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Black holes as fundamental strings: Comparing the absorption of scalars
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The recently proposed “correspondence principle” of Horowitz and Polchinski provides a concrete means
to relate(among othersblack holes with electric Neveu-Schwarz—Neveu-Schwarz charges to fundamental
strings and correctly match their entropies. We further test this correspondence by examining the greybody
factors in the absorption rates of neutral, minimally coupled scalars by a near extremal black hole. Perhaps
surprisingly, the results disagree in general with the absorption by weakly coupled strings. Though this does
not disprove the correspondence, it indicates that it might not be simple in this region of the black hole
parameter spacgS0556-282197)00618-9

PACS numbds): 04.70.Dy

[. INTRODUCTION Pushing the picture further along these lines, one could
expect to find a description of tHéve-dimensional neutral
During the past year there has been impressive progress Bchwarzschild black hole as a bound state of a number of
our understanding of the microscopic description of blackD-fivebranes, D-strings, and momenta together with an
holes[1] (see[2,3] for reviews and further referendesor  equal number of their antiexcitatiof$5]. However, it is not
the case that is best understood, a description has emergegar at all how to compute reliably the degeneracy of states
for the weak COUp”ng dynamiCS of a five-dimensional blaCkfor such a System, or even to Just|fy or understand' in gen-
hole near extremality in terms of an “effective string.” The eral, why the brane-antibrane pairs should not annihilate.
!att_er is in fac_:t a bound state ﬁT—_strin_gs rest_ricted to move A rather different approach for understanding the entropy
inside a D-fivebrane, and which is excited above the of the Schwarzschild black hole was initiated by Susskind a
Bogomol'nyi-Prasad-SommerfieldBPS state by having ey years back16]. Here, the working hypothesis is that the

bth Ieft- an_d rlght—mowr_]g momenta_ running a'of‘g theonIy objects needed to account for the degrees of freedom of
string (in a dilute gas reg|'m)e[4,5].' This model precisely a neutral black hole are fundamental strings—and not, in
repro_duces the Bekenstein-Hawking entropy of the blacg)articular,D-branes. In this picture, if we start at strong cou-

hole in terms of the degeneracy of states of the effectiv ling with a state that looks like a black hole, then as we
string, and Hawking radiation comes about as the emissioﬁ . . X '

of closed string states resulting from annihilation of pairs of ecrease the coupling the horizon shrinks. Eventually, the

left and right moving quanta. This effective description hasState is better described as a long, highly excited string. This

- . 2 .
turned out to be surprisingly successful. Not only the entropyFOniecture has been carried furthe{17—19.“ The obvious
can be correctly reproduced, but also details of the scaldfifficulty with this approach, namely, the different growth of
emission rates computed from the effective string show preth® number of states with a given energy for black holes and
cise agreement with the spectrum of Hawking radiation. Thi$trings, has been recently solved in a convincing manner by
agreement is correct including normalization fact@sand Horowitz and Polchinski if19]. The key opservanon is that
extends to the level of black hole greybody profil@® A we should not expect the mass of a certain black hole state—

possible explanation for this success has been proposed Wich is fixed in Planck units—to be equal to that of the
[12]. corresponding string state—constant in string units—for ar-
Still within the near-extremal realm, it has been shown inPitrary values of the string coupling constant Rather, the
[13] that when one add®-string-antistring pairs to the correspondence between black hole and string parameters
bound state described above, the black hole entropy can &ould be naturally made at the value @ffor which the
correctly accounted for by the states of a noncritical po|ya1ran3|t|0n_between_ both descriptions takes place. There isa
kov string with its effective tension and central charge con-Shortcoming here in that we do not know how to determine
strained by thd®-fivebrane background. In this regime, how- Precisely at which value of the coupling this transition hap-
ever, it is unclear how strong coupling effects can beP€ns- Hence this principle only allows one to relate quanti-
avoided. Moreover, the details of spectroscopy show onlyi€S Up to factors of order 1. Nevertheless, its range of appli-
partial agreement, and deviations occur at the level of leadC@Pility is wider than for other approaches—most of which it

ing order corrections to the absorption cross section at lowuPsumes—and it has been showhlif] to yield the correct
energieq 14]. dependence of the entropy on black hole parameters for a

large number of nontrivial cases, such as, in particular, black
holes with charges corresponding to the winding and mo-
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The agreement has been further reinforceddh However, it
should be noted that disagreement has also been found in certairfSee[20] for another, black-hole-guided, approach to a string
specific regime$9—11]. model for black holes arbitrarily far from extremality.
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mentum numbers of a fundamental string. This solution admits a variety of embeddings in several dif-
A key premise of the Horowitz-Polchinski correspon- ferent compactifications of any of the superstri@gnd M)

dence principle is that, when the strongly coupled black holeheories. The characteristic radii are associated with three

and the weakly coupled string are taken to the transitiordifferent types of charges, and their interpretatjas, e.g.,

point, the mass of neither of them changes by a large factoKaluza-Klein (KK) momentum, winding, Ramond-Ramond

