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ABSTRACT

Certain supergravity theories admit a remarkable consistent dimensional reduction in
which the internal space is a sphere. Examples include type IIB supergravity reduced on
55, and eleven-dimensional supergravity reduced on S* or S7. Consistency means that any
solution of the dimensionally-reduced theory lifts to give a solution in the higher dimension.
Although supersymmetry seems to play a role in the consistency of these reductions, it
cannot be the whole story since consistent sphere reductions of non-supersymmetric theories
are also known, such as the reduction of the effective action of the bosonic string in any
dimension D on either a 3-sphere or a (D — 3)-sphere, retaining the gauge bosons of SO(4)
or SO(D — 2) respectively. We show that although there is no supersymmetry, there is
nevertheless a natural Killing spinor equation for the D-dimensional bosonic string. A
projection of the full integrability condition for these Killing spinors gives rise to the bosonic
equations of motion (just as happens in the supergravity examples). Thus it appears that
by extending the notion of supersymmetry to “pseudo-supersymmetry” in this way, one
may be able to obtain a broader understanding of a relation between Killing spinors and

consistent sphere reductions.
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Kaluza-Klein dimensional reduction was introduced in the 1920’s in an attempt to unify
four-dimensional gravity and electromagnetism into the theory of pure gravity in five di-
mensions. Its most important applications in physics came after the discovery of string
theories, whose natural space-time dimensions are higher than four. As in the original mo-
tivation of Kaluza and Klein, dimensional reduction can provide a natural interpretation
for lower-dimensional gauge symmetries as general coordinate transformations in the higher
dimension. In particular, the gauge group of the lower-dimensional theory is associated with
the isometry group of the internal space.

An important question that arises in a Kaluza-Klein reduction is whether the procedure
is consistent or not. By consistency, we mean that all solutions of the lower-dimensional the-
ory are also solutions of the higher-dimensional theory. (Consistency is always guaranteed
if one retains the full Kaluza-Klein towers for all modes; the issue here, though, is whether
there exists a useful consistent truncation to a finite set of modes.) In fact the original
proposal of Kaluza and Klein to unify gravity and electromagnetism in five-dimensional
pure gravity could be said to be only partially successful, because the consistency of the
reduction requires that an additional massless scalar field (the dilaton) must be retained
in the reduced four-dimensional theory. The consistency in this, and many cases, can be
understood straightforwardly by a group-theoretic argument. If the internal space is sym-
metric under some group action, then it is consistent to perform a dimensional reduction
that retains all the singlets, and only the singlets, under this action [I]. Such a reduction
was called a DeWitt reduction in [2]. A simple example is an n-torus reduction; it is con-
sistent to keep all the massless modes, since they are singlets under the action of the U(1)"
isometry group. More complicated examples, introduced by DeWitt [3], involve dimensional
reduction on a group manifold G, in which only those modes that are invariant under the
left action of the G x GG isometry group are retained.

A much more subtle reduction is exemplified by Pauli’s (albeit unsuccessful) attempt
in the early 1950’s to obtain SO(3) non-abelian gauge fields by reducing six-dimensional
gravity on the 2-sphere (see [4] 2]). The inconsistency in this case can be understood by
considering the untruncated theory in four dimensions, prior to setting any of the fields in
the Kaluza-Klein towers to zero. In this reduction, the SO(3) gauge fields act as sources
not only for gravity, but also for certain massive spin-2 fields in four dimensions. Thus the
massive spin-2 Kaluza-Klein tower cannot be consistently truncated in this reduction. In
fact this same problem, of the retained gauge fields acting as sources for massive spin 2 fields

that one wants to discard, means that Pauli reductions will, generically, be inconsistent.



Remarkably, however, there do exist certain theories for which a Pauli sphere reduction is
consistent.

