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Abstract

We explicitly construct a solution of eight-dimensional gauged supergravity representing D6-branes wrapped on six-cycles
inside Calabi—Yau fourfolds. The solution preserves two supercharges and asymptotically is a cone with the coset space
SU2)4/U(1)3 as its base. It is shown to correspond to an M-theory compactification on a Calabi—Yau manifoBUgEth
holonomy and we discuss in detail its geometrical and topological features. We also construct a family of related higher-
dimensional metrics havinBU(n + 1) holonomy, which of course have no brane interpretation.

0 2004 Published by Elsevier B.V.

1. Introduction

D6-branes have a purely geometrical origin in eleven dimensions as the Kaluza—Klein monopole. When the
amount of supersymmetry on their worldvolume is reduced by wrapping them on supersymmetric cycles they admit
an eleven-dimensional description in terms of compactifications of M-theory on manifolds with reduced holonomy
[1]. Keeping some unbroken supersymmetry as the brane wraps a cycle requires coupling the theory to an external
R-current, which is then related to the spin connection on the cycle. The resulting theory is a topologically twisted
field theory [2]. At a more technical level, gauged supergravities have provided the adequate arena to perform the
twist relating the gauge and spin connections [3] (see, for instance, [4] for a review).

In this way compactifications of M-theory on manifolds with reduced holonomy arise as the local eleven-
dimensional version of backgrounds in eight-dimensional gauged supergravity describing D6-branes wrapped
on diverse supersymmetric cycles. M-theory on Calabi—Yau threefolds corresponds to D6-branes wrapped on
supersymmetric two-cycles inside twofolds [5,6], compactification on Calabi-Yau fourfolds comes from D6-
branes wrapped on four-cycles inside threefolds [7], compactification on manifoldsGwitolonomy arises
as the eleven-dimensional description of D6-branes wrapped on supersymmetric three-cycles inside Calabi—Yau
threefolds [5,8,9], and M-theory on eight-manifolds with Spin(7) holonomy corresponds to D6-branes wrapped
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on four-cycles inside manifolds witf, holonomy [10]. The deformation of this purely geometrical solutions by
non-trivial background fluxes has also been extensively studied [11-15] (a more complete list of references on
branes of different dimension wrapped on various supersymmetric cycles can be found in [16]).

In this Letter we will consider the case of D6-branes wrapped on six-cycles inside Calabi—Yau fourfolds.
The remaining theory on the worldvolume of the branes will be a supersymmetric quantum mechanics with two
supercharges, and when lifted to eleven dimensions the solution will correspond to M-theory compactified on a
Calabi—Yau manifold o8U(5) holonomy. In Section 2 we will present the most general supersymmetry preserving
solution and its deformation by a non-trivial background flux. In Section 3 we generalize our results to provide a
family of metrics havingSU(n + 1) holonomy and conclude with some remarks.

2. D6-braneswrapped on supersymmetric six-cycles

Before constructing our solution let us briefly review the relevant sector of gauged supergravity in
eight dimensions which was originally constructed by Salam and Sezgin [17] through a Scherk—Schwarz
compactification of eleven-dimensional supergravity [18] orSali2) group manifold. The field content of the
theory consists of the metrig,,, a dilaton®, five scalars given by a unimodulard3 matrix fo in the coset
SL(3,R)/SA3) and anSU(2) gauge potentiald,, all in the gravity sector, and a three-form and three vector
fields coming from reduction of the eleven-dimensional three-fbtmaddition, on the fermion side we have the
pseudo-Majorana spingr,, and the gauging;.

The supersymmetry variations for the gaugino and the gravitino are given by
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where the Yang—-Mills field strength i§7,, the covariant derivative is defined as

JAVRS
1 ab 1 ~ij 292
DA€=8A€+ZCU)\ Fab€+ZQAijF €, (2.2)

where P,;; and Q,;; are, respectively, the symmetric and antisymmetric quantities entering the Cartan
decomposition of th&L(3, R) /SQ(3) coset, defined through

— 1)
Puij + Quij = L{ (8,8] — geaps A)) L (2.3)
and7;; is theT -tensor defining the potential energy associated to the scalar fields,
TV = L, L8, (2.4)
with T = T;;8", while L, satisfy L}, L% = &', L&L/’;&j = %up, L&Lég“ﬁ = 8/, As usual, curved directions are

labeled by greek indices, while flat ones are labeled by latin,;and=0, 1, ..., 7 are spacetime coordinates,
while «,i = 8,9, 10 are in the group manifold. Note also that upper indices in the gauge Agldare always