In practice, this means that, at the matching point, the clastRR) electric or magnetic charge, €elcdepends on the em-

sical black hole mass can be taken to be approximately equékdding. In particular, for the main purposes of this paper

to the energy of a string whose levels are determined accordSec. 1) we shall only need to consider two nonzero

ing to the spectrum of &ree (or very weakly coupledstring.  charges. Nonetheless, for the moment we leave the number

Neither the finite coupling corrections to the string massof charges and their interpretation otherwise unspecified, but

spectrum, nor the string-size modifications to the black holgake the radii to be ordered as

geometry introduce large factors that could alter the match-

ing of masses and entropies at the transition point. Our aim r{=r,=rs. 2.3

in this paper is to test if this simplest classical-black-hole—

free-string correspondence is enough to account for details d¥esides the “nonextremality parameterg, one works with

the radiation such as greybody filtering. This is particularlythe three radiir;, or alternatively, the associated hyperbolic

interesting because, as was revealeff7in greybody factors angles,s;, depending on convenience.

encode information on the excitation spectrum of the string. The mass, entropy, and Hawking temperature of the black

For technical reasons, the computations in the black hol8ole are

side will have to be restricted to near extremal configurations )

in five and four dimensions. The results we find indicate that, o

at least in the region of the black hole parameter space that M= 8_GS(C°Sh 47, +cosh Zr,+ cosh 2r3),
we are able to probe, the simplest model for the correspon-

dence does not seem to account correctly for the details of wzrg

the spectrum. There is some evidence that the discrepancy S= cosho, cosho, coshos,
could be traced to the fact that, for the class of black holes 2Gs

under consideration, the near extremal state at the matching 4
point actually isnot infinitesimally close to the BPS limit. Ty =2mrg coshoy cosho, coshos. 2.9

The paper is organized as follows. In Sec. Il we review ) _ )
the calculation of scalar absorption by five-dimensiqs@)  The black hole is taken to near extremality by havadeast
and 4D near extremal black holes which will be of use laterPN®  large  charge, say ro<ry,  so  that
on. Then, in Sec. Il we make use of the correspondencéi="o Sinhoy~rcosho;. The other two radii(chargep
principle to compare these results with the absorption rate§an be as well large or small. The scattering will be restricted
of neutral scalars by fundamental strings previously comi0 S waves, higher partial waves being suppressed by cen-
puted in[18]. We give a simple argument which shows that, trifugal potential barriers at frequencies such taaty<1
quite generally, disagreement is found. We conclude in Sec@nd or;<2 [14]. Although it would not be difficult to in-

IV with a discussion of the results and their implications. ~clude higher angular momenta, our primary interest will be
on a range of low enough frequencies specifieduny<<1.

The wave equation for a minimally coupled, spherically
symmetric scalar field (r,t)=e~'“'R(r) in this black hole
background takes the form
The absorption cross sections, including greybody factors,

1. ABSORPTION RATES FOR NEAR EXTREMAL FIVE-
AND FOUR-DIMENSIONAL BLACK HOLES

of minimally coupled scalars by a near extremal black hole hd .d .\

in five and four dimensions have been computed in great Fﬂ‘ﬁhr arte f)R=0. 29
generality in[14]. These results will be needed later, so we

find it useful to describe how they are obtained. An alternative set of four parameters characterizing the

We start with the nonrotating nonextremal five- black hole is useful when dealing with the wave equation.
dimensional black hole solution of string theof21,15  These are

which takes the form, in the Einstein conformal gauge,
2

_ W 5020
ds2=—f7,3dt + 11 - +r2d0 ) (2.2
w? 22,22, .22
with C=Eg(rlr2+r1r3+r2r3 ,
2
o w2
h=1-1z. T=hlfs, E=—-(ri+r3+r)),
r.2 w2
fi=1+r—'2, r’=r3sintf o, i=1,23. (2.2 Eo=— 15 (2.6
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It is also convenient to define the varialde h(r) in terms  Neglection of theE, term is certainly justified provided

of which the wave equation takes the form r<<ry.
The solution has been completely fixed, up to arbitrary
d)\? E E, global wave function normalization, by demanding that, very
24z) RH\PH Gt a2t =370 close to the horizon, the solution behaves as the ingoing

