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1 Introduction and summary of results

Black holes in gauged supergravity theories provide an important testground to address
fundamental questions of gravity, both at the classical and quantum level. In particular,
one may be interested in uniqueness — or no hair theorems, the final state of black hole
evolution, or the problem of black hole microstates. In gauged supergravity, the solutions
often (but not always; this depends essentially on whether the scalar potential has critical
points) have AdS asymptotics, and one can then try to study these issues guided by the
AdS/CFT correspondence. A nice example for this is the recent microscopic entropy cal-
culation [1-4] for the black hole solutions to N = 2, D = 4 Fayet-Iliopoulos (FI)-gauged
supergravity constructed in [5]. These preserve two real supercharges, and are dual to a
topologically twisted ABJM theory, whose partition function can be computed exactly us-
ing supersymmetric localization techniques. This partition function can also be interpreted



as the Witten index of the superconformal quantum mechanics resulting from dimension-
ally reducing the ABJM theory on a Riemann surface. The results of [1-4] represent the
first exact black hole microstate counting that uses AdS/CFT and that does not involve an
AdS3 factor! with a corresponding two-dimensional CFT, whose asymptotic level density
is evaluated with the Cardy formula. Subsequently, this matching was extended to many
other examples and in various directions, see e.g. [7-13] and references therein.

On the other hand, black hole solutions to gauged supergravity are also relevant for a
number of recent developments in high energy — and in condensed matter physics, since
they provide the dual description of the quark-gluon plasma [14] as well as of certain con-
densed matter systems at finite temperature (cf. [15] for a review) and quantum phase
transitions [16]. Of particular importance in this context are models that contain Einstein
gravity coupled to U(1) gauge fields and neutral scalars, which have been instrumental to
study transitions from Fermi-liquid to non-Fermi-liquid behaviour, cf. [17, 18] and refer-
ences therein. Notice that the necessity of a bulk U(1) gauge field arises, because a basic
ingredient of realistic condensed matter systems is the presence of a finite density of charge
carriers. Such models are provided by matter-coupled gauged supergravity. Especially we
shall be interested in the N = 2 U(1) Fl-gauged theory in four dimensions, which contains
indeed neutral scalars as well as abelian gauge fields.

There are thus a number of reasons to extend the spectrum of known black hole solu-
tions to gauged supergravity. Since there exists by now a rather large amount of literature
on this subject, in the following we will give an overview on existing solutions, which may
be useful for the reader in its own right. In order to avoid escalation we shall thereby
restrict our attention to the N = 2, D = 4 U(1) Fl-gauged theory only. To the best of
our knowledge, the first paper on this subject was [19], where nonextremal black holes in
the stu model were constructed. These carry four charges, which are either all electric or
magnetic. Ref. [20] derives electrically charged 1/2 BPS solutions for arbitrary prepoten-
tial, which unfortunately are naked singularities as soon as the gauge coupling constant is
nonvanishing. In [5] (using the classification scheme of [21]), the first examples of genuine
supersymmetric black holes in AdS4 with nonconstant scalar fields were presented for the
t3 and the stu model. Typically these are magnetically charged and represent also the
prime instance of static BPS black holes in AdS; with spherical symmetry. [22, 23] elab-
orate further on the solutions of [5], while [24-27] and [28-31] generalize them to other
prepotentials (with dyonic gaugings) and finite temperature respectively. Rotation was
added in [32] (BPS case, —iX"X!'-model, only magnetic charges), [33, 34] (same model,
but nonextremal and dyonic) and very recently in [35] (BPS, cubic prepotential and dy-
onic gauging). NUT-charged supersymmetric black holes were constructed in [36] for the
—iX%X!-model and in [37] for a cubic prepotential with dyonic gauging. It is worth noting
that there exists also a strange class of black holes whose horizon is noncompact but nev-
ertheless has finite area [34, 38]. These may provide an interesting testground to address
fundamental questions related to black hole physics or holography.

Many further hitherto unknown solutions might exist, but are very probably difficult to
construct by trying to solve the coupled Einstein-Maxwell-scalar equations. However, the

1Or geometries related to AdSs, like those appearing in the Kerr/CFT correspondence [6].



supersymmetric subclass of them (if it exists) satisfies first order equations, which should
facilitate their discovery and explicit construction.

In this paper we shall consider the CP" — and the t* model, characterized by a
quadratic and cubic prepotential respectively. We start in section 2 with a brief review of
N =2, D = 4 Fl-gauged supergravity as well as a summary of some results of [21, 39], where
the one quarter and one half supersymmetric backgrounds of the theory were classified. In
section 3 we apply the recipe of [21] to construct rotating extremal BPS black holes in the
CP" model, which preserve two real supercharges. It is shown that the latter are doubled
for the near-horizon geometry. Moreover, we also obtain BPS black holes with NUT charge
in the same model. The following section is dedicated to the prepotential F = —(X1)3 /XY
for which we present first a supersymmetric near-horizon solution, which is subsequently
extended to a full black hole geometry. Finally, 5 contains a generalization of the solutions
in section 3 to the nonextremal case, which turns out to be characterized by a Carter-
Plebanski-type metric, and has n + 3 independent parameters, corresponding to mass,
angular momentum as well as n+ 1 magnetic charges. We also discuss the thermodynamics
of these solutions, obtain a Christodoulou-Ruffini mass formula, and shew that they obey a
first law of thermodynamics and that the product of horizon areas depends on the angular
momentum and the magnetic charges only.

We believe that at least some of the black holes constructed in this paper may become
instrumental for future microscopic entropy computations involving a supersymmetric in-
dex, along the lines of [1-4].

An appendix contains the equations of motion of the theory under consideration.

