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ABSTRACT: We generalize the entropy function formalism to five-dimensional and four-
dimensional non-extremal black holes in string theory. In the near horizon limit, these
black holes have BTZ metric as part of the spacetime geometry. It is shown that the
entropy function formalism also works very well for these non-extremal black holes and it
can reproduce the Bekenstein-Hawking entropy of these black holes in ten dimensions and
lower dimensions.
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1. Introduction

The black hole attractor mechanism has been an interesting subject over the past years,
which states that in a black hole background the moduli fields vary radially and get “at-
tracted” to certain specific values at the horizon which depend only on the quantized
charges of the black hole under consideration. As a result, the macroscopic entropy of the
black hole is given only in terms of the charges and is independent of the asymptotic values
of the moduli. It was first discovered in the context of N=2 extremal black holes [i, g
and was generalized to theories with higher derivative corrections in [[]. The attractor
mechanism for non-supersymmetric black holes was initiated in [ and discussed more
extensively in following papers [f, fi] and [{.

Recently, Sen proposed an efficient way to calculate the entropy of an extremal black
hole, which is named as “entropy function” formalism [§]. The main steps can be summa-
rized as follows:

(i) Define a d-dimensional extremal black hole to be such an object that the near horizon
geometry is given by AdSs x S%2. Choose a coordinate system in which the AdS,
part of the metric is proportional to —r2dt? + dr?/r?. The black hole background is
supported by electric and magnetic fields, as well as various moduli scalar fields.



(ii) Consider a general AdSy x S92 background characterized by the sizes of AdS, and
S9=2 the electric and magnetic fields and various scalar fields. Define an entropy
function by carrying an integral of the Lagrangian density over S%~2 and then taking
the Legendre transform of the integral with respect to the parameters e; denoting the
electric fields. The result is a function of the moduli values ug, the sizes v1 and vy of
AdS5 and S%2, the electric charges ¢; conjugate to e;, and the magnetic charges p,.

(iii) For given electric and magnetic charges {¢;} and {p,}, the values uy of the scalar
fields as well as the sizes v; and vy are determined by extremizing the entropy function
with respect to the variables us, v1 and vy. Finally the entropy is given by the value
of the entropy function at the horizon.

This is a very simple and powerful method to calculate entropy of such kind of black
holes. In particular, one can easily obtain the corrections to the entropy due to higher
order corrections in the effective Lagrangian. Several related works are given in [ff].

As is well known that in string theory, some kinds of black holes can be constructed
by putting D-branes together and the Bekenstein-Hawking entropy can be understood by
counting the degeneracies of the microstates of such configurations. Such extremal black
holes have AdSj3 as part of the near horizon geometry in ten dimensions instead of AdSs.
After dimensional reduction down to lower dimensions, the near horizon geometry turns
out to be AdSs times a sphere. The entropy function for D1D5P extremal black hole in
Type 1IB string theory and D2D6N S5P extremal black hole in Type ITA were calculated
in [[J and [LJ], where it was shown that the entropy function formalism could give the
correct entropy both in ten dimensions and lower dimensions.

However, for some non-extremal black holes constructed by D-branes, part of the near
horizon geometry turns out to be BTZ black hole. Since BTZ black hole is locally equivalent
to AdS3, one expects that the entropy function formalism is also applicable for those black
holes. In this paper we show it is indeed the case: after taking the near horizon limit, the
entropy function for 5d non-extremal black hole can give the Bekenstein-Hawking entropy
precisely, while the entropy function for 4d non-extremal black hole gives the Bekenstein-
Hawking entropy up to a factor, which can be understood via a rescaling transformation
relation of entropy function.

The rest of the paper is organized as follows: In section [ we review the basic properties
of the non-extremal black holes. We give a general proof of the entropy function formula
for black hole with BTZ as part of its near horizon geometry in section fJ. We calculate the
entropy function for non-extremal black holes in ten dimensions and lower dimensions in
section [| and section [ respectively. Finally in the last section [f we summarize our results

and discuss related topics.