(2.7  wave(2.8). We also need the limiting form @&, for larger,
i.e.,z—1. This is

The latter is still the exact wave equation for the s-wave
scalar. Since, in general, it is not possible to solve it analyti- I'(1+2a)I'(1-2pB)
cally for arbitrary values of, one needs to resort to approxi- I(1+a—iyD— BT (1+a+i JD- B) '
mate method3 The traditional way to deal with the problem 2.11)
[22-25,27,6,T has been to, first, solve the equations in two :
different regions{l) near the horizon(ll) far from the black To analyze the equation far from the horizon it is conve-
hole, and then match the solutions at some point in betweemient to defineo=wr andR=¢(p)/p. If r>r, we can ap-
or by means of an intermediate region. For near-extremabroximateh=1. The wave equation becomes
black holes of the sort under consideration, Rajaraman has

R~(1-2)*

studied in detail the definition of regioii and(ll), and has P2+ pyp’ — (1—p?f )yy=0. (2.12
settled the question of the existence of an overlap region and ) ) )
the matching of solutionf26]. Approximate now I p2f~1—4E—p?, which requires

Boundary conditions are imposed at the black hole horil>wriré/p?, ie., r>wrir,. Upon doing so we find a
zon, by requiring the wave to be purely ingoing into the Bessel equation fors, and the general solution can be ex-
black hole. The matching of solutions i) and (1) then  pressed in terms of Bessel functiofig wr) as
allows one to determine the ratio at asymptotic infinity of the
amplitudes of radially ingoing waves to those outcoming,
and hence the luminosity of the black hole.

Very close to the horizonz(—0) an approximate solution
can be found if we neglect the dependence in the non-  For smallp the behavior oR, is found from
derivative term in Eq(2.7). In this way one finds

A B
R“=EJ1,25(0)I’)+ EJZ'B,l(Q)r). (213)

1(2\ 1
oA ;Jlfzﬁ(P)NE o T(2=2p) (2.14
RlzeiiV/D+C+E+E2 Inz:ex'<i wzbgln Z), 2.9
Ty 1J ) 2 (p)ZB 1 219
p P2 2] T(2p) '

where the+ (—) solution is outcomindingoing) at the ho-
rizon. This is essentially the form of the solution used in
[25,24), and can be seen to yield correctly the leading term
at low frequencies, of the absorption cross section as equal
the horizon area of the black hole. However, in order to keeg
further dependence anand be able to enlarge the distance
within which the solution is valid, it is found adequ4f&14]

to try the ansatR,=z%(1—2z)?F(z). In the region wher&,
can be dropped a solution can be found vitta hypergeo-
metric function. Explicitly,

From here we see that the wa¥g ,4(wr)/(wr) behaves in

his region in exactly the same way as the w&yédor r>r,

g. (2.11). Moreover,R, is definitely valid up tor<r4 (in

act, up tor<1l/w [26]), andR;, down tor> wrr,. Hence,
there exists an overlap region where the matching can be
done. The coefficients in E¢2.13 are determined a8=0%*

and

Al (wro)zﬁ I'(1+2a)l(1-2B)T(2—28)

R=2%(1—2)PF(a+ B+i\D,a+ B—i\D:1+2a:2) 2] TA+a-iyD-BT(1+atiyD-8)

(2.9 (2.19

with This fixes, up to global wave function normalization, the
solution to the wave equation with the required boundary
1 conditions at the horizon.
a=—iyD+C+E, ,Bzi(l—\/l—4E). (2.10 Having constructed this solution fa-wave scattering,
and in the approximation where we neglect higher partial
waves, the plane wave absorption cross section can be finally

found to be
3However, it must be noted that for the extremal black hole with
only one single type of charge it is indeed possible to solve analyti- 1672 arg
cally the wave equation exactly, everywhere and for arbitrary fre- g abs:W- (2.1

quencieqgand also include higher partial wayes terms of Bessel

functions. For this black hole, though, the horizon is a singularity of

zero area. In a similar way, for the extreme four-dimensional black

hole with two charges the exact solution can be found in terms of “More preciselyB/A is small wheng is small. We thank J. Tra-
Coulomb wave functions. schen for discussions on this point.
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This form of the solution was first found iri4]. © evlTH_1
The expression foor,,sis much more amenable to physi- O aps= AgH
cal interpretation ifA|2 is expanded for smajB. Still, since 2(TrtTL) (ev/Tr—1)(e”/?TL—1)

2,2
N Oy OFfofs 218 X[1+O(wry)]. (2.23
Yorg oy ' On the other hand, if there is only one large charge,

