonging to the
general class of N' = 2 AdSy backgrounds derived in [43]. This class is defined by requiring
that the Killing spinors satisfy the same projection conditions as the wrapped branes and
that there is no electric flux. Yet the solutions need not describe in general M5-branes
wrapped in 3d manifolds in the near horizon limit. Our solution seems to belong to this
more general class.

We obtain our solution through non-Abelian T-duality on the AdS, x CP3 background
dual to ABJM [44], followed by an Abelian T-duality and an uplift to eleven dimensions.
The non-Abelian T-duality transformation is responsible for the breaking of the supersym-
metries from N = 6 to N/ = 2. The detailed properties of the resulting N' = 2 AdS,
solution to Type IIB were studied in [11]. This solution contains two U(1)’s, one of which
can be further used to (Abelian) T-dualize back to Type IIA without breaking any of the
supersymmetries. Finally, the solution is uplifted to eleven dimensions, where it can be
shown to fulfill the conditions for 11d N' = 2 AdSy solutions with purely magnetic flux,
derived in [43].%

!See also [21].
*Variations of it such as orbifold solutions have also been constructed in [26].

3See [8] for a discussion of the properties of the associated CFT.
1A systematic study of the most general class of N' = 2 AdS, solutions of 11d supergravity, that includes

the results in [43], was carried out in [45].



The paper is organized as follows. In section 2 we recall briefly the IIB solution con-
structed in [11] through non-Abelian T-duality acting on the AdSy x CP3 IIA background.
In section 3 we construct its IIA Abelian T-dual, and discuss some properties of the as-
sociated dual CFT of relevance for the CFT interpretation of the 11d solution. Section 4
contains the uplift to M-theory. Here we discuss some properties of the CF'T associated to
the 11d solution, that are implied by the analysis of the supergravity solution as well as its
ITA description. We compute the holographic central charge and show that, as expected,
it coincides with the central charge of the IIB solution written in terms of the 11d charges.
Thus, it scales with N3/2, contrary to the expectation for M5-branes. We argue that the
field theory analysis that we perform suggests that there should be Kaluza-Klein monopoles
sourcing the background, and that Mb5-branes should only play a role in the presence of
large gauge transformations (in a precise way that we define). This is intimately related
to the existence of a non-compact direction inherited by the NAT duality transformation,
which, as discussed at length in the NAT duality literature (see for instance [8, 11, 17]),
represents the most puzzling obstacle towards a precise CFT interpretation of this trans-
formation. Finally, in appendix A we present our conclusions. Here we discuss further our
result for the free energy, as well as the view that we have taken to try to give a CFT
meaning to the non-compact direction. We have relegated most of the technical details
to three appendices. In appendix A we include some details of the derivation of both the
NAT and T dual solutions presented in sections 2 and 3. These details are especially rele-
vant for the supersymmetry analysis. In appendix B we review the G-structure conditions
for preservation of supersymmetry of AdSy x Mg solutions to Type II supergravities. In
appendix C we perform the detailed supersymmetry analysis of the solutions in ITA, 1IB
and M-theory.

2 The IIB NAT dual AdS, solution

This solution was constructed in [11], where some properties of the associated dual CFT
were also analyzed. We refer the reader to this paper for more details. In this section we
present the background for completeness. More technical properties of the derivation that
will be useful for the study of the backgrounds constructed from this one in the following
sections are presented in appendix A.

The background arises as the NAT dual of the AdSy x CP? background with respect
to a freely acting SU(2) in the parameterization of the CP? as a foliation in Th! = §2 x §3:

1
ds*(CP3)=d¢? + 1 (cos2 C(d6? 4 sin® 01dp?) + sin? ¢(dO3 + sin® Ordp3)
+sin? ¢ cos? ((dip + cos @1d¢y + cos 92d¢2)2)

1
=d¢*+ 1 (cos?¢(dfF +sin®01d¢7) +sin’¢ (w7 + w3) +sin®( cos®¢ (w3 +cos O1dgr)?)
(2.1)
whereO§C<g, 0<b;,<m 0<¢; <2m, 0 <1 <A4m.



Dualising with respect to the SU(2) acting on the 3-sphere parameterized by (v, 02, ¢2)
we obtain

L? 1
ds? = ZdSQ(AdSz;) + L? (de +3 cos® ¢ (d6? + sin® 91d¢%)) + ds?(Ms), (2.2)

where ds?(Ms3) stands for the 3-dimensional metric:

1
ds*(Ms) = 16 det I [L4 sin? C(er + 72dx? — sin? ¢ (sin xdr + r cos xdx)? +
+12 cos? ¢ sin? x (d€ + cos 91d¢1)2) + 16r2dr2] . (2.3)
detM is given by:
L2
det M = o sin? C(16r2(sin2 X + cos? x cos® ¢) + L*sin ¢ cos? C) . (2.4)

Here (x, §) parameterize the new 2-sphere arising through the NAT duality transformation,
that we will denote by S2. r is the non-compact coordinate generated by the transforma-
tion, which lives in RT. The presence of this non-compact direction is intimately related to
the long-standing open problem of extending NAT duality beyond spherical world sheets.
In the context of AdS/CFT applications this poses a problem to the CFT interpretation
of AdS backgrounds generated through this transformation. Some ideas to provide a con-
sistent interpretation have been proposed in [8, 11] (see also [17]), which we will partially
use in this paper. The reader is referred to these papers for more details.
The dilaton reads in turn

¢ = 2@ : (2.5)
A B field is also generated that reads:
By = éj:licﬁé [—L4r cos? ¢ sin? ¢ cos 0y sin x dgy A dy
—1672 (r(cos2 ¢ cos? x + sin? x) Vol(S?) + sin? ¢ sin? x cos x d€ A dT)
— cos® ¢ cos 0y cos x (Lt sin? ¢ 4 1672) dr A dqﬁl} . (2.6)
Together with this we find the RR sector:

F = g (r sin? ¢ siny dy — sin? ¢ cos x dr — r sin 2¢ cos y dC) (2.7)
Fy = —%kﬁ sin® 2¢ d¢ A Vol(S?) + g (7« dr A (cos® ¢ Vol(S?) (2.8)
+ sin 2¢ cos 01 d¢ A déy + sin 2¢ sin? x d¢ A d€) — 72 sin 2¢ cos x d¢ A VO](SQ))

Fy = %kLG sin® ¢ cos ¢ Vol(AdSy) A d¢ — gkﬁr Vol(AdSy) A dr
+ grQ <0082 ¢ Vol(S%) + sin 2¢ cos 61 d¢ A dngl) A dr A Vol(S?), (2.9)

where F}, = dCp_1 — H3 A C,_3 and F = F A e B2 are the fluxes associated to the Page
charges.



Note that after the dualisation a singularity has appeared at the fixed point { = 0,
where the squashed S3 used to dualise shrinks to zero size. This singularity is associated
to the component of the metric on the r-direction, and is always compensated with the
singularity in the dilaton in computations of physical quantities such as gauge couplings,
internal volumes, etc. We will see that it will be inherited by the ITA and M-theory solutions
where physical quantities will however be perfectly well defined as well.