2 N =2, D = 4 Fl-gauged supergravity

2.1 The theory and BPS equations

We consider N = 2, D = 4 gauged supergravity coupled to n abelian vector multiplets [40].2
Apart from the vierbein e}, the bosonic field content includes the vectors Aﬁ enumerated
by I =0,...,n, and the complex scalars z¢ where a« = 1, ..., n. These scalars parametrize
a special Kéhler manifold, i.e., an n-dimensional Hodge-Kéhler manifold that is the base
of a symplectic bundle, with the covariantly holomorphic sections

X! 1
V = 5 D@V = 6@V - *(8@IC)V = 0, (21)
Fr 2

where K is the Kahler potential and D denotes the Kéhler-covariant derivative. V obeys
the symplectic constraint
WV =XF - Xt =i, (2.2)

To solve this condition, one defines

Y = ME02 () (2.3)

2Throughout this paper, we use the notations and conventions of [41].



where v(z) is a holomorphic symplectic vector,
Z1(z
v(z) = L( )Z . (2.4)
oz1 ( )

F is a homogeneous function of degree two, called the prepotential, whose existence is
assumed to obtain the last expression. The Kéahler potential is then

e K2 = _i(v, ). (2.5)

The matrix N7; determining the coupling between the scalars z* and the vectors A{L is
defined by the relations

Fr=NpjjX’,  DaFr=NpDaX". (2.6)
The bosonic action reads

~ 1 1 1 _
e WLpos = S+ Z(Im/\/)UE{VFW — g(Ref\/)ue terrr LR

—ga[;a#zaaﬂzﬁ -V, (2.7)
with the scalar potential
V = —2¢%¢&;[(ImN) "W 4 8X T X (2.8)

that results from U(1) Fayet-Iliopoulos gauging. Here, g denotes the gauge coupling and
the & are FI constants. In what follows, we define g; = ¢&;.

The most general timelike supersymmetric background of the theory described above
was constructed in [21], and is given by

ds? = —4|b]*(dt + )2 + |b|"2(d2? + e*®dwdw) , (2.9)

where the complex function b(z,w,w), the real function ®(z,w,w) and the one-form o =
owdw + ogdw, together with the symplectic section 2.13 are determined by the equations

xt X!
I v I I v I
400 (‘Xl; - §> . [emaz (Xl; - )2)] (2.11)

I Y { J Y/
— 2ig,0- {e”’ [\b\_Q(ImN)_1|IJ +2 <)2 + )2) ()2 + X;))] } =0,

5(f _Fr s (F1 1
10 (52 F1) o o, (72 )

J v J
— 2igy0. {2 ||| 2Re Ny (A oo (1 4 £ (X0 A7
b b )\ b
~ Sige® _gr (X7 XINT
8igre [(I,@,J} |b|2<b + b =0, (2.12)

3Note that also o and V are independent of t.



5 . xr X! 2 xI g X1\?
2000 = e2* |ig;0. ( 7 > |b|nggJ(ImN) UET 4y (glb + gIb > , (2.13)
i X xt B

Here +®) is the Hodge star on the three-dimensional base with metric*
ds3 = dz* + **dwdw (2.15)

and we defined 9 = 9,,, 0 = O, as well as

I=Im(V/b), R=Re(V/b). (2.16)
Note that the egs. (2.10)—(2.13) can be written compactly in the symplectically covari-
ant form
9, = 4(T,G), (2.17)
AT +2¢2%9, {e*® (R, I)QMG — 4R(R,G)]} — 4G [(Z,0.T) + 4(R,I)(R.G)] = 0,
(2.18)
AP = —8(R,T) [G'MG + 8|L[*] = 4R, T)V, (2.19)

where G = (g', gr)! represents the symplectic vector of gauge couplings,” £ = (V,G), A
denotes the covariant Laplacian associated to the base space metric (2.15), and V in (2.19)
is the scalar potential (2.8). Moreover,

(01 [ ImN +ReN(ImN)'ReN —Re N (ImN)~!
= (—1 0) M= ( —(ImN)"IReN (Im N1 - (220

Finally, (2.14) can be rewritten as
1
do + *p, (dE—A—i— 21/2) =0, (2.21)

where the function ¥ and the one-form v are respectively given by

i B 8
A is the gauge field of the Kéahler U(1),
Ay = —%(%IC(?#,ZO‘ — 05K0,2%) (2.23)
and %, denotes the Hodge star on the Weyl-rescaled base space metric
o 1
hijdz'da? = W(dZQ + *®dwdw) . (2.24)

“Whereas in the ungauged case, this base space is flat and thus has trivial holonomy, here we have U(1)
holonomy with torsion [21].
°In the case considered here with electric gaugings only, one has g' = 0.



(2.21) is the generalized monopole equation [42], or more precisely a Kéahler-covariant
generalization thereof, due to the presence of the one-form A. In order to cast (2.14) into
the form (2.21), one has to use the special Kéahler identities

(D V,V) = (DV, V) = 0. (2.25)

Note that (2.21) is invariant under Weyl rescaling, accompanied by a gauge transforma-

tion of v,
Bndz™dz™ — e hydz™da, L e VY, v v+2dy, A—e YA (2.26)

It would be very interesting to better understand the deeper origin of the conformal in-
variance of (2.21) in the present context.
The integrability condition for (2.21) reads

Di[hVh(D; — Aj)¥] =0, (2.27)

with the Weyl-covariant derivative

Di == 81 - %Vi y (228)

where m denotes the Weyl weight of the corresponding field.® It is straightforward to show
that (2.27) is equivalent to

(Z,AZ) +4e %9, (e**(Z,R)(G,R)) =0, (2.29)

which follows from (2.18) by taking the symplectic product with Z. To shew this, one has
to use

1 _ -
5 (M +i€) = QVVa + QD Vg DzVQ, (2.30)
(Do V,DgV) =0, (DaV, DgV) = —ig,s, (2.31)

as well as (2.17) and (2.25).
Given b, ®, ¢ and V, the fluxes read

Fl =2(dt + o) Ad [bXT +bXT] + |b| %dz A dw [XT(9b + iAgb) + (DaX)b02"—
XT(0b — iApb) — (DaX")b0z%| — [b]"2dz A dw [XT(9b + iAyb)+
(DaX")b02* — XT(0b — iAyd) — (D X002 —

1 L _
S22 dw A dii [Xl(é?zb FiALD) + (Do X100, 2% — XT(8,b — iALb)—

(DaX 150,57 — 2¢gJ(ImN)*1|”] . (2.32)

my

SA field T with Weyl weight m transforms as I’ — ¢™*T under a Weyl rescaling.



2.2 1/2 BPS near-horizon geometries

An interesting class of half-supersymmetric backgrounds was obtained in [39]. It includes
the near-horizon geometry of extremal rotating black holes. The metric and the fluxes read

respectively
ds® = 4e~¢ <—r2dt2 + Cff) +4(e™¢ = Keb)(do + rdt)* + m . (2.33)
Fl =16iVK ( 1X_X;; — ﬁfﬁ;) dt A dr (2.34)
8\}/}? [f)f)j; + f)j_)z(; + (ImN)~H7 gj] (d¢ + rdt) N dE,
where X = g; X!, K > 0 is a real integration constant, and Y is defined by
Y2 =64e X2~ 1. (2.35)

The moduli fields z* depend on the horizon coordinate ¢ only, and obey the flow equation”

dz* 7 3 _

i (- iY)g*PDsX . (2.36)

(2.33) is of the form (3.3) of [43], and describes the near-horizon geometry of extremal

rotating black holes,® with isometry group SL(2,R) x U(1). From (2.36) it is clear that the

scalar fields have a nontrivial dependence on the horizon coordinate ¢ unless g;D, X! = 0.