(o/T_ g 1)?~E<1, the result is
it is possible to keepa| of order one as long as there are, at

2

least, two large chargésln this regime(which is the one _ w® 1 2.2, ¥

! . . . = + — — — =14+
analyzed i 7]) straightforward algebra yields Tavs=Aer| 1+ g Tar, @ rini )~ 1ty

_4mrfla®+D| etma—1 +O(w*r] } (2.29

Oabs™ ) (e2ﬂ'i(a+i\e“5)_1)(e2wi(a7iv‘5)_l)
9.2 Notice that the most relevant correction term is logarithmic,
X[1+0O(wry)]. (2.19

2

Am’rlia T
— i1+ ?|a2+ D|-48

Oabs—

~ B In(wrg). Sincewr <1, this can be quite significant and
o is larger than the terms coming from the exponential grey-
If there is just one large charge, then not optput alsola|  pody factors.
and \D have to be regarded as very small. The absorption The greybody factors of thermal form in E®.23 were
cross section should be written now as found by Maldacena and Stromingff], who also showed
thatTg | correspond exactly to effective temperatures for the
left- and right-moving vibrations of the “effective string”
In( 1ty model for the five-dimensional black hole with two large
D-brane charges. The case when just one of the charges is
+O(wir? } (2.20 Iarge has be_;en solved more recentlyid]|, and th_e Iogarith-_
v ' mic correction noted. Its absence from the simplest string
calculation has been interpreted as suggesting that the effec-
where y is the Euler-Mascheroni constant. The logarithmictive string model should be modified in the corresponding
term comes from expanding the termar(/2)* in |A|2. region of parameter space.
Let us rewrite these expressions foy,in terms of physi- In four dimensions we consider the nonrotating nonextre-
cal quantities. Given that we always assume that there is a@nal black hole with four charges,
least one large charge, one has

h
A= — —dt?+ ¥ —

drz 2 2
s —-+rido3], (229

]
with

1+0(r¥ 2.2 r
T, L1 Org/ )] 2.23 h=1-=2, f=fifyfsfa,

s Ty
From here and Eq2.20 one finds that, forw— 0, the ab-
sorption cross section is strictly equal to the black hole area, fi=1+
Taps=Asn T O(w) [25,28.
Consider now small but nonvanishing frequencies. From
the second expression for in Eq. (2.21) we see that the

ri . .
T Ti=To sintf oy, 1=1,2,3,4, (2.26

and mass, entropy and temperature,

factor (*™*—1) in Eq. (2.19 is precisely the Planckian 4
factor for the Hawking radiation. This suggests to define, in M= E cosh 2r;
a similar way, two other “left” and “right” temperatures as 8(34
2 4
r
Tri=—(a=\D) s=—2TI cosho;,
G4 i=1
=271 ,coSo,* 03). (2.22 4
o o Tal=4mr,]] cosho. (2.27)
The last expression is found bearing in mind thais a large i=1

radius. The absorption cross secti@19 presents now the )
suggestive form As before, we order the radial parameters as

F=r=1532=0,. (2.28

SBut keep in mind that they need not be of the same order; i.e., we The analysis of absorption rates, carried ouf1d], is
can haver;>r,>r,. quite similar to that for the 5D black hole. However, the 4D
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case differs from the 5D case in two crucial respects: first, in  [ll. FUNDAMENTAL STRINGS VS BLACK HOLES
order to be able to solve the equations one needs to restrict to

the case withat least twolarge charges: Fundamental strings can carry two kinds of charges,

namely electric Neveu-Schwarz—Neveu-SchwéNs-NS
charges, associated with the momentum and winding modes
of the string. Black holes with these same quantum numbers
can be readily constructefB0]. Since, in general, string
Atates with given winding and momentum are highly degen-
rate, one would expect a relation with the Bekenstein-
awking entropy of the black hole to be viable. This is not
) straightforward. For one thing, a secure starting point for the
tions start to appear at or_de:z. As a consequence, at IoW jyenification would be a supersymmetry-protected BPS
enough frequencies the linear term completely masks thgiie e the extremal black hole. But for the NS-NS electric
(quadratig terms coming from expaf‘d'”g the exponenhal black holes the horizon becomes a zero-area singularity in
thermal factors, as well as the logarithmic correction termsye eyiremal limit, suggesting that stringy corrections to the
found in the previous section. More importantly, such a coryeometry should be relevant in its vicinity. Sen has invoked
rection (also found, in a slightly different context, i29]) these corrections to argue thas@etched horizorof string

does not seem to appear in the results obtained using thg,e should be present, whose area reproduces the degen-
effective string model for the 4D black hofé4]. eracy of string BPS statd81].