1 Reduction of the eleven-dimensional three-form also produces a scalar and three two-forms. However, we will set all these fields to zero.
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curved, and that the field strengths in eight-dimensional curved space are defined as

—4®/3 b d 20/3 b i rJ
Gp,v,oa =e€ / eap,e vecpe o Fabed, Guuaﬂ =e€ / eaue vLé(L] Fabij :EaﬂyGuvyv (25)

with G, generated by three vector fields, as

G/LUO( = 8/LBV(¥ - 8vB/wz- (26)

We should point out that the above definition ignores the contribution t8th#) gauge fieldA}, which is of the

form eVaﬁAfti,, — (1 <> v). This will be justified by the form of our ansatz which will make this term to vanish
identically. These vector fields generate also a contribution to the three three-form field sGgngttof the form

€afy F[vam,. Again the absence of these terms will be justified by the form of our ansatz.

Let us now introduce the system under study. We will consider a D2—-D6 brane system, with the D6-branes
wrapped on supersymmetric six-cycles inside Calabi—Yau fourfolds, that is, divisors. As a starting point, we will
take the six-cycle to be a direct product of three two-spheres of different$3diis2 x 52 (in an obvious notation).

The deformation on the world-volume of the D6-branes will then be described by a metric of the form

dss = —e? di® + dp? + a2 dQ5 + a5 d Q5+ o3 dQ5, (2.7)
with the line elements for the spheres (normalized to have scalar curvature equal to 2)
dQ2=do?+sif0de?,  dQE=d0%+siP0de?,  dQ%=d6% +sint6dg?, (2.8)

and f, a1, a2 andaz depend only on the radial variabte The same dependence will also hold for all additional
fields that we will turn on. It will be useful to introduce a triplet of Maurer—Cartan 1-forms%n

o1 =Sin6d¢, o2 =d#, 03 =C0s9d¢, (2.9)

that obeydo; = %e,-jkaj A a7, so that they resemble the triplet of Maurer—Cartan formsralthough obviously
only two of them are the independent ones. Similar tripletandas;, can also be defined on the remaining spheres,
52 andS?. In the natural frame

0= dt, e = dp, ¢ =aiot, ¢ = ot & =a35i, i=12, (2.10)

the expressions for the spin connection for the metric (2.7) are

d ; da : da : da
¥ = —fefdt, o'l = —1,0,-, o= —26,-, ol = —16,-, i=12,
dp dp dp dp
ot =03, w2 = 03, a)ié = 03. (2.11)

The split of the six-cycle into the product in (2.7) dictates the twist, and the only non-vanishing component of
the gauge field is

1
A=~ (a3-+ 53+ 53). (2.12)

where for simplicity the overall constant has already been set to the value consistent with supersymmetry. The
SU(2)g symmetry of the unwrapped branes is therefore brokedl ¢b)gx. Geometrically, the breaking of the
R-symmetry happens because there are two normal directions to the D6-branes that are inside the Calabi—Yau
fourfold; the R-symmetry is broken to tlié(1) g on the 2-plane defined by them. The twist (2.12) amounts to the
identification of thisU (1) g with a U (1) subgroup in one of th8U(2) factors in theSQ(6) structure group of the
six-cycle.
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We will also introduce a four-form flux corresponding to D2-branes along the two-sphere directions on the

six-cycle. In order to keep democracy, we will turn on four-form components along all three two-spheres,
2 2
Ql 2¢+f’ Gxopolaz QZ 2<D+f" Gxop(rlaz 2<I>+f" (213)
20‘3 30‘1 afas

where all directions above are curvad;, Q2 and Q3 are dimensionfull constants and the specific functional
dependence is uniquely fixed by the equation of motion for the three-form potential. Among the three two-form
field strengthsG ., we will choose as only non-vanishing the one corresponding=o3, thus complying with
the requirements spelled out after (2.6). Then the field strength solving the equation of motion for theésygctor
is

Gxoporor =

20+ f
Gxopoz =—04——5 2 30{3, (2-14)
2 3

with xg again a curved direction and4 dimensionfull. This ansatz points towards a particle associated with the
one-form potential. However, this is only an artifact of the eight-dimensional description and in fact the flux (2.14)
is due to D2-branes forming a bound state with the D6-branes. We should point out that turning on just the three-
form and one-form potentials is not in general consistent with the full set of equations of motion. Since we have
set to zero the scalar and the three two-form potentials (see footnote 1) the corresponding equations of motion
constrain the remaining fieldsEor instance, if we set alsG,,,, =0, then the non-trivial constraints are

