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assume the form of the solution and then find that the assumption satisfies the equations of
motion and the constraint. Our D2-D6 solution is manifestly dual to the solution presented
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1. Introduction

Black holes have provided a variety of interesting research subjects in recent years, one
of which is the so-called “attractor mechanism”. It means that, in certain black hole
background, the moduli fields vary radially and “get attracted” to fixed values at the black
hole horizon, which depend only on the quantized charges carried by the black hole. As a
result, the entropy of the black hole is given only in terms of the charges and is independent
of the asymptotic values of the moduli.

The attractor mechanism was firstly discovered in the mid 1990s in the context of
N=2 extremal black holes [[l] and was generalized to higher derivative theories in [J]. The
supersymmetric attractors were the main focus at first, but later it was realized that
the attractor mechanism does not rely on supersymmetry in [[J]. Non-supersymmetric
attractors have been investigated extensively in recent years, see [f]—[]. For reviews, see [J].

It has been found that the non-BPS attractors share many interesting properties with
their BPS cousins, on condition that the non-BPS black holes are extremal. Although we
can study the non-BPS attractors via the attractor equations, it is more useful to obtain
the solution for the moduli fields in the whole space. However, it is rather complicated to
obtain the exact solutions for non-BPS black holes because the equations of motion are
second-order differential equations, rather than the first-order equations appearing in BPS
cases. Usually people deal with this difficulty by making use of perturbative methods and
numerical analysis, such as in [ and related references.



For STU black holes the situations have been better improved. It has been shown
in [lJ-[L3] that for the BPS case, we can find solutions to the equations of motion for the
moduli, allowing us to obtain their values everywhere, by replacing the charges appearing in
the attractive values of the moduli with the corresponding harmonic functions. A similar
procedure has been carried out in [f] for non-BPS black holes carrying D2-D6 charges.
However, the solutions were still limited in the sense that the moduli fields were taken to
be purely imaginary.

Recently some interesting papers appeared [14, L5}, which directly solved the equa-
tions of motion for the moduli in the STU model carrying D0O-D4 charges. The moduli
and charges were set to be equal in [14] while more general cases were discussed in [[L5].
Compared to the exact solutions in [ff], their solutions for the moduli were complex.

We generalize the exact solutions in [[4] and [[J] to STU model carrying D2-D6 charges.
It is difficult to solve the equations of motion directly because unlike the D0-D4 case, the
superpotential contains a cubic term of the moduli fields. Instead of dealing with the first
order flow equations, we try to find the solution to the second order equation of motion.
By observing the exact solution in [ff], which was manifestly dual to the existed D0-D4
system, we can assume that the D2-D6 solution is manifestly dual to the solution in [[[5]
and check if it satisfies the equations of motion and the constraint. Fortunately, after a
tedious calculation we find that the assumption is correct.

It has been known that the symplectic invariance of special geometry ensures that the
Lagrangian has an Sp(8,Z) symmetry, which reduces to [SL(2,Z)]? at the level of the the
equations of motion. Due to the SL(2,Z) duality, we can obtain new solutions by making
use of the “seed solution”. We also obtain D0-D2-D4 solution from the D0-D4 solution
obtained in [[LF] by some simple SL(2,Z) duality transformations.

The rest of the note is organized as follows: In section 2 we give a brief review of
the attractor mechanism in STU model as well as the main procedures and results in [[[5].
Then we assume the form of the solution for STU model carrying D2-D6 charges with
general complex moduli and find that the solution satisfies both the equations of motion
and the constraint. Next we obtain D0-D2-D4 solution by dualizing the D0-D4 solution
in 15 under [SL(2,Z)]® symmetry. We summarize the results and discuss some related
topics in the final section.