Specifically, it has been demonstrated that in certain supergravities where the theory
admits an AdSxSphere vacuum, it is consistent to perform a Pauli reduction on the n-sphere
in which all the gauge fields associated with the SO(n + 1) isometry group are retained. A
notable example is the S7 reduction of D = 11 supergravity [5]. Various other examples of
consistent sphere reductions of M-theory and type IIB supergravity were obtained in [6]-[14].
The fact that there is a supergravity underlying the higher-dimensional theory in all these
examples might suggest that the consistency of the reduction could be intimately related
to the supersymmetry of the higher-dimensional theory. Indeed, the demonstration of the
consistency of the S” reduction of eleven-dimensional supergravity in [5] made extensive
use of the Killing spinors that exist in the pure AdS,; x S7 background.

As we shall discuss below, there also exist purely bosonic theories that are not contained
within any supergravities and that also admit non-trivial consistent Pauli sphere reductions.
It is of considerable interest to see if there exists any universal way of characterising bosonic
theories that admit Pauli reductions, to encompass both the supersymmetric and the non-
supersymmetric examples.

One feature common to all the supergravity examples is that if one looks at the equations
for Killing spinors in purely bosonic backgrounds, then by taking certain canonical projec-
tions of the integrability conditions for the Killing spinor equations, one can essentially
derive the bosonic equations of motion for the theory. For example, the gravitino trans-
formation rule in bosonic backgrounds in eleven-dimensional supergravity is dvy; = ﬁMe,
where

Dy =Dy — 5 (Car™ ™M Fyyoonyg — 8Favoong TV (1)

Projecting the integrability condition [ﬁM,ﬁN]e = 0 with T'™ gives an equation of the
form (Ryn + -+ )T'Ne = 0, where the factor in brackets vanishes by virtue of the bosonic
equations of motion. (This is related to the fact that in the supersymmetry variation of
the action, the terms coming from varying »; in the gravitino terms must cancel against
those coming from varying the bosonic terms in the action.) Thus, one may say that a
characterisation of the bosonic equations of motion in the supergravity theories that admit
consistent Pauli reductions is that these equations can be derived from an appropriate
projection of the integrability condition for Killing spinors.

Recently, it was shown that for a large class of theories admitting AdSx Sphere vacua, en-

compassing the supergravities mentioned above but including also non-supersymmetric the-



ories, a broader notion of Killing spinors can be introduced [I5]. In such non-supersymmetric
theories, bosonic backgrounds for which the Killing spinor equations admit solutions were
referred to as “pseudo-supersymmetric.”] The simplest class of such theories, which admit
AdSxSphere vacua, is provided by Einstein gravity coupled to an n-form field strength,
with the Lagrangian

L= V=g(R— g F2), (2)

where F;, = dA(,_1). A Killing spinor equation has been introduced for this system [I5],
given by

Dyré + ﬁFMl'”M"*IFMMl,,,Mnflé + gl“MMl"'M”FMl,,,Mné =0, (3)

where Dy, is the covariant derivative, defined by
Dyé = Omé + (wn)?* T aPe. (4)

The constants (&, 3) are given by

& = it/ \i_f . da+df=o0, 5)

whered=n—1,d=D —n—1, and A = 2dd/(D — 2).

Although it was shown that the AdSxSphere vacuum, and a class of p-brane solutions,
are “pseudo-supersymmetric” with respect to this definition of a Killing spinor, the inte-
grability conditions in (B]) are not in general consistent, in the sense that the equations of
motion following from (2]) are necessary but not sufficient to ensure the vanishing of the
projected integrability condition. Rather, additional constraints must still be imposed [15].
These additional constraints are absent in certain special cases, such as n = 4, D = 11,
if a suitable F* A F' A A term is added to the Lagrangian; or in the case n = 5, D = 10,
if the 5-form is restricted to be self-dual. Interestingly enough, these additional terms or
restrictions are also precisely what is needed in order to permit a consistent Pauli sphere
reduction.