1. A8 _ PO o __
€ GM11L21L3M4G1L5M6M7M8 - O’ GILV Fp(r =0. (215)

In our case, using (2.13) we find that (2.15) reduce@io+ Q> + Q3 = 0. When we turn orG ., as well, the
generalization of (2.15) is quite complicated. However, for the case at hand with the flux components given by
(2.13) and (2.14), we obtain the simple algebraic condition

Q1+ Q2+ 03+ Q4=0, (2.16)

namely, that the total flux charge vanishes.
Let us now turn to the scalars. Only the scalar corresponding to the unbtt#ep R-symmetry will survive
the twisting, so that we will turn on one of the scalétg

fo = diag(e)‘, e, 672)‘). (2.17)
We will impose on the spinor the consistent projections
Iye = —ilge, F]_er=f1f2€=f1f26=—ﬁ1ﬁ26, (2.18)

which leave in total two independent components for the spinor, so that at low energies we are left with a
supersymmetric quantum mechanical model having two supercharges. The first projection effectively reduces the
theory along the six-cycle and the other three project into singlet spinors of diagohes.3

With the above ansatz and projections on the spinor, the supersymmetry variations for the gravitino and gaugino
lead to the following equations

@ _ &8 _o( -4 oy L e p(l 1 1
=5 2 E—— 4=
dp 86 (e + Ze ) de a% + a% + a%
_ (Olle +Ol%Q2 +a§Q3)e*‘" _ Q4ed>+2x

2.2.2
2a1a2a3

3

2 We thank A. Paredes and A.V. Ramallo for a discussion on this point.
3A gravity dual for a quantum mechanics with two supercharges was also constructed in [19] using maximal gauged supergravity in seven
dimensions to describe M-fivebranes wrapping a product of a three-cycle with a two-cycle.
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1 1 1 1
doy _ ie*QD(ZeZA +ef4x) + _eqbzA(% - _2>

a_lﬁ 24 6g af a5 g
(—02Q1+ 03024+ a303)e? + $ 04?2
- 2272 ’
2a1a2a3

1 da 8§ —@(5 21 —4) 1 q>2x< )
———=—¢ " (2" +e¢ +—"T NS -=—-—
az dp 24 ( ) 6g a% a% a%

(@fQ1 — 502 +a5Q3)e? + 5 Q4e® %

20[%01%01% ’
ldas & 400, _m 1 ¢2x< S 1 1 )
———=—¢ " (2" +e +—"T NS -=—-—
a3 dp 24 ( ) 6g a% a% a%

@201+ 0302 — a303)e™? + 3042

20[%01%01% ’
dr 1 1 1 1 D+21
T e =) —"p_a(—z + 5+ _2) S
d)o 6 3g al 0‘2 Ol3 3a1a2a3
df _1d®  20301+050>+0503)e? + 204>
dp ~3dp " 2,27 : (2.19)
dp 3 dp Sajogoy

Furthermore, we also obtain from the gravitino variation alpraydifferential equation yielding the-dependence
of the Killing spinor ase = e//2¢g, whereeg is a constant spinor subject to the projections (2.18). In fact, this
functional form of the Killing spinor can be deduced just from the supersymmetry algebra.

We also note that the system (2.19) also includes the case when the six-cycle is takesfte B#?2; this
corresponds to setting equal radii for two of the spheres. We only have to adjust the overall scale in the metric for
CP? to have scalar curvature equal to that of the metric for the undefosfheds?, which, in our normalization,
equals four.

In order to solve the system (2.19) it is useful to redefine variables through

dr:ef(p/?’dp, a; =ozie*¢/3, =123,

R L 2. (2.20)
In these variables the metric, when lifted to eleven dimensions, takes the form (in what follows we have
conveniently set = 2; it can be reinstalled or taken to any value after appropriate rescalings)

ds? = —e?A dr? + dr? + a2 dQ5 + a5 d Q5 + a5 d5 + a2 dQ25 + a?(63 — 03 — 53 — 63)%, (2.21)

where theg;’s are left-invariant Maurer—CartaBU(2) one-forms satisfying as a triplet the conditiof&; =
%El‘jk&j A6%. The Killing spinor can also be lifted from eight to eleven dimensions threygh: e~ ?/6¢ = ¢4/?¢,
while the eleven-dimensional four-form field strength corresponding to the uplift of (2.13) is given by

