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Abstract. We find new BPS solutions in N = 2 D = 4 Fayet-Iliopoulos gauged supergravity with STU prepotential.
These are stationary solutions carrying a Kerr-Newman throat spacetime geometry and are everywhere regular. One of
the three scalar vector fields is non constant. Moreover, they carry non vanishing magnetic fluxes and dipolar electric
fields.

1. Introduction

The relevance of black holes in AdS spaces is known for several reasons. One is of course AdS/CFT and its several
applications, as for example to condensed matter physics, see [1], Fermi liquids physics, [2], and superconductivity, [3].
The coupling to electromagnetic charges and scalar field is crucial in these constructions, at least for looking for realistic
physical models, so, considering backgrounds in gauged supergravity including abelian gauge fields and coupled to
scalar matter is quite natural. BPS solutions provide examples where supersymmetric conformal field theories are
defined on curved backgrounds, the conformal boundaries. Also non BPS and even non extremal solutions are of
interest for holographic construction related, for example, to finite temperature condensed matter systems. Another
issue is Kerr/CFT correspondence, which allows to provide a microscopic description and computation of the black hole
entropy, [4], [5]. A related phenomenon is the attractor mechanism that for AdS black holes is quite different than the
quite well understood case of asymptotically flat black holes, [6], [7], [8]. In the recent years there have been progresses
in finding BPS, non BPS and thermal black holes solutions in N = 2 gauged supergravity in four dimensions, coupled
with matter, see for example [9], [10], [11] [12], [13], [14], [15], [16], [17] and [18]. A way of finding BPS solutions is
to directly face the equations deduced in [11], where all timelike BPS equations are classified for N = 2, D = 4 gauged
supergravity coupled to an arbitrary number of abelian vector multiplets. This is the strategy used here, even though
a more general setting could be to follow the strategy of [10], where a very general structure for (non necessarily BPS)
black hole solutions has been individuated and proposed as a possible general structure of the black hole solutions.
Black hole solutions, however, are not the only interesting ones. Indeed, it is well known the role of Bertotti-Robinson
solutions in supergravity, in particular, in relation to the attractor mechanism, [19]. They typically represent the near
horizon geometries of extremal static black holes. In the stationary case, the near horizon geometry may become more
involved but, as shown in [20], it has several characteristics in common with the Bertotti-Robinson geometry. Indeed,
these kind of geometries have been investigated also in different dimensions, see for example [22], [23], [24], and [25].
Here we will present a different class of BPS solutions, which are everywhere regular solutions with non constant scalar
fields. More precisely, we consider the Fayet-Iliopoulos gauged supergravity coupled to three vector multiplets in the STU

model with prepotential F (X0,X1,X2,X3
) = −2i

√
X0X1X2X3. Our solutions looks like deformed Bertotti Robinson

spacetimes: they are fibrations of AdS2 spaces over a genus zero Riemann surface with non constant scalar curvature.
These are stationary solutions carrying magnetic fluxes. There are electric fields also but without fluxes and there are
not electric and magnetic charges. In particular, the electric fields fluxes can be switched off by varying a parameter to
zero, related to the imaginary part of the non constant scalar field. When the electric fields are switched off the AdS
fibres become flat Minkowski spacetimes R1,1.
We also find a static solution. Moreover, there are also other similar solutions with the same structure but with the base
replaced by non compact spaces. We however did not studied them since they do not admit the action of finite groups
allowing for a compactification or to a reduction of a finite area of the horizon, and we considered the compact ones
more interesting. In any case, all these solutions, even if not black holes, are in the general form proposed in equation
(2.1) of [10].

2. General conventions and equations of motion

We will follow the conventions in [7]. Let us consider N = 2,D = 4 gauged supergravity coupled to nV abelian vector

multiplets. Its bosonic content is given by the vierbein eaµ, the U(1) gauge vectors AIµ, I = 0, . . . , nv and complex scalar
fields zα, α = 1, . . . , nV , parameterising a special Kähler manifold, which is the base of a symplectic bundle having
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covariantly holomorphic sections

V = (
XI

FI
) , DᾱV = ∂ᾱV −

1

2
(∂ᾱK)V = 0. (2.1)

Here D is the Kähler covariant derivative and K the Kähler potential, and ∂ᾱ is the partial derivative w.r.t. z̄ᾱ. These
sections are constrained by

⟨V, V̄⟩ =XI F̄I − FIX̄
I
= i. (2.2)

Usually one assumes the existence of a homogeneous function F of degree two, called the prepotential, such that

v(z) ∶= e−K(z,z̄)/2V = (
ZI(z)
∂F (Z)
∂ZI

) . (2.3)

From this we see that the Kähler potential can be computed as

e−K(z,z̄) = −i⟨v, v̄⟩. (2.4)

The scalars zα are coupled to the gauge fields via the period matrix NIJ defined by

FI = NIJX
J , DᾱF̄I = NIJDᾱX̄

J . (2.5)