As was shown in [39], the solution with constant scalars is the near-horizon limit of the

supersymmetric rotating hyperbolic black holes in minimal gauged supergravity [45].
Using Y in place of £ as a new variable, (2.36) becomes

a Xg*PD5X
= 9 7Rt (2.37)
ay (Y —i) [-XX +D,X¢g"D;X|

This can also be rewritten in a Ké&hler-covariant form, as a differential equation for the
symplectic section V,

XD, V¢*PDs X
DyV = _Terd TR (2.38)
(Y —i) [-XX + D, X gD X]|
where
d

dy

denotes the Kahler-covariant derivative.

"Note that this is not a radial flow, but a flow along the horizon.
SMetrics of the type (2.33) were discussed for the first time in [44] in the context of the extremal Kerr
throat geometry.



2.3 The CP" model
We shall now give an explicit example of a near-horizon geometry with varying scalars,
taking the CP" = SU(1,n)/(SU(n) x U(1)) model, defined by the quadratic prepotential

= %Xln[JXJ, nry = diag(—1,1,...,1). (2.40)

This yields

oF i
Fr=—=_-n X’. 2.41
1= 557 = 5 (2.41)

If we choose homogeneous coordinates by Z° = 1, Z% = 2%, the holomorphic symplectic
section and the Kahler potential read respectively

L t n
v= (1,20‘, f%, ;za> , e X=1- Z |29, (2.42)
a=1

which implies that the complex scalars are constrained to the region 0 < > [2%[*> < 1.
The special Kahler metric and its inverse are given by

Gop = 0ag + eX2%P | goF = TR (5oF — 050 (2.43)

while the period matrix is

7 AR 1 1 AR
- __ =7 I =_= - .C. 2.44
Nig g tiy R m Ny 57+ 5 (ZK2K+CC : (2.44)
z'z7
AT _ o | _ 1]
(ImN) =2 [ n' + <ZKZK +c.c.>] ) (2.45)

where we defined Z; = 17727, The scalar potential (2.8) reads

190 + Y0 ga2®|?

V =4¢g> -8 : (2.46)

1=35 12
with g2 = n/grg; from now on. V has an extremum at 2% = —g,/go, where V = 12¢2.
For z% = —g4/go to lie in the allowed region, the vector of gauge couplings g; must be

timelike, i.e., g < 0. The extremum corresponds then to a supersymmetric AdS vacuum.
In addition, it is easy to see that the potential has flat directions given by go+>, ga2® = 0,
where V = 4¢%. For n = 1, the flat directions degenerate to the point 2! = —go/g1, which
lies in the allowed region for g2 > 0. In this case one has thus a critical point corresponding
to a supersymmetry-breaking de Sitter vacuum. If there is more than one vector multiplet,
the situation is of course more complicated.

2.4 The t3 model

Cubic models are of special interest. In the ungauged theory, these can be embedded in
higher dimensional supergravity theories describing the low energy limit of some string
theory. This appealing property is also displayed after gauging the theory at least for



some of the cubic models. This is the case for the FI-gauged stu model, which contains
n = 3 vector multiplets, and represents the best known example. It can be obtained as a
consistent truncation of eleven-dimensional supergravity compactified on S” [46]. Moreover,
if the three vector multiplets are identified, one gets the so-called t3 model, which we will
consider in this work. The bosonic content of the theory contains the metric g,,,, two gauge
fields AlIL and one complex scalar 7. The theory is defined by the prepotential

3
(x1h)
F=_ =0 (2.47)
In this case we have
Fr=X"(r-37%), (2.48)

where we use homogeneous coordinates in the scalar manifold, with 7 = X'/X?. The
Kahler potential and scalar metric are then

3

-K 3
p— Il 7—_ = ——— 5 2'4
€ 8( T) ? gT 4(1 7)2 ( 9)
which implies Im7 > 0. The scalar potential is then
497
V =— 2.50
3(Imr)’ ( )

which has no critical point, so the theory does not admit AdSy vacua with constant moduli.
Still, we will be able to construct a nontrivial family of black hole solutions, which of course
do not asymptote to AdS.

3 Supersymmetric rotating black holes in the CP" model

In this section we obtain a generalization of the asymptotically AdS black holes found
in [32, 36] to include an arbitrary number of vector multiplets n. To do so, we shall
use some ansatze which are inspired by those articles. We begin constructing in detail a
rotating black hole specified in terms of n + 2 parameters — see (3.20), (3.23) and (3.25).
Moreover, in section 3.4 we present a solution with NUT charge.

3.1 Solving the BPS equations

A natural generalization of the successful ansatz used in [32] for the CP' model is given by

X' 1) + 0! (w,w)
=

e?® = h(2)l(w, w .
o h(z)t(w, ). (3.1)

where f!(z) is a purely imaginary function, while v(2), n!(w,w), h(z) and ¢(w,w) are
real. With these assumptions, the BPS equations, although remaining nonlinear, become
separable and can be solved. The first of them, (2.10), boils down to

8grImf!

0.Inh = — (3.2)



One can see that the symplectic constraint (2.2) implies that X n;; X7 = —1, which in

turn gives
_ 1
’b| 2 = ?UIJ (fIfJ — ’I’/IT]J) . (33)

Using these expressions, equation (2.13) reduces to

001n /¢ 1 4
VA h —133 Inh + 29197 (" ek (0™ — FEFY 204 7 +0"n)) | . (3.4)
Now we observe that if we take h/y? = const. = ¢; > 0, this differential equation is

separable, and one can define a constant ¢y such that

h 4h
—283 Inh + ?g[gj (—nIJnLKfoK + 2fIf‘]) =cica, (3.5)
901In ¢
— —daginn® = 8an’ = cica, (3.6)

where 1 = gyn! and capital indices are lowered with 77;. Equations (3.2) and (3.5) can be
solved by using the polynomial ansatz

y=c+a?,  h=cale+a®)?,  fl=ila'z+p57), (3.7)
for some real constants a, ¢, al, 87, which are constrained by

a
gra’ =—5, gif' =0, alnyB’ =0, —ac+4g’f=cy, a’=4g%",  (3.8)
where o? = nrjola’ and B2 = 0867,
The Bianchi identities (2.11) are then easily solved, and lead to

ol g 10
_angie (3.9)

o =
a

Observe that the set of constraints obtained so far completely fixes o and ¢y in terms of
a, c and 5%, while ¢; remains free. As we will see, some of these degrees of freedom can be
eliminated by a coordinate transformation.