3 The ITA NAT-T dual AdS, solution

Following the steps in appendix A we get the following solution in Type IIA after dualizing
the previous background along the ¢; direction, that we will simply rename as ¢°

L? L?
ds? = —ds 2(AdSy) + L*dC? + = cos? (dB* + Z (6"’ (3.1)
=1
where
Gl = L y1 sin? ¢ cos ( sin Od€
2WE ’
2
GP=———  _(Zdy + dys),
L\/Z\/z( Y1 Y1y2 y2)
L
Gg3=— sin Cdys,
Z Cdy2
Gt = Q[Adqs—sin?gcos?gcosa{ dyy + ( + L—4$1n g) d H (3.2)
LCOSC\/Z\/E Y1y20y1 Yo 16 Y2 ) .
and we have defined
L4
A =sin?¢ <y% + cos® Cys + 6 sin® ¢ cos? C) Z = Asin?0 + yisin? Ccos? 6, (3.3)
L4
Z—yl +Esm ¢ cos® ¢,
and
y1 = rsiny, Yo = T COS Y, (3.4)
so that we have
6412 Z g’ N C{16A sec? Cde + sin? C cos 0 [L sin? ¢(cos xydr — rsin xdx)
2 16L%
+1672 cos Xdr] } + 6: r2 sin® ¢ cos? ¢ sin? 0 sin? y d¢?
16L4
+ — Z sin? ¢(cos x dr — rsin x dx)?
256 [ L4 2
g [ sin? ¢ cos? ¢(sin xdr + r cos xdx) + r? sin ydr

(3.5)

5Also 01 = 0 and S? = 52



The NS 2 form is given by

2
By = % sin? ¢ sin x | sin® ¢ sin X( cos 0dE N do — cos xd& N dr)

—r( cos? ¢ sin? 0 + sin? ¢ sin? X)dx A dE| (3.6)
while the dilaton is
S B (3.7)
kLcos(VE ' '

Notice that this blows up at { = 0 indicating that the geometry is singular here, which is
confirmed when one studies the curvature invariants.
The RR sector is given by

- k
= 6 [?)L4 sin® ¢ cos® ¢ sin 0d¢ A df + 8r sin 2C( cos 0d¢ A dr — cos xd¢ A dqﬁ)
+ 8r cos® ( sin 0df A dr — 8sin? ¢((cos xdr A d¢ + rsin xde A dx)} , (3.8)

Fy = grcosCsinx[2sinC(sinxd§/\d§/\dr/\d¢+rcosﬁd§/\d§/\drAdX
rcos xdC A dE A dop A dx> + rcos (sin0dl A dE A dr /\dx}, (3.9)

where the gauge invariant fluxes are expressed in terms of these via F=Fne b2,

3.1 Supersymmetry

It was shown in [11, 13] that the NAT dual of ABJM preserves N' = 2 supersymmetry in
3d, which means the R-symmetry is U(1) in the dual CFT. The argument relies on a proof
from [13]. In order to see this we must package all the dependence of the original geometry

on the SU(2) isometry in a canonical frame®

13 = @) (1, + Ay (z)) (3.10)

where each left-invariant one form w, appears only once, and x* are coordinates on some
7d base which fibers the squashed 3-sphere containing the SU(2) isometry. Then there is a
bijective map between spinors independent of the SU(2) directions in this frame and those
preserved by the NAT dual solution. The map acts on the 10 dimensional MW Killing
spinors as

él = €1, @2 = QSU(Q)EQ, (311)

with the matrix’
_eC1+Cz+03I‘456 + UaeCaFa+3

\/62(C1+Cg+03) + €2Cay2 ’

Qgy(e) =110 (3.12)

5We write €™ to match notation elsewhere where the canonical vielbeins are e, e, 5.

"This expression originally appeared in [5], where it was conjectured to hold by analogy with the
Abelian case.



where v, are dual coordinates in the NAT dual geometry, which we are expressing elsewhere

in terms of spherical or cylindrical polar coordinates v| = y1 cos§, vo = yosin&, vz = yo.
In appendix C.1 we derive a spinor for ABJM independent of the SU(2) directions.

This may be written in terms of 6 dimensional MW spinors on CP? as in appendix B

1 .37 - 37

ny=edn., ni=etiny (3.13)

where (n_lgz)* = 7]1_’2 with the sign labeling chirality. It is possible to decompose the 6d
spinors in terms of two in linearly independent parts 1y = 7 + 74 obeying the projections
of eq. (C.32). We can then make the coordinate dependence explicit as

my =10, Fp = e MR, (3.14)

where we have introduced linearly independent constant spinors obeying the projections

1456,_0 0 2345_0 0
YTy = Ty, vy =T,
1456 ~0 ~0 23450 _ ~0
VR = =Ty, YERTL =T, (3.15)

in the frame of eq. (A.3). The 10d spinor is constructed as in eq. (B.3), but all dependence
on the CP? directions is in eq. (3.14), which is clearly independent of the SU(2) directions.

So N = 2 is preserved under the NAT duality transformation. We show in appen-
dices C.2, C.3 that the solution does this by mapping a U(1)’s worth of the SU(3)-structures
supported by CP? to a U(1)’s worth of dynamical SU(2)-structures defined on the dual in-
ternal space Mg. Of course only two of these dual objects are truly distinct: those that
are defined in terms of the two linearly independent Killing spinors on M. These may be
summed to give the internal part of the A/ = 2 Killing spinor in IIB, namely

R 37 34 34
ny =€t <e<7 ™ +e o 7r9r>,

- 37

P2 = et <,<6 (™70 + e M7 + 5, T (e R0 + 46770 )), (3.16)
where 1| and k| satisfy /ii—i—/ﬁ)ﬁ = 1 and are given in eq. (C.27). The Matrix 7 is defined as

7 OO0 o5 2¢AT + eCruy? + €C2u975 4 ePBuznS (3.17)
=1 , )
\/62(01+02+03) 082 2¢ + €2010? + 20202 4 2053

in the frame of eq. (A.3), where e“e are given in eq. (A.2). However for what follows it is
only important that J is independent of ¢.

It turns out that the amount of preserved supersymmetry is left invariant when we
perform an additional T-duality on d,. As proved in [55] (see also [13]), to see this it is
sufficient to show that the Killing spinors are independent of ¢ in the canonical frame of
T-duality, where ¢ only appears in the vielbein

e? = %@ (dg + A(x)). (3.18)



We get to such a frame by performing a SO(4) transformation R in eq. (A.14), on the
canonical NAT dual vielbeins in eq. (A.8). The action of this rotation on the 10d Majorana
Killing spinor will be € — Se, where

S71428 = R, (3.19)

The matrix § will be complicated but will not depend on ¢ because R does not, which is
all that matters. This together with the fact that eq. (3.16) is ¢ independent ensures all
supersymmetry must be preserved. Indeed in the next section (see also appendix C.4) we
see that upon lifting to M-theory the NAT-T dual solution preserves N’ = 2 supersymmetry
in the form of a local SU(2) structure in 7d of the form given in [45].

3.2 Properties of the CFT

In this section we briefly discuss some properties of the CFT associated to the NAT-T dual
solution. The discussion follows very closely the analysis in reference [11] for the IIB NAT
solution. For this reason we will omit most of the explicit computations. The reader is
referred to this reference for more details.

It was shown in [8, 11] that the presence of large gauge transformations in NAT dual
backgrounds allows to constrain quite non-trivially their global properties. In our particular
background (see [11]) it is easy to see that at the singularity ¢ = 0 the NS 2-form given
by (3.6) reduces to

Bs|¢mo= —1Vol(5?), (3.20)

while the space spanned by (¢, S?) becomes conformal to a singular cone with boundary
S2. Therefore large gauge transformations can be defined on this non-trivial 2-cycle, which

s
S2

in the fundamental region. For this, By must transform into By — By + n7Vol(S?) when
r € [nm, (n+ 1)7).