The bosonic part Lb of the lagrangian density is

Lb

e
=
R

2
+

1

4
(ImN)IJG

I
µνG

Jµν
−

1

8e
(ReN)IJε

µνρσGIµνG
J
ρσ

− gαβ̄∂µz
α∂µz̄β̄ − V, (2.6)

where GIµν = ∂µA
I
ν − ∂νA

I
µ are the field strengths and V is the scalar potential

V = −2gIgJ [(ImN)
−1∣IJ

+ 8X̄IXJ
] , (2.7)

with gI = gξI constant. In [11] it has been shown that if one looks for supersymmetric solutions admitting a timelike
Killing spinor, then the most general supersymmetric background can be expressed in coordinates t, z,w, w̄ as

ds2
= −4∣b∣2(dt + σ)2

+ ∣b∣−2
(dz2

+ e2Φdwdw̄) (2.8)

where b(z,w, w̄) is a complex function, Φ(z,w, w̄) a real function and σ = σwdw + σw̄dw̄ + σzdz a one form.
After setting

I = Im(V/b̄), (2.9)

the fields must satisfy the following system of coupled nonlinear equations

dσ + 2 ⋆(3) ⟨I, dI⟩ −
i

∣b∣2
gI (

X̄I

b
+
XI

b̄
) e2Φdw ∧ dw̄ = 0, (2.10)

∂zΦ + 2igI (
XI

b̄
−
X̄I

b
) = 0, (2.11)

4∂w∂w̄ (
XI

b̄
−
X̄I

b
) + ∂z [e

2Φ∂z (
XI

b̄
−
X̄I

b
)]+

−2igJ∂z {e
2Φ

[∣b∣−2
(ImN)

−1∣IJ
+ 2(

XJ

b̄
+
X̄J

b
)(

XI

b̄
+
X̄I

b
)]} = 0, (2.12)

4∂w∂w̄ (
FI

b̄
−
F̄I
b

) + ∂z [e
2Φ∂z (

FI

b̄
−
F̄I
b

)]+

−2igJ∂z {e
2Φ

[∣b∣−2ReNIL(ImN)
−1∣JL

+ 2(
FI

b̄
+
F̄I
b

)(
XJ

b̄
+
X̄J

b
)]}+

−8igIe
2φ

[⟨I, ∂zI⟩ −
gJ
∣b∣2

(
XJ

b̄
+
X̄J

b
)] = 0, (2.13)

2∂w∂w̄Φ − e2Φ
[igI∂z (

XI

b̄
−
X̄I

b
) +

2

∣b∣2
gIgJ(ImN)

−1∣IJ

+4(
gIX

I

b̄
+
gIX̄

I

b
)

2⎤
⎥
⎥
⎥
⎥
⎦

= 0. (2.14)
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Here ⋆(3) is the Hodge star on the three-dimensional base with metric

ds2
3 = dz

2
+ e2Φdwdw̄. (2.15)

The fieldstrengths corresponding to a given solution b, Φ, σ and V, are:

GI = 2(dt + σ) ∧ d(bXI
+ b̄X̄I

)

+ ∣b∣−2
[X̄I

(∂w̄ b̄ + iAw̄ b̄) + (DαX
I
)b∂w̄z

α
−XI

(∂w̄b − iAw̄b) − (DᾱX̄
I
)b̄∂w̄ z̄

ᾱ
]dz ∧ dw̄

− ∣b∣−2
[X̄I

(∂w b̄ + iAw b̄) + (DαX
I
)b∂wz

α
−XI

(∂wb − iAwb) − (DᾱX̄
I
)b̄∂w z̄

ᾱ
]dz ∧ dw

−
1

2
∣b∣−2e2Φ

[X̄I
(∂z b̄ + iAz b̄) + (DαX

I
)b∂zz

α
−XI

(∂zb − iAzb) − (DᾱX̄
I
)b̄∂z z̄

ᾱ

−2igJ(ImN)
−1∣IJ

]dw ∧ dw̄, (2.16)

where Aµ is the gauge field of the Kahler U(1),

Aµ = −
i

2
(∂αK∂µz

α
− ∂ᾱK∂µz̄

ᾱ
). (2.17)

By now we will refer to eq.(2.10) as the rotating equation, eq.(2.11) as the radial equation, eq.(2.12) as the Bianchi
identity, eq.(2.13) as the Maxwell equations, and eq.(2.14) as the metric equation.

3. STU model

We are interested in looking for stationary solutions with at least one non constant scalar, and characterised by a
nontrivial σ. To this end, we consider the STU model with prepotential

F = −2i
√

(X0X1X2X3). (3.1)

The symplectic section can be parametrised in terms of three complex scalar fields τ1, τ2 e τ3 by choosing Z0
= 1,

Z1
= τ2τ3, Z2

= τ1τ3, Z3
= τ1τ2, so that

vT = (1, τ2τ3, τ1τ3, τ1τ2, −iτ1τ2τ3, −iτ1, −iτ2, −iτ3) . (3.2)

τα and τ̄ᾱ are the complex coordinates on the scalar manifold. The Kähler potential and the non vanishing components
of the metric on the scalar manifold are respectively

e−K = 8Reτ1Reτ2Reτ3 gαᾱ = gᾱα = ∂α∂ᾱK = (τα + τ̄ᾱ)
−2. (3.3)