Near the horizon the analysis is very closely similar to The correspondence principle proposedif] provides a

that in five dimensions. On the other hand, far from the ho'concrete way to relate strings and black halesany dimen-

rizon the wave equation can_be solyed in terms of COUIOml%ion D=4) arbitrarily away from extremality, and correctly
wave functionsf (7, «r), (with nonintegert.) as obtain, up to factors of order 1, the Bekenstein-Hawking
entropy by counting string states. As explained 19], the
(2.30 comparison between the black hole picture at strong cou-
' pling, on the one hand, and the string to which it evolves at
weak coupling on the other hand, should be naturally made
where at the value of the string coupling where the former descrip-
tion yields way to the latter. This should happen when the
) curvature of the black hole geometiip the string conformal
7="5 (M 4r4ratry,), (23D frame reaches the string size. At this point, the mass and
degeneracy of states of the black hole can be matched, up to
factors of order 1, to those of the string.

The string to which the black hole evolves is a highly
excited one, in a thermal state. Its decay by annihilation of
left- and right-moving oscillations reproduces the thermal
character of Hawking radiation. However, the entropy, or

_ equivalently, the Hawking temperature, only conveys infor-
Tri=4m\rir; cosiog® o). (2.32 mation about the total excitation level of the string. In par-

ticular, it is not possible to tell from the entropy alone any

Whenw/T gry~1 (which now requires at least three large differences between the excitations of left- and right-moving

ri,ra>rg. (2.29

Thus, we are not able to deal with the most general ne
extremal black holes in four dimensions.

Second, the leading correction at low frequencies is foun
to be linear inw, in contrast to the 5D result where correc-

_ A B
RH—JFﬂB(’/],wr)‘F EFﬁfl(Wrwr),

and B~ w?rr, are small quantities.

For smallwr the functionsF| (7, wr) have again a pow-
erlike dependence that enabRg in Eq. (2.30 to be easily
matched to the near region soluti¢h11). Define now

chargey the absorption cross section takes the form oscillators. Remarkably, as first discussedh it turns out
that the radiation emitted from the black hole actually en-
® e TH—1 codes such information in the greybody filtering of the
T abs= AgH Planckian spectrum. It is this sort of analysis what we want
2(Te+T wl2Tp __ /2T, _
(Te# TL) (e#Tr—1)(e”#Tt~1) to perform here.
X[1+0O(wry)]. (2.33 Let us, first, briefly review how the correspondence be-

tween a fundamental string and the black hole goes in the
five-dimensional case. Consider a string moving on a circle
of radiusR, carryingn, and n,, units of momentum and
winding, respectively. INg | are the right and left oscilla-

When there are only two large chargesTg | are small,
and the result would be

w2 1 tipn level numbers, then the mass levels of the free string are
O abs= AgH 1—7T77+Eﬁ+ RN (2.39 given by
, [Ny NuR\Z 4
Sincen is already linear inwr, we have neglected the terms M*= E“L o + yNR
proportional toB, similar to those found in five dimensions.
Indeed, given thatw?TrT ~w?rr,, in this regime the n, nuR\? 4
“temperature dependent” corrections are negligible to the R & ?NL' (3.9

order we are working. Thus, for two large charges the lead-
ing corrections in four and five dimensions are very differ-A six-dimensional black string can be constructed with these
ent. guantum numberE32]. Its metric, in the string frame, is
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f, rg sinh 2, 2 gr2 strings. The way the extremal limit is reached in the black
dsfe)Z—ﬁdterf— dz— ——5z—dt| +—— hole side requires sendingy/Gs—0 and o,,— while
e v P keepingr3 sinh 2r,,/Gs (i.e., n,) fixed. Additionally, one
+r2dQ2, (3.2 can also send,— =, keepingo,,— o, fixed, thus obtaining

_ _ _ an extremal black hole with two chargés, and np).6 This
where fp.f,,,h are functions like those in Eq2.2. The  means that if we want to keep~ Vo', then the extremal
momentum and winding NS-NS charges are identified as  |jmit corresponds to taking the string coupligg-. Nev-

R , ertheless, we can still consider near extremal regimes at
ny= ™ r2sinh 27, n,= T 12 sinh 27, . weak coupling. Thezreason is that the mass of the extremal
8Gs 8GsR black hole isM ¢,~r3/Gs, whereas the energy above extre-
(33  mality is AE~r%/Gsg.” Then