Let us consider the case of ten-dimensional gravity coupled to a 5-form field strength
in more detail. It was shown in [I5] that if one does not require the 5-form H, in D = 10
to be self-dual, then the projected integrability condition for the Killing spinor will only

vanish upon use of the equations of motion if, in addition, the extra constraints

M-
Hapy o manss H Ny Nsvang) = 0 Hor v v vants Hny Ny Ns Ny Ns) = 0 (6)

! A related notion, referred to as “fake supersymmetry,” was introduced for scalar-gravity theories in [16].



are imposed. In [I5], a new class of pseudo-supersymmetric “bubbling AdS geometries” was
constructed, that satisfy the constraints (@). In particular, as in the case of the LLM solution
[17], the new solution corresponding to the elliptic disc boundary condition is expected to
admit a reduction to D = 5, with an S° internal space. It is therefore of interest to examine
whether the extra conditions (@) are related to the consistency of the 5-sphere reduction.
The consistent S° reduction for D = 10 with a self-dual 5-form was obtained in [12].

The reduction ansatz is given by

dsly = AYPdsi+g P ATVAT I DUl Dy (7)
Hs = G ++Gp, (8)
where
Goy = —gUes +g (T =D Ty) A (p* Dyr')
~59 2Ty Ty #F o) A Dpl A Dy’ (9)
A 1 _ _ . . .
W = o [9 YUATP D A ADp' s
59 Y ATEDpt Ao A D't A DTy j Tigh 117 11
—10g73 AV F3? A Dp' A Dp't A Dp® Tygj 1 | (10)
and

U = 2T Ti p 1 — AT, A=Typ W,

FY =dAY + gAY NAY DTy =dTy; + g A% Tiy + g Al T,
plpt=1,  Dpt=dp+g A, (11)

with €, being the volume form on the five-dimensional spacetime. Note that %6(5) is deriv-
able from the given expressions (7)) and ([@). The coordinates p, subject to the constraint
p! ut = 1, parameterise points in the internal 5-sphere. It was shown in [12] that the reduc-
tion is consistent, giving rise to lower-dimensional equations of motion that can be derived

from the five-dimensional Lagrangian

_ 1p—1 —1 1p—1 =1 ij ke
Ls = Rxl— 3T «DTj Ny, DTy — 715, T, +F o) AN Fgy — Vsl (12)
. o ie inia ais] jis . 2.2 aivis riai ajis isk 1ki
i (B FLSi* AT — g F3 ATie AT ATl 1 22 Al AT AT AT AR,
where the potential V' is given by

V=3¢’ <2Tz’j Tij — (Tz“)z) - (13)
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(In ([I2), the wedge symbols in the final topological term are omitted to economise on space.)
If instead we do not impose the self-duality condition for the 5-form, so that its reduction
ansatz is now given simply by

Hey =G, (14)

then the reduction will not in general be consistent, since, as was observed in [12], the field

equation d*G' 5 = 0 gives rise to the constraint
kik ksk
€ijky-ky F(Q} 2 A F(S t=0. (15)

The intriguing point is that if we substitute the reduction ansatz (I4)) into (@), we arrive at
exactly the same constraint (I5]) that arose in [15] from imposing the projected integrability
condition for the Killing spinors

Thus we find that the extra constraint needed for the projected integrability of the
Killing spinor for the D = 10, n = 5 system is exactly the same as the extra constraint
([@@) that is required for the consistency of the S° reduction. This observation leads us to
speculate that the ability of a theory to be consistently reduced, a la Pauli, on a sphere
may go hand in hand with its admitting some suitably-defined Killing spinor equation.
In some cases, namely certain supergravity theories, the Killing spinor equation is simply
the standard one associated with supersymmetry of the bosonic background. In more
general situations, however, the Killing spinor equation may be associated with a “pseudo-
supersymmetry” that has not hitherto been considered.