After some computation, Maxwell’s equations (2.12) reduce to

- a?e
00nr — 4leyngr (nKnK + 82— a) =0. (3.10)

Together with (3.6), they define a system of n+ 1 second order, nonlinear differential equa-
tions, and looking for the general solution might seem a hopeless endeavour. Remarkably,
the system can be solved using the ansatz of the type considered in [32],

dr  cosh?(kZ)

. nf =dltanh(ki), 6= Acosh*(ki), — =-——""2, (3.11)

,_ 149
di 1496

 cosh* (k)

where A, k, 7! are some constants and z = (w + w)/2. Defining 7 = gr7!, equation (3.6)
becomes
k? + creo + sinhQ(k:ﬁ) (—2k:2 + 109 + der g + 8C1ﬁ2) =0, (3.12)

,10,



which is solved provided
= —cica,  3k*=4e1¢* ™ + 8c1i?. (3.13)

On the other hand, Maxwell’s equations (3.10) simplify to

2 2 K 2 a’c 2 a’c
k“nr + sinh®(kZ)4cingr <77K77 + 3 — a> + 4e1ngr (ﬂ — a> =0, (3.14)
which are satisfied if
K a’e X . a?e
Wik + 82— —=0, K +4eigr <ﬁ2 - a> —0. (3.15)

In summary, we can combine (3.8), (3.13) and (3.15) to find
K =de®,  g*i=gr. (3.16)

This implies that the only independent parameter in (3.11) is A.

Finally, to completely specify the solution we have to integrate (2.14). To this end
we use (Z,y, z) as coordinates, where y = (w — w)/2i. The relevant Hodge duals on the
metric (2.15) are

140 22 cosh? (k7
e = LT g @ = ) e,
cosh®(kz) 1496
and thus (2.14) takes the form
5 k R 1+6 2ﬁa2cl tanh(kZ) _
Oz 0y diNdy—0,0ydyNdz——s (alirz) ————dyndz— dind
e ARG v? (oir2) cosh?(kz) ynas a  cosh?(kz) e
(ks
+deri) (o227 + B2 +i ki tanh? (k7)) Mdi/\dy =0,
~yecosh?(kZ)
(3.17)
which can be easily integrated to give
7 acy k2 1 >}
= —— A+ —F—= . 3.18
% 492k [coshQ(kgE) Y ( cosh? (k) (3.18)

3.2 The fields

The metric (2.9) of the solution obtained here can be simplified by the coordinate trans-

formation
t [ E 0 —eAELZ\ [y B
( ) =\ o1 <_1 iﬁ , p = Btanh(kz), g=Dz, (3.19)
Yy KL 2k Yy
where B = %g% D=,/ f;;%,fg and E is a positive constant, so A must be negative. In

these coordinates the metric takes the Carter-Plebanski [47, 48] form
2:P2+92—A2dp2+
P 21— AZ
p2 + q2 — A2 Q

dg” —
i Q Y S

ds (dt + (¢* - AQ)dy)2 +

(3.20)

(dt — p2dy)2 ,

— 11 —



where
E2r2 ., pt 1/, EL* ,\°
P=(1+A4) 1 —Ep -1—?2, Q—L2<q +72 —A) , (3.21)

and L? and A? are two positive constants defined by

2
A? = E? ., LP= L (3.22)
87?2 442

The scalar fields z* read

oGP+ +iAp—Aig A BYP—in
2= 2 2 I T NG R R
90 P?+q3 BY p* +qj

or equivalently, in a neater fashion

1 Jo . . Ba>
2% = . —=(p+iq) — iA1= |, 3.23
p+qu< go(p 2 e (3.23)
with
50 _g2
—g—A, A= | ZTA 3.24
G =q—5A =\ (3.24)

If A; = 0 (or equivalently A = 0), the scalars are constant and they assume the value
—9ga/go for which the potential (2.46) is extremized.

To complete the solution we need an expression for the gauge potentials, which are
found by integrating (2.32). This leads to

Al =241 JELQ\/—Am (dt + (¢% — A%)dy) . (3.25)

The solution is thus specified by n + 2 free real parameters, and therefore represents a
generalization of the black holes with n = 1 constructed in [32]. The parameters can be
taken to be A, E, A and 3%/°, subject to the constraint gr3’ = 0, cf. (3.8).

A particular, interesting choice is given by

—_ L2+ J

Then, after the change of coordinates

. ¢ T—jo - 5
= ho = —— t= E=14 = 3.27
p=7jcosh@, Yy g = +L2’ (3.27)

and defining the functions

2

2_ 2, .2 2 1 (4, j*—L* 2 ? J 2
p” =q" +j cosh”0, quﬁ q° + - A% Agzl—kﬁcosh 9, (3.28)
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the metric (3.20), the scalars (3.23) and the gauge potentials (3.25) become respectively

2 2 2 2 12
o _ PP AT L, - AT Agpsinh™f 2, 2 2 2
= T — — A
ds A, dq® + A, do* + (7 - AT (JdT — (¢° + j )do)
Aq .. 2 2
1 . Ja .. . g . )
e | A= ho -+ + — ho —
- 52 cosh? 6 + q% [ e <90 (J cos Zq) B0 (j o8 i4)
Ja B
—%;ﬁ + ﬁOAﬂ , (3.30)
coshf . .
Al = onll g, 12 A (]dT — (q2 + 4% — A2) dqb) . (3.31)

The metric depends only on the two constants A and j, that can be interpreted respectively
as scalar hair and rotation parameters. Note that for j = 0 the scalars are real, whereas
in the rotating case there is a nontrivial axion.