2. Preliminaries

2.1 The basic backgrounds

Type ITA string theory compactified on a CY3 manifold gives N’ = 2 supersymmetry. The
moduli fields belong to the vector multiplets and hypermultiplets of the resulting low-
energy effective theory. The moduli in the vector multiplets are fixed according to the
attractor mechanism while the moduli in the hypermultiplets play no role in the attractor
mechanism. The low-energy dynamics for the vector multiplets is completely determined
by a prepotential. If the Calabi-Yau manifold has h(1,1) = N, we have N vector multiplets
and N +1 gauge fields, where the additional gauge field is the graviphoton coming from the



gravity multiplet. The leading order prepotential, ignoring any o’ corrections, is given as

XAxBxc¢
F = Dapc ~0 ) (2.1)
where A, B,C' =1,...,N. The intersection number D pc are defined as
6DABC:/ as Nap A ag, (2.2)
CYs

where a4 denote the integer basis for H2(CY3, Z).

Type ITA string theory admit D0, D2, D4 and D6 branes. DO and D6 branes are elec-
trically and magnetically charged with respect to the graviphoton, while D2 and D4 branes
are electrically and magnetically charged with respect to the other N gauge fields. One
can express the charge configuration collectively as (qo, qa, po,pA), with A =1,2,... N.
To be more precise, let ©4 be a basis of 4-cycles dual to a4 introduced above, and let $a
be a basis dual to ¥4. Then the magnetic charge carried by the D4 brane wrapping ¥4 is
p?, while the electric charge carried by the brane wrapping S48 qa.

The Kahler potential is given by

K=—In iiv:(XAFA - XAR |, (2.3)
A=0
where F) = 0pF. If we choose the inhomogeneous coordinates z* = ))2—2 and set the gauge
X0 =1, the Kéhler potential becomes
K =—In[—iDapc (zA - ZA) (zB - ZB) (ZC - ZC)] . (2.4)
The superpotential is given by
W = gpX* — pPFy. (2.5)
Here in the X° = 1 gauge the superpotential becomes
W = qo + qaz? — 3Dapcz28p% + p°Dapczt2PC. (2.6)

2.2 The STU model

Now let us concentrate on the so-called STU model, which can be interpreted in terms
of type IIA string theory on a T of the form 72 x T? x T?. This model contains three
vectormultiplets, i.e. N = 3. The prepotential and the K&hler potential can be obtained

immediately.
Xtx2x3
K=—-In [—i ( - 21) (22 — 22) (23 — 23)] =—In (8y1y2y3) , (2.8)

where we have rewritten z* = 2% — iy®(a = 1,2, 3) for later convenience. The metric and
connection on the moduli space are given by

dab dab b b a2 b 2 2
- = — a — _ Qa a__ za — a 2 a Pa I ) 2
Gab (Za _ 2(1)2 (an)Z’ G 0 (Z z ) 0 ( Y ) ’ aa z ( 9)




The superpotential can be written as

W = qo+ quz® — p'2%2° — p?2'2% —p°21 2% 4 pP21 2220 (2.10)

Consider a static, spherically symmetric four-dimensional spacetime with the metric
ds? = =2V ae? 4 2V gz2 (2.11)

where 7 = 1/|Z|. Note that the horizon locates at 7 = 0 and the asymptotic infinity tends
to 7 — oo. The effective Lagrangian describing the system is

Log = U? + G 35°8 + 2V Vi, (2.12)

where the dot denotes differentiation with respect to 7. The term Vg in the above effective
Lagrangian is the so-called “effective potential”, which is given by

Vin = |DZ)? + | 2> = G(D,Z)(DyZ) + Z 2. (2.13)

Z is the central charge of the SUSY algebra and is expressed as Z = ¢%/2W in our case.
The covariant derivative of the central charge is

DoZ = e%/2[8, 4 (8, K)]W. (2.14)
One can obtain the equations of motion by varying the above effective Lagrangian.
U=V, (2.15)
50 4 T9 3026 = 2V G0, Vigy. (2.16)
In addition, there is a Hamiltonian constraint on the solutions
U? 4+ G33°3" — XV = &, (2.17)

where ¢ = 0 for extremal black holes.