There are some further examples that lend support to this idea. Consider pure gravity

in (D + 1) dimensions, for which the Lagrangian is
Lpi1=+—gR. (16)
The associated Killing spinor equation is simply
0 = Dué = Onré + 2 (war) T a5¢, (17)
The projected integrability condition is

0=T"[Dy, Dylé = 1Ry nIMe, (18)

2Tt is worth pointing out that there are large classes of solutions in five dimensional gauged supergravity
that satisfy the condition ([I5]). These solutions can now also be lifted to the non-supersymmetric ten-
dimensional theory where the 5-form is not self-dual. A summary of such liftings, together with an explicit

example, is presented in appendix A.



which is satisfied by virtue of the Einstein equations of motion. We now perform a Kaluza-

Klein reduction on S*, with the metric ansatz given by

dé%ﬂ = e2%sh + 2P(dz 4+ A))?,
_ 2 __ 1
B = —D=2a, o =557mp- (19)
The reduced D-dimensional Lagrangian in D is
Lp = g(R—5(0¢)* — 1e"°F3), (20)

where Fly) = dA(,) and a = —2(D — 1)oe. We can also perform the Kaluza-Klein reduction

of ([IT), to obtain the equations for the D-dimensional Killing spinors:

Dy + 30 (T M2 — 2(D = 2051 T ) Fagyaryn = 0,

i
8(D —2)
™oy rém + iae%“‘blﬂMl]WzFJ\/[lM2 =0. (21)

One can obviously expect that the projected integrability conditions for these equations
should be satisfied by virtue of the D-dimensional equations of motion. Indeed the projected

integrability conditions following from (2I]) are given by

Rvn = %8M¢8N¢ - %e“¢(Ff4N - m}ﬂgMN)]FNU
: 1
_4(D1—2) €§a¢VNFM1M2 (PMPNM1M2 _ 3(D _ 2)6E\JIFM1M2})77

_2(Di_2)€_%a¢VN <€“¢FNM2) (FMFM2 - (D - 2)5%2)?7 =0, (22)

and

V3¢ — ﬁae“¢F2>77 + iae%“‘i’FNMlM?VNFMleU

+igem 99T My <e“¢FN MQ) n=0. (23)

Thus the equations of motion imply that the projected integrability conditions are satisfied
for any dimension D.

The interesting point is that it is also consistent to perform a Pauli S? reduction of the
system (20) in any dimension D, yielding a theory in (D — 2) dimensions that includes the
full set of SO(3) gauge bosons [I§]. This can be seen from the fact that it is consistent
to perform a (necessarily consistent) DeWitt reduction of the pure gravity theory (I8) on
83 ~ SU(2), viewing it as the SU(2) group manifold and keeping all the singlets of the
left-invariant action. Since S% can be viewed as a U(1) bundle over S2, the reduction can

be split into two stages; an S! reduction followed by an S? Pauli reduction. Thus the



consistency of the DeWitt reduction guarantees the consistency of the Pauli S? reduction
in this case [18].

Of course, this is a rather simple example. There are in fact further examples of con-
sistent Pauli sphere reductions of non-supersymmetric theories. It was shown in [I8] that
it is consistent to perform an S3 or an SP~3 Pauli reduction of the effective action of the
bosonic string in any dimension D. This leads us to consider the possibility of a defining a
Killing spinor equation for the bosonic string.

The Lagrangian for the effective theory of the bosonic string in D-dimensions is given
by

Lo =V=g(R - 500 - LeFE)), (24)

where F5 = dAq, and a? = 8/(D — 2). The equations of motion are given by

D¢ = 1—12a ea¢F(23) s dF(g) =0= d(€a¢*F(3)) s
@ 2
RMN = %8M¢8N¢+%6 ¢<F]%/[N—mF2gMN> . (25)

We find that the appropriate equations for defining a Killing spinor in this case are

DM77 -+ 9—166%[1(;5 <a2FMFNPQ — 125%FPQ) FNPQ no = 07 (26)

Moy + a2 TP Ey vpy = 0. (27)