The momentum actually results from boosting alobg)(a AE  r2
string which initially hasn,=0. ——~ =<1 (3.6
We have expressed these charges in terms of the five- Mext T

dimensional Newton constant, which can be obtained as ) . o .
Gg=mg%(a’)*/(4RV), with g the 10-dimensional string Is small independently of the coupling, and it is in this sense

coupling, and (2r)*V a compactified four-volume. The rea- that we talk about a near extremal black hole. Therefore,

son for this choice is that upon reduction along the wrappin%here is no problem in a black hole close to extremality

direction of the string one obtains the five-dimensional blac v_olvmg into a weakly coupled _strln_g. We_ S.hQUId. keep in
hole of Sec. Il with two nonzero charges. In our identifica-m'nd’ though, that at weak couplidgE is not infinitesimally

tion with black hole parameters, we takg=r, to be the small (in string unitg and thus the configuration is a finite
radius associated with the winding chargg=r,(=<r,) as- distance away from the extremal one.

sociated with the momentum chargbe casery=r, 18 T g b TR SIS e S er large oven
dual to this ong andr;=0. 9 g g

If we keep the charges fixed, then as we decrease th%fter the transition to the weakly coupled strif]. This

couplingg the horizon radius, becomes smaller. Following comes about by the fact that near the horizon the fadiprs

[19], the string-frame curvature reaches the string scale WheI"P in the met_ric are big f.cos.r? UW’COSR op), and thereby
fo~+/a’. At this point the mass of the string in E®.1) can induce redshifts in quantities like the compact rad®usr the
o Va . .

be set equal to that of the black h@®&4). This allows one to free energy above the rest mass W'th respect to _the|_r
; S . asymptotic values. Nevertheless, Horowitz and Polchinski
determine the oscillation leveNg,N, . These could be ei-

ther of similar magnitude, or one much larger than the other12Ve argued that the calculation of the string entreiy is

— . hot affected by the use of the asymptotic values instead of
But remarkably, as ”Ot?’d (19], the Sum‘/N_L+ Nr, \.Nh'Ch those read from the corrected local metric.
corresponds to the string degeneracy O.f states, Is, Up 10 & g, redshifts can be read from E8.2). For example,
factor of order 1, independent of the relative size of the sumg "\, temperature at the string is related to the tempera-

mands, ture measured at asymptotic infinity as
Sse VNL+Ng T{°®=cosha,, cosha, T, (3.7
1\3/2
~ (a) cosha,, cosho, The frequency of quanta emitted by the string undergoes a
Gs similar redshift when they reach the asymptotically flat re-
~ S (3.4) gion. Therefore, the quotient
, - ) (100 [\ (@
and therefore the string entropy correctly reproduces, within _ | =
) o ) , (3.8
the accuracy of the correspondence principle and for arbi- T T

trary momentum and winding numbers, the Bekenstein- . .
Hawking entropy of the black hol€2.4) at the matching which appears in greybody factors, remains unchafiged.
point.

Our task now is to test the absorption rates of scalar par-
ticles. The comparison has to be confined to near extremal®The extremal black hole with a single type of charge corresponds
situations, where we can use the results of the previous se@ a nondegenerate string stalé;=N, =0, with zero entropy. If
tions for the classical absorption by the black hole. For futurehere are two charges, théig=0, N, #0.
reference, the entropy and mass of such black holes at the/Or, possibly, AE~rj cosh 2r,/G5. This does not affect the ar-

matching point is gument.
, 2 8At this point we admit to have found some difficulty on how to
o . . .
Sa~ =T COSha'p, M~ - (3.5 account unambiguously for t_he detailed effect of the redshlft \_/vhen
Gsg Gs matching black hole and string parameters. For example, it is not

clear to us how the left- and right-moving momenta
Before going into the details of the comparison, we mustp,, =n,/R+n,R/a’ should be redshifted. For the purposes of this
note a number of peculiarities that arise in the corresponpaper, we will find a simple way to formulate our arguments that
dence between near extremal black holes and fundamentséems to be free of any such ambiguities.
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Turn now to analyze the absorption of a neutral scalar of BE+ BE
frequencyw by a fundamental string. The increment in os- Oabs~Cs—5—5
cillator level due to absorption of neutral quanta is the same BrAL
for right and left moversgNg= 6N, . Given that the energy ~ G \/N_R+ \/N_L)

increase isw, the mass shell conditiof8.1) yields

NABH! (314)
5NR,L"“C¥,MQ). (39)

The absorption rate is to be averaged over a statistical eﬁr_wus correctly reproducing the semiclassical leading order re-

semble of initial states peaked at a given mass. The emissiosr'\“'lt' Tr:jetﬁrog)lortll(orr:alllty, with a f?ctordonfrgort_:irir 1f tiettr\:v?en
rate, from which the absorption rate can be obtained, ha absand the black hole area was found I8]. The fact tha

been computed ifl8] using string perturbation theory. The the agreement is not precise is something that the correspon-
result is dence principle allows for.