When the black hole in the solution is extremal, the values of the moduli z% will be
fixed at the horizon, irrespective of their values at asymptotic infinity. The attractor values
can be obtained by minimizing the effective potential, either directly or via the attractor
equations. The entropy of the extremal black hole, whether BPS or not, is given by the
effective potential evaluated at the extremum:

A
S = 1 = VBH |ext - (2.18)
2.3 The DO0-D4 solution with complex moduli
The simplest solution of the D0-D4 system is the case of a D0-D4-D4-D4 black hole without
B-fields, where go > 0 and p® > 0 but p° = ¢, = 0, which results in a BPS configuration.
The solution to the effective Lagrangian is

e W = 4H H'H*H?, (2.19)

2HyH®e
Y=~ ——— 2.20
‘ ! SabchHc’ ( )



where sgpe. = |€qpe| and the harmonic functions are given as follows

1 1
HGZE—FPGT, H(]:%—FQOT. (221)

The attractor values of the moduli become

2 a
2 = iy | P (2.22)
SabeP’P°

One can obtain a non-BPS solution by simply analytic continuation from the BPS
case, that is, we assume gy < 0,p* > 0. Thus the harmonic functions turn out to be

1 1
I{a:——l-paT7 HQZ———l-qOT, (223)

V2 V2

and we can write down the solution

e W = |4H H'H?H3|, (2.24)

—2HyH®
¢ = i\ 2.2
z 7 sabchHC ( 5)

The attractor values of the moduli

-9 a
20 = iy | P (2.26)
SabeP pc

The authors of [[[5] generalized the simple non-BPS solution to situations where the
asymptotic moduli are more general and/or there are more charges present. In particular,
they normalized the asymptotic volume moduli so that y*|. = 1 but kept the asymptotic
B-fields 2% = B® as free variables. They obtained the following solution by solving the
equations of motion directly,

e ¥ = _4H H'H?H? — B2, (2.27)
B —ie 2V

- = 2.28

z s HVHC (2.28)

where the harmonic functions are given by

1
H® = 7 +pr, Hy=——=(1+ B?) + qor. (2.29)

3. Exact solution of the D2-D6 system

The exact solutions to the DO-D4 system with general complex moduli were obtained in [[[4]
and [[L5] by solving the equations of motion directly. However, it would be more difficult to
carry out similar procedures for the D2-D6 system due to the cubic term involving the D6
charge p° in the superpotential. However, the exact solutions to the D2-D6 system with
purely imaginary moduli were obtained in [ff]. The basic idea was that one could take the



horizon values of the moduli and replace the charges with corresponding harmonic func-
tions. Then one could check if the ansatz satisfies the equations of motion as well as the con-
straint. Fortunately after a somewhat more involved calculation one found that the ansatz
satisfied all the requirements. The result was manifestly dual to the known D0-D4 system.

Inspired by such a method, we make a similar ansatz for the moduli of the D2-D6
system and find that the ansatz also satisfies the equations of motion and the constraint.

Furthermore, the solution to the D2-D6 system is also manifestly dual to the solution
obtained in [[L5].

3.1 The solutions to the D2-D6 system with purely imaginary moduli
In this subsection we will list the main results of [}, which leads to our ansatz. The
superpotential for the D2-D6 system is

W = qa2® + p°212225, (3.1)

If p°q1q2g3 < 0, the resulting configuration is BPS, while p°q1g2¢3 > 0 corresponds to non-
BPS configuration. The attractor values for the moduli in the non-BPS case are given by

1 . /4293 2 . 141493 3 . 14192
2T =y, 2=y, 2T = iy . 3.2
e V g2 \ pOgs (32)

As pointed out in [fj], for both BPS and non-BPS STU black holes, we can find solutions
to the equations of motion for the moduli, allowing us to obtain their values everywhere.
Such solutions can be obtained by replacing the charges in the attractor values of the
moduli with the corresponding harmonic functions. Furthermore, we have to check that if
such solutions satisfy the equations of motion and the constraint.

For the D2-D6 case, after replacing the charges with harmonic functions, the solutions
turn out to be

e 2V = 2\/HOH, HyHs, (3.3)

/HH /HH HH
JR 2 3 1 3 1 2. (3.4)

Note that the above equations can also be expressed as

1 672U ) 672U 3 672U

=—f—— 2= —fe—, 2= —f—— 3.5
2HOH,’ 2HOYH,’ 2HOHj (3:5)
They proved that such an ansatz did satisfy the equations of motion and the constraint by
working out the terms in these equations explicitly.