Q2 B RV ¢ (2.22)

1
T Foris= 555> Fo7is ,
asa3aza o712 aZa2aZa o712 a?a2a2a o7t aZa2a3a

After the redefinitions (2.20), the system (2.19) becomes simpler,

dar a 1 1 2 2 2 2
= - —_ (-2 , 2.23
a—= = 3a§a§a§a§a( a1 Q1+ a502 +a303 + Qaai) (2.23)
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plus three more equations following from cyclic permutations,if, B, 4, as well as

da a?2/1 1 1 1 1 1

Tl (S S+ o+ S ) -2 (a?01+a% 02+ a2 03+ a? , 2.24

dr 2 (a% ag a?z’ ai) 3a]2-a§a§a§( 1Q1 2Q2 3Q3 4Q4) ( )
whose solution determines the conformal factor as

_dr = §a7%a§a§a§a (al O1+a502+a303+aj Q4) (2.25)

The above system should be supplemented by the zero total change condition (2.16) and obviously shares an
S4 permutation invariance originating from the equivalence of all four two-spheres in the background (2.21) and
(2.22).

We also note that having unequal radii for the spheres in the six-cycle provides the possibility to perform the
limit where the radius of one of the two-spheres tends to infinity. This would amount to the growth of two flat
coordinates; for instance, for very larggit is easily seen that 2 1 Lorentz invariance is restored and the system
(2.23)—(2.25) (and the equivalentin (2.19)) becomes that in [12]. In the absence of flux the metric (2.21) becomes
dsf, + ds§, whereds§ is the metric of a Calabi-Yau fourfold, thus reducing fr@(5) to SU(4) holonomy.

Similarly, one can go fronsU(4) to SU(3) holonomy by blowing up one of the remaining two-spheres.

Turning on fluxes as in (2.22) corresponds, from a string theory point of view, to turning on D2-brane charges
and forming a D2—-D6 bound state with the entire spatial part of the world-volume wrapped on the spheres. This
interpretation is compatible with the fact that no additional projection is required as compared with the zero flux
case and the amount of supersymmetry preserved is the same. We have been unable to solve the system (2.24
(2.25), unlike the similar case in [12], in the presence of fluxes. In that respect note that having non-vanishing
fluxes is inconsistent with demanding simple solutions with equal radiigi.e,- - - = a4.

In Section 3.1 we will show how to derive (2.23)—(2.25) with (2.16) directly using eleven-dimensional
supergravity.

2.1. SU5) holonomy

Consider the case with vanishing fluxe®, = 0, withi = 1, 2, 3, 4. In this case the general solution to the
system (2.23), (2.24) is (the conformal factor equal unity in this case)

a?=R*+12, a5=R’+15, ai=R’+15, ai=R%  a®>=RPU?R), (2.26)
where

U2(R) — 12R® 4 15C1 R* + 20C2R? + 30C3 + 12C/R4’ (2.27)

30(R2+12)(R2 +12)(R2 +12)

with the constants’;, i = 1, 2, 3 expressed as symmetric homogeneous polynomials, up to cubic orderlﬁh;the

Ci=P+5+15,  Co=L3+1512+1513,  C3=I21313. (2.28)
The relation of the two variablesandR is via the differential

dr = %dR (2.29)

Here we have denoted four of the constants of integratiol Wy, /3 andC, and we have absorbed the fifth one
by an appropriate shift in the variabke* We can also see that in this cas® = R3U(R), f = ®/3 andA = 0.

4 The symmetry between all two-spheres can be manifestly restored in the solution (2.26) if we make the varigbfe-shift + lfl and
simultaneously redefing — 2 — 12 for i = 1,2, 3.
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Hence the lifted eleven-dimensional solution in (2.21) factorizes into the time coordinate and a Calabi—Yau fivefold
with metric

ds?y=dr? + a?dQ5 + a5dQ3 4 a5d Q5 + a2 dQ25 + a®(63 — 03 — 63 — 53)°. (2.30)
The asymptotic behaviour for large valuesitakes the universal form

ds?y~10dR? + R?ds§, asR — oo (2.31)
and it describes a cone whose base is given by the nine-dimensional metric

o i oy 2
ds§ = d5 +dQ5 +dQ5+dQ5 + (6 — 03 — 53— 53)°, (2.32)