2. Non-extremal black holes in string theory

It is known that non-extremal black holes can be constructed by putting D-branes together,
so that the entropy can also be obtained by counting the degrees of freedom of the D-brane
system after taking near-extremal limit [[[2]. The microscopic entropy of such kinds of black



holes can also be understood via U-duality [L3]. In this section we make a brief review
for the salient properties of non-extremal black holes which are necessary in the following
calculations. For reviews, see [[[4].

2.1 The 5d non-extremal black hole

The five dimensional non-extremal black hole can be constructed by using D1-branes, D5-
branes and momentum P, which is a solution of Type IIB supergravity. The effective
action is

1 1
167@10 d0z\/—det { O[R+4(Ve)?] — QZEF,%}, (2.1)
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where F,, denote the field strengths carried by the D-branes.

The non-extremal black hole metric in d = 10 is given as follows in string frame:

ds3y = fl(’l“)_%fg)(’l“)_% [—dt? + dz? + K (r)(cosh apdt — sinh ay,dz)?]

1 1, 1 1 dr? o o
+f1(r)2 f5(r) 2dac|| + f1(r)2 f5(r)2 1—71((7“) +r7dQ3 |,
e = é, (2.2)
1
where
rf 7 73 sinh® ay 72 2 sinh? o
K(r)= T—’Z fi(r) = 1+T—§ = 1+HT, fs5(r) = 1+r—3 =144 5 (23)

and a’s are the boost parameters. The D1-branes can be viewed as the electric source
carrying 3-form electric field strength while the D5-branes can be regarded as the magnetic
source carrying dual 3-form magnetic field strength. The conserved charges are given by

V12 sinh(2a;) Qs = 7 sinh(2a5) N— R2V7r? sinh(2a,,)

Q1=
gs 2 gs 2 g2 2

SR
where the fundamental string length [; has been taken to be 1. Here V = RsRgR7Rg
where R;, i =5,6,7,8 denote the radii of the four coordinates in 2| and R, is the radius of
the compact dimension z, along which there is a momentum P. The Bekenstein-Hawking

entropy is

2RV}
Spi = LQ‘/TH(COSh aq cosh as cosh ay,). (2.5)

To obtain the near horizon geometry, we take the limit
r? < ris = rfsinh® oy 5, (2.6)

but we do not demand a similar condition on 7, = rgysinh«,,. This limit means that
a1, as tend to be very large in the near horizon region, so that sinh ay 5 ~ cosh vy 5. Note
that the near horizon limit is just the decoupling limit in the AdS/CFT correspondence. In
addition, when rg — 0 and a1, a5 — oo while keeping the charges fixed, the non-extremal



black hole turns out to be extremal. After taking such a near horizon limit, the metric

becomes
2 2\(2 _ 2 2 9
ds? — _(P P+g(/; P—)dtQ +— 2)‘ P . . dp?
A2p (p —p+)(p —p2)
2 P+P— 2402 +

which is of the form BT Z x S3 x T*. Note that here we have made the coordinate trans-
formation

z
pPrErtapl, =3 (2.8)
and have introduced the parameters
py =rgcoshoay,, p_ =rgsinhay,, M =rrs. (2.9)

2.2 The 4d non-extremal black hole

The four dimensional non-extremal black hole can be taken as a non-extremal intersection
of D2-branes in (z,x2), D6-branes in (z,x2, 3, x4, x5, z¢), NSb-branes in (z,x3, x4, 5, T¢)
and momentum P along z, which is a solution of type IIA supergravity with the effective

action
1 1
10,, —2¢ 2 L2 2 Lo
167TG10 d —det g { [R+4(V¢) 3H ] G 12F
1
2886m i FH«I#Q#S#4FH5H6N7HBBH9H10}? (2.10)

where the 2-form G = dA, 3-form H = dB, 4-form F' = dC are the field strengths carried
by D6-branes, NS5-branes, D2-branes respectively and ' = F +2A A H.

