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Black Holes, attractors, elementary strings

etc.

Plan:

Lecture 1: Develop some general techniques
for studying entropy of extremal black holes in
gravity coupled to matter with higher deriva-
tive terms.

Lecture 2. Apply this method to the study of
the correspondence between elementary strings
and black holes in string theory.

Reference for lecture 1-

A.S. , hep-th/0506177 (also hep-th/0505122

Related (complementary) work:
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Lecture 2. Apply this method to the study of
the correspondence between elementary strings
and black holes in string theory.
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Motivation:
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Typically black holes ia-.-;‘.—r.mg radiate — are

unstable.
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For a special class of black holes the Hawking

temperature =

—

— extremal black holes.

We shall focus on these black holes.

This leads us to the analysis of extremal black
holes in higher derivative gravity in D dimen-

sions

— describes string theory with (10—D) dimen-
sions compactified
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In our analysis we shall not assume the theory
to be supersymmetric.

— keeps the analysis as general as possible

— in general it is difficult to supersymmetrize
higher derivative terms

As a result we cannot use BPS condition to
define extremal black holes.

How do we recognize extremal black holes in
a higher derivative theory?

Take the clue from usual (super-)gravity.







[ Ln)

Begin with the D — 4 case.
Recall the geometry of Reissner-Nordstrom so-
lution:
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All known extremal black holes in four dimen-

sions with non-singular near norizon geometry

have near horizon geometry AdS- x S2

(These include some solutions in the presence
of certain higher derivative terms.)

he derma:icﬂ of extremal
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We shall take this 3s
black holes.

Take a general gauge and general coordinate
invariant theory with metric Guv, dauge fields

‘Jm’:'j neutral scalar fields {gs}.
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Definition: Extremal black holes in this theory
have

1. near horizon geometry AdS> x S

2. all other background fields respect the S0(2,.1)x

SO(3) symmetry of 4dS> x S2.
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General form of the near horizon geometry of

dn extremal black hole:
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General form of th
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Only terms in £ which do not involve explicit

COvariant derivatives affect the bDackground.
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L et /—detgL be the Lagrangian density.
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Resulits:

For an extremal black hole «
and magnetic charge p,
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1. the values of {us}, v; and v~ are obtained
7

by extremizing F(i.v,q,p) with respect to
these variables.
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2. the near horizon electric field variables e;
are given by: ¥
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black hole entropy Sgzj; is given by
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Significance

1. If F has no flat direction, then the complete
near horizon solution is determined from these
eqguations.

— the near horizon solution and hence the en-
tropy Sgg = F is independent of the asymp-
totic values of the moduli fields.

e

2. I F has 'Iat directions then sSOme parame-
ters are not u:jr:tﬂrrr*mﬂd from F and could ae»
pend on the awmptmtc values of the maoduli
fields.

But F is flat along those directions

— Spg = F still does not depend on these
dsymptotic moduli

— 3@ generalized attractor mechanism.

Ferrara, Kallosh, Strominger: . ..
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In deriving these results we

— do not require the theory or the solution to
be supersymmetric.
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— requm: any special structure of the higher
derivative terms except general r*{:::fc::rr:nnatﬂ in-
variance and gr:lLJG'-' invariance.
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In deriving these results we

— do not require the theory or the solution to
be supersymmetric,

do mot
— require any special structure of the higher
derivative terms except general coordinate in-
variance and gauge invariance.

Single entropy function F(i. 7. ¢, p) determines:

near horizon values {u;
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Similar results hoild in higher

dimensions for
near horizon geometry AdS> x
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Derivation of the results:

1. f=[ dfdo/—detgL

— requiring the action to be stationary along
the directions of ;

1. Y2 and us deformations
gives :
- 8f af G
~— =0, — =0, _fzﬂ.
Ols duy duo
The SO(2.1) x SO(3) invariance of the back-
ground

— these are the only Independent components
of the metric and the <

Calar field equations.







2. Non-trivial part of the ga uge field equations
and Bianchi identities:

|'|.
l.

Evaluate the integration constants at r — oc

— they are proportional to the electric charges
g; and the magnetic charges p;.

When evaluated on the near horizon geometry,
this gives
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already anticipated in the c*‘loice DF parametriza-
tion of the background fields (F, 9o — PiSin8/4w).




"hus for given q and P the equations determin-
ing the bac:-qgrm nd are:
af af af d
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f is a function of 7. v, € and 7.

Now recall the definition of F:

Properties of the Legendre transform — these
eqguations are egquivalent to:
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Thus for given § and 5 the equations determin-
ing the background are:

af af df af
= — 4, a =0 A — O = =G
| Cusg duy duop de;

f is a function of %, ¥, € and 7.

Now recall the definition of F:

F(#.7,q,p) =27 (§-€— f(i. .. p))

Properties of the Legendre transform — these
eguations are equivalent to:
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Thus for given ¢ and p the equations determin-
ing the background are:
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af df d af
— = (0. —— = (. — =0, _—"'-:ﬁ
Jus duq duo de; }
f is a function of %, ¥, € and D.
Now recall the definition of F-:
F(u.v,q,p) =2% (G- — f(iz, 7, €. p))

Properties of the Legendre transform — these
eguations are equivalent to:
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Alternatively we can define:

F(4,v,€.q,p) =2n(e;iq; — f(if. 7. € P))
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Spg = F
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(3)

Computation of blac_}c hole entropy:

longer given by the area law.

Higher derivative terms — the €ntropy is no

Wald; Iver and Wald- Jacobson, Kang, Mvers

For spherically symmetric black holes:

- R e
Spg = 87 / dfdep ——— —Grr it ,

In computing 4S5 "’:"-Rub'_.-:'::

1. express the action S in terms of symmetrized
covariant derivatives of fields

2. treat Ryupo as independent variables.
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Computation of black hole entropy:
— <X Nole entropy

Higher derivative terms —. the entropy is no
longer given by the area law.

Wald; Iver and Wald; Jacobson Kang, Myers

For spherically Symmetric black holes:

53_;‘: = 8w / dé do = =0 it
- JH l':'err:

In computing 0S8 /0 Ryupe

1. express the action S in terms of symmetrized
Covariant qerfvative§ of fields

2. treat Ruvpe as independent variables,




Computation of black hole entropy:
—— ——— << Tiole entropy

Higher derivative terms —

the entropy is no
longer given by the area law.

Wald; Iver and wWald; Jacobson Kang, Myers

For sSpherically symmetric Dlack holes:
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OB = 87 ab dp — V —9rr Git,
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In computing 0S/0R

L per

1. express the action S in terms of symmetrized
COvariant derivatives of fields
==

2. treat R,,,, as Independent variables.
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