The forms of these Killing spinor equations are motivated by generalising the supersymmetry
transformation rules for the gravitino and dilatino in D = 10, N' = 1 supergravity [19].
The coefficients of each term are determined by investigating the projected integrability

conditions, whose derivation is presented in appendix B. They are given by

[RMN — $0MdONG — e (Firy — ﬁF%MN)]FNU

s VN Faranaty (TaT Y20 — (D — 9)s {20 6])

e VN (PN g, ) (Ta T2 — (D = 2)5) T ) =0, (28)

and

1
<V2¢ — %ae“¢F2>n + %ae§a¢FNM1M2M3VNFM1M2M3’I’}
+haeTh T MYy (0PN yp ) =0, (29)
Thus we see that the projected integrability conditions are satisfied by virtue of the full set of

equations of motion. In the special case when D = 10, the theory can be supersymmetrised,

to give N’ = 1, D = 10 supergravity, and the Killing spinor defined above just reduces to



the usual Killing spinor of the supergravity theory. But the construction we have discussed
here works equally well in any spacetime dimension.
Sometimes it is advantageous to work with the theory in the string frame, rather than

the Einstein frame we have been using until now. It is defined by rescaling the metric so

that dsgtring = e_%“qbds%mstoin. If we now define ® = —¢/a, the Lagrangian becomes
L=e"(R+4(00)* - 5F3). (30)
1
The defining equations for the Killing spinors, which are now scaled by the factor e_gw,
are given by
DM(OJ_)T] == O, FMaM(I)T] — 1—12FMNPFMNP?’] = 0, (31)
where w_ is the torsionful spin connection, given by
wys P = wif £1Fy*P. (32)

To conclude, we have observed an intriguing feature common to all the known examples
of consistent Pauli sphere reductions. Namely, in all such cases, the higher-dimensional
theory admits a natural definition of a Killing spinor. A certain canonical projection of
the integrability conditions for the Killing spinor is satisfied by virtue of the equations
of motion of the theory. In certain cases, the projected integrability conditions may also
impose quadratic algebraic constraints on field strengths in the theory. In such cases, these
turn out to be precisely the same as constraints that must be imposed in order to achieve
a consistent Pauli reduction.

We discussed various classes of examples that provide support for this relation between
consistent Pauli reductions and the existence of a Killing spinor equation. First of all, there
are cases such as eleven-dimensional supergravity and type IIB supergravity, where the
Killing spinor equation simply reduces to the standard Killing spinor equations associated
with supersymmetry. We then considered the example of ten-dimensional gravity coupled
to a 5-form field strength with no self-duality constraint. In this case, we saw that both
the consistency of the Pauli S® reduction and the consistency of the projected integrability
conditions for the Killing spinor equations required exactly the same quadratic constraint
(@) on the 5-form field. Further examples that we considered included dilatonic gravity
coupled to a 2-form field strength in any dimension, and dilatonic gravity coupled to a
3-form field strength in any dimension. The latter example arises as the effective action for
the bosonic string. The fact that there exists a natural notion of a Killing spinor for the
bosonic string in an arbitrary spacetime dimension suggests that there may some generalised

geometric structure still to be uncovered.
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A Lifting of the solutions

As discussed in the paper, the S® Pauli reduction of the theory described by the Lagrangian

Lo = V_Q(R_ TL)F(%))a (33)

where Fi5) is not self-dual, is not in general consistent. There is an extra condition (I5])
that has to be satisfied. However, this also implies that all the solutions of five-dimensional
theory (I2]) that satisfy (IZ)) are also solutions of ([B3]), with the lifting ansatz given in this
paper. Thus all the domain wall solutions supported by the scalar fields, which are dual to
the Coulomb branch of the boundary conformal theory [20] 21], are solutions of ([B3)). The
U(1)? charged black holes in D = 5 supergravity [22] can be embedded not only in type IIB
supergravity [23], but also in the theory described by (B3]). Furthermore, the smooth U(1)3
charged bubbling soliton solutions obtained in [24] can also be lifted into solutions of (B3)).
In particular, the single U(1) charged solution can be lifted to give a pseudo-supersymmetric
AdS bubble geometry with an elliptic disc boundary condition, as was constructed in [15].
Five-dimensional rotating black holes do not in general satisfy the supplementary constraint
([H), and so they will not lift to give solutions of ([B3]). However, the singly-charged rotating
black hole constructed in [25] does satisfy the condition (&), and so in this case a lifting to
give a solution of (B3]) is possible. All such liftings use the reduction ansatz we have given
in this paper, and we shall not present them in detail.