3.2 The solutions to the D2-D6 system with general complex moduli

In this subsection we will show that our ansatz satisfies the equations of motion and the
constraint of the D2-D6 system. Furthermore, the exact solution is also manifestly dual to
the solution obtained in [[[§]. We would like to set z* = 2% — iy® for convenience.



The effective Lagrangian becomes

3 .4 0
_ ()2 + i Z (@)% + (5°)? 42UV (3.6)

The expression for the effective potential is given by
Ven = [DZ|* + |Z|?
= G"D,ZDyZ + 77
= GDP(eE2(8, + 0, K)W)(eK2(0y + 0K )W) + KWW, (3.7)

We can obtain the following explicit expression for the effective potential by making use

of €9, B9 and B.1),

1

Von = 5or ot (@) + ()] + ()" + ()] + i[(=*) + (+7)]

2y Y7y
) [(@)*+ ()] [@)+ ()] [()+ ()] + 2 e (21
+(u")) + 20020 [(%) + ()] + 200002 [ (%) + (7))
+2q1 ozt a? + 21 gzt 2 + 2goq3a? 3}. (3.8)

Then the equations of motion and the constraint turn out to be

U = e2YVay, (3.9)
1d [ &' ] _ U@VBH
2dr [ (y1)?] dxl’
1d | .%.'2 | . QUaVBH
2dr | (12)?] ox?
1d [ & ] o OVBH
-z = 3.10
2dr | (y3)? ] < o (3.10)
1d [ g ] 1 12 | (o1\2 ov OVBH
2ar () Fagip F O =0
1d [ 9] 1 N2 | (232 ov OVBH
2ar [GoR) Fagee ) YO = e
1d [ ] 1 3\2 | (342 2 OVBH
2dr | (y3)2 + 2(y%)3 (@) + ()] = e I (3.11)
Assume the solutions take the following form
U — 4HH HoH3 — 2, (3.12)
2U 2U 2U
1.1 . € 2_ .2 . € 3_.3 . €
zT =X —Zm, =X —Zm, z =X _Zm’ (313)
H® = a®+p°r, Hy =a1+qi7, Hy = az+qoT, Hj3 = az+qsT,
(3.14)



where ¢, a® and a;(i=1,2,3) are numerical constants. Let us solve (B.9) first. From (B.13)
we have the following expression

U = 4¢*V (p"HyHoHy + q HHo Hs + qo H Hy Hy + g3 HO Hy Ho)?
—e'V (2p°qi HoHy + 2p°qo Hy Hy + 2p° g3 H Ho
+2q192HHs + 2q1qsH Ha + 2q2q3 H Hy ). (3.15)

Thus we can expand both U and e? Vg using (B-§) and (B.1J) then compare the corre-

sponding terms to find the solutions to x!', 2% 3. Consider the ¢? term for example, we

obtain
168 (HOHy Hy)? = —C @)+ ()] (3.16)
2y'y?y? '
Solving this equation gives
1 c
= 3.17
Y T 2HH, (8:17)
The solutions to 2 and 23 can be obtained in a similar way, which gives
2 ¢ 3 c (3.18)

T TR H, U T 2HOHS

One can check that the above solutions solve (B.9) completely.

The next task is to check if the above solutions satisfy the remaining equations of
motion and the constraint. Due to the cyclic symmetries of z¢ and 3 appearing in Vay, it
is necessary to check the first two equations in (B.10) and (B.11]). The left hand side of the
first equation in (B.10) gives

%% [%] = —2¢p°q1e*V — 4 (pOH1 + quO) AU, (3.19)
Note that
U =—eV(p"H HoHs + qH HyHs + o HOHy Hy + qs HY Hy H>) (3.20)
and
Vel 1 2 0\2,.17(,.2)\2 2)2 3)2 3)2
ool = 2y1y2y3{QQ1+2C]1C]M2+2Q1Q3$3+2(1)) 2 [(2%) "+ (%)) [(2®) "+ (v%)7] (3.21)

+ap ot a?e® + 2% [(22)? + (12)°]a® + 20005 («%) + (4°)°]2?).