In turn, the Fy and Fj field strengths lying on the ¢, 0, ¢ and , 0, ¢, S? directions of the
NAT dual solution in [11] give rise after the T-duality to Fy and F} field strengths lying on
the ¢,0 and ¢, 0, S? directions, with the second one non-vanishing only in the presence of

must render
1
T 4r?

b (3.21)

large gauge transformations. Accordingly, a Page charge associated to the (, 8 components
of Fy is generated in ITA from the quantization condition

1

f%o /Fp - Tgprgfp . (322)

As in [11] this charge is to be interpreted as the rank of the gauge group of the CFT dual
to the solution in the r € [0, 7] interval. We indeed get Ng = N3, with Nj given by (3.18)
n [11]. Specifically this fixes L to satisfy

kL* = 647 Ng. (3.23)

Note that this means that color branes are now D6-branes spanned on the Ry o x M7 x Sqlb x 52
directions. One can indeed check that these branes are BPS when placed at the { = 0



singularity. Asin [11] the combination e*‘i’\/g? in the DBI action is non-singular, rendering
well-defined color branes.

In the presence of large gauge transformations with parameter n there is also a non-
vanishing D4-brane charge Ny = nNg, equal to the N3 charge in [11]. Indeed one can
check that D4-branes are also BPS when placed at ( = 0. These branes should also play
a role as color branes for n # 0, that is, in the r € [nm, (n + 1)7] intervals. The physical
interpretation is that Ny charge is created in the worldvolume of a D6 when it crosses n
NS5. It is then plausible that the field theory dual to the solution in the [nm, (n + 1)7]
intervals arises in a (D4, D6) bound state — NS5 intersection. A similar realization was
suggested in [17] for AdS3 duals.

The charge interpreted as level in ABJM is also doubled under the NAT duality trans-
formation. As a result, after the new Abelian T-duality we get two charges, kg, k4, as-
sociated to the (r,6) and (r,0,S?) components of Fy and Fj, respectively. They thus
correspond to D6 and D4 branes or, equivalently, to D4-branes carrying both monopole
and dipole charges. We may express the levels in terms of k and the number of large gauge
transformations performed as

2n+ 1)

2
kzﬁzkz( 3n + )7["

(
ky=k 3.24
A (3:24)

Finally, it is easy to check that particle-like brane configurations can be associated to
each of the charges with an interpretation as either rank or level in the IIA background.
These branes are in all cases D2 or D4 branes wrapped on different sub-manifolds of the

internal space. In particular:
e Di-monopoles <+ D2 on M; X Sé, D4 on M; x S;) x 52
e 't Hooft monopoles <+ D2 on {Mi,6}, D4 on {My,0, 5%}
e Di-baryons «» D2 on {(,Sqls}, D4 on {¢, S}, 5%}
e Baryon vertices «> D2 on {¢, 0}, D4 on {¢,0, S?}

As for the IIB AdSy solution (see [11] for the details) the di-monopoles and 't Hooft
monopoles have to sit at ( = 0 while the di-baryons sit at r = 0.

The previous analysis suggests a dual CFT in the r € [0, 7| region defined in terms of a
U(Ng)k, x U(Ng)—_k, quiver gauge theory with N/ = 2 supersymmetry, sourced by D6-branes
spanned on the Rj o x M; X Sé x S2 directions.® In turn, for r € [n, (n + 1)7] the gauge
theory would arise from (D4, D6) - NS5 intersections. It was argued in [11] that invariance
under large gauge transformations would imply that the seemingly different CFTs dual to
the solution as the non-compact internal direction increases, could be related by some kind
of duality, as in [39], with the essential difference that in this case the flow parameter would
not be the energy scale but the non-compact internal direction. Reference [17] proposed an
alternative mechanism which, applied to our solution, would imply that new U(Ng) x U(Ng)
gauge groups would be created by some kind of un-higgsing mechanism, also not related to

80ne can see (see [11]) that k4 is the level associated to the D6 color branes.



an energy scale, every time a NS5-brane is crossed. It would be interesting to understand
better these proposals for the dual CFT as r increases.

In any case, keeping in mind that there is no a priori reason to expect that the new
geometry makes sense as a string theory background,’ we can just take these proposals as
stringy inspired arguments in favor of the existence of a fundamental region in which the
dual CFT would contain the same number of gauge groups as the original one.

Restricting ourselves to the r € [0, 7] region, a candidate brane realization of the dual
CFT would then be the T-dual of the brane picture proposed in [11] for the NAT dual
of ABJM:

53 : XX X X X X — 21 29 —
Ng D6 : X[X X — X — X X X — (3.25)
(52, ks D4) : X|[X X — x cosf) — — — sinf

where 53 denotes the ITA exotic brane that arises after a T-duality transformation along
a worldvolume direction of the 53 exotic brane of the IIB configuration [11], and 2; and
zo denote the two special Killing directions of this brane [49, 50]. In our notation the
(53, k4 D4) bound state would be extended along the 0124 and z° cos 6 + ¥ sin § directions,
and its relative orientation w.r.t. the 53-brane in the 59 plane would depend on k.

Note that the previous picture implies that in M-theory the corresponding AdSy ge-
ometry would be sourced in the fundamental region r € [0, 7] by Kaluza-Klein monopoles,
as we discuss in the next section.

4 The purely magnetic AdS, solution in M-theory

In this section we lift the solution of the previous section to M-theory and show that it
falls into the general class of solutions with purely magnetic flux considered in [43]. The
analysis of quantized charges suggests a dual CFT arising from Kaluza-Klein monopoles
and Mb-branes wrapped on the Taub-NUT direction of the monopoles. We compute the
central charge and show that it scales with (N5 + Ng/2)%/2, where Nj is the number of
wrapped Mb-branes and Ng the number of Kaluza-Klein monopoles. This becomes simply
Ng’ /? in the fundamental region r € [0, 7].

4.1 Fluxes

The RR potentials of the ITA solution are given by

Cr = % <C082 ¢ cos B(3L* sin® ¢ cos (d¢ — 8rdr) — 8r cos x sin’ quﬁ) ) (4.1)

k
Cs— By NCp = 57"2 cos(sinx(sin(sinxdc ANdE N dp — cosBcos(dE N dr A dx) . (4.2)
C gives rise to the g,./g.. component of the 11d metric, where z denotes the eleventh

direction. Given that there is a magnetic charge associated to Cy in ITA, a quantized Taub-
NUT charge arises in 11d. The brane that carries Taub-NUT charge is the Kaluza-Klein

9An essential difference with respect to its Abelian counterpart is that non-Abelian T-duality has not
been proved to be a symmetry of String Theory (see [51]).
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monopole, which is connected to the ITA D6-brane upon reduction along the eleventh,
Taub-NUT direction. Since the ITA solution was sourced by D6-branes in the fundamental
region r € [0, |, Kaluza-Klein monopoles should play the role of color branes in M-theory
in this region. As we will discuss, BPS KK-monopoles spanned on the R; o x M; x S(}) x 52
directions can indeed be constructed in 11d that give rise to the D6 color branes in ITA
upon reduction.
(C3 — By A C1) gives rise in turn to the 3-form'’
C'g = (C5— i, C3 A ﬁ (4.3)
k2

in 11d. Note that C5 has no components along the eleventh direction. This will be of
relevance in our later discussion. The M-theory 4-form flux is then given by

N ) k
Gy=dCs=d (03 +irC3 A (I{; + dz>> (4.4)

which, as we can see, is purely magnetic. Therefore there will be no M2-branes sourcing
the 11d solution.

As we have noted, Cs is by construction transverse to the eleventh direction. This po-
tential couples in the worldvolume of M2-branes constrained to move in the space transverse
to the Killing direction and in the worldvolume of M5-branes wrapped on this direction [46].
Moreover, its magnetic components are associated to wrapped Mb-branes. Indeed one can
show that these branes are BPS in the 11d background and are to be interpreted as color
branes. They give rise upon reduction to the color D4-branes of the ITA background. Other
field theory observables that we will be able to describe holographically will be constructed
in terms of M2-branes transverse to the Killing direction or M5-branes wrapped on this
direction.