The four dimensional non-extremal black hole metric, written in ten dimensional string
frame, is given as follows:

dsty = (fofe) 2[— K" fdr? + K(dz + (K™ = 1)dt)’]

Ss(fofo)Hdad + f3 7 (dad 4 da + da? + da?)
+f5<f2f6>%< “lar? 4 r2d03),

3
e = [ (2.11)
where
T rp sinh? o T rp sinh? a
f251+72:1+¥’ f551+?5:1+¥7
T ry sinh? o T ry sinh? o
fomra e oqprasiee gyt resiibian

ry sinh ag cosh ag

Kt=1-%g-1_ Kl f=1-"1 (2.12)
T T

r

Here the D2-branes can be taken as the electric source carrying 4-form electric field strength
while the D6-branes and the NS5-branes can be taken as the magnetic source carrying



dual 2-form and 3-form magnetic field strengths respectively. Then we can obtain the
conserved charges

Vv
Q2 = ™ sinh 205, Q5 = ry Ry sinh 2as,
Js
VR2R
Qe = ra sinh 2ag, N = TH7222 sinh 2a, (2.13)
s 9s

where the fundamental string length [; has been set to be 1. Here V = R3R4R5Rg where
R;,i=2,3,4,5,6 denote the radii of the coordinates x; and R, is the radius of the compact
dimension z. The Bekenstein-Hawking entropy is
8712,V Ry R
SBH = H722Z cosh ag cosh ais cosh ag cosh o . (2.14)
S
The near horizon geometry can be obtained in a similar way. First we take the near
horizon limit, i.e. we require that

r<L<re56 ="TH sinh? 256, (2.15)

but we do not demand a similar condition on rx = 7 sinh? ax. This limit means that
a9, as, ag tend to be very large when the near horizon region is approached, so that
sinh o 56 ~ coshas56. Note that when ry — 0 and ao, as, ag — oo while keeping the
charges fixed, the non-extremal black hole turns out to be extremal. After taking near
horizon limit, the metric becomes

2 2\(2 2 2 2
Ap (p* = p3)(p* — p2)
2
+ 2 dy — p+p_d )‘_QdQZ
P Y )\p2 T + 4 2
3
—i—(ri‘r’)édx% + <:—Z> <dx§ +daj + dz? + dx%), (2.16)
276

which is of the form BTZ x S% x S x T*. Note that here we have made the coordinate
transformation

(ror)d
and have introduced the parameters
p%r =rycosh’ag, p2 =rgsinh®ag, M\ =4rs\/rorg. (2.18)

3. The entropy function formalism: general proof

In this section we will give a detailed derivation of the entropy function for non-extremal
black holes with BT'Z as part of the near horizon geometry, following [[[(] and [[[T]. Note
that the entropy function formalism originates from Wald’s entropy formula [[[§], which



requires that the black hole under consideration should have a bifurcate horizon. Then in
the entropy function formalism, the entropy of an extremal black hole should be taken as
the extremal limit of a non-extremal black hole. So it is natural to expect that the entropy
function formalism is also applicable to non-extremal black holes.

A generalized form of Wald formula was proposed in [[[f], which states that

oL
SpH = 47T/ drpgy/detgy nggiw (3.1)
H N

where £ is the Lagrangian density, detgy is the determinant of the horizon metric and
giv denotes the orthogonal metric obtained by projecting onto subspace orthogonal to the

horizon. For a metric of the general form
ds® = gttdtQ + gyydy2 + 29, dtdy + ngdTQ + de, (3.2)
the orthogonal metric is defined as

gtu = (Ne)u(N)w + (Ny) (N ) (3.3)

where N; and N, are unit normal vectors to the horizon

Ny= | i N L
ET gttguy — (gv)2 B0 O) A= (0 \/g”"’o’ °) (34)
Consider the general near horizon metric which has a BTZ part

(0* =) (P = p?) A2p?

ds® = v [ — dr? + dp? 3.5
A%p? (p* = p2)(p* = p2) (3
2
+p? <dy — p;\rp/;— dT) } + vod .

