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String theory is used to count microstates of four-dimensional extremal black holes in compactifica-
tions withN = 4 andN = 8 supersymmetry. The result agrees for large charges with the Bekenstein-
Hawking entropy. [S0031-9007(96)00674-6]
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Recently it has been shown [1-5] that string theorytwobranes withinY (and the sixbrane). [Since the two
can, in some special cases, provide a statistical derivatidoranes are separated I the (2,2) open strings going
of the Bekenstein-Hawking entropy [6,7] by representingbetween different twobranes are massive and do not
the black holes as bound statesidfbranes and strings. contribute to the extremal entropy as in [1]. (2, 6) strings
The statistical entropy is the logarithm of the boundalso do not contribute in this cag€¢ = 1) because of
state degeneracy, which was counted udintechnology charge confinement.] Becauges four dimensional this
introduced in [8—10]. Curiously the results so far havemeans there a0, Q¢ bosons and theitQ, Q¢ fermionic
been limited to five dimensions. The reason for this issuperpartners available to carry the momentum. (We
that four-dimensional black holes with nonzero horizonsuppress here the anomalous shift@f for K3 [20,21]
area cannot be constructed frobrbranes alone as in which is subleading for larg®,). The number of BPS-
[1]. Typically another type of object such as a symmetricsaturated states of this system as a functio@9fQs, and
fivebrane or Kaluza-Klein monopole is required, andn follows from the standar¢l + 1)-dimensional entropy
further technology is needed. In this paper we willformula
find the missing piece of tech.no_logy in Refs. [11,12.] 7(2Ny + Np)EL
and use it to compute the statistical entropy of certain = 6 ) 1)
four-dimensional extremal black holes iN = 4 and
N = 8 supergravity theories. The result agrees with thevhereNg (Nr) is the number of species of right-moving
Bekenstein-Hawking entropy, which was computed in &Posons (fermions)E is the total energy, and. is the
specialN = 4 case in [13], more generally fof = 4 in  Size of the box. UsingVz = Np = 40,06 and E =

[14,15] and forN = 8§ in [16]. 2an/L, we find theL-independent result for the large
The statistical entropy of four-dimensional black holesthermodynamic limit [1]
has been recently analyzed in [17] with methods seem- Setat = 27/ 02061 . 2

ingly quite different from those used herein. It would o geyenstein-Hawking entropy was computed from
be very interesting to understand the relation between thfﬁe corresponding four-dimensional extremal black hole

two approaches. solutions in [13—16]. The result in our notation for either
The required modification of [1] is rather simple andN —4dorN [: Qs I

this presentation will be accordingly brief. Let us begin

by rederiving the result of [1] in &-dualized picture with Sgn = 27 Q2Q6nm . 3)
one extraS!-compactified dimension. Consider type IIA The integerm here is the axion charge carried by a
string theory onX = Y X S! X §!', whereY is T* for  symmetric fivebrane which wrapg x S'. [To facili-
the N = 8 case andK3 for the N = 4 case. A dual tate comparison with [14,15], we note that under type
description of theD-brane configuration in [1] (obtained Il heterotic duality arve-wound symmetric fivebrane to-
by T dualizing along8') consists of Q¢ sixbranes gether with momentum: becomes a fundamental het-
wrappingX, Q» twobranes wrapping' X §!, and right-  erotic string with(winding, momentum = (m, n) around
moving momentunx along theS!. We taken, 0, >=> 1. S!. The twobranes and sixbranes become the mag-
The twobranes are marginally bound to the sixbranes [18#etic heteroticS duals of a fundamental heterotic string
20]. For Q¢ = 1 the momentum is carried by massless,with (winding, momentum = (Q,, Q¢) associated to the
right-moving modes of (2, 2) open strings that end on th€20, 4) part of the Narain lattice.] Since that charge is
twobranes. It is sufficient to consider the ca8g= 1  absent in thisS' compactification of the configuration of
because duality implies the results can depend only ofl], Sgg = 0. This is not a contradiction because in four
the productQ,Q¢. (This has been explicitly verified dimensionsSgy as computed from the leading low en-
in some cases [18-22].) BPS excitations of theseergy effective action always scales likeharge?, in con-
(2,2) strings correspond to transverse motion of ¢he trast to five dimensions where it scales likeharge®/2.
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Since (2) scales likécharge®/2, it appears at leading or- Bekenstein-Hawking entropy is [14,15]

der in five dimensions but is an invisible subleading cor- . ™ > =

rection in four. (In fact the four-dimensional solution Seu = W\/PZQZ - (@ Py )

with m = 0 contains scalar fields that blow up at the For our example the last term vanishes. It would be

horizon, rendering the classical geometry at the horizointeresting to construct a more general example for which

singular.) These fivebranes do not break any additionahis last term does not vanish, and so verify the gen-

supersymmetry so that the final configuration still pre-eral formula.
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