Here, we present one simple example in detail, namely the embedding of the five-
dimensional Reissner-Nordstrgblack hole in ([33)). Expressed in the notation we are using in

this paper, the five-dimensional Reissner-Nordstrom solution is given by

ds} = —H2fd*+ H (f7 dr® + r%a0d),
Ty = i,
A12 g3 56 _ %A, )
where
- (gj:j)m)dt’ H=1+L le_r_TJrgzrzHg (35)
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Substituting into (7)) and (@), we find that the Reissner-Nordstrém solution lifts to give the

ten-dimensional solution

A%y = —H2fdt?+ H(f~'dr® +r2dQ2) + g 2(dy + B — % A)? +dy3,
. 1
F5 = 4ge5—\/§g2 *F' A J, (36)
and hence

§<F5:2g_4(d1p+B—%A)AJAJ—\/,%QZ))(d¢+B—%A)/\F/\J, (37)

where dE% is the standard Fubini-Study metric on CP?, J is its Kéhler form, dB = 2J,
and 1) is the coordinate on the Hopf fibre over CP?, with period 27. (The proof of these

results follows using analogous manipulations to those in appendix B of [26].)

B Projected Integrability Conditions for the Bosonic String

Here, we derive the projected integrability conditions for the Killing spinor equations for
the D-dimensional bosonic string. We begin by supposing that the Killing spinor equations
take the form

DM77 + a2e%a¢ (FMFM1M2M3 - 015%1 I‘]\/[2]\/[3)F’M11\421\43 n = 0, (38)

PM8M¢H — a3€%a¢PM1M2M3FM1M2M3 n = 0. (39)

The motivation for these equations is provided by the supersymmetry transformation rules
for the gravitino and dilatino in ten-dimensional A' = 1 supergravity [19]. The constants
a1, az and ag will be determined below. We also leave the dilaton coupling constant a
unspecified for now.

The next step is to compute the projected commutator I'M [Dy, Dys] acting on 7, and
then to choose the undetermined coefficients by requiring that it should vanish upon use of

the equations of motion. After lengthy calculations, we find

0 = RunI'™p- 2a2€%a¢vNFM1M2M3 <PMNM1M2M3 - %(al - 3)55]/1VTM1M2M3}> n
—2a5e" 59V <ea¢>FN Mo Mg) (3r wM2Ms _9(qy — 3)51\]\//[[2PM3> "
e VOV NIy + 20 (Far — D +2) Var (3 Fuaagg ) Ty
+ [12(2&1 —3(D — 4))a% + 9aa2a3} e“¢FMM2M3N2N3FM1M2M3FM1 NaN3T)
+ [24(D —4)a3 - 6(1(12(13] T F2y

— [4(4&1 — 3(D — 2))&% + aalagag} €a¢FM2M3N1N2N3FMM2M3FN1N2N377

_l’_
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- [8 (2&% ~3(D - 2)a; + 9(D —6)) a3 — 6(6 — al)aagag]
X€a¢FM3N2N3FM1MM3 F]\/I1 NoN3 1)

- [8 (2a — 12a; +9(D — 2)) a3 — 6aa1a2a3} e“TNFZ . (40)
The vanishing of the V M(e%“‘bF My Mo M) term implies

a1 =3(D-2), (41)

which then leaves

D—2
0 = [RMN n %vmvm n <24(D —4)a2 - 6aa2a3) " s F2
3

~9(D = 2)(4(D — 4)a3 — aazag ) Fyy | TV

~2a22°*V i Fagy aty s (PMFNM1M2M3 —2(D - 2)5E\]4fVPM1M2M3]> n
—6ase” 29V (e“¢FNM2M3> (PMPM2M3 —(D- 2)5%21“]”3) n
+9(8a3 + aazaz)e®TarM2M NN By, nr, FM vy v

—3(D — 2)(8a3 + aagag)e®TMMNMNNS [y ng Py N v

—9(D — 6)(8a3 + aagaz)e®TMsN2Ns py v FML G e (42)

