Title: Strings/Quantum Gravity 6
Date: Jun 08, 2006 04:10 PM

URL.: http://pirsa.org/06060017
Abstract:

Pirsa: 06060017 Page 1/22



OUTLINE
* Introduction: Black Holes in String Theory
 Higher derivative corrections: the issues

* Trace anomalies: general agreements

 (Gravitational anomalies: detailed and robust
agreements.

Refs: P. Kraus and F. Larsen, hep-th/0506176 (also 0508218 and 0606nnn)
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BLACK HOLE THERMODYNAMICS

Gravity close to the black hole horizon
stimulates quantum fields so particles are
produced.

Far from the black hole this appears as
thermal radiation.

The temperature can be figured from the
surface acceleration ot the black hole.

Itis tiny: T~10-° K for M~M___
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A spectator ficld

| Hawking radiation
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STRING THEORY: BLACK HOLE STAT MECH

Thermodynamics is a collective phenomenon:; so thermodynamics indicates
MICroscopic structure.

The quantitative measure of this structure is the black hole entropy
A
4G,

This is huge: S~10%° for M-NML__ . The strong gravity of black holes excite the
quantum constituents of spacetime itseif!

Horizon area

S =

String theory quantizes gravity: it provides the correct constituents to account
for the entropy microscopically.

S =0

Many concrete examples are known when the thermodynamic and statistical
description of the entropy agrees in detail.
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HIGHER DERIVATIVE CORRECTIONS

» The statistical description of black holes gives the complete
degeneracy. not just the leading term captured by the classical
entropy.

» The macroscopic Lagrangean 1s not just the usual (super)-gravity
theory. there is an infinite sequence of corrections. The black hole
backgrounds are modified accordingly. and so 1s their entropy.

» These corrected formulae are supposed to match as well, and in
cases that are under good control they do.

 The main complication: in situations where some higher derivative
terms are important. there are generally (infinitely) many other
contributions that also cannot be neglected.

» Goal: robust techniques that deal with this situation.
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SMALL BLACK HOLES

» One situation that is of special interest 1s the “small” black hole.

* These are situations where the classical black hole entropy
vanishes because the horizon area A _=0.

« In this case the corrections’’ are the leading contributions.
* And the higher derivative terms resolve a spacetime singularity.

« Concerns about robustness are particularly acute in this context.
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STATISTICAL MECHANICS: THE SIMPLEST CASE

« The statistical mechanics in the simplest case: 1+1 dimensional CFT. ¢, .
d.o.f. moving right/left with energies h, . . This is an “effective string”.

* The corresponding entropy is given by Cardy’s formula

5 —2% [ cLh + °RhR ]

6 6

* Small black hole example: the effective string is just the standard
perturbative string (so microscopics is really simple).

« The physical central charges are the number of transverse dimensions of
the perturbative string.

* The heterotic string 1s chiral and has c,=12_ ¢,=24.

» (Can we find and control the corresponding macroscopic black holes?
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OUR APPROACH: AdS/CFT

« All string theory examples that have been understood in detail have near horizon
geometry that includes an AdS, factor.

* Inventory of dimensions:

i

o

Lid

horizon of a black hole in p+2 dimensions has horizon geometry S?
(squashed for rotating black holes).

The r.t direction combine with one compact direction of string
theory/M-theory to form AdS,.

The remaining dimensions form some space X, described in terms of
ficlds on AdS; x S2.

* The deformations of the asvmptotic geometry AdS, space form a Virasoro algebra with
central charge that is given m terms of the AdS, radius.

: — TN =-rrenNnNeagilx
2G

* Agreement for the entropy is guaranteed if this agrees with the microscopic central

charge.

* Goal: obtain such agreements when higher derivative corrections are taken into account.
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TAKING HIGHER DERIVATIVES INTO ACCOUNT

Starting from a completely general action: Kraus+FI

1 i > =
= T6rC o /deI «U@ Lp+3 5 bbnd}* + Ses
i D o

the central charge can be determined by computing the trace anomali. The result
is the usnal Brown-Henneaux formula
=i Sf.ids
G

except for a rescaling that depends on the precise action

1 OL4

£ads — Coi = U 4ds = :';'Qpp AR,
(112

Remark: higher derivative terms modify the central charges in nvo different ways.