In particular, we notice the relations

FI =
F

2XI
, NIJ =

F

2(XI)2
δIJ (3.4)

between the prepotential and the period matrix. Inspired by [7] and [13], in order to solve the equations, we propose the
ansätze

τ1 =

√
g0g1

g2g3
τ(z,w, w̄), τ2 =

√
g0g2

g1g3
, τ3 =

√
g0g3

g1g2
, (3.5)

e2Φ
= h(z)`(w, w̄). (3.6)

Compatibly with this choice, we also make the ansätze

X̄A

b
=
η̂(z,w, w̄)

gA
with A = 0,1

X̄B

b
≡
if(z) + η(z,w, w̄)

gB
with B = 2,3 . (3.7)

Replacing in equations (2.11) and (2.14), we get

∂zh

h
= −16f, (3.8)

∂∂̄ ln `

`
= h [−

1

2

∂2
z

√
h

√
h

+ 32(η̂2
+ η2

+ 4η̂η)] , (3.9)

with the condition gB > 0. Moreover, we take gA < 0 because of the requests Reτ > 0 and Im(NIJ) < 0.
Bianchi’s equations become, for I = A and for I = B

∂z [h(η̂
2
+ 2η̂η)] = 0, (3.10)

1

4
∂z (

√
h∂2

z

√
h) − 16∂z [h(η

2
+ 2ηη̂)] = 0, (3.11)
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respectively. These are solved by setting1

η =
1

16

s(w, w̄)

g(z)
, η̂ =

1

16

ŝ(w, w̄)

g(z)
, (3.12)

with

g(z) = ±
√
h(z), h(z) = (αz + β)2, (3.13)

where α and β are arbitrary constants.2

The Maxwell equations become

1

`
∂∂̄s =

1

8
sŝ(ŝ + s), (3.14)

1

`
∂∂̄ŝ =

1

8
sŝ(ŝ + s). (3.15)

It follows immediately that s − ŝ is a real armonic function. So, in general we must have

ŝ(w, w̄) = s(w, w̄) + F (w) + F̄ (w̄) (3.16)

where F is a holomorphic function. Moreover eq.(3.9) reduces to

∂∂̄ ln `

`
=

1

8
(ŝ + s)2

+
1

4
ŝs. (3.17)

In this way our system of equations is reduced to eq. (2.10), (3.14), (3.16) and (3.17).

4. A Static solution

A simple static solution is easily obtained putting ŝ = −s = a, where a is a constant. It is then straightforward to
prove that the general solution of eq.(3.17) is

`(x) =
c

2a2
[1 − tanh2

(

√
c

2
x)] , (4.1)

where c > 0 is an integration constant.3

The full solution reads

ds2
= −

2Gh

a2
dt2 +

2a2

Gh
dz2

+
2a2`

G
(dx2

+ dy2
), (4.2)

τ1 =

√
g0g1

g2g3
(1 +

2iα

a
) , h = (αz + β)2, (4.3)

where G = 64
√
g0g1g2g3.

It is convenient to introduce the new variables θ and φ such that

sin2 θ = 1 − tanh2
(

√
c

2
x), (4.4)

φ =

√
c

2
y. (4.5)

This way the metric takes the form

ds2
= −

2G(αz + β)2

a2
dt2 +

2a2

G(αz + β)2
dz2

+
4

G
(dθ2

+ sin2 θ dφ2
). (4.6)

For α different from zero this is a Bertotti-Robinson space-time, which is a AdS2 × S
2, with scalar curvature −α

2G
a2

for

AdS2 and G/2 for S2. For α = 0, it is an R1,1
× S2.

The fields strength are

GA = −
Gα

8agA
dt ∧ dz +

sin θ

8gA
dθ ∧ dφ, (4.7)

GB =
Gα

8agB
dt ∧ dz +

sin θ

8gB
dθ ∧ dφ, (4.8)

1with the factor 16 included for convenience. This is not the most general solution, but we will discuss the most general case in the
Conclusions section

2For α different from zero, it is possible to reabsorb both α and β in the definition of the variable z, but this notation allows us to
include the case α = 0.

3We omitted an irrelevant integration constant that would not change the meaning of the solution.
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with duals

ImNAJ ⋆G
J
= −4gAdt ∧ dz −

16αgA sin θ

Ga
dθ ∧ dφ, (4.9)

ImNBJ ⋆G
J
= −4gB

a2

a2 + 4α2
dt ∧ dz +

16αgA sin θ

Ga

a2

a2 + 4α2
dθ ∧ dφ. (4.10)

Therefore, the magnetic and electric fluxes are

1

4π ∫σ
GI =

1

8gI
, (4.11)

1

4π ∫σ
(ReNIJ ⋆G

J
− ImNIJ ⋆G

J
) = 0, (4.12)

respectively. Since d ⋆GI = 0, the electric four-current densities JI vanish. Since the solution is everywhere regular, this
means that there are not charges but just free constant fields.
This kind of solution is not new and is well understood. In particular, these near horizon metric have been studied in [6] in

general. In particular, our solution solves (2.16)-(2.18) in [6], where in our case V ⌊rH=
G
8
(1 − 2α