Substituting the expressions of 2! and y' to the above equations, one can find that both
sides match after a lengthy calculation.
Subsequently we rewrite the first equation of (B.11)) as follows:

. 1 oV
(&) - (4') = er—a,;lH. (3.22)



Note that

0
.1 1( D q1
v <H0 + E) ’ (3:23)
0
.1 1 : D q1
SR N Yy SN A 24
0 0 2 0\2 2
.1 1 9 . p q1 p q1 " (p) q1
oyt la?ar (£ 4 2L LN i N s 3.25
y =9 + <H0+H1>+<H0+H1> +(H0)2+H12 (3.25)

Thus the left hand side of (B.22) can be given as

L1 e Lo U [@0)2 q%(w <p0 g)Q (3.26)

1,2 _ a1 b
2T 2 ) e Y y 2yt [0 ] 2P \ B
while
OVBH VBH 1
gt = gt g 2ay 207 (@ 4 (6] (@) @) ] Hap ety )
(3.27)
One can find that our solutions also satisfy this equation by making use of the equation of
motion (B.9).
Finally, we have to check the constraint (R.17), which can be rewritten as follows
i 1 7@ 2 4 (@ 2
07 +32 % = Vi, (3.28)

a=1

By making use of (8.20), (B.23)), (B.24]) as well as the cyclic permutations of the last two

Q

equations, one can find that the left hand side of (B.28) can be simplified dramatically,

3 .4 a
(U)? + ZM:U (3.29)
a=1

(y*)?
Thus the constraint is also satisfied according to the equation of motion (B.9).

Now we would like to summarize our main result. The solution to the non-BPS D2-D6
system can be expressed as

e W =4H H HyH3 — 2, (3.30)
2U 2U 2U
Ao _C ;¢ e _C ¢ o3 _C ;331
9HOH, '2HOH, 9HOH, '2HOH, 9HOH; '2HOH,
H°=a° +9p°r, Hi=a1 +q7, Hs=as+ qr, Hs; = a3+ q37. (3.32)

It can be easily seen that the above solutions have a manifestly dual form with respect to
the solution obtained in [[[5]. The numerical constants are left undetermined due to subtle
points which will be discussed in the last section. One can see that the moduli exhibit the
same attractor values at the horizon as those of the simple D2-D6 non-BPS black hole.

S =mV]ext = 21V p°q14243, (3.33)

which is also the same as that of the simple D2-D6 case.

The entropy is given by



4. Adding D2 charges to D0-D4 system

In this section we obtain new solutions carrying D0-D2-D4 charges by transforming the
original D0-D4 solution in [[] under SL(2,Z)? duality.

4.1 U-duality for STU black holes

The symplectic structure of N' = 2 supergravity admits a symplectic invariant I;, which is
given by
L =|Z*+|DZ)? (4.1)

I} becomes a function of charges when restricted to STU model, which is given by I} =

VIW(T)|, where

W) = 4((p'a1)P%a2) + (0'a1) (0 a3) + (0*a2) (P*a3))
—(p"qn)? = 419203 + 4q0p" p*p* (42)
and I' = (pA qr), A =0,1,2,3. The symplectic invariance of special geometry ensures that

the Lagrangian has an Sp(8,Z) symmetry, which reduces to [SL(2,Z)]? at the level of the
the equations of motion. Given an SL(2,Z) matrix

(2)

az*+b
% = . 4.3
¥ cz®+d (4.3)

with ad — bc = 1, the moduli change as

In [f], the authors changed the charges appeared in the attractor values of the moduli
to the corresponding harmonic functions. Consider the spherically symmetric, static metric

ansatz:
ds* = —e2Vdt? + e 2V d7?, (4.4)

where the metric is given by

eV = /IWH)|. (4.5)

In order to obtain general (DO, D2, D4, D6) system from their D2-D6 solution, they took
a specific element of [SL(2,Z)]? and obtained the general solutions via duality transforma-
tions. We will find the D0-D2-D4 solution in a similar way in the next section.