1. The value of the AdS-radius (eg in terms of charges) depends on modified e.0.m.
2. There is an additional factor acting as a rescaling of the AdS-radius.
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FROM CARDY TO WALD

In standard (two derivative) gravity. Cardy’s formula is just the area law written
m a suggestive way.

A _ th ¢ hﬁ
So= - =27 [ /=== +/
-l(:;; ' § : O

The effect of higher derivatives is to rescale everything uniformly. The classical
entropy then becomes:

Stromin

‘1 l - jw_; — / d{_"_'.’l 5-{:3 pﬁE 3
_l(fi 3 i af{;uz B ‘“G:'i hor \,—fgw-‘.’.‘i "-)Rj.ﬂ:t Ao

This is Wald’s formula for the black hole enfropy in higher-derivative gravity!
(again: entropy modified because area is moditied and because of a certain

overall rescaling).

‘1 — lj{j!u!

This result gives a link that guarantees agreement for the entropy in general (for
non-chiral theories).
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GRAVITATIONAL ANOMALIES

In string theory we can do much better by exploiting gravitational anomalies.

Advantages of local anomalies:

1) Anomalous terms are known exactly (they are one-loop exact).
2) Bulk-terms correspond to anomalies on the boundary so central
charges can be determined without much effort.

Dretails on Lagrangean:

There is only one term that contributes to the gravitational anomali. In M-

theory: |
1,“.-"!_!'}{:1 & L (.-Ir_-i FAY _."':,.'i jt;-; = ir f' {J‘ == _i ': tr f {2 ] <
The 5D form (CY . expanded on 4-cycle P, and its dual 2-cycles):
S Co - Pﬂ % - 1 I. % T R R I
g N msal ) BRAR L A= R

Gauge field A 1s carried by 5D effective string interpreted as M5 wrapped on
=
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GRAVITATIONAL ANOMALIES

In string theory we can do much better by exploiting gravitational anomalies.

Advantages of local anomalies:

1) Anomalous terms are known exactly (they are one-loop exact).
2) Bulk-terms correspond to anomalies on the boundary so central
charges can be determined without much effort.

Details on Lagrangean:

There is only one term that contributes to the gravitational anomali. In M-
theory: l
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The 5D form (CY; expanded on 4-cycle P, and its dual 2-cycles):
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Gauge field A 1s carried by 5D effective string interpreted as M5 wrapped on
B

Pirsa: 06060017 0 Page 19/22



RESULT FOR CENTRAIL CHARGES

Result for Central charges:

e=Crxda’d™ + %t‘z s ¢=Crixda’d® +e2-q
Small black holes: vanishing classical area means cubic term vanishes.
The heterotic string corresponds to CY=K3 x T- and 4-cycle P,=K3. Since
c,(K3)=24 a single M5 wrapping the K3 gives an effective string with
c= 12 and ¢ = 24
Correct values for the heterotic string!

The right-moving excitations (c,=24) are Dabholkar-Harvey states (1/4
BPS states).

The left-moving excitations (¢, =12) break SUSY completely: but they
are counted correctly by the anomali.
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COMMENTS

« All cases with AdS; near horizon geometry are dominated by Chemn-
Simons terms at long distances.

 We can combine this with numerous symmetries to compute many
(perhaps all) details of the spectrum.

 Note 1 (for experts): we can prove a version of the OSV conjecture
this way.

» Note 2: need the precise field content of string theory in order to
identify all the necessary states.
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SUMMARY

* Standard results from AdS,/CFT correspondence generalize to
theories with higher denivatives: Brown-Henneaux formula is
rescaled. entropy i1s given by rescaled Cardy formula. treasured
agreements are maintained.

« (Corrected geometry and central charge computable i explicit
examples.

» The origin of exact results: gravitational anomalies.

« Surprising example: can derive perturbative heterotic strings with no
SUSY.

Refs: P. Kraus and F. Larsen, hep-th/0506176 (also 0503219 and 0508218)
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