2

a2
), VBH⌊rH=

2
G

(1 + 2α
2

a2
),

and r2
H = 4

G
, r2

A = 2a2

α2G
. It is worth to mention here that in that paper an imprecise statement is made at the end of

section 2 and we need to clarify in the present exposition: it is stated that all these solutions, for RH ≠ RA, are not BPS
solutions. Of course this is not true, as it is well known, and it has to be interpreted as follows. These near horizon
solutions are 1/2 BPS, so that we have an enhancement of supersymmetry with respect to the expected one. This can
be checked by solving explicitly the equations (3.9) in [11], whose solutions are constant Dirac spinors satisfying the
condition Γ2Γ3ε = ε. Since the near horizon geometry enhances supersymmetry, the full flow solutions have to be less
supersymmetric and are expected to be 1/4 supersymmetric flows. These are exactly in the general class considered for
example in [26], even if have not been able to find explicitly a solution restricting exactly to our configuration as regards,
in particular, the electromagnetic fields.

5. Stationary solutions

Much more interesting solutions to the system (3.14)-(3.17) can be found just assuming F constant, say ŝ = s+ 2a where
a is a constant. The resulting equations are stationary conditions for the action functional

S[g, s] = ∫ dwdw̄ `(w, w̄)[s(w, w̄)R(w, w̄) + ψ(s(w, w̄))], (5.1)

where s is a scalar function with potential ψ(s) = 2s(s + 2a)(s + a) and R is the scalar curvature of the two dimensional
euclidean metric

ds̃2
= `dwdw̄. (5.2)

As noticed in [13], this action has an interpretation in terms of generalized dilaton theories. Following [30], it can be
shown that the most general solution of the above system is given by

`(w, w̄) ≡ `(x) =
1

4
[(x2

− a2
)
2
+C] , (5.3)

s = x − a, (5.4)

ŝ = x + a, (5.5)

where C is an integration constant and the coordinate x is defined by

2dx = `(x)d(w + w̄). (5.6)

Different types of solutions depend on the sign of C. Here, we will concentrate on the case where C is negative and we
set

C = −k4, (5.7)

and assume
0 < k2

< a2. (5.8)

This choice allows us to obtain solutions with compact (w, w̄)-space. In order to accomplish this we have to choose for
x the range (granting the positivity of `)

−
√
a2 − k2 < x <

√
a2 − k2, (5.9)

and to compactify the variable y = 1
2i
(w − w̄). The two dimensional metric ds̃2 reads now

ds̃2
= 4

dx2

(x2 − a2)2 − k4
+

1

4
[(x2

− a2
)
2
− k4

]dy2. (5.10)
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At the boundary of the range of x, `(x) vanishes so that we have to be careful with y in order to avoid singularities. By

symmetry, it is sufficient to investigate what happens at x ∼
√
a2 − k2. Setting x =

√
a2 − k2 − ξ, we get for ξ ∼ 0+

ds̃2
≈

4

(a2 − k2)
3
2

((d
√
ξ)2

+
k4

(a2
− k2

)ξ

4
dy2

) . (5.11)

After introducing the new coordinates

φ =
k2

√
a2 − k2

2
y (5.12)

r =
√
ξ (5.13)

we see that the metric is

ds̃2
∝ dr2

+ r2dφ2 (5.14)

so that, in order to avoid conical singularities, we have to take φ periodic with period 2π. With this choice eq.(5.10)
defines a smooth compact surface, and applying the Gauss-Bonnet theorem we easily find it is a surface of genus 0.
Finally we can solve the rotation equation (2.10), that gives

σ =
2`

G
√
h
dy. (5.15)

Using the coordinates t, z, x, φ we find the complete solution

ds2
= −

2G(αz + β)2

a2 − x2
(dt + σ)2

+
2(a2

− x2
)

G
[

dz2

(αz + β)2
+
dx2

`(x)
+

4`(x)

k4(a2 − k2)
dφ2

] , (5.16)

τ1 =

√
g0g1

g2g3
(

2iα + a − x

a + x
) , τ2 =

√
g0g2

g1g3
, τ3 =

√
g0g3

g1g2
, (5.17)

σ =
(x2

− a2
)
2
− k4

Gk2
√
a2 − k2(αz + β)

dφ, G = 64
√
g0g1g2g3, (5.18)

`(x) =
1

4
[(x2

− a2
)
2
− k4

] , (5.19)

with α, β, a and k constant satisfying eq.(5.8), and the gauge fields are

GA = −
G(αz + β)

8gA(a − x)2
dt ∧ dx −

Gα

8gA(a − x)
dt ∧ dz −

k2

8gA
√
a2 − k2(a − x)2

dx ∧ dφ, (5.20)

GB = −
G(αz + β)

8gB(a + x)2
dt ∧ dx +

Gα

8gB(a + x)
dt ∧ dz −

k2

8gB
√
a2 − k2(a + x)2

dx ∧ dφ, (5.21)

with duals ⋆GI = ImNIJ ⋆G
J

⋆GA = −
16gAα(αz + β)