The terms involving V¢V o, F]%/[N and FMM2M3N2N3FM1M2M3FM1N2N3 will then

vanish upon use of the equations of motion, provided that we choose

as+aay(D—2)=0, 8a§+aa2a320,
9(D —2)(4D —4)a3 —aazaz) = 1, (43)
for which the solution is
8 1
2 1
- SO S =—Laq. 44
“TDp-2 ®T1mog BT R (44)

Acting on (B9) with I'VV v, we have

V261 =T NTYVNVar¢n =T Dy (TM0r¢n) —TVTY0r¢ Dn

_ a3e%a¢FNM1M2M3VNFM1M2M3n + 3age— 39T MeMsyy <ea¢FNM2M3) 7
—6 (D -2 %al) age%“¢TM2M3FNM2M38N¢77
+ [6(3D — 2a; — 12)asas — Jaa3] e T MMM N py o n FMY v g

=3 [4(D — 4)azas — aa%] e F?y. (45)

This is also satisfied by the equations of motion, provided that the coefficients a, a1, as and
a3 are chosen as in ([{I]) and [@]). Thus the Killing spinor equations are given by (26) and
[@T). The projected integrability conditions are given by (28]) and (29).

12



Finally we would like to remark that we have investigated the Killing spinors for a more
general system with the 3-form field strength replaced by an arbitrary n-form. It turns out
that that projected integrability condition works only for two cases, the bosonic string (24])
and the Kaluza-Klein theory (20]).

References

[1] M.J. Duff and C.N. Pope, Consistent truncations in Kaluza-Klein theories, Nucl. Phys.
B255 (1985) 355.

[2] M. Cveti¢, G.W. Gibbons, H. Lii and C.N. Pope, Consistent group and coset reductions
of the bosonic string, Class. Quant. Grav. 20, 5161 (2003), hep-th/0306043.

[3] B.S. DeWitt, in Relativity, groups and topology, Les Houches 1963 (Gordon and Breach,
1964).

[4] N. Straumann, On Pauli’s invention of non-Abelian Kaluza-Klein theory in 1953,

arXiv:gr-qc/0012054.

[5] B. de Wit and H. Nicolai, The consistency of the ST truncation in D = 11 supergravity,
Nucl. Phys. B281, 211 (1987).

[6] H. Nastase, D. Vaman and P. van Nieuwenhuizen, Consistent nonlinear KK reduction
of 11d supergravity on AdS; x S* and self-duality in odd dimensions, Phys. Lett. B469,
96 (1999), hep-th/9905075.

[7] H. Lii and C.N. Pope, Ezact embedding of N = 1, D = 7 gauged supergravity in
D =11, Phys. Lett. B467, 67 (1999), hep-th/9906168|

[8] M. Cveti¢, H. Lii and C.N. Pope, Gauged siz-dimensional supergravity from massive

type ITA, Phys. Rev. Lett. 83, 5226 (1999), hep-th/9906221.

[9] H. Lii, C.N. Pope and T.A. Tran, Five-dimensional N = 4, SU(2) x U(1) gauged
supergravity from type IIB, Phys. Lett. B475, 261 (2000), hep-th/9909203.

[10] M. Cveti¢, H. Lii and C.N. Pope, Four-dimensional N =4, SO(4) gauged supergravity
from D = 11, Nucl. Phys. B574, 761 (2000), hep-th/9910252.