4.2 Geometry and local SU(2) structure

In [45] it was shown that the most general N’ = 2 preserving solution in M-theory with
an AdSy factor supports an SU(2) structure in 7d. As the M-theory 4-form G4 is purely
magnetic it actually falls into the more constrained class of solutions originally considered
in [43]. In this section we show that we can uplift the IIA solution to M-theory and fit it
into this class of solutions.

The metric ansatz of [45] is of the form

ds?, = 2B <ds2(AdS4) + ds2(M7)> (4.5)

where we have

1
A = LQe_g‘I’, ds*(My) = I3 [ds2(/\/l6) + €2® (C1 + dz) 2} , (4.6)

Qur notation is that i,Cs denotes the interior product of Cs with the Killing vector k* = ¢, that
points on the eleventh direction, k1 is the 1-form k1 = irg and k2 the scalar k2 = ikikg, where g stands for
the eleven dimensional metric.
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so that Ricci(AdSs) = —12 g(AdS4) to match the conventions of [45]. The metric on Mg
is mearly the internal part of the IIA metric in eq. (3.1).

It is possible to express the internal 7d metric in the form
ds*(My7) = ds*(SU(2)) + E? + E3 + E? (4.7)

where ds?(SU(2)) is the metric on a 4 manifold supporting a canonical SU(2)-structure
with associated real 2-form J = J3 and holomorphic 2-form Q = J; + iJs, satisfying

1 _
Jg/\J3:§Q/\Q, J3NQ =0, LEingbEiQZO. (4.8)

Since G4 is purely magnetic it is possible to define local coordinates such that [43]

1 & 1 _.& d
By =17 pdg,  By= qent =, (4.9)

1— e—GAPQ

where £ parametrizes the U(1) R-symmetry and p is defined through the associated Reeb
vector € as [£]? = e7%2p?. Supersymmetry then requires that the SU(2) forms satisfy

(¥ /1 — €12 E3)

d(|g‘269AJ2 A EQ)

32 (205 — 2|€| By A Es),

egA\ad(eGAJl A E3),

d(P2 T, A By) = —e*2(E|d(*2 Ty A Es), (4.10)

and the flux be given by

Gy = %df A d(eSA\/l — |€]2). (4.11)

We find that the uplift of the ITA solution fits into the above parametrisation. All the
forms are defined in terms of the internal M-theory Killing spinors derived in appendix C.4,
one needs only to plug them into the bi-linears in appendix B of [45]. Performing these
steps with some liberal application of Mathematica, we find the local coordinate

k
p= §L4y1 sin? 2¢ sin 6, (4.12)

and the solutions specific vielbein

—-3A kL2
Ey = — ¢ [ sin? 2¢ <L4 sin? 2¢ sin 0dO+64yadd—64(y1dy, +yadys) cos 9)

+ L? cos 2¢(dz + Cl)} , (4.13)
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where C] is the potential giving rise to the IIA RR 2-form, which may be found in eq. (4.1).
To express the SU(2) forms we introduce the following orthonormal frame

1

1 . .
el = m <2X1dy2 + 32y1y2 cos?  sin 0( sin Ody, + y1 cos 9d9)> ) (4.14)

673AkL2 < )
" =———| cos CCOSQ Xl 16y2 + L4 Sin4 C dyQ _ 256y3y2 sin2 del _ X2 Sin2 qub)
SVX1vVXa (X1(16y3 ) 1 )
32?4263A N
T kLo sin? (VX VX, 16y3 cos Odys — L* cos” ( sin” ¢ sin 6d0 |,

o3 e~38k L4 sin 2¢
32v/X1\/1 — e 682
4 cos 2¢

= X <16y2d¢ + L* cos® ( sin® ¢ sin 0df — 16 cos 0 (y1dy1 + dey2)>

B kLS cos? ¢ sin® C\/Xle_?’A <dz n C'l),
8+/1 — €—6Ap2

< — X1d(¢ + 4y1 sin 2¢ cos 2( sin 0( sin Ody; + y1 cos 9d0)> ,

where

X| = 16y? cos? 0sin? ¢ + 16y2sin26 cos? ¢ + L*sin? §sin* ¢ cos? ¢, (4.15)
Xy = 16y% cos? 9(16y% + L*sin* ¢ cos? ()
+ L* cos? ¢ sin® ¢ sin® 0(16y7 + cos® (16y3 + L*sin ¢)).

With respect to this basis we have
J=e'Ne? +ed net, Q= e(e! +ie?) A (e +iet), (4.16)
where the phase « is defined through

63A

_. 4.17
kL? cos 0 y? (4.17)

tana =

4.3 Properties of the CFT

As in the previous section, some properties of the CFT dual can be inferred by analyzing
the 11d supergravity solution. The picture that arises is simply the 11d realization of the
ITA picture described in subsection 3.2, apart from some subtleties that have to do with
the existence of the special Taub-NUT direction. Indeed, all brane configurations that play
a role in 11d will be either transverse to this direction or wrapped on it.

The non-trivial S? of the IIA geometry is also present in the 11d uplift. Therefore
one can define large gauge transformations for the uplift of the Bs field, which is the 11d
3-form potential with a component along the Taub-NUT direction, ixC5. Thus, as in the
ITA background, we need to divide r in intervals of length 7 in order to have i;Cs lying in
the fundamental region. From here the discussion parallels exactly the ITA discussion.

In 11d we find quantized charges Ng and N5 = nlNg, equal to the Ng and Ny, re-
spectively, in TTA. Ng is associated to KK-monopoles and N5 to M5-branes wrapped on
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the Taub-NUT direction of the monopole. The interpretation is that Mb-brane charge
(with the M5-brane wrapped in the Taub-NUT direction of the monopole) is created in
the worldvolume of the KK-monopole when it crosses M5-branes transverse to the Taub-
NUT direction.'* Using the worldvolume effective action that describes a KK-monopole
in 11d [47, 48] one can easily check that it is BPS when placed at ( = 0. The calcula-
tion parallels the D6-brane calculation in ITA with the only difference that the action is
now written in terms of eleven dimensional fields. Similarly an M5-brane wrapped on the
Taub-NUT direction is also BPS at this location.

As in ITA, the charge interpreted as level in 11d is also doubled, and we get two values
ke and k5 equal to the kg and k4 charges, respectively, in ITA. These are now associated to
wrapped M5-branes carrying monopole and dipole charges.!?

Similarly, we find particle-like brane configurations, which are either M2-branes trans-
verse to the Taub-NUT direction or Mb5-branes wrapped on this direction. These branes
are wrapped on the same sub-manifolds of the internal space as in ITA. Namely,

e Di-monopoles <+ M2 on M; x S}, M5 on M; x Sdl) x S? x S}
e 't Hooft monopoles «+ M2 on {M7, 0}, M5 on {Mj,6,5% S!}
e Di-baryons <+ M2 on {C,Sqls}, M5 on {¢, S}, 8% S}

e Baryon vertices <» M2 on {(,0}, M5 on {C,@,SQ,S;}

As for the IIB AdS, solution (see [11] for the details) the di-monopoles and 't Hooft
monopoles have to sit at ( = 0 while the di-baryons sit at » = 0. In these derivations we
have used the action that describes M2-branes transverse to the Taub-NUT direction of
the monopole. In this action i C'3 couples in both the DBI and CS parts, so the M2-branes
are sensitive to large gauge transformations. The details of this action can be found in [46].