(a + x)(a2 − x2)
dt ∧ dx + 4gAdt ∧ dz −

16gAαk
2

G
√
a2 − k2(a + x)

dx ∧ dφ

(a2 − x2)
, (5.22)

⋆GB =
16gBα(αz + β)

(4α2 + (a − x)2)(a + x)
dt ∧ dx +

4gB(a − x)2

4α2 + (a − x)2
dt ∧ dz

+
16gBαk

2

G
√
a2 − k2(4α2 + (x − a)2)(a + x)

dx ∧ dφ, (5.23)

where A = 0,1 and B = 2,3.
In Appendix it is shown that the metric (5.16) is free of singularities. It has the structure of a fibration over a two
dimensional space, with coordinates x,φ, of metric

dΣ2
=

2(a2
− x2

)

G
ds̃2

=
2(a2

− x2
)

G
[
dx2

`(x)
+

4`(x)

k4(a2 − k2)
dφ2

] . (5.24)

We know that ds̃2 corresponds to a compact surface of genus zero, and since the conformal factor 2(a2
−x2

)/G is regular
and strictly positive for x2

≤ a2
− k2, the same is true for dΣ2. So, the base of the fibration has the topology of a sphere

S2. The corresponding scalar curvature is

RΣ =
G

4(a2 − x2)
[3a2

− 9x2
− k4 a2

+ x2

(a2 − x2)2
] , (5.25)
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which becomes singular in x = ±a for k = 0. This is why we keep k ≠ 0.
As for what concerns the fibres, we see that fixing x = x0, φ = φ0, (5.16) reduces to

ds2
∣x0,φ0 = −

2G(αz + β)2

a2 − x2
0

dt2 +
2(a2

− x2
0)

G

dz2

(αz + β)2
, (5.26)

which is an AdS2 with curvature

RAdS =
α2G

a2 − x2
0

. (5.27)

So, topologically, for α ≠ 0 this solution looks to be a deformed Bertotti-Robinson spacetime. However, it has not the
same topology but it more resembles the Kerr throat geometry studied in [20]. To see this let us first notice that, after
redefining the coordinate

r =
Gα

k2
(αz + β), (5.28)

we can rewrite (5.16) as

ds2
=

2(a2
− x2

)

Gα2
[−r2dt2 +

dr2

r2
+ α2 dx

2

`(x)
] +

8`(x)

G(a2 − k2)(a2 − x2)
(dφ −

√
a2 − k2

α
rdt)

2

. (5.29)

Then, we introduce a coordinate ψ such that

α
dx

`(x)
= dψ. (5.30)

A simple calculation shows that

x =
√
a2 − k2 sn

⎛

⎝

√
a2 + k2

2α
ψ;

√
a2 − k2

a2 + k2

⎞

⎠
, (5.31)

where sn(z, k) is the Jacobi elliptic function defined for k2
< 1, by

z = ∫
sn(z;k)

0

dθ
√

1 − k2 sin2 θ
. (5.32)

As usual, we will omit the elliptic modulus, writing for brevity

x =
√
a2 − k2 sn(u), u =

√
a2 + k2

2α
ψ. (5.33)

Therefore,

ds2
=2
a2
− (a2

− k2
)sn2

(u)

Gα2
[−r2dt2 +

dr2

r2
+ dψ2

]

+
2cn2

(u)

G
[1 +

k2

a2 − (a2 − k2)sn2(u)
](dφ −

√
a2 − k2

α
rdt)

2

. (5.34)

Finally, following [20], see also [21], we also introduce the new coordinates τ, y and ϕ by means of the relations

r = y +
√

1 + y2 cos τ, (5.35)

t =

√
1 + y2

r
sin τ, (5.36)

φ = ϕ −

√
a2 − k2

α
log

RRRRRRRRRRR

cos τ + y sin τ

1 +
√

1 + y2 sin τ

RRRRRRRRRRR

, (5.37)

so that

ds2
=2
a2
− (a2

− k2
)sn2

(u)

Gα2
[−(1 + y2

)dτ2
+

dy2

1 + y2
+ dψ2

]

+
2cn2

(u)

G
[1 +

k2

a2 − (a2 − k2)sn2(u)
] (dϕ − ydτ)2 . (5.38)



8 D. ASTESIANO AND S. L. CACCIATORI

We recall that here u =
√
a2+k2
2α

ψ, and the range of coordinates is

−∞ < τ < ∞, (5.39)

−∞ < y < ∞, (5.40)

−
2α

√
a2 + k2

K(

√
a2 − k2

a2 + k2
) ≤ ψ ≤

2α
√
a2 + k2

K(

√
a2 − k2

a2 + k2
), (5.41)