As mentioned above, in the quantities tested so far only
Ge(ON, )2 BT ONL+ B NG _ 1 the particular combination of oscillator level numbers that
, _ _ . (3.10 Vields the entropy, or area, enters, so that we have not been
a’'Mo  (eBLNL_1)(eBrNrR—-1) able to discern the individual values of the left- and right-
moving oscillator levels. The greybody factors, which de-
with pend solely on the quantities/Tr, , can convey such in-
formation. In this respect, the formal similarity between the
9Sst perturbative string and classical black hole results, Egs.
INg (3.19 (2.23 and(3.10, is most remarkable. Unfortunately, we can
easily see that the left- and right-moving temperatures read
Using Egs.(3.4), (3.9, and (3.11) the factors in the expo- from the black hole absorption spectrum cannot agree with

Oabs™

R
BrL=

nentials are those obtained from the string spectrum. To this effect, first
we must redshift the asymptotic temperatu(@22 (with
. a'Mw r\=ry, o,=0,, ando3=0) to the location of the string
IBR,L‘SNR,LNT r~ro~+ea'. This yields
R,L
— (3.12 (oo _ L
- ' : TR~ —, 3.1

TR "L T (319
where the last relation can be taken as a definition of the left-
and right-moving oscillator effective temperatufdsis im-  1-€- both temperatures are of the order of the Hagedorn tem-

portant to notice that the frequency here is measured at tHéeéatuie-tSl:Epﬂse rIIOV;/ _thattthey Wetre equat1)|£ up t(;) ;‘actoré of
local position of the string. SimilarlyTEY are local quanti- Ofder 1, 1o the focal string temperatures obtained irom £q.
ties an) well. g YIRL a (3.12. This would translate into/Ng~ N, ~+a'M, for

An assumption needed to derive the re€@ltL0 is that ~any values of the chargdsequiring only largeo,). But if
the Compton wavelength of the scalar be much bigger thal® take Eq(3.5 into account, we find thahis condition is

the string scale: incompatible with the entropy being given by
S~ Ng+ N,
o' <1. (3.13 The conclusion follows that temperatures cannot match

and therefore string and black hole greybody factors disagree
At the matching pointyo~+/a’, this condition is, in fact, In their functional dependence. The discrepancy is most
less restrictive than the one imposed on the semiclassic®atent whem,>ry>1, butis true throughout virtually all of
calculation. the parameter range we can prdBeAdditionally, when
Consider first the leading term in the very low frequencythere is essentially one large charge, ard becomes small,
limit. By expanding Eq(3.10, and using the expressions for the logarithmic corrections in Eq2.24 become another

ONg L (3.9), (3.12, one finds source of trouble. _ _
The same sort of discrepancy appears when comparing

the left- and right-moving temperatures for the four-

dimensional black hole, though in this case the parameter
range is more restricted. Finally, the wave equation for black
Jpoles in dimensions higher than five cannot be solved, close
recall that for a weakly coupled closed string the left- and right-10 the horizon, iin terms of hypergeometric functions, and

moving oscillations behave independently of each other, being onif€refore we do not know how to obtain greybody factors

related by the mass shell condition. The total degeneracy of the

string is the sum of the degenerackgg ~ \/m of each separate

ensemble, so we could define effective left and right temperaturesi9t is perhaps worthwhile noting that the disagreement would also
by 1fI'(RSfL)~(z9$R,L/aNR'L)(ﬁNR,L/(SM). These coincide with Eq. be present if we had not redshifted the asymptotic temperatures to
(3.12. their local values.

9Since eventually we are only interested in comparing the func
tional form of the greybody factors, we do not need to interwééﬁ
as actual temperatures. In fact, we could even do without them. B
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such as those in Eq2.23. However, in light of the results throughout the passage from strong to weak coupling. For
we have found it would not be surprising if the disagreementhe case we study here, with only two charges, the weakly
persisted inD=6. coupled state is instead always a finite distance away from
the extremal state.
IV. DISCUSSION Thi§ i§ very p_resumably_ related to the Iacl_< of agreement
of radiation profiles. Consider a string that is close to the
Several comments are in order regarding the discordarBPS state; we would expect this condition to méas>Ng.
result found in the previous section. First of all, one shouldin turn, this would meaﬁr(LSt)>Tgt), which can hardly be
note that it does not disprove the correspondence principléarmonized with the classical black hole result, which re-
At the low frequencies we are working, the greybody correcyyiresT, =T for all values of the parametefsear extrem-
tions to the absorption rates are either of ordéwiien there  gjity). Indeed, it is not likely thaflf,>Tx can hold at the
are two large charges and E@.23 is valid] or subleading  transition point. The reason is that the Hawking temperature