Putting together this information, and in analogy with the IIA discussion, we expect a
field theory in the r € [0, 7] region described by a U(Ng)x, x U(Ng)_k, quiver with ' = 2
supersymmetry, sourced by KK-monopoles spanned on the Ry 9 x M7 x 52 x 5’(}) directions,
and with Taub-NUT direction z. A possible brane realization in the fundamental region
r € [0, 7] could be

53 XX X X X X — 2 29— %
Ne M6 : X|X X — X — XX X — z (4.18)
(53, kg M5) : X|X X — X cos) — — — sinf x

where z denotes the eleventh direction, the M6 is the Kaluza-Klein monopole with Taub-
NUT direction z and 5 is the exotic brane that gives rise to the ITA 53 brane upon
reduction [49, 50].

HRecall that in 11d i,C5 — ixC3 + nwVol(5?), and the M5 is magnetically charged with respect to this
field.

12 A5 shown in [46], M5-branes wrapped on an isometric direction can carry KK-monopole charge, with
the Taub-NUT direction equal to the isometric direction.
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4.4 Free energy

We can now calculate the free energy on a 3-sphere in the CFT dual to the solution in
M-theory. This is expressed in terms of the effective 4 dimensional Newton constant G4 as

T

One can determine G4 via a dimensional reduction of supergravity on the internal space
M, the result is

1 7
167Gy 2(27)9

/ 9AVol (M), (4.20)
Mz

where we work in units such that [, = 1. For the case at hand the relevant quantity is

276

A k“L
9IA
Vol =
e ol(M7) 5

2 sin® ¢ cos® ¢ sin@sin xd¢ A dO Adp Adr Adx AdENdz. (4.21)

Integrating this in the region r € [nm, (n+ 1)7], z € [0, 27] and using egs. (3.23), (3.24) we
arrive at

2 N2 AR
Fas = Q 124 —F8 ) \/kg [ N5 + =6 . (4.22)
AT e ) :

This reproduces, as expected, the result in IIB, with N5, N3 — Ng, N5 [11]. Essentially we

have Fgs ~ (N5 + %)3/ ? which reproduces the N3/2 behavior of ABJM. In particular, in
the fundamental region r € [0, 7], where N5 = 0, we find

V2
Fos = 337/723/1@41\75’/ 2, (4.23)

This is not a surprising result, given that the dependence of the free energy in type
IT theories, like the central charge and entanglement entropy of the strip, depends on the
internal directions only through the quantity

Vint = / e 2®Vol(Mes), (4.24)
Mg

and is thus invariant under Abelian T-duality™® and uplift to 11d.

So, quite surprisingly, we have found an AdS4 M-theory solution with purely magnetic
flux that falls in the general classification of [43], that originates in M5-branes wrapped on
calibrated 3-cycles, but whose free energy does not exhibit the expected N3 behavior. We
leave a further discussion on this issue for the conclusions.

131t is not invariant though under non-Abelian T-duality, because even if the integrand is invariant, the S*
on which the dualisation is performed is transformed into an M; x S space, where M is the space spanned
by the r-direction, and thus the domain of integration changes. This is the reason why the prefactors
in (4.23) are not the same as in ABJM.
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5 Conclusions

In this work we have presented a new warped AdS, solution of M-theory preserving N' = 2
supersymmetry, giving the only known solution in this class other than the uplift of Pernici-
Sezgin. A legitimate question to ask is whether this solution is truly distinct from Pernici-
Sezgin, indeed this solution was generated by performing first a NAT then T duality on
AdS, x CP?, and some geometries derived via NAT duality have been shown to fall within
the ansatz of previous solutions. This does not seem to be the case with this example:
the quickest thing to note is that the free energy of Pernici-Sezgin scales as N3 while this
solution scales as N3/2. Additionally the uplift of Pernici-Sezgin is everywhere non singular
while the curvature invariants of this solution blow up in certain regions of parameter space.
One might still wonder if this solution approximates Pernici-Sezgin at least locally away
from the singularity, as was argued in [1] to be the case for the NAT dual of AdSs x S° and
the Gaiotto-Maldacena geometries [53]. This also does not seem to be the case. Sfetsos
and Thompson were able to find an additional solution to the Gaiotto-Maldacena Toda
equation which gave their solution. The differential equations giving rise to Pernici-Sezgin
are more simple and are solved uniquely. So this solution is truly distinct.

In this work, following on [11], we have taken the view that the range of r is restricted
to lie in a specific cell of length 7 after n large gauge transformations of By. The reason is to
ensure that 0 < ||, g2 Ba|< 472, a restriction motivated by string theory. However this does
present an issue for the geometry, we are choosing to end it at a regular point which would
usually demand the inclusion of extra localized sources. From a purely geometric view
point we might choose to take 0 < r < 0o, however this would be very undesirable from
an AdS/CFT perspective. A continuous r would lead to, among other things, a CFT dual
with operators of continuous conformal dimension [8]. An attractive resolution to these
issues is that the NAT duality generates a solution which approximates a better defined
solution free of these pathologies. At any rate, regardless of these potential criticisms,
it seems likely that one could use this work as a stepping stone to further populate the
solution space of purely magnetic M-theory solutions.

Supersymmetric probe branes in the 11d uplift of the Pernici-Sezgin solution were
considered in [52], with an aim at introducing punctures on the Riemann surface along
the lines of [53]. The BPS configurations were shown to preserve two U(1)’s, one more
than required by the R-symmetry of the 3d A/ = 2 SCFT. This second U(1) corresponds
to a global U(1) in the 3d field theory, and seems to play a key role in the 3d-3d corre-
spondence [54]. It was argued in [52] that a large number of supersymmetric M5’s would
ultimately backreact on the Pernici-Sezgin geometry to produce a new AdSy solution with
a U(1)? isometry. It would be interesting to show whether the AdS; solution obtained in
this paper, containing a U(1)? isometry, could be related to this physical situation.

That the free energy of our purely magnetic AdS, solution scales like Fgs ~ N3/2 rather
than N3 is a little puzzling. It was proved in [45] that the presence of M2 branes, whether
accompanied by Mb5's or not, always gives rise to N3/2 behavior. However we know that
our solution cannot contain M2 branes, indeed it is not possible to accommodate M2 branes
in a purely magnetic flux ansatz, so what are we to make of this apparent contradiction.
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Firstly it should be noted that, at least as far as the authors are aware, there is no proof
Fgs ~ N3 holds universally for all wrapped M5 brane solutions. However this seems like
an inadequate evasion of a confusing result. More likely is that the solution we present
does not correspond to wrapped M5 branes. Indeed, the ansatz taken in [43] to derive the
purely magnetic solutions is defined by requiring the Killing spinors to satisfy the same
projection conditions as the wrapped branes. Yet the solutions need not describe in general
M5-branes wrapped in 3d manifolds in the near horizon limit. The metric we have obtained
is rather complicated and it seems difficult to identify a 3-cycle in the internal geometry
that such branes might wrap. This together with the fact that the free energy does not
scale with N3 is suggesting that this is indeed the case for our solution.

On the other hand, even if the CFT interpretation of the solution is yet very pre-
liminary, we seem to have found that there are quantized charges associated to both
KK-monopoles and Mb-branes, with the first being the only sources of the geometry in
the r-region that we have defined as the fundamental region. This is also suggestive of a
geometry not originating from wrapped Mb5-branes.