0 ≤ ϕ < 2π, (5.42)

where K(k) is the complete elliptic integral of the first kind. Exactly in the same way as in [20], we get that these
coordinates cover the whole spacetime, which is geodetically complete. τ is the global time. The topology of this
solution is not exactly the one of a Bertotti-Robinson spacetime, but is the same as the Kerr-Newman throat (4.2)
of [20]. This allows us to the following conjecture: our solution is the near horizon limit of a rotating, possibly non
BPS, extremal AdS black hole carrying both electric and magnetic fields and coupled to a complex scalar field that is
non constant at the horizon. Indeed, it is well known that this supergravity theory admits vacua with asymptotic AdS4

regions. For the same reasons we have discussed for the static case, the interpolating solutions are now expected to
be non BPS. Indeed, this time the Killing spinors must satisfy two projection conditions, since they must satisfy the
conditions Γ2Γ3ε = Γ2Γ5ε = iε, as one can easily check by explicitly solving equations (3.9) and the subsequent one in [11].
The double projection, w.r.t. the static case, reduces the number of symmetries down to 1/4 BPS. This can also be
checked by proving that, indeed, the stationary solution does not solve equations (3.138) - (3.140) of [31].
Since in absence of hypermultiplets and nonabelian gaugings there cannot be 1/8 BPS solutions, see [11], the complete
flux solutions are expected to be non BPS. Finding them is not trivial. Strategies have been proposed, for example,
in [13], [9], and [31], see also [27], [28], [29]. However, all these cases start from 1/2 BPS near horizon backgrounds
and the same strategy does not work for less supersymmetric starting near horizon solutions. Of course, the area of the
horizon of the alleged rotating black hole must coincide with the area of the spheroids of the near horizon solution, which
is

ARH =
16π

G
. (5.43)

For α = 0 the fibres become two dimensional flat Minkowski spacetimes. In this case β ≠ 0 and can be rescaled to 1
by a coordinate redefinition. The metric then takes the form

ds2
=2
a2
− (a2

− k2
)sn2

(u)

Gα2
[−dt2 + dz2

+ dψ2
]

+
2cn2

(u)

G
[1 +

k2

a2 − (a2 − k2)sn2(u)
] (dφ −

√
a2 − k2dt)

2
. (5.44)

5.1. Symmetries and conservation laws. If Tµν is the energy-momentum tensor, we can construct the tensor density
Tµν , which satisfies

∂tT
t
λ = −∂jT

j
λ +

1

2
T
µν∂λgµν , (5.45)

where repeated latin index run from 1 to 3, while the greek ones from 0 to 3. If S is a compact 3-dimensional spatial
region with boundary ∂S with normal directions nj and area element dσ̂, we can rewrite it in integral form

d

dt ∫S
d3x T tλ = −∮

∂S
dσ̂ T jλnj +

1

2 ∫S
d3x T µν∂λgµν . (5.46)

For λ = t, y the last term vanishes identically and the l.h.s. of the above equation individuate conserved quantities.4

The energy-momentum tensor reads

Tµν = − (ImN)IJG
I
µσG

Jσ
ν + 2gαβ̄∂(µz

α∂ν)z̄
β̄

+ gµν [
1

4
(ImN)IJG

I
σρG

Jσρ
− gαβ̄∂σz

α∂σ z̄β̄ − V ] , (5.47)

so, the full tensor density T =
√
γT is5

T
µ
ν =

⎛
⎜
⎜
⎜
⎝

T
t
t 0 0 0

0 T
z
z 0 0

0 0 T
x
x 0

T
φ
t 0 0 T

φ
φ

⎞
⎟
⎟
⎟
⎠

, (5.48)

4Indeed, ∂t and ∂y are Killing vector fields.
5in coordinates t, z, x,φ; here γ is minus the determinant of the spacetime metric
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with

T
t
t =T

z
z =

2`(x2
+ α2

) − (a2
− x2

)
3

(a2 − x2)2
, (5.49)

T
x
x = −

2`(x2
+ α2

)

(a2 − x2)2
+ 2(x2

+ α2
), (5.50)

T
φ
φ = −

2`(x2
+ 2a2

+ 3α2
)

(a2 − x2)2
+ 2(x2

+ α2
), (5.51)

T
φ
t = −

G(αz + β)k2
√
a2 − k2(a2

+ x2
+ 2α2

)

(a2 − x2)2
. (5.52)

We then see that for λ = φ the conservation equation is just an identity that gives just zero. The only interested conserved
quantity is associated to T t t. For

S = {(z, x, φ)∣z1 ≤ z ≤ z2, −
√
a2 − k2 ≤ x ≤

√
a2 − k2, 0 ≤ φ ≤ 2π}, (5.53)

we get

ΘS

2π∆z
∶=

1

2π∆z ∫S
d3x T t t

= (α2
(1 −

k2

2a2
) − a2

−
3

2
k2

)
√
a2 − k2 +

a2
− α2

4a3
k4 log

a +
√
a2 − k2

a −
√
a2 − k2

, (5.54)

where ∆z = z2 − z1. This energy is conserved in any compact region, in a stationary way, since there is a constant flow
of energy in the φ direction, due to the T φt term.
Let us give a better look to the Killing vector fields. Looking at (5.34) we see that beyond translation in t and φ, the
metric is invariant under the rescaling

r ↦ λr, t↦
t

λ
. (5.55)

To this symmetry it correspond the Killing vector r∂r−t∂t. From (5.38) we see that another invariance is under translation
of the global time τ , to which it corresponds the Killing vector field ζ2 = ∂τ . All Killing vectors are therefore

ζ0 = ∂t, (5.56)

ζ1 = r∂r − t∂t, (5.57)

ζ2 =
1

2
(

1

r2
+ 1 + t2)∂t − tr∂r −

√
a2 − k2

αr
∂φ, (5.58)

ζ3 = ∂φ. (5.59)

They generate an SL(2,R) ×U(1) isometry group.
When α = 0, the Killing vectors of (5.44) are

ζ0 = ∂t, (5.60)

ζ1 = ∂z, (5.61)

ζ2 = z∂t + t∂z, (5.62)

ζ3 = ∂φ, (5.63)

and generate the isometry group (O(1,1) ⋉R) ×R.