This is an Einstein space obeyiRy; = %g,'j. In fact it is the symmetric coset space

SU(2) x SU(2) x SU(2) x SU(2)
U() x U1 x U(L)
where the embedding of tHé(1)’s into the Cartan subalgebrain the numerator is diagonal. We have been unable to
find a previous reference and a nomenclature for it in the literature, but this is simply a higher-dimensional analog
of the largest similar case appearing as a Freund—Rubin compactification [20] of eleven-dimensional supergravity
[18] in four dimensions, i.e Q111 [21]. Extending that nomenclature we will refer to this spacéras-11,
In fact, (2.32) is an exact solution for all values®fas it can also be obtained by lettihg=1lp =i3=C =0
in the general solution. However, extending (2.32) to the interior is problematic because we reach a singularity at
R = 0, where the fiber and th§*’s collapse to a point. Resolving the singularity to avoid this collapse requires
that we turn on some of the different moduli parameters which also determine the behavior of the solution in the
interior. In the following we further analyze for two different cases the solution for generic ranges of the parameters
and show that indeed the singularity can be resolved in a manner similar to that in [12].

, (2.33)

I1 =1 =13 =0: in this case, when the constant> 0, the variableR > 0 and then the manifold is singular at
R =0. If, however,C = —,08'0 < 0, wherepg is a real positive constant, then the variaBlez pg and the metric
takes the simple form

104 R?
1— pcll).O/Rlo
NearR = pg we change to a new radial varialle= 2,/00(R — po) and find the behavior

ds?y= + R3(d25 + d25 + d Q5 + d2d) + gR2(1 — p3%/RY0) (63 — 53— 63— 63)%.  (2.34)

ds?y > a®(dQ5+dQ5 + dQ5 + dQ23) +dt? + v%(63 — 03 — 63— 63)%,  ast — 0. (2.35)
Therefore, neat = 0 (or equivalentlyR = pg) and for constar® and¢, as well as for the corresponding barred,
tilded and hatted angles, the metric behave#as- 2 dvs2 which shows that = 0 is abolt singularity [22] which
is removable provided that the periodicity of the anglds restricted to G< ¥/ < 27. Then the space becomes
topologicallys? x $2 x §2 x §2 x R? and the full solution interpolates between this spacefes a and the ten-
dimensional space (2.31) f& — oco. However, the latter is now a cone with bagé-1-1-1/Z, due to the above
discrete identification.

12> 0,12 > 2 andi3 > 0: in this case, when the constant- 0, the variableR > 0 and there is a singularity at
R = 0. If, however,C = 0 then we have the behavior
ds2y=12dQ5+15d5 +15d5 + 4dR? + R?d25 + R?(63 — 03 — 53 — 63)°,  asR — 0. (2.36)

Hence, for constart, ¢, 6, ¢ andé, ¢ the metric behaves asd®? + R?(6? + 62 + 62) which shows that we
simply have a coordinate singularity in the polar coordinate system diffarentered aiR = 0. This is the so-
callednut singularity [22], which is removable by adding the polt= 0 and changing to Cartesian coordinates.
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Therefore neaR = 0 the manifold becomes topologicalli x 2 x $? x R*. Then the full solution interpolates
between this space f&t — 0 and the ten-dimensional flat space in (2.31) Ror> co. If C < 0 then there is an
Ro such thatl (Rg)? = 0 (we take the largest root of this sixth orderﬂﬁ algebraic equation) and therefore we
have thatR > Rp. Changing to a new radial variabte= 2./Ro(R — Rpo) we find the behavior

ds?o~ (R +12)d5 + (RS +13) d25 + (R3 + 15) d25 + R5d25 + d v + t%(63 — 03 — 53)°,
ast — 0. (2.37)
Hence the behavior is similar to that found before in (2.35), with a removmatisingularity atr = 0.