[11] H. Nastase, D. Vaman and P. van Nieuwenhuizen, Consistency of the AdS; x S* reduc-
tion and the origin of self-duality in odd dimensions, Nucl. Phys. B581, 179 (2000),
hep-th/9911238]

13


http://arxiv.org/abs/hep-th/0306043
http://arxiv.org/abs/gr-qc/0012054
http://arxiv.org/abs/hep-th/9905075
http://arxiv.org/abs/hep-th/9906168
http://arxiv.org/abs/hep-th/9906221
http://arxiv.org/abs/hep-th/9909203
http://arxiv.org/abs/hep-th/9910252
http://arxiv.org/abs/hep-th/9911238

[12]

[13]

[14]

[15]

M. Cveti¢, H. Lii, C.N. Pope, A. Sadrzadeh and T.A. Tran, Consistent SO(6) reduction
of type IIB supergravity on S°, Nucl. Phys. B586, 275 (2000), hep-th/0003103|

M. Cveti¢, H. Lii, C.N. Pope, A. Sadrzadeh and T.A. Tran, S? and S* reductions of
type IIA supergravity, Nucl. Phys. B590, 233 (2000), hep-th/0005137

H. Lii, C.N. Pope and E. Sezgin, SU(2) reduction of siz-dimensional (1,0) supergravity,
Nucl. Phys. B668, 237 (2003), hep-th /0212323

H. Li and Z.L. Wang, Pseudo-Killing spinors, pseudo-supersymmetric p-branes, bub-

bling and less-bubbling AdS Spaces, arXiv:1103.0563! [hep-th].

D.Z. Freedman, C. Nunez, M. Schnabl and K. Skenderis, Fake supergravity and domain
wall stability, Phys. Rev. D69, 104027 (2004), hep-th/0312055.

H. Lin, O. Lunin and J.M. Maldacena, Bubbling AdS space and %—BPS geometries,
JHEP 0410, 025 (2004), hep-th/0409174].

M. Cveti¢, H. Li and C.N. Pope, Consistent Kaluza-Klein sphere reductions, Phys.
Rev. D62, 064028 (2000), hep-th /0003286

E. Bergshoeff, M. de Roo, B. de Wit and P. van Nieuwenhuizen, 7Ten-dimensional
Mazwell-FEinstein supergravity, its currents, and the issue of its auxiliary fields, Nucl.

Phys. B195, 97 (1982).

P. Kraus, F. Larsen and S.P. Trivedi, The Coulomb branch of gauge theory from rotating
branes, JHEP 9903, 003 (1999), hep-th/9811120.

M. Cvetic, S.S. Gubser, H. Li and C.N. Pope, Symmetric potentials of gauged super-
gravities in diverse dimensions and Coulomb branch of gauge theories, Phys. Rev. D62,

086003 (2000), [hep-th/9909121]

K. Behrndt, M. Cveti¢ and W.A. Sabra, Non-extreme black holes of five dimensional
N =2 AdS supergravity, Nucl. Phys. B553, 317 (1999), hep-th/9810227.

M. Cveti¢, M.J. Duff, P. Hoxha, J.T. Liu, H. Lii, J.X. Lu, R. Martinez-Acosta, C.N.
Pope, H. Sati, T.A. Tran, Embedding AdS black holes in ten and eleven dimensions,
Nucl. Phys. B558, 96 (1999), hep-th/9903214.

Z.W. Chong, H. Li and C.N. Pope, BPS geometries and AdS bubbles, Phys. Lett.
B614, 96 (2005), hep-th /0412221l

14


http://arxiv.org/abs/hep-th/0003103
http://arxiv.org/abs/hep-th/0005137
http://arxiv.org/abs/hep-th/0212323
http://arxiv.org/abs/1103.0563
http://arxiv.org/abs/hep-th/0312055
http://arxiv.org/abs/hep-th/0409174
http://arxiv.org/abs/hep-th/0003286
http://arxiv.org/abs/hep-th/9811120
http://arxiv.org/abs/hep-th/9909121
http://arxiv.org/abs/hep-th/9810227
http://arxiv.org/abs/hep-th/9903214
http://arxiv.org/abs/hep-th/0412221

[25] Z.W. Chong, M. Cveti¢, H. Lii and C.N. Pope, Non-extremal rotating black holes in
five-dimensional gauged supergravity, Phys. Lett. B644, 192 (2007), hep-th/0606213.

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

15


http://arxiv.org/abs/hep-th/0606213
http://arxiv.org/abs/hep-th/0404008

	A Lifting of the solutions
	B Projected Integrability Conditions for the Bosonic String