The relevant orthogonal metric and Riemann tensor components are given below

L A=) pipewm

TT T A2 ’ TY A ’
I (A M (- B [ O
P Gl St S L
X2 = p2)(p? = p2)
R _ p'ur
(=) = )
2
P P+pP-01
Ry pyp = . (3.7)
P Np? = %) (0% - p2)
Then the Wald formula (B.1]) can be rewritten as
4
Spu =Y S, (3.8)
=1



where

oL
S1 = 87 / dap/detgn 079,
H IRz prp

oL
= —871')\2’[)1/ \/detgHWRpr,
H

TPTP

oL
Sy = 87T/ dxH\/detgHngj_ygj—p
H ypyp
222 %1} oL
= 87 LSl /H Vdetgy WRypyp’

P2(p? = ph = p?)
o | |
S3 = 167 dxH\/@WgTygpp
H TPYP

oL
= —167’(’)\2’01/ \/detgHWRprp,
H

TpYyp
oL
Sy = 8 / drpgy/detgy <9#9yly - (ery)Z)
H ORryry
= 0. (3.9)

Next we define a function f as integral of the Lagrangian density over the horizon,

fz/ dx g/ —detgL (3.10)
H

and rescale the Riemann tensor components as proposed in [8],

Reprp = MBrprps Rpypy — A2 Rpypy,
Repyp = AsBrpyp,  Rryry = MBRryry. (3.11)

It can be seen that the rescaled Lagrangian £, behaves as

OLr _ o) 9L

B VT ORI
8R;w>\p

i=1,2,3,4 (3.12)

Then the rescaled function f) satisfies the following relation

O _,, / dup/detg R, 36; (3.13)
OA; =1 H 8RW/\p

with no summation on the right hand side for i. Substituting these relations into (B.§)
and (B.9), we obtain the following expression for Spy

0fx N pip* O fx, n 5fA3>
O\ pHph +p2 —p?) X2 0N

Spu = —27)\? <

(3.14)
A1=A2=A3=1

Furthermore, since the general Lagrangian should be diffeomorphism invariant, the com-
ponents of the Riemann tensor entering the Lagrangian must be accompanied by the cor-
responding components of the inverse metric. Thus we have the following relations

TT -1 -1
Aljoprg gpp ~ Alvl ) AQJ%pypygyygpp’V AQUQ s

ABEprpgTygpp’w ABUgl, A4fL@TygTTgyy«\'A4v21. (3.15)



Assume that the n-form electric field strength F; ..., and m-form magnetic field strength
Hm) satisfy Frpyp..q = e1 and Hm = = pav/Qn at the horizon, where e1, p, are constants
to be determined and (2, denotes the measure of m-dimensional unit sphere. In the
Lagrangian the electric field strength behaves as

\/(QTTgyy —(g7Y)?)gPPgPP - - - gUFrpyp...q ~ €10

3
2

(3.16)

Note that no other contributions have any dependence on v;. Then we can rewrite f) as a
function of scalars, electric and magnetic field strengths

3 _3

fA(Us,Ul,U2,€1,pa) = Ufh(us,’l)Q,)\i’l)fl,el’Ul §7pa>7 (317)

3
where h is a general function and the factor v{ comes from /—detg.
Using (), one can easily derive the following equation

8f>\ of of
N - 1
Z 5 Ai=1 (f “ 1> (%1 (3 8)
Then the entropy can be reexpressed by substituting (B.18) into (B.14)
of\  of of 22 of
=2\ - “on oM | 1
o - [ <f 1661) Do O P ) 0h (3.19)

To simplify the above expression, we have to make use of the following relations, which
can be derived from the symmetries of the Lagrangian,
of _of  of _ A of  of _af of

R & a4 2 2
VR V) VT ) ) WA ) VR ) WL W (3:20)

With the help of (B.20), we obtain a simple expression for the entropy
0
S = TA? (e B—f — > = 1\’F. (3.21)
el

Thus we have completed the general derivation for the entropy function and the entropy
can be obtained by extremizing the entropy function with respect to the moduli

OF _  OF
us, | Oy

=0, i=1,2, (3.22)

and then substituting the values of the moduli back into F'. Note that the relation ¢; = g—é
does not hold any more in the non-extremal case.