3.3 Near-horizon limit

The metric (3.29) has an event horizon at A, = 0, i.e., for ¢ = ¢, with

@ =A%+ % (L* - 7). (3.32)

To obtain the near-horizon geometry, we set

~

tqo “ tqo
q=qn+€qoz, sz, ¢:¢+QT’

(3.33)

and then zoom in by taking the limit € — 0. The parameter Q = j /(g +j? — A?) represents

the angular velocity of the horizon, while ¢y = 25/{;5(1 . In this limit the metric boils down to
h

Q_AQ Q_AQ L4A h29 . . AQ
ds? = Th o T 12qp? ¢ P gy 2 S0P (d¢ + ]zdt>
Aqpz Ag 4(p; — A?) n
(3.34)
P2 _ A2
— hizLQZthAQ,
4q;,
where p? = ¢ + j* cosh?6.
The final coordinate transformation
2 -2 h26 o AQ .
e€ = 2 T IO . z=g (3.35)
16g;, J
casts the metric into the form (2.33), namely
dz? N2 4e~2dg?
24— 2 172 -
ds” = 4e E(—Z dt +22>+4<6 5—ff@g) (da:+zdt) +m7 (3.36)

where K = L8=%/1024¢;..
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There is thus a supersymmetry enhancement for the near-horizon geometry, which
preserves half of the 8 supercharges of the theory. Exploiting this fact, there is an alter-
native way to arrive at this solution that goes as follows. In the CP" model, the flow
equation (2.37) becomes

dz® (9o +2%g0)(90 + > 5 957")

e 3.37
ay g*(Y —1) ’ ( )
which is solved by
oY —i
so _ Hago = gall = 0) (3.38)
9o(Y — i — o)
Here, u; = (po,tta) € C"! is a constant vector orthogonal to the gauge coupling,
wrn'’ gy = 0. One can now compute |X|? as a function of Y, with the result
4(y2
g (Y + 1) _ IJ—
X|? =— — . where p-p=pm"pn;. (3.39)
Y2 +1) + gip- i
Plugging this into (2.35) gives then £(Y), and the metric (2.33) becomes
—(Y2+1)— g2u- i dr? P(Y)(d dt)?
g2 = —9°( +)4 Gol B age AT L (Y)(d¢ +r )2 _
169 r? 16g4[—g*(Y2 + 1) — ggp - A
_ 2 Y2 1) — 2, .5 dy2
" (V" + 1) — gop - plAY™ (3.40)
4P(Y)
where we defined the quartic polynomial
P(Y) =[g*(Y* +1) + gop - i)° — K (64g")*. (3.41)

Using Y = —jcoshf/qy, one finds that the modulus of the parameters p is related to
A by
A2
heR S iEE
The expression for the vector p; can be found requiring that the scalar fields (3.30) coincide
in the near-horizon limit with the expression (3.38), yielding
AN A5

= ——, =1 . 3.42
Ho G flo qn3° (3.42)

Since the static supersymmetric black holes in the CP" model constructed in [5] have nec-
essarily hyperbolic horizons, one may ask whether spherical rotating horizons are possible.
As was discussed in detail in [49], this question is intimately related to the behaviour of
P(Y). Namely, for spherical horizons to be feasible P(Y') must have four distinct roots,
and then Y is restricted to the region between the two central roots where P(Y') is positive.
The latter condition, together with —g?(Y? +1) — g3p- i > 0, is necessary in order for the
metric to have the correct signature.” Imposing P(Y) = 0 yields

—PY?2 1) —gdu- = 649" VK . (3.43)

“Note that there is a curvature singularity for —g*(Y? 4+ 1) — g3 - i = 0.
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There are thus only two roots +Yy (with Yy > 0), and spherical horizons are therefore
excluded in the rotating solution as well. One can show that, in the static limit, the
near-horizon geometry of the black holes constructed in [5] is recovered.

3.4 NUT-charged black holes

In this section we construct supersymmetric NUT-charged black holes. To do so it is
sufficient to mimic what was done in [36], where the theory with only one vector multiplet
was considered. Since the BPS equations can be solved following the same steps of that
paper, we will just briefly summarize the process here and refer to [36] for further details.
We assume that both the scalars and the function b depend on the coordinate z only, and
use the ansatz

X7 B alz 4+ gl

b 22+iDz4C’

where of, 1, C' are complex constants and D is a real constant. The dependence of the

d =Y(z2) + y(w,w), (3.44)

solution on the coordinates w, w is obtained from (2.13), which reduces to
— 400y = Ke*7 (3.45)

where k is a constant whose value will be fixed later. This is the Liouville equation for the
metric e2?dwdw, which consequently has constant curvature . We will take as a particular
solution

2y _ AT S
el = (1 + 4ww> . (3.46)
From (2.10) one gets
¥(z) = Ima (In[z* + 2%(2ReC + D?) + 2DzImC + |C7]) , (3.47)

provided the following constraints are satisfied

ImfB = DRea, —2[Im(aC)+ DRef] = Ima(2ReC + D?), —2Im(BC) = DImalmC,
(3.48)
where a = g;af and 8 = ¢;67.

The expressions displayed so far coincide with those found for the case with one vector
multiplet; the explicit form of the prepotential has not been used to solve (2.10) and (2.13).
In order to solve the remaining BPS equations we choose Ima = 1/2, since in this way
they assume a polynomial form. Then the Bianchi identities fix of and & to

of = %n”g], k= 2ReC — 8¢°B% B . (3.49)
g
On the other hand, Maxwell’s equations are automatically satisfied provided these relations

hold. Finally, integration of (2.14) gives

. D wdw — wdw
o= 13292 T+ Fwp (3.50)

from which it is evident that the parameter D is related to the NUT charge of the solution.
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The warp factor of the metric is in this case

P +4985 Bk
4g2|22 +iDz + C|?”’

b 72 = (3.51)

where we recall that in this model g?> < 0. The solution will have an event horizon at
z = zy if b(zy) vanishes, which happens for

22 = —ReC, Dz = —ImC'. (3.52)

This is possible if (ImC)? = —D?ReC and ReC < 0. There is a curvature singularity at
2% + 4¢?B% B = 0, which is hidden behind the horizon if

ReC < 4¢*B8% B (3.53)

Then, from (3.49) we see that k < 0 and therefore the horizon is always hyperbolic.

The solution is in principle specified by 2n + 2 real parameters, which can be taken
as B!, D and ReC with the constraint 3 = —D/4, which follows from (3.48). If (3.53)
holds, the metric describes a regular black hole. Notice that we can use the scaling sym-
metry (t,z,w,C, D, 3", k) — (t/X\, Az, w/\, N2C, AD, 3%, \2k) to set kK = —1 without loss
of generality, which reduces the number of independent parameters to 2n + 1.