5.2. Electromagnetic properties. Consider now (5.20) and (5.21). They have magnetic fluxes

P I =
1

4π ∫Σ
GI = −

1

8gI
, (5.64)

which do not correspond to magnetic charges, since Σ do not bound any singular region. Analogously, from (5.22) and
(5.23) we can compute the electric fluxes, which again result to vanish, despite in this case the electric fields are not
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zero. Indeed, the fields GI = Re(NIJ)G
J
− ⋆GI are

GA = −
32gAα(αz + β)x

(a2 − x2)2
dt ∧ dx − 4gA (1 +

4α2

a2 − x2
)dt ∧ dz

−
32gAαk

2x

G
√
a2 − k2

dx ∧ dφ

(a2 − x2)2
, (5.65)

GB = − 4gBdt ∧ dz. (5.66)

Indeed, the solution being regular everywhere, included the fieldstrengths and their duals, there is not any natural
candidate as source of charges (apart at most at infinite in z). The absence of sources of charges is compatible with
the interpretation of the solution as a near horizon limit. Of course, the fluxes in (5.64)are expected to represent the
magnetic charges of the alleged rotating black hole having our solution as near horizon limit. We want to notice that
the non vanishing electric field has the peculiarity to have positive flux through every section of the spheroid with x > 0
and negative where x < 0 (recall that gA < 0), and they perfectly compensate globally, exactly as it happens for an axial
dipole placed along the axis defining the angle φ.

6. Conclusions and perspectives

We have found new interesting supersymmetric backgrounds in N = 2, D = 4 gauged supergravity coupled to vector

multiplets for the STU model with prepotential F (X0, . . . ,X3
) = −2i

√
X0X1X2X3. These are everywhere regular

solutions with one nonconstant complex scalar field and both magnetic and electric fields with vanishing fluxes. A
parameter α can be set to zero to switch off the electric fields. In this limit the topology of the solutions is the one
of a fibration R1,1 over a surface of genus 0, while for α ≠ 0 the solutions have the same topology as the Ker-Newman
throat of [20]: a fibration of AdS2 fibres on the base of conformal spheres with non constant scalar curvature. These
are stationary solutions, with a rotation parameter along a Killing spacelike direction on the conformal spheres. It is
interesting to notice that when α is switched on, the total electric flux vanishes, but it is positive everywhere in the north
semi spheroid (x > 0) end negative in the south semi spheroid. It resembles a dipolar electric field.

Notice that the metric in our solution belongs to the general class conjectured in [10], formula (2.1), and there checked
for all known rotating black holes in matter-coupled N = 2 gauged supergravity in four dimensions. This general form is

ds2
= −f(z, x)(dt + ωdφ)2

+
1

f(z, x)
[v(z, x)(

dz2

Q(z)
+
dx2

P (x)
) + P (x)Q(z)dφ2

] (6.1)

where P (x) and Q(z) are generic polynomials of fourth-degree. Our (5.16) can be recast in the form (6.1) after the
identifications

P (x) =
4c

k2
√
a2 − k2

`(x), v(z) =
16c

k2
√
a2 − k2

(αz + β)2 (6.2)

Q(z) =
v(z)

4
, f(z, x) =

2G

a2 − x2
(αz + β)2 , ωdφ = cσ, (6.3)

σ =
8

G

1

v(z)
P (x) (αz + β)dφ, (6.4)

where c is a generic constant, which can be fixed choosing the normalization of the φ coordinate. It is worth to
mention that at the end of [10], after analysing all known solutions, they improve their ansatz, proposing the following
specifications

v =Q − P, f = v exp (2U), exp (−2U) = e−K, (6.5)

ω = −
1

v
[Q(c0 + c1x + c2x

2
) + P (d0 + d1z + d2z

2
)] . (6.6)

However, our solution does not fit into these specifications, which, therefore, are not general. In particular, our solution
does not satisfies the first line of these relations.