Finally, we would like to stress how the entropy function changes if we rescale the
coordinates of the background metric. Note that in order to obtain the standard BT Z
metric, some of the coordinates have been rescaled in the previous sections, which can be

seen from (R.§) and (B.17). Suppose we make the following coordinate rescaling

t — At (3.23)



where A is an arbitrary constant. Since the Lagrangian should be diffeomorphism invariant,

one can see from the definition of f (B.1() that under the rescaling (B.23), one has
f— Af. (3.24)
Thus the entropy function and the entropy behave as
F— AF, Sy — ASgH. (3.25)

Such transformations will be used in the following sections.

4. Entropy function in ten-dimensional spacetime

We will calculate the entropy function for the two concrete examples presented in section P
in the present section. We find that for the five-dimensional non-extremal black hole, the
result agrees with the Bekenstein-Hawking entropy precisely, while for the four-dimensional
non-extremal black hole, the result is different from the Bekenstein-Hawking entropy by a
factor, which can be understood according to the arguments given at the end of the last
section.

4.1 Case 1: the 5d non-extremal black hole

First we determine the near horizon field configuration in ten dimensional string frame as

follows
2 2\ .2 2 2 2
— — A
ds? — v1<— (p P+g(/; P—)dtQ +— . P . - dp?
A2p (p* = p1)(p* —p2)
1 pipe )\ r
2 + 2 142 2
—dz — dt AdQs + —d
+p ()\ z 202 ) >+v2< 3+7,5 ac“>,
3
B 2pv . .
e 2% = uy, F,.=e1 = r_g_lz’ Gopyp = 27“? sin? 0 sin . (4.1)
1 U22

Using the above field configuration, the effective action (B.J) turns out to be

1 6(vy —v2)  Tirs €l 2r
= U + —= — 4.2
167TG]1\9|: s 17501V pQU:{’ 7“21)’1):2)’ ( )
and the entropy function becomes
_ VRZr%p " 6(ve —v1) 7175 ﬁ 2715 (4.3)
2g2rs | riT50102 pPod 2 el | '

where we have set [, = 1 so that Gjl\? = 87%¢2. Substituting the value of e; and solving the

equations
oF oOF
=0, — =0, i=1.2 4.4
Oug T O ! T (44)
we have
r2
Ug = —g, v1 =1, vy =1, (4.5)
1



which gives the correct values of the moduli fields. Put the solution ([£.5) back into F, we

btai
obtain 9VR,

F
g2

p- (4.6)
Furthermore,
Spu = TAF | p—p,

2
s

= SBH, (4.7)

which is just the black hole entropy in the decoupling limit. Note that here we have used
the fact that in this limit, sinh oy 5 ~ cosh g 5.

4.2 Case 2: the 4d non-extremal black hole

The entropy function for four-dimensional black hole can be calculated in a similar way.
First we write down the near horizon field configuration in ten dimensional string frame

1
4rs(rore)2 p? 2

L (PP =p)p* = p2)
=2 — )"

(7“27“6)% /02
2 2
—l-ip T <dz — —p+§dt> ]

(rore)? P

1
2
+9 [rg,(rgrﬁ)%dﬁg + _5 —da + <Q> dwﬂ ,
(ro76)2 "

dt® +

ds® :vl[—

—2
€ ¢:usa thp2:elz

NSRS
[ |@
DN oo |H ol

1
Hyg, = —3"s sind, Gy, = —576 sin 6. (4.8)

Under the above field configuration, the effective action (R.10) becomes

1 |: ( 4v1 — 3vy 1 ) T6 6%7"27"6 :|
- _|u - - v (4.9)
167G\ [\ 275 (rorg) 2 v102 2r5(rorg) 2 v} 2rarivy - 2p%r5vivs

and the entropy function turns out to be

1 3
o 4pV ReR,  1ov5 { (7“27“6)52)515 —|—v% [ 13

2 3 r3rEvIv+TrsUs <v1—4v1v§+3v§’)} }, (4.10)
s 2(7’27“6) rov;