The fluxes can be computed by plugging the results found so far into (2.32). A long
but straightforward calculation yields

1
(22 + 492/81(/3[{)2
— 20" g;Dz(1 + 2ReC) + (—1 — 2ReC + 222) (292D1m51 + nIJgJImC) ]
(3.54)

FL = 4(dt + o) N d=

[492 (2ImCImﬁI — Reﬂ]) z

i

1,
— —e“"dw N dw =
492 (2% + 4¢% 65 Bk)

[n”gJ (—1 —2(ReC + 22))

+4Dn" gy2 (Dz + ImC) + 8¢°D (ReB’2? + DImpB’z + Re(CBY)) } .
The magnetic and electric charges of the solution are given by

1 1
J L — F! = G 3.55
sl e=g | o (3.55)

where Y, denotes a surface of constant ¢ and z for z — 0o, and G is obtained from the
action as G; = 6S/6F!. This leads to

where V' is defined by ‘
V= ;/e%dw A di. (3.57)
Finally, the scalars read
o 205" +iga2 (3.58)

- 29?80 —igoz
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4 Supersymmetric rotating black holes in the t*> model

4.1 A near-horizon solution

Before starting, we notice that when looking for solutions of the CP" model, it proved
useful to work with a factorized ansatz for the real and imaginary components of X7 /b. If
a similar decomposition is performed in the case at hand, the equations of motion do not
factorize unless we assume that the real or imaginary part of X°/b vanishes. We will only
explore here the latter possibility, as in the former we just found trivial solutions. Since in
homogeneous coordinates X is purely real, one can see that this is equivalent to setting
b =b. We will thus use the ansatz

X0 n’(w,w) X' ')+t (w, ) TS
b)) b +(2) ) = h(z)l(w, @) (4.1)

in the system of BPS equations (2.10)—(2.14). From (2.10) and (2.13) we get

0;Inh = 8 ol ;= 48211 3 ’Yz(glf) . (4.2)

Using the first equation, we find that the second is separable and boils down to

8511167@
¢ 47

2 (0:h)?
o’h - L = 4.3
z 3 B 1, ( )
for some constant Cy. (4.3) determines the dependence on w,w and z of the three-
dimensional base space. For Cy # 0,° the solution for h reads'!

Wz = 2c ( +C)2 (4.4)
z)=— z+ - .
2! al ’
which implies
1 .
I = —% . (4.5)
vy 4g1 (z + 5)
The first of (4.3) is just Liouville’s equation, and thus the explicit form of /(w,w) depends
on the choice of a meromorphic function. In order to make further progress, from now on
we shall consider a particular case that has been proven successful for our purpose, i.e.,
i(w, ) : (4.6)
wW,W) = ————————. .
C| sinh? (“’Qﬂ)
Then the Bianchi identities (2.11) are automatically solved, so that Maxwell’s equa-
tions (2.12) represent the last obstacle. Setting, like in the CP" case, h(z)/v(2)? to a
constant, the latter assume a simple form. The value of this constant is totally arbitrary,

The case C7 = 0 belongs to a qualitatively different family of solutions to (4.3), which however does
not seem to be well-suited for solving the remaining differential equations of the system.

14 and ¢ are integration constants. Although h and f'/ depend only on the ratio c¢/a, we prefer to
keep them both, for reasons that become clear further below.
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but with a redefinition of a, and thus of ¢ in order to keep ¢/a unchanged, we can always

bring it to %, in which case the Maxwell equations become
71 2 _ R
2 sk (252)
where ;
_ aimn
R(w,w) = = . 4.8
(w, @) v (4.8)

The second equation of (4.7) can be readily solved,
R(z) = Ej cothx + Zy [x cothx — 1] , (4.9)
where = o are integration constants and z = (w + w)/2. The first of (4.7) implies

1 2
— = 48T R? 4 ReF(w), (4.10)
n° a
for some arbitrary function F'(w) that in a first step we will simply set to 0.
The equation (2.14) for the shift vector o boils down to

3i0R 3i0R 3i00R

Doy = ——0 oy = C Oog — Doy = -0
T a2 (24 9) T g2 (a4 2) A CE )

which is solved by
31

o=
WD)
Defining y = (w — w)/(21), the metric (2.9) becomes

ORdw — ORdw) . (4.11)

2 2 2 2 2
d d d
ds? = — 591 [(HC) dt — ?’zadey] pVSR| P S dy) | g
V3R a 497 297 (24 %) sinh“z
while the scalar field is given by
T= —%0 + R(x) + iV3R(z) = —%0 +2¢7R(z). (4.13)
1 1

For Z5 = 0 one can readily identify this solution as belonging to the class of half-supersym-
metric near-horizon backgrounds presented in section 2.2. Performing the change of coor-

dinates ;

BN

where VK = \g%l, the metric is brought to the form (2.33) with Y2 = 1/3, namely
1

e ¢ = VK cothz, rzz+£, ¢ =—V3y, T (4.14)
a

12e264¢?

dr?
2 _ — 2 2 — 2
ds? = 4e f(—r dT? + 5 > +4(e7¢ — Ke*)(d¢ + rdT) e

(4.15)

In the same way, one can check that the scalar (4.13) satisfies the flow equation (2.36).
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4.2 Black hole extension

We will now construct a black hole whose near-horizon geometry is given by the solution
found in the previous subsection. This is achieved with a slight generalization of the
ansatz (4.1). We maintain the factorization form of €2® and Im(X’ /b), but leave Re(X'/b)
as arbitrary functions of the three spatial coordinates.

The first steps of subsection 4.1 that determine the functions h(z), I(w,w) and
Im(X?/b) remain identical. The difference appears in the first of Maxwell’s equations,
which now read

e ()

+64¢700 (R?) =0,  (4.16)

1 — %85 ;
r?Re* (X0/b) 3 r?Re?(X0/b)

_ R
200R — ——_—0, (417
b2 (1) (4.17)

where 7 = z + ¢/a. A simple solution to (4.16) is

1

o
R = rJar s 57 Rw o7

(4.18)

while (4.17) is solved by (4.9). Here, a and § denote integration constants. Then, the
scalar, metric and gauge potentials read respectively

T:—?+R+z’\/§\/m, (4.19)
1

p 8¢7 3 ’
ds® = — > rdt + pﬁdey +
V3yar+B+R 91 (4.20)
V3 vy dr?  3(dz? + dy?) ‘
Al R2 | 2 T Y
i 2g% oar+ 6+ [ r2 * sinh?x ] ’
291 3
AV = — dt + — 0, Rd > ;
3(ar + B + R2) (T 120"
2g g 3 coth x (4.21)
Al = — ! (R—O><dt+6de>— dy .
3(ar + B+ R?) g1 " 492 y 291 y

Now the scalar depends on the radial coordinate as well, and we recover the near-horizon
geometry discussed above by rescaling r — er, t — t/e and taking the limit € — 0.

As we already mentioned, the asymptotic limit of this solution cannot be AdSy since
the scalar potential has no critical points. For large values of r, the metric behaves as

3 g 8gi=
ds* = dp? + EpQ — 10981 2p4 dt® + % sinh?6 dtdy + sinh?6 dy® + d6?| , (4.22)
a !