frequency in the former case is not big. Therefore, as far as

the absorption rates are concerned, there is no large change
throughout the transition from the black hole to the weakly
coupled string. 2 1 1
Nevertheless, our result places a limit on the applicability — =t 4.2
of the simplest model for the correspondence, which thus
becomes comparatively less powerful than the “effective
string” model for D-brane black holes. It appears that the
low frequency corrections to the absorption rates undergé similar relation also holds for the temperatures defined
seemingly significant changes in the transition from thefrom the string spectrum. It implies that, if one of the tem-
black hole to the string. One would expect a more detailegperatures is much higher than the other, sSgy> Ty, then
examination of the correspondence to reveal the reason. Agr~Ty<<T_. But, as we have seen, the gravitational dress-
parently, the lowest order perturbative string regalinpli-  ing turns the asymptotic temperature of the radiafigninto
tudes on the sphereannot account for this. One-loop cor- a local string temperature &' at the matching point, and
rections to the closed string vertex should add tergS.  therefore we would hav@{®® much larger than the string
On the other hand, in the regime where only one of thescale, which does not seem reasonable. A more conceivable
charges is large, the correction term resulting from expandscenario would be that, as the black hole shrinks to the string
ing the greybody factors is scale, the number of left moving oscillatok§ can never
reach a value much bigger thal, in the sense that we do
) not getN, /Ng>1, though the differencél, —Ng=nyn,,,
® o g2’ @.1) which is kept fixed, can still be quite large. Such a string
TrTL ’ ' would not be close to the BPS state. It would have
TE~TY~1//a’, and could possibly agree with the left
but recall that this is shadowed by the logarithmic correctionand right black hole temperatures.
in Eq. (2.24 (which is=g?, too). Things are further compli- There does not appear to be any simple enough way to
cated by the fact that in four dimensions the leading term atmplement this picture. A complete analysis should involve a
small frequencies goes likg?w. It is very unclear whether proper treatment of the locally corrected quantities. How-
string vertex corrections can simultaneously account for alkver, this is unlikely to be enough for solving the puzzle, at
these facts. least within the simplest model for black hole-string corre-
Apart from the perturbative correctioiisigher powers of  spondencdi.e., that without higher order corrections to the
g) to the emission spectrum of the string, another source fostring vertex or the black hole geometrirhe reason is that
possible corrections of the correspondence comes fromur result in the previous section seems to be largely inde-
string-size @') effects on the black hole geometry. How- pendent of how the gravitational dressing acts. The redshift
ever, these do not seem to be important to account for theffect does not seem suffice to obtdifi"~TEY, andsimul-
area(entropy of the black hole horizortthis is part of the taneouslypreserve the agreement between string and black
content of the correspondence princjplso it is uncertain  hole entropies. The conclusion seems to be that, at least in
whether they might significantly alter the role of the horizonthis region of black hole parameter space, the detailed corre-
as a boundary for scattering wave functions. Also, such corspondence to fundamental strings is not simple.
rections are presumably very hard to compute. As an aside, in view of the results above, we find it re-
Actually, there are reasons to suspect that the NS blackarkable, though somewhat puzzling, that if these same fun-
hole-string correspondence might not be so simple for blacklamental strings are placed in the background of a magnetic
holes close to extremality. From what we have seen, if weNS fivebrane, thepreciseagreement can be found both for
keep the horizon at a string scale size, the BPS limit is onljthe entropies and the emission raf@8]. Apparently, the
reached forg—. Thus, a near-extremal black hole that only effect of the fivebrane on the string is to rescale the
evolves into aweaklycoupled string mighhot be close to  oscillator number and string tension, and restrict the motion
the BPS stat&lg= 0. This is in contrast with the situation for of the string to the world volume of the fivebrane. Otherwise,
the black hole with three nonvanishing chargek5,7, the dynamics of the string is unaltered. The resulting black
where a state can remain infinitesimally close to extremalityhole, on the other hand, possesses now a regular horizon in
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the extremal limit. The correspondence principle, howeverfurther light on the problem. This is currently under investi-
cannot be applied to these configurations, since their horizogation.
does not decrease below the string size at weak coupling.
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