4.2 The D0-D2-D4 solution

First consider the general superpotential (R.6). For a configuration carrying D0-D4 charges
W = qo — 3Dapz"2", (4.6)

where Dag = Dagop®. If we add D2 charges to the system, the superpotential turns out
to be
W = qo + qaz? — 3Dspz22", (4.7)

,10,



However, if we do the following transformations

1 A 1
—DBgaqp, 24 =2 - _DAByp, (4.8)

QOZQO+12 6

where DA = (Dap)~!. Then the D0-D2-D4 superpotential becomes
W = Go — 3Dap2?s8, (4.9)

which has the same form as the D0-D4 case.
Now let us specialize to the STU model. The matrices D, and D are given explicitly

as follows:
L[ 0P P
Dy, = G p* 0 p! (4.10)
p*pt 0
The inverse matrix
_3pt 3 3
p?p3  p3 5 p?
b 3
D= 5 B o (4.11)
3

Then from ([L.§) we have the following transformations
2% = 2% + k%, (4.12)

where the quantities with primes belong to the D0-D2-D4 system and the quantities without
primes belong to the original D0-D4 system from now on. k% can be written as

@ @ Pa

k' = =Dlg, = 2= —
6~ 203 2p2  2pZp3’
2o lpw, _ @ @ P
- 6 2])3 Qpl 2p1p3’
1 3
3 _ 3. 41 q2 b qs

Note that the charge configuration of the D0-D4 system is expressed as (go, 0,0, p®) while
for the D0-D2-D4 system we have (qo, 44, 0, p'®).
According to (f.3) and ({.19), we can write down the [SL(2,Z)]? matrices

1 Kkt 1 k2 1 k3
1 (0 1)5 2 (0 1>’ 3 <0 1) ( )

Our task is to generalize new solutions by making use of these [SL(2, Z)]* matrices.
Take the same notations as those in [[[5]

0 1
p = aii, qo = —aopoo, b = ao11, q1 = a100,

p? = aion, ¢2 = ao1o, p® = aiio, g3 = aoot, (4.15)

— 11 —



which transform as
e = (My)y'(Ma) ;7 (Ms)p*azje 1,5,k =0,1. (4.16)
Using ({4.14), one can check that
(40,0,0,p") = (40, 4a; 0, p*)- (4.17)

Similarly, the harmonic functions transform as

H" = H!, H”? =H?  H?=H?3 (4.18)
H{ = K’H® + k’H® = %(1& + k) +
Hy = KH' + k'H® = %(kl + k%) + qor,
H, = KUH? + K2H! = %(1& —|—/<:2) -
H) = Hy — K'K°H? + K'E3H? + P H!
= % [((1+ B%) — (k'K + K> + k'k*) ] + qoT. (4.19)

We can see that the duality invariant does not change indeed

L(T) = 44op'p°p°
= dqop'p*p® — 0")’ai — (0*)’6; — (0°)°@3
+2q1420'” + 2q1q3D"P° + 2024307 p°. (4.20)
I1(T) = 4q0p'p°p® — (p' 1 + P2 + P’13)* + 40" 1P’ a2 + ' 1P’ a3 + P20’ 43)
= dqop'p’p® — (0")’q} — (0*)°a3 — (0°)°a3
+2q1420" P + 2q1430"P° + 2q2q3p°P°
—- I (4.21)

Furthermore, we can see that YWW(H) is also invariant.

W(H) = 4HyH'H*H?3. (4.22)
W'(H') = A((H" Hy)(H"™Hy) + (H" H{)(H" Hy) + (H" Hy)(H" H3))
—(H"H{ + H”?H} + H®H})? + 4AH)H H?H"3. (4.23)

After substituting the expressions for H” harmonic functions (f.1§)(f.19), one can find that

W (H') = WH). (4.24)
Here the metric is given by
eV = Ww@H)| - & (4.25)
Thus
eV =, (4.26)

- 12 —



Now we have to check whether the new solution satisfies the equations of motion.
From (4.12) and (K.26) we can see that the left hand side of the equations of motion and
the constraint remain unchanged. Thus we just need to check if the effective potential
VBH on the right hand side remains invariant. It can be easily seen that

K'=K, W=W' D,Z=DyZ, (4.27)
after taking all the relevant formulae into account. Thus by the definition of Vg, we have
V]éH = VBH. (4.28)

Then our new solution also satisfies the equations of motion and the constraint.
One can easily obtain the attractor values of the moduli

.| —2qop*®
la __
z @ = ]{?a —1 W, (429)

which is the same as those discussed in previous examples. The entropy is given by

S = TVBH|ext = 27\ Gop'p?p3, (4.30)

which also agrees with the previously known D0-D2-D4 entropy.