_ gir*
= 192a°

where we defined p and 0 by r cothz = cosh 0, and chose Z5 = 0.
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5 Nonextremal rotating black holes in the CP" model

In this section we shall construct a nonextremal deformation of the one quarter BPS so-
lution presented in section 3. To this end we shall take a Carter-Plebanski-type ansatz
for the metric similar to (3.20), where Q(¢q) and P(p) are quartic polynomials in ¢ and p

respectively,
Q 5.2, P 9 A2y 02 dg* | dp?
ds?> = == (dt — p*d — (dt — A%)d W —+— 5.1
s o7 (dt = pdy)” + 5= (dt+ (g )dy)” + ot P ) (5.1)
4 4
Q=) ang", P=> byp", W=p'+q¢ A% (5.2)
n=0 n=0

where a,, b, and A are real constants. The ansatz for the scalars and the gauge potentials
is inspired by (3.23) and (3.25),

AR S (Y
z _p+i(q—A)< go(p+ q) + ), (5.3)
Al = PI% [dt+ (> — A%)dy] , (5.4)

with P! real constants related to the magnetic charges, A real and ¢® complex constants.
Plugging these expressions into the equations of motion (A.1)—(A.3) gives a set of con-
straints for the constants. It then turns out that at a certain point one has to choose
whether A vanishes or not. In what follows we shall assume A # 0, while the case A =0
is postponed to section 5.3.

For P! not proportional to the coupling constants gy one class of solutions is obtained

by taking
P1)?  P? (9rP")/(91PT)? — g*P?
— b+ bpA2 —ag2at — WP )T P -
ag = bg + b2 g 27 + 1 ay 2677 )
az = —by +8¢°A%, a3 =0, ag=by=—4¢>, b =b3=0, (55)
_ A_(91P")go + g?P° o A (9rP1)ga — P
90/ (9rPT)? — ?P?’ 90/ (g1PT)? — g?P?

Here we defined P? = n;;P/P/. Fixing the Fayet-Iliopoulos constants g; the solution
depends on n + 4 parameters by, by, A and P!. However, our ansatz is left invariant under
the scale transformation

D= Ap, q— Mg, t—t/, y—y/N\,

5.6
A = AA, an — X "ay, by, — A"y, >0

which reduces the number of independent parameters to n + 3.

With a few lines of computation it is possible to show that this solution contains the
one presented in [34] for the prepotential F = —iX9X"! (a tilde is introduced in order to
distuinguish between the two solutions). In order to do so, we must consider the case of just
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one vector multiplet (n = 1) and perform a symplectic rotation. In particular, introducing

)
gr 0

the symplectic vectors

and the symplectic matrix

the solution for the rotated F = —iX°X! prepotential can be obtained from the same

metric and gauge fields in (5.1) and (5.4), but with the charges and gauge couplings replaced

by their rotated counterparts according to @ = T'Q and G = T'G. On the other hand, the

scalar field is - )

X 1—-=2

F=—= — 5.9

TR T4 (5.9)
where X' belongs to the new symplectic section V = TV,

In the supersymmetric, extremal limit we recover the solution presented in section 3.

To this end, the charge parameters need to be chosen proportional to the gauge couplings,

P! = An!/g;, with X\ € R, hence the relations presented above simplify to

)\2 2
795 al:Oa a2:_b2+892A27
4 (5.10)

CL3:0, a4:b4:—492, b1:b3:0,

ap = by + b2A2 — 4Q2A4 —

while on the other hand we are no more able to derive an explicit expression for ¢, but
we can only assert that they must satisfy the conditions
A2 g2

2 b
90

—go+c%ga =0, et = e = A% —

(5.11)
where summation over « is understood. Then, we see that the BPS solution (3.20), (3.23)
and (3.25) is recovered for

1 E2L? 5
iR bo=(1+A)= =, b=-E  A=2ELV-A4, (5.12)

L?=—

and by identifying A = A} and ¢ = —A5%/4°.

5.1 Properties of the compact horizon case

Since P is an even polynomial we may assume it has two distinct pairs of roots +p, and
+pp, where 0 < p, < pp. We then consider solutions with p in the range |p| < p, by setting
p = pg cos B, where 0 < 6 < 7, to obtain black holes with a compact horizon. We now use
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the scaling symmetry (5.6) to set p, = L without loss of generality, where L=2 = —4g°.
Defining the rotation parameter j by pg = 42, this means

bo = j*, 522—1—%- (5.13)
Then, after the coordinate transformation,
tr—>t+£, yr—>,ii, (5.14)
= j=
withE=1-— %22, the metric (5.1) becomes
.. 29 2 Ap si 26 2 A2 ) 2
s = _% <dt+ 2 d¢> + 98% <jdt+ ‘1:+t7d¢> n
LW <dq2 n d02> (5.15)
Q Do)’
where 9
W =q¢? — A% 4 j2 cos?d, Agzl—J—COSQH.

12
We notice that for zero rotation parameter, j = 0, (5.15) boils down to the static nonex-
tremal black holes with running scalar constructed in [28], after the n = 1 truncation and
the symplectic rotation (5.8) are performed.
(5.15) has an event horizon at ¢ = gy, where gy, is the largest root of Q). The Bekenstein-
Hawking entropy of the black hole is given by

™

S =
=G

(gp — A% +57) , (5.16)

where G denotes Newton’s constant. In order to compute the temperature and angular
velocity it is convenient to write the metric in the ADM form

2 2 7,2 2 dg®  dg®
ds* = —N*dt* + o(dp —wdt)* + W | —+ — | , (5.17)
Q Ay
with _—
QAW 3% sin“f j= ,
N? = Y2 0= e WZ@[Q—AG(QQ—A2+]2)]7
where
¥2 = Ag(q® — A? + j%)% — Qj?sin®h.
The angular velocity at the horizon and at infinity are thus
Jj= J
- _ = =, 5.18
B A = (519
The angular momentum may be computed as a Komar integral, which leads to
aij
= } 1
J 222G (5:19)
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To get the mass of the solution we use the Ashtekar-Magnon-Das (AMD) formalism [50, 51],

applied to the conformally rescaled metric g,, = (L/ q)zgw,. This gives
a1

252G

Notice that the ‘ground state’ a; = 0 represents a naked singularity. This can be seen as

M =—

(5.20)

follows. The curvature singularity at W = 0,'2 is shielded by a horizon if g2 — A%+52 cos?¢ >
0, and thus q}21 > A?, which is equivalent to

da 9\ 2

where we used the expression for gy. This relation is easily shown to be violated for a; =0
by using (5.5).
The magnetic charges p’ are given by

1 P!
pl = ?{ Fl=——. (5.21)
A Js2. =
The product of the horizon areas reads
4 4
4 4 2\2
[T = CF [T - 8%+ A =amist | BF ac2e| .
A=1 = A=1 16

7. In the second step we followed what has been done in [34] and the

where p? = n7;p’p
procedure explained in [29]. The charge-dependent term on the r.h.s. of (5.22) is directly
related to the prepotential; a fact that was first noticed in [29] for static black holes.