Finally, let us comment on something slightly tangential. In the process of discussing
the supersymmetry preserved by purely magnetic M-theory solutions we analised the G-
structure preserved by the NAT dual of ABJM. We showed in appendix C.3 that this IIB
solution preserves a U(1)’s worth of dynamical SU(2)-structures in 6d. We note that, it is
possible to take the intersection of two of these and define an identity structure. However,
given that a complete systematic study of AdSy solutions to type Il supergravity preserving
N = 2 supersymmetry is currently absent form the literature, we have not pursued this
here. Even so we know that, as with the better studied AdSs, N = 1 cases [61, 62],
supersymmetry should be preserved in terms of either a local “SU(2)-structure” or “identity
structure” on the internal co-dimensions of the isometry dual to the U(1) R-symmetry. The
NAT dual of ABJM will certainly fall into the latter class.
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A Some details on the NAT and T duality transformations

In this appendix we give some details on the derivation of the solution in section 3. The
starting point is the AdS; x CP? metric written as a Hopf fibration

ds? = ds?(My) 4 €% (wq + Ag)?, (A.1)
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where w, are SU(2) left-invariant 1-forms satisfying dw, = %eabcwb A we and

2
ds?(My) = LZ ds*(AdSy) + 4d¢? + cos® ¢ (d6? + cos® 0dg?) |,

L? L?
01 = 202 = Z_in?¢, e?%s = Z_sin? C cos? ¢,
4 4
A1 = A2 = 0, A3 = COS 9d¢>, (A2)
where the AdS radius is 1. Specifically we introduce the vielbeins
1 2 L 3 L :
e’ = —pdz”, e = —dp, e’ = Ld¢, e’ = 3 cos ¢de, e’ = §cosCsm9dd>,
. 5 L . ¢ L .
et = gsmgwl, e’ = 58111(:0.}2, e’ = Esm{cosC(w;;—{—costqS). (A.3)
The dilaton of this solution is constant and set to e® = %, while the non trivial fluxes are

1
Fy =G+ J{ A (wq + Ag) + §eachg (wp + Ap) A (we + Ac),

1
Fy=Gi+ K§ A (wo+ Ag) + 3 Cabe M (wp + Ap) A (we + Ac)
+ N (w1 + Al) A ((A.)Q + Ag) A (u.)3 + Ag), (A4)

where the only non zero components are

k k
Gy = —3 cos%‘sin@d@ Ado, Jf = —ksin ( cos (d(, Kg =3 sin? ¢

2
G4 = 3kSL VOI(ACZS4). (A5)

A.1 The IIB NAT duality

Expressing the solution in this manner allows one to simply read off the result of performing
a NAT duality transformation on w, using [13]. The dual metric is given by

3
ds® = ds*(Mz) + ) et (A.6)
a=1

We have introduced cylindrical polars for the dual coordinates
v1 = Y1 cos&, vg = g1 siné, v3 = Yo, (A.7)

and choose to express the dual canonical vielbeins é in a way that makes the residual U(1)
isometry given by 0¢ explicit

cos&ét +sin€é® = sin ¢ |4y1y2 (4dys + L?%sin? ¢ cos? C(d€ + cos 0dg))

"~ SLA

+ dy; (16y% + L*sin* ¢ cos? C) )
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cos&e® —singét = —

SIA sin ¢ {4y1dy2 + cos? C( — dyody; + L%y sin ¢(d€ + cos 9d¢)) ,

1
e = — SIA sin € cos [16y1y2dy1 + dy2(16y§ + L*sin? ()

— 4L2y? sin® ¢(d€ + cos Gdgb)]
é* = e, a=u1z"p,1,23, (A.8)
where we define
L4
A =sin?¢ (y% + cos® Cys + 6 sin? ¢ cos? C) . (A.9)

A NS two form is generated

1 .
By = {yisin®¢ <y1dy2 — ya cos” ¢ dy1> A d¢
1 . 2 2 2 L4 4
— Esm Ccos“Ccosb | yryadyr + | y5 + Esm C|dys | Ndop

while the dilaton becomes!*

“ 2
—26 _ L7

n Ae™?®, (A.10)

e

The solution also has all possible RR forms turned on. These can be found in [11] where
this solution was originally derived.

A.2 The ITA NAT-T duality

We would now like to perform a T-duality on the global U(1) corresponding to dy. To do
this we can once more make use of the results of [13] (see [55] for the original derivation).
In order to do this we need to express the metric and By as

ds? = d&*(My) + €2 (dp + A;)?,
By = B+ By Ado. (All)

Clearly Bs is already in this form, while the same can be achieved for the metric with a
rotation of the vielbein basis é — Ré, giving

—_

= 2 qind 50
e?¢ = —_L2cos? ¢, A = M d¢, (A.12)
4A =
where
= = Asin? 0 + yi sin® ¢ cos? 6. (A.13)

MNotice that, for simplicity in other expressions, we are extracting a factor of LT? with respect to the
definition of A in [13].
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A rotation that achieves this is

Y C%"!‘C% sin ¢ cos 0 sin 0 (sin £ —(3 cos §) _ sin (¢ sin E+cos &) 4V Cf+C§ sin 6
%= VEo =0 V=0
0 Casin€+(¢F+¢3+1) cosé (¢3+¢3+1) sing—Cgcose VE3+¢3¢s

R = VRT3 +1 VB3 +1 VBo\/F 3 +1
0 /G +¢Esing V/$3+¢3 cos(€) 1
_ V/Agsind 1/(124»(% sin ¢ cos 6(¢3 cos {—sin &) \/C%+C§ sin ¢ cos 0(¢3 sin {+cos &) _(C%-FC%)SinCCOS@
VEo VAoVEe VAoVEo VAovEg
(A14)

which acts on 2456. We have introduced the following expressions

o = vgeTrin Ca,
(A.15)
With the rotated vielbein basis, we may give the RR forms in [11] in terms of them and

Ag=1+ C12 + C22 + g;?, = = sin? A + sin? Ccos2 9((12 + CQQ),

then use [13, 55] to read off the T-dual solution, getting then the results in section 3.

B Type-II G-structure conditions for AdS, solutions

In this appendix we review the G-structure conditions for supersymmetric AdSy x Mg
solutions, which is a slight modification'® of what may be found in [56, 57], but with
notation more akin to [59, 63]. The metric can be cast in the form

ds? = e4ds?(AdSy) + ds*(Ms), (B.1)

where the AdS radius is 1 and the dilaton has support only in Mg. The fluxes have the
same direct product structure, which in terms of the RR polyform we may express as

F = Fiy + *Vol(AdS,) A F. (B.2)

We use a real representation of the 10d gamma matrices'® in which the Dirac and ordinary

A 446 split is performed on the 10d MW Killing spinors where
€= (e1,e)" and I'19¢ = o3¢ so that we can write

conjugates coincide.

a=e"?(¢enl+¢ enl),

=G @nk + ¢ @nl), (B.3)

where + labels chirality in 4 and 6 dimensions, so that the upper/lower signs should be
taken in ITA/TIB and (n4)* = n_ and we take the internal, n'*? spinor to have unit norm.
Preservation of supersymmetry may be expressed in terms of differential conditions on
two pure spinors
1 2t

158pecifically with the normalization of the internal spinor.