Solving the equations

oF oF
=0, — =0, i=1,2, 411
aus Ovi ( )
we arrive at the correct attractor values of the moduli fields
us=—"—, v =1, wvp=1L1 (4.12)
T35

,10,



Substituting the solutions ({.19) back into F', we obtain
4pV R R,

F= (4.13)
Finally,
Spi = TA°F |pmp,
— 716%1/52}22 (T2T6)%T5p+
= 2\/r—5§BH, (4.14)

where we have use the fact that sinh ap 5 6 ~ cosh ag 56 in the near horizon region and the
result does not agree with the Bekenstein-Hawking entropy by a factor 2,/75. Note that
one has to make a rescaling transformation (B.17) in order to transform the part spanned
by coordinates (¢, p, z) in (f.§) to be a standard BTZ metric. Further note that one has the
transformation relation (B.25) due to the rescaling (B.2J). Thus the result (f14) indeed

gives us the entropy of 4d black holes in ten dimensional string frame.

5. Entropy function in lower dimensions

It is well known that after dimensional reduction, the extremal black hole in Type II string
theory has AdSy as part of its near horizon geometry rather than AdSs. It has already
been noticed in [IJ] and [[L]] that although the entropy function could give the correct
entropy in lower dimensions, not all the moduli fields could take definite values. In this
section we first do the dimensional reduction down to six and five dimensions, keeping the
BTZ part of the near horizon metric invariant, then we find that the same results for the
entropy can be obtained while some of the moduli fields do not take definite values.

5.1 Case 1: the 5d non-extremal black hole

We do the dimensional reduction on x| and obtain a six-dimensional black string with near
horizon geometry BT Z x S3. The near horizon field configuration

2 2\ 2 2 2.2
- — A
ds? — U1<— (p P+g(/; Pf)dtz +— . P . . d,o2
A2p (p* = p3)(p* —p2)
1 pepe
2 + 2 7092
+p (Xdz— Ve dt> ) + vaA"dQ3, (5.1)
e 2% = Ug, e = ur
3
9 2
F. = e = p2v_13, Gopy = 212 sin’ 0 sin ¢, (5.2)
UTT 2

where €2 stands for the single moduli for 7%.
The six-dimensional effective Lagrangian, which can be obtained by the standard pro-
cedure (see e.g. [[[7]), becomes

—detg<6>e2¢{e2¢ [R@ + 4(v¢)2] - % 3 %Fﬁ} (5.3)

-~ 167GS,

n

— 11 —



where the superscript stands for that the quantities stay in six dimensions. Using the near
horizon field configuration and the effective action, the entropy function is expressed as

P VR,prirs

2
33 6(ve —v1) | mrsef | 215 5.4
5 U U3 uT |Us 53 33 |- (5.4)
2g% T1T5V1V2 prvy 2 ryv

Solving the equations after substituting the value of e; into F,

F F F
OF _o, 9 _y OF_

=0, =0, — =0, i=1,2, 5.5
Oug our ov; (5:5)
we obtain
2 2
v = v9 = v, US:T%?’ uT:T—?], (5.6)

where v is an arbitrary constant. Finally, after substituting the solutions back into F, we
get

Spn = TAYF |pp,
2rV R, rirsp4

9s
= SBH, (5.7)

which is again the entropy of 5d non-extremal black holes.

5.2 Case 2: the 4d non-extremal black hole

2

Similarly, we do the dimensional reduction on 2 x x| and obtain a five-dimensional black

string with near horizon geometry BTZ x S?. The near horizon field configuration is

1 2 _ 2)(p2 = o2 4 12
e vl[_ 1(p p+)gp P2) a2 + : 7'5(;'27"6)2 g
(rorg)? p (p* = p3)(p* — p2)
2 2
+ P T <dz - ,04”20, dt) ] +UQT5(T2T6)%dQ%7
(rore)2 P
¢
e 20 = Ug, eV = ur, 671 = Uy,
1 3
1 2 1 1
FO = =CR 22 " FO — _Zii6ing, Gy, = —-resind 5.8
tzp = €1 ur TET’G% vy’ b oo ST b¢ 9 OB (58)

w
where ¢2¥ and e denote the single moduli for 7% and S' respectively.
The effective Lagrangian in five dimensions can be expressed as