3. SU(n + 1) holonomy

The case of D6-branes wrapped on six-cycles Witk $2 x §2 topology we have considered in this paper is
a generalization of that of D6-branes wrappedsdnx S? four-cycles, leading t&U(4) holonomy [7,12], orS?
two-cycles corresponding to the resolved [5] or deformed conifold [6]. These constructions can be extended to an
arbitrary even number of dimensions 2 2 andSU(n + 1) holonomy. Of course for > 5 we give up the brane
description of the underlying geometry. Consider the metric

2
n n
ds§n+2=dr2+2al-2d§2%,i+a2<dl//+203,,-> , (3.1)
i=1 i=1
containing a set of spheres, wnhinl = Glz + ozl and where the relatiostos ; = 01,; A 02,; defines therz ;'s

In the natural frame

n
eilza,-aly,-, el-2=a,-02,,-, 62"+1=a<d1// +203,,->, 22 — gy, 3.2)
i=1
the spin connection in a quite obvious notation reads

2 n n
a da

o =03 - ﬁ(d‘ﬂ'f‘zds,i), w2"+12"+2=5<d‘”+203”'>’

1 i=1 i=1

da; da; a a
1242 22n+2 2n+11 22n+1
wi = o, o =t g t= 2a; %" Wiy =5 o (3.3)
In order to generalize our construction to arbitrary even dimensions we will first extend the projections on the
spinor as
2n+1 2042
1"(1)1" DE="" _F(n)l" e=—I neer €, (3.4)
representing, in total,"2ndependent conditions. The metric (3.1) will admit a covariantly constant spinor provided
that the first order system of differential equati?)ns
d

i=1...n  —=1- a5
dr 2 — a

1
pt (3.5)

12
is obeyed. The form of the covariantly constant spinor turns out te bezr<1>’/’/zeo, with ¢p a constant spinor
subject to the same projections as in (3.4). These projections leave two independent components for the spinor, so
that we are left with ailsU(n + 1) holonomy metric.

5 This system was also studied in [23].
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The general solution to the system (3.5) is

2
dr=——dR, a® = R?U?(R),

U(R)
a?=R?>+1?, withi=1,...,nandl?>=0, (3.6)

where
2 C/R* "% R2
U2(R) = —— +Y ——=Sia(?) | 3.7)
a1 S

with C being a constant and,, (/%) a symmetric homogeneous polynomial in ﬂfés of degreem, with
m=0,1,....,n—1,

n—1
Su(B)= > 2212 (3.8)

1< <ipm=1

The asymptotic behaviour of (3.1) &— oo is that of a cone with metric

dsé,,,=2(n+1)dR?+ R?ds3, . 1, (3.9)

and base th€2n + 1)-dimensional Einstein space

2
n n
2
ds3, 1= Zng,i + P (dlﬂ + Z"3J> . (3.10)
i=1

i=1
with R;j = Z+gi;. This is the symmetric coset space

n factors
SU2) x SU(2) x --- x SU(2)
UQ) x---xUQ)

n—1 factors

, (3.11)

and we can denote it, by extending our previous notation corresponding:t, asi7%-1--1, with n indices. In
the case where all =0 andC = —p3"*? < 0 we have

U (R)=n+1<1_ R2n+2)' (3.12)
Therefore neaR = po we find a removabliolt singularity with §2) x S5, x --- x 53 x R? topology. When
C =0,and alli? > 0, a removableutsingularity arises neak = 0, with S3, x 55, x --- x §2 _;, x R* topology.
Obviously the cases with > 5 do not have an interpretation in terms of branes and therefore seem to be of
no direct interest to string and M-theory. Nevertheless, we find it quite interesting that the general structure is
extendable for any: and we believe that the explicit forms of the metrics we have presented will be useful in
general.

3.1. Non-vanishing flux from eleven-dimensional supergravity

It is worth examining the case of non-vanishing flux with background given by (2.21) and (2.22) directly using
eleven-dimensional supergravity. In particular, it is worth seeing how the condition (2.16) arises in this approach.
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The Killing spinor equation is

du€ + %wszabe — %ﬁ(
The non-zero components of the spin connection are given, after appropriate relabeling, by (3.3), where the general
case should be specialized to= 4 and supplemented with®1° = ¢4 dA/drd:. Similarly, the appropriate
projections are given by (3.4) (with = 4). It turns out that the Killing spinor is = eA/Ze%Flweo, provided
that the system of equations (2.23)—(2.25) is obeyed (with charges rescaled by the-fcteith no restriction,
such as (2.16), for the charges. However, we have to make sure that the equation of motion for the three-form gauge
potential is obeyed. For the ansatz (2.22) the contribution to it from the Chern—Simons term in the action vanishes.
Hence, we have that

1

\/T_gaﬂ(«/—g Fiver) =0. (3.14)

For every choice of, p and this is trivially satisfied with the background ansatz (2.21) and (2.22). However,
satisfying the equation faw, p, 1) = (¢, r, ) requires imposing the zero total charge condition (2.16).

Fupkarvp)mu - 8F;wpkrvpl)€ =0. (3.13)
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