5. Summary and discussion

In this note we obtain the non-BPS, extremal, spherically symmetric black hole solutions of
four-dimensional supergravity, carrying D2-D6 and D0-D2-D4 charges. The D2-D6 solution
contains general complex moduli and is manifestly dual to the D0-D4 cousin appeared
in [1J. The D0-D2-D4 solution is obtained by [SL(2,Z)]* duality transformations from
the D0-D4 solution. Both of our solutions give the same attractor values of the moduli
and the same entropies as those of previously known examples carrying the same charges.
One may obtain new solutions carrying general (D0, D2,D4,D6) charges from the known
solutions by duality transformations.

One subtle point is the determination of the numerical constants in the D2-D6 solution.
Of course one can take the same values as those in [LF], that is,

1 1
c=B, ag=—=(1+B%, d=d’=d>=—. 5.1
Thus one can obtain the mass by expanding the warp factor,
1
2C7YNA]\4non7BPS = ﬁ <|PO| + Z Qa(l + B2)> 5 (52)
a

which has a similar form as that given in [[§]. This can be interpreted as the sum of the
masses of the D2 and D6-branes, which also exhibits a marginal bound state behavior.

However, in such cases the asymptotic values of the moduli are different,
B—i

a_
S =1rg (5.3)
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which means that the normalization of the asymptotic moduli should be different from
that in [[L5].

Another interesting non-BPS configuration is the D0-D6 system, which has been ex-
tensively studied in recent years, see e.g. [[L]—R0]. The attractor mechanism for D0-D6
Kaluza-Klein black holes has been discussed in [2T]] using the entropy function formalism.
Since our solution is manifest dual to the D0-D4 solution, it will be interesting to study
the relations between our solution and the D0-D6 system discussed in [15].

The STU model has been discussed in [@] in another interesting way, that is, such
a model can be tackled in the context of quantum information theory. The use of this
formalism expresses the black hole potential in an especially elegant form as the norm
squared of a suitable tripartite entangled state. Then the classification of solutions proceeds
with analysing the charge codes using some elements of quantum error correction. However,
only doubly extremal solutions were discussed in that paper for illustration. So it would
be interesting to extend similar analysis using the more general solutions.

A further direction is to generalize the famous “OSV” conjecture [RJ], which relates
the partition function of BPS black holes to the partition function of topological strings, to
non-BPS case. In a recent paper [B4], Sarakin and Vafa pointed out that there was some
subtle points when generalizing the original “OSV” conjecture to non-BPS cases. Thus
an extension of OSV that can be applied simultaneously to both BPS and non-BPS black
holes is needed, which is more difficult to realize. However, the various exact solutions of
non-BPS black holes provide concrete examples for testing their conjecture. We would like

to study this problem in the near future.

Note added: After the first version appearing on arXiv, we were informed with [[[f].
In that interesting paper the authors constructed interpolating solutions describing single-
center static extremal non-supersymetric black holes in four dimensional N' = 2 supergrav-
ity with cubic prepotentials. They derived and solved the first-order flow equations for 5D
rotating electrically charged extremal black holes in a Taub-NUT geometry. Then using
the 4D/5D connections they obtained the corresponding 4D solutions. One key point for
these results was that the 5D geometry was assumed to be a time fibration over a Hyper-
Kahler base. When the 4D prepotential contains a cubic term, the corresponding solutions
to the first-order flow equations are

4 2
et = SN (HAf*1/2XA> — (5.4)
3 c+ie 2V
A_2(_T7 ) 1/2xA 5.5
. 2<NHBf—1/2XB>f (5.5)
One can find that our D2-D6 solution agrees with their solution when restricted to STU
model.!
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