1 o1 [ _ 1 _
[— m /—detg(5)e2we 1 [e 2¢ <R(5) _e 1/11H(5)2) _G? - ge Y1 (5)2 , (5.9)

where the superscript signifies that the quantities stay in five dimensions and the 2-form
magnetic field strength H®) as well as the 3-form electric field strength F(®) originate from
the ten-dimensional field strengths Hag, and Fi.p2. Note that we have omitted the terms

- 12 —



involving the covariant derivatives of the scalar fields because they are set to be constants
at the horizon.

We can work out the five-dimensional entropy function by making use of the above
effective action and near horizon field configuration

F

3 3
_ AVRaR.pr? (7‘27“6)iv12 vpury | ( 3vg —4vq 1 )
- S
gg 2rs (7“27“6)%1)1?}2 2U%T2T6U§

3

| TG + 6%("’-2716)% (5 10)
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After substituting the value of e; we can solve the equations

OF oF

=0, 1=sT,1 0, 7=1,2 5.11
f‘)ui ) y Ly Ly 8’0] y J ) 4y ( )
and obtain
V1 = U, V2 =V,

3 1

r2 79 T
Ug = 61 , uUr=-—, uj= 51 T (5.12)
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where v is an arbitrary constant, once again.
The entropy can be obtained after substituting the solution back into F

Spn = TA2F lp=p+
o 167TVR2Rz(T2T6)%T5p+

g3
= 21/755BH. (5.13)

Here the factor 2,/r5 appears again. The reason is the same as the one discussed in the

previous section.

6. Summary and discussion

The entropy function formalism proposed by Sen is an efficient way to calculate the entropy
of a black hole with AdS5 as part of the spacetime geometry. However, as far as we know,
most of the work have been dealing with extremal black holes. In this paper we show
that for some non-extremal black holes in string theory with BT Z as part of the near
horizon geometry, the entropy function formalism also works very well and can reproduce
the Bekenstein-Hawking entropy both in ten dimensions and lower dimensions. Thus our
work generalizes the entropy function formalism to certain non-extremal black holes and we
expect that it might also work for other non-extremal black objects, such as black p-branes.

We notice that a relevant issue was presented recently in [ff], which describes how to
apply the entropy function formalism to near-extremal case. They argued that in order
to deal with the runaway behavior of the entropy function, one has to introduce a slight
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amount of non-extremality on the black hole side. The non-extremality parameter € trun-
cates the infinite throat of AdSs in to a finite size, thus the near horizon geometry is no
longer AdS, x S%2. But for sufficiently large charges and small e there will be a region
in the black hole spacetime where the geometry is approximately AdSs x S%2, and one
can use the entropy function formalism to calculate the entropy in this region. However, in
our examples the near horizon geometry BT Z do not rely on the near-extremal limit, but
the entropy function formalism still works. It would be interesting to study the relations
between the two approaches extensively.

Recently, an intuitional explanation of the black hole attractor/non-attractor behavior
has been proposed in [f], which states that the attractor/non-attractor behavior is closely
related to the near horizon geometry. For extremal black holes with AdSs near horizon
geometry, the physical distance from a finite radius coordinate r to the horizon turns out
to be infinite, while for non-extremal black holes the distance remains finite. It is clear that
the infinite physical distance is crucial to allow a scalar field to forget its initial conditions
while in non-extremal case the field only has finite “time” until it reaches the horizon. In
our examples, the physical distance from a finite radial coordinate pg to the outer horizon
becomes

PO
i= [ v (61)

+

= Mlog <\/p2 -+ \/p2 —p%) p
= A[log (\/p%—p2++ \/p%—/ﬁ) —log( Pi —/ﬁ)},

which turns out to be finite. However, in certain cases, the scalar fields considered here do

exhibit some “attractor” behavior, that is, the values at the horizon can be determined by
extremizing the entropy function. So it is worth investigating this phenomenon thoroughly.
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