Now that we have computed the physical quantities of our solution, we see that one
may choose the n+3 free parameters as P!, A, j, or alternatively p’, M, .J. Our black holes
are therefore labeled by the values of n + 1 independent magnetic charges, the mass and

the angular momentum.

5.2 Thermodynamics and extremality

Imposing regularity of the Wick-rotated metric it is straightforward to compute the Hawk-
ing temperature, with the result
Q4

T = :
Am(qp — A% + 52)

(5.23)

where @)}, denotes the derivative of @) evaluated at the horizon.
Using the extensive quantities S, M, J and p! computed above, it is possible to obtain
the Christodoulou-Ruffini-type mass formula

S J2 2\2 LZ S 2
M? ey x ) +<+)((91p1)2+p>+

T 4xG T SG T 4SGP 16 EZRTe 8L?
(5.24)
TR
L2 " 27212  4n3L4°

2Note also that for W < 0, the real part of the scalar field becomes negative, so that ghost modes appear.
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Since S, J and p! form a complete set of extensive parameters, (5.24) gives the thermody-
namic fundamental relation M = M (S, J,p’). The intensive quantities conjugate to S, .J
and p’ are the temperature

oM 1 Am?J? @ (p?)? ne , P
T=— = 1-— — 4 —
98 |, ~ 8nGM [ 57T 52G2 16 <(9”° )+ 8L2> N
' (5.25)
45G | 39%G?
wl? w24 |7
the angular velocity
oM wJ SG
0= = — 1 5.26
7 |g, ~ MGS [ - WLQ] ’ (5.26)
and the magnetic potentials
oM 1 T p? K
(p = —F = — | — —
"7 el |g e MG [45@*2 16 P
- ) (5.27)
+ (G + ﬂ) <(9KP )gr + Togz MKP )] :
These quantities satisfy the first law of thermodynamics
dM =T dS + QdJ + ®;dp . (5.28)

It is straightforward to verify that expression (5.25) for the temperature agrees with (5.23),
while from (5.26) we observe that

Q=wp — Weo s (5.29)

with wy and ws given by (5.18). Thus, what enters the first law is the difference between
the angular velocities at the horizon and at infinity.

Extremal black holes have vanishing Hawking temperature (5.23), which happens when
¢n is at least a double root of ). The structure function ) can then be written as

2 2
| 2qu 3q
Q=1(q- @) ﬁJrfLQquaerfL; ;
so we must have . 5
3q 4q
ag = agqﬁ + L—; , a1 = —2asqy — L—; . (5.30)

It is straightforward to check that these relations are satisfied in the supersymmetric limit
P!l = M!/g; previously described. On the other hand, it may happen that the free
parameters are chosen such that (5.5) is compatible with (5.30), even if the charges are
not proportional to the gauge couplings. In that case we would obtain an extremal, non-
supersymmetric black hole.

To obtain the near-horizon geometry of the extremal black holes, we define new (di-
mensionless) coordinates z, f,qg by

~ ~ w A
q = qn+€qoz, t= 27 ¢=¢+2dp (5.31)

=€ =e
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with

E(g — A +5%) N
C ’ L2

and take ¢ — 0 keeping z, f,q@ fixed. This leads to

2 AZ -2 29 d 2 d92
ds? = T +J” 608 (—z2df2+z+0>+

I
Q
!

E

+

S

%

C 22 Ay ( )
5.32
N Ag(qt — A% + j2)*sin’0 [ . n 2qnwn i 2
z
Z2(q2 — A% + j2 cos?6) C ’
where the constant C' is explicitly given by
. , 2
(L2 —A%)2  (2-A%? (L2 A%)(2 - A?) e, 3P?Y
C = i +E 71 +24(g/P") + 75

Note that in the extremal limit it is manifest that the entropy is a function of the charges
J and p! by solving (5.25) (for T' = 0) in terms of S.

5.3 Case A =0

Solving the equations of motion with the Carter-Plebanski-like ansatz (5.1) and the as-
sumption A = 0 leads to the relations

P2
T az = —by, az =0, ag = by = —4g%,

(@rPDg0 9P o1 o (0P )ga—g?P* o
2909°a1 ’ 2909°a1 '

ap = bo—

bi=b3=0, A=
(5.33)

Notice that in this case a; is not fixed by any condition, and remains thus a free parameter.
Moreover the equations of motion yield an additional condition on the charges,

(91P")* = g°P%. (5.34)

This implies that the charges are proportional to the gauge couplings.'®> Nevertheless,
notice that the solution is only supersymmetric if the free parameter ay is set to zero and
the relations (5.12) hold. If a; # 0, the solution generalizes the Kerr-Newman-AdS black
hole with n magnetic charges and constant scalars. In order to shew this, one has to take
bp and b2 in the form (5.13) and identify a; = —2m, where m and j are the mass and
angular momentum of the Kerr-Newman-AdS solution.

The mass, angular momentum and magnetic charges may be computed as in the case
A # 0, which leads to the same expressions. The Christodoulou-Ruffini formula (5.24) is
still valid, but with a simplification due to (5.34),

, S w2 = (p2)2_<L2 S>p2 J2 s 3G

(5.35)

=G T s¢ T 156 16 aa) s T2 o T usra

This relation reduces correctly to equation (43) of [52] in the KNAdS case if we iden-
tify p? = —4Q>.

130 see this, choose in (n + 1)-dimensional Minkowski space with metric 77 a basis in which the only
nonvanishing component of gr is go (note that gr is timelike). Then (5.34) boils down to P = 0.
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A Equations of motion

The equations of motion following from (2.7) are given by

1 —
Ry = —(ImN) [y FiF, N + ZgW(ImN)”FpIUFJPU +29,50,:2%0) 2" + gV, (A1)

1
V. |(ImN) s/ — 5(Rej\/)u e e | =0, (A.2)
la(ImN)IJFI I lé(ReN)IJ e~ Lepvpo pl g + 6g0¢B a}\zﬁa)\zﬁ
4 6z~ Ky 8  z“ my=po 577
. (A.3)
. D A
+ gaﬁv,\v z 520 s

which hold for any prepotential F'.
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