It is interesting to notice that these solutions have the same topology of the near horizon geometry of extremal
black holes. We indeed conjecture that these solutions are the near horizon limit of some rotating extremal black hole
configuration coupled to electric and magnetic fields. We also mention that the solutions presented here do not admit
limits approaching other known solutions. This seems to be related to the fact that the signs of the couplings gI are
responsible of the fact that the potential V is positive near the horizon while it is expected to be negative at the AdS4

region of the interpolating solution. This justifies the fact that we get a spherical topology at the horizon, while all
solutions found, for example, in [13] have hyperbolic topology. This is not surprising since it happens already for static
solutions (easier to be found), see section 3.2 in [7]. Also, it is worth to mention that AdS black holes are related to the
existence of solitons, solutions that have no smooth limit when the coupling constant goes to zero, see for example [32].
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It would be interesting to understand if they carry thermodynamical properties. Another possible generalization of
the present paper is the following. In order to solve the equations we assumed ∂2

zh = 0, equivalent to the ansatz (3.12),
(3.13). However, equations (3.10) and (3.11) require a weaker assumption, which is

∂z (
√
h∂2

z

√
h) = 0, (6.7)

η =
1

16

s(w, w̄)
√
h(z)

, η̂ =
1

16

ŝ(w, w̄)
√
h(z)

. (6.8)

Rewriting the first as

∂2
z

√
h =

ξ
√
h

(6.9)

with ξ a constant, we are led to the system

∂w∂w̄S

`
=
ξ

4
S +

1

8
SŜ(S + Ŝ), (6.10)

∂w∂w̄Ŝ

`
=
ξ

4
Ŝ +

1

8
SŜ(S + Ŝ), (6.11)

∂w∂w̄ log `

`
= −

ξ

2
+

1

8
(S + Ŝ)2

+
1

4
SŜ. (6.12)

This system of equations is much more difficult to solve than the one considered in the present paper. It would be
interesting to find nontrivial solutions of this system and to study the corresponding spacetime solutions. These and
other questions will be considered in a forthcoming paper.
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Appendix A. Curvature

A vierbein for the metric (5.16) is

E0
=

√
2G

a2 − x2
(αz + β)(dt + σ), E1

=

√
2(a2 − x2)

G

dz

αz + β
, (A.1)

E2
=

√
2(a2 − x2)

G

dx
√
`(x)

, E2
=

2

k2

¿
Á
ÁÀ2`(x)(a2 − x2)

G(a2 − k2)
dφ. (A.2)

The connection 1-forms, defined by

dEa + ωa b ∧E
b
= 0, ωab = −ωba, (A.3)

where the indices a, b run from 0 to 3, and are raised and lowered with the flat Minkowski metric. These are

ω0
1 = α

√
G

2(a2 − x2)
E0

− 2
α
√
`(x)

G
(

G

2(a2 − x2)
)

3
2

E3, (A.4)

ω0
2 =

x

a2 − x2

¿
Á
ÁÀ G`(x)

2(a2 − x2)
E0

− x

√
G

2(a2 − x2)
E3, (A.5)

ω0
3 = 2

α
√
`(x)

G
(

G

2(a2 − x2)
)

3
2

E1
+ x

√
G

2(a2 − x2)
E2, (A.6)

ω1
2 = −

x

a2 − x2

¿
Á
ÁÀ G`(x)

2(a2 − x2)
E1, (A.7)

ω1
3 = −2

α
√
`(x)

G
(

G

2(a2 − x2)
)

3
2

E0, (A.8)

ω2
3 = −x

√
G

2(a2 − x2)
E0

+

√
G

2`(x)(a2 − x2)

x

a2 − x2
(`(x) +

a2
− x2

2
)E3. (A.9)
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The curvature 2-form, defined by

Ωab ≡
1

2
ΩabcdE

c
∧Ed = dωab + ω

a
c ∧ ω

c
b, (A.10)

has relevant non vanishing terms

Ω0
101 =

b2

h
(
`(x)(x2

− α2
)

(a2 − x2)2
− α2

) ; Ω0
102 = −3α

b2

h

x
√
`(x)

a2 − x2
; (A.11)

Ω0
113 =

b2

h

x2
− 2α2

a2 − x2

√
`(x); Ω0

123 = −
b2

h
αx(1 +

2`(x)

(a2 − x2)2
) ; (A.12)

Ω0
202 = −

b2

h
(`(x)

a2
+ 3x2

(a2 − x2)2
+
x2

2
) ; Ω0

213 = −
b2

h
αx(

1

2
+

4`(x)

(a2 − x2)2
) ; (A.13)

Ω0
223 = −

b2

h

a2
+ 2x2

(a2 − x2)

√
`(x); Ω0

312 =
b2

h
αx(

1

2
−

2`(x)

(a2 − x2)2
) ; (A.14)

Ω0
303 =

b2

h
(`(x)

x2
− α2

(a2 − x2)2
−
x2

2
) ; Ω1

212 =
b2

h
(`(x)

x2
+ a2

(a2 − x2)2
−
x2

2
) ; (A.15)

Ω1
313 =

b2

h
(`(x)

3α2
− x2

(a2 − x2)2
−
x2

2
) ; Ω1

323 =
b2

h
3αx

√
`(x)

a2 − x2
; (A.16)

Ω2
323 =

b2

h
(`(x)

a2
+ x2

(a2 − x2)2
+
a2
+ x2

2
) , (A.17)

where

b2

h
=

G

2(a2 − x2)
. (A.18)

Looking at this expression it is evident that the solution is completely regular if k ≠ 0, while for k = 0 it becomes singular
at x = ±a.
In particular, the Ricci scalar is

R =
G

2(a2 − x2)
[a2

− 3x2
− 2α2

+ 2`(x)
a2
+ α2

(a2 − x2)2
] . (A.19)
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