168pecifically for the AdSs directions I'* = 4* ® 1, while on CP® we define I'" = v*) ® 7%, where
A* and v* are representations of the gamma matrices in 3+1 and 6 dimensions respectively. We define
110 = A& @~ where ¥ = iﬁmlzzr and 77 = —iv123456.
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These conditions are given by
(d—H) A (47P0,) = —2e*PRely, (B.5)
(d—H) A (e*7205) = —36*4PImW, + ™ F,
where once more the upper/lower signs should be taken in ITA /IIB and
e F = 1oy aasy) T (B.6)

The G-structure on Mg can either be an SU(3), when n} and n? are globally parallel,
or SU(2) when they are not. Using a Fierz identity and the Clifford map it is possible
to express @4 as polyforms. In the SU(3)-structure case we can write this in terms of a
complex 2-form J and a holomorphic 3-form Q. as

‘;[/_1_ = €_i9+€_iJ, v_ = eie— Qh017 (B?)

where the forms may be expressed in terms of the internal spinors as

Jab = _i"?iq/aanm (Qhol)abc = —Ui%bcﬂ+, (BS)
where
nl=e"y, R =%, plpe=1, 01 =01 Fas, (B.9)

and the forms obey JAJ A J = %Qhol A Qot, J A Qpor = 0.
For the SU(2)-structure case the internal spinor may be expressed as

1 [1e%1

ny =€y, ot =€ (kny + KLixy) (B.10)

where Xim_ =0 and Hﬁ + k% = 1. The pure spinors may then be expressed in terms of a

holomorphic 1-form z, a real 2-form j and a holomorphic 2-form wye; as

0 lanz i
U, = i e+ e3*NE p (/@”e Y Z:‘ﬂ_whol>v

U_ =l N (fueij + i/iwh01> . (B.ll)
The various forms may be extracted from the spinor via
o= it ':l_'T ot _ ot
a N-YaX4,  Jab = 5 (Ve +OXGaX+ ) (Whol)ab = U112 TabX
(B.12)
and obey the conditions,
| _ . .
JNJ = Gwhot Ahol, ] AWhol,  Whol A Whot =0, Lawhol = tzJ = 0. (B.13)

Finally it should be noted that the above conditions are actually the conditions for N =1
in 3d. We will be concerned with N' = 2 supersymmetry which implies a CFT dual with
U(1) R-symmetry. This will manifest itself in the fact that there should be a U(1)’s worth
of pure spinors satisfying eq. (B.5), two of which are independent.!”

17Tn the sense that they can be constructed from two sets of linearly independent internal spinors (n1,m2)
and (71, 7jz2).
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C Detailed supersymmetry analysis

In this appendix we shall look at how the Killing spinors are transformed under the sequence
of dualities we perform to reach the M-theory solution of section 4.2. We shall begin by
identifying a set of spinors on CP? that are uncharged under the SU(2) on which the NAT-
duality is performed.

C.1 A SU(2) T-duality invariant Killing spinor on AdS; x CP3

We express the metric of ABJM in terms of the vielbein basis of eq. (A.3). Supersymmetry
is preserved in type ITA when the variations of the dilatino and gravitino vanish. For ABJM
which has a constant dilaton and zero Romans mass these constraints are

53 = < (2 prion) + Lpion))e =0 (1)

=g\ 972 102 4!401 €=U, .
e (1 b 1

6\IJM:DME+§ §F2F (102)+IF4(O’1) FHEZO,

where Dye = (0, + 1wy, ' ®)e. Specifically we have

1 2k 1 6k
§F2 == —ﬁ(l—‘l6 + F23 + F45), $F4 == ﬁ]‘—‘AdSLl, (C2)
and
2 t t
WP = ze”":u, wi? = -3 = a;l(eg, wh? =% = Llr_jge?’
t t 2cot 2
Wl = 56 —COLCe4, W15 — 46 —COLCeE’, W16 — _%Cefi’ (C.3)
1 1
W = E(_2 cot 61 sec Ce® + tan CeG), W = f(_2 cot 0y sec Ce® + (cot ¢ + 2tan C)eG).
Inserting the fluxes into the variation of the dilatino and manipulating leads to
<F2345 + F16(F23 + F45)>€ — e (C4)

This constraint preserves a maximum of 24 real supercharges, however one finds that such
a Killing spinor, which also solves the gravitino variation, must depend on the SU(2)
directions [11]. Here we take a different approach and impose the projection

[2345¢ — ¢, (C.5)
which preserves only half the supercharges. Turning attention to the gravitino variation,
one finds that the components along the AdS, directions give

1

D
H€+L

I aas,Tu(o1)e, (C.6)

which is a standard Killing spinor equation for AdSy; which one can solve without any

constraint.
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Using the projection or eq. (C.5) it is possible to show that the gravitino variation
along the CP? directions reduce to a differential equation and an additional projection

dce +TC(iog)e = 0, (C.7)
[i456e — (cos 2¢ + sin 2gr6(¢02)> €. (C.8)
These are solved by
e = e T0l2) (C.9)
where €( is a spinor which depends only on the AdSy coordinates and obeys
[20¢) = —TIM*%¢) = €. (C.10)

Thus we have found a Killing spinor preserving 8 real supercharges which gives N' = 2
supersymmetry in 3d. This is the most general spinor which is independent of the SU(2)
directions (in the prefered frame) and so [13] informs us that 8 supercharges are preserved
under a SU(2) NAT duality transformation.

As the solution is a direct product and we know that there are 4 independent Killing
spinors preserved by AdSy, we must have 2 preserved on CP3. On the other hand the AdSy
factor and supersymmety preserved by the spinor imply that we are describing a subsector
of ABJM with U(1) R-symmetry. The Killing spinors should be invariant under the action
of this U(1). Indeed we can impose an additional projection

Pne =T%(ioy)e, P, =T3(—cosal + sinal®) (C.11)

where « is a constant which parametrizes the U(1). Notice that if one defines two spinors
such that Pa,Xa; = ['%(i02)Xa, and Pa,Xa, = [°(i02)Xa, hold, then we have X:leaz =0
when a1 — ay = 7, so we are still describing N' = 2 supersymmetry.

C.2 A U(1) of SU(3)-structures on CP3
We know the 6d Killing spinors of ABJM define an SU(3)-structure [58], so the internal
spinors n}r and 77_2|r must match up to a phase. Specifically we define

M- (C.12)

.09 09
1 —ig

I 2 _
ny =€ 204, Ny =e€

The projective constraints in 6d become
70 = — (cos 2¢ + Py sin QC) Nt YPne=np, Panp=7%_, (C.13)

where P, = 73 (— cos ary*+sin ay®). These are still a little complicated, to get to a canonical
frame we first rotate in v*, 45, and then ~3, 44 such that P, = —3%* and 456y, = —n,.

This leads to new vielbeins which we express in terms of eq. (A.3) as
e* = e, a=1,2,6,

&3 = cos 2¢e® + sin 2¢(— cos ae* + sin ae®),

4

é* = sin 2¢e® + cos 2¢(cos ae* — sin aed),

5

&® = sinae? + cos ae’. (C.14)
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With respect to this basis we have

ony =3%n, =3P = +iny,  F0np = -, (C.15)

and so the SU(3)-structures are given by the forms
Jo=e' NS+ B nE2+etned, (C.16)
Qhota = —i(' +14€%) A (€% +ie) A (8* +ie°).
The forms satisfy eq. (B.5) for any constant « provided

3 L?
9+=90=§, 9. =0, e“:Z.

One should note that if we take (Jy, Qp01,0) we can generate the whole U(1) again by sending

(C.17)

1 — 1 — «, inside the left invariant 1-forms w;. This is what we expect since the isometry
Oy gives the geometric realisation of the U(1) subgroup of the R-symmetry of ABJM.

C.3 A U(1) of SU(2)-structures in the non-Abelian T-dual

We would now like to find the G-structure and Killing spinors of the geometry after per-
forming the SU(2) isometry non-Abelian T-duality. Fortunately we can exploit a map for
the SU(2) transformation of the pure spinors that was proposed in [6]

Uy =W Qg ) (C.18)
where in general, in the frame of eq. (A.3)
O __ 1 oo ( — Dys6 + zgjg F“+3> (C.19)
SU(2) Jira 456 2 a )
for ¢, defined as in [5], which for our parametrisation of ABJM specifically is
G S mest G L — (C.20)

" L2cos Csin® ¢ " LZcos Csin? ¢ T L2gin? Cyz'

Although eq. (C.18) will give us the pure spinors in type IIB, it is still instructive to study
the MW Killing spinors. The action of the NAT duality transformation on this is given
by [13]
él = €1, éz == QSU(Q) €2, (021)

which corresponds to the following 6d spinors

it = e, (C.22)

B P e O el YA e S

* T+ Cula T VI GG

with the spinors on AdS; unchanged. Here we use the frame of eq. (C.14), but with dual

vielbeins, have made use of the projections and defined

~ 4 ~ 4

G = Wyl cos(€ + a), G = Wyl sin(§ + a). (C.23)
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Here we see that o only appears in the combination £ + «, which indicates that ¢ plays
the role of the U(1) R-symmetry in the NAT dual solution, indeed this can be confirmed
by computing the Kosmann derivative along 0.

The spinors in eq. (C.22) actually define a dynamical SU(2) structure, which means
ﬁi and ﬁi are not globally parallel and the angle between them is point dependent. We
can simplify the expression for ﬁi considerably with further rotations of the vielbein basis.
There is an optimum frame, in which all components of the SU(2)-structure are relatively
simple. The vielbeins are given in this frame by

1
51
e =
413 sin3 ¢ cos ¢ /A,

<L4 sin? ¢ sin 4¢ — 32(y1dy; + ygdy2)> , (C.24)

2

1
T u sin® ¢ cos (/Ap/Bq [COSC<

— 128y1y2 cos(§ + a)dC) — 64y cos(€ 4+ ) sin ¢ cos 2Cdy2] ,

sin 2C(L4 sin® (Apdf — 32y7 sin 2(€ + o) sin 0dg)

3 1

< T o sin? ¢ cos (v Ag+\/A,

+ (32y1y2 cos(€ + a) cos b + L*Aq cos 2¢ sin? ¢ sin 0) d(b) — 32y sin(€ 4+ oz)dyg} ,

[cos2 ¢ <32y1y2 cos(§ + a)d€ + 32y, sin(€ + a)dy;

~4

2
- L5 sin® ¢ cos (VAo /Dy /Dq [COSC<

+ cos(§ + «) (64y% sin?(¢€ + a)dy; + 64y yadys — L* A, sin? Cdyr)

y1 sin(€ + a) (64yf cos®(€ + a) + L* sin? CAp)dE

+ L4y1Aq sin(€ + a) sin? ¢ cos qub) — 2L%1 Ag cos(€ + ) cos 2¢ sin CdC} ,

. 2 . . .
& =— L sin® ¢ cos C\/Ep [2@/1 sin(€ + a)d¢ — yo sin 2¢ cos ¢? sin fd¢
+ i sin 4¢ ( sin(§ + a)dy; + y1 cos(€ + ) (df + cos Hdgb))]
e =— 2 [COS 2( sin (dyo
Lsin? ¢ cos C\/Kq

+2cos( <y2dC + y1 cos ¢ sin ¢ ( cos(§ + a)df + sin(§ + a) sin 0dq§)>} ,
where
Ao=1+¢,  A;=cos’20+¢2,  A,=A,—sin?20¢}. (C.25)
In this basis the action of NAT duality on the 6d spinors is simply

;1 i ;%0

At =€y, M =—e"2 [ryny + ik -] (C.26)
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where

~ sin2(¢ _ [€082( + (aCa
NS ren T\ T ivad (©27)

and Kﬁ 4—/-@2L = 1. The projections the original spinor obeys are most succinctly expressed as

Josaste =gy Auasens = —(kL — 5504, (C.28)

in the basis where 77y, = 1, as before. The U(1)’s worth of SU(2)-structure is given by
the following forms

Zo = 61 + 65,

o= (/{Lég’ — I<;||é4) A 62 + (K;lé4 + IiHég) N é5,

Whol,a = *i((filég — I{||é4) + ié2) VAN ((IiLé4 + HHéS) + ’iés), (0.29)
which satisfy the supersymmetry conditions of eq. (B.5) for any constant « provided
3 L?
0,=0, 6_=0)= g = (C.30)

We could take the intersection of the two linearly independent SU(2) structures defined for
o = 0 and a = 7, and define an identity structure. However, the supersymmetry conditions
of such an object are absent from the literature at present and deriving them is outside
the scope of this work.

C.4 Killing spinors in M-theory

Before we can define the M-theory Killing spinor, we must first derive the MW Killing
spinors in type IIA after an additional T-duality is performed. As we want to make
contact with [45] we need to work with the two linearly independent spinors in 6d. These
are given by

;%0 _;% - ;%0 _ - _;b 3
T =e2my, ™ =e 2y, 7L=e2 Ay, 7 =e 2 7y, 90:?
(€.31)
and are such that
1456 _ . 34 2345_ _ 246 _
v = —(COSQC — sin 2¢y )7r+, YT, =Ty, YT = —m
456 ~ . ~ ~ ~ ~ -
14567, = —(cos2¢ + sin 2(734)7r+, A8 =7y, 2405 =7 (C.32)

in the frame of eq. (A.3). The independent 10d MW spinors €12 and €; 2 are then con-
structed in the obvious way from eq. (B.3), with  — 7 and using the same spinors on AdSj.
We must act on these spinors first with {2gy(2), which in this frame is as in eq. (C.19), then
with Qy1), which gives the transformation of the spinor under the Abelian T-duality [55].
In the frame of egs. (A.3), (A.8) this is most succinctly expressed as

Qua) = \/AT}\/ET) sin € cos TV | (— G + GG + (G + GG)T° — (¢ + )1t

VAo

—
—

—0

sin AT 1OT3,
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We take the 10d MW Killing spinors in ITA after the NAT-T duality transformation to be

G=e, & =umn%uee (C.33)
with an equivalent expression with ¢ — €, which means that the new 6d Killing spinors are
given by

21 iiO 22 ,1'9*0 ~ A

T =€ 2Ty, L =—e "2 | Ry +RLFT- ),

2y % 2y T S

T =e2 Ty, T =te "2 | Ry +ALFT- |, (C.34)
where
R sin 2¢ sin 8¢ R =
Rj=——"=—" k=41 —kj,

=0
F= < sin € cos 9({272 —Cl’y?’) —sin 0( cos 2( Cg’yl —75 —Cg’y4+<1’y6)> .
\/Eg—sin2 2( sin” (2
(C.35)

Clearly eq. (C.34) supports a U(1) of dynamical SU(2)-structures, as was the case in type-
IIB, which we will not explicitly derive.

We are know ready to construct the two independent M-theory Killing spinors. These
can be expressed in terms of the spinors in ITA as

n' = e ®/0 (e1 + €2), n? = e /0 (61 + &). (C.36)

In the conventions of [45] the M-theory spinors are
i A (% i + ()¢ ® x§i>7 (C.37)
where e% = é,% and €24 is a modified warp factor of AdSy in ITA such that Ricci(AdSy) =

e
—129(AdSy). Thus if we identify the AdS4 spinors of ITA with those of eq. (C.37) we see that

1 4 2 1 . 2
Xli\ﬁ(”iﬂfz)’ szxﬁ(ﬂlﬁrﬁ)v
1 2 2 1 2 2
X2 = E(Wi +72), X5 = —2(7{ +73), (C.38)

which clearly satisfy x1x1 = X2x2 = 1, and from these one can construct spinors of charge
+2 under the U(1) R-symmetry

X+ = \}i(m + x2)- (C.39)

It is then simply a matter of plugging the y+ of this section into the spinor bi-linears in
appendix B of [45], and rotating the frame to reproduce the results of section 4.2. Note that
the frame used in this section needs to be rotated as in eq. (A.14) to reach the vielbein
basis where flat directions 2456 may be identified with G123 of eq. (3.2) and the rest
with eq. (A.3).
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