Contents

1 A Centory of Black Hole Physics: From Classical Geometry

to Hawking Radiation and the Firewall Controversy . . . ... ... .. 1
1.1 The Mathematical Discovery of Black Holes . . .. ........... 1
1.2 The Thermodynamics of Black Holes . . .. ................ 9
1.3 Hawking Radiation: Black Holes Are not so Black. ... ... .. .. 11
1.4 The Information Loss Paradox and Firewalls . . ... ... ....... 16
1.5 There’s Plenty of Room at the Bottom ... ................ 26
1.6 Some Other Approaches to Resolve the Information
Loss Paradox and Firewall Controversy. . .. ............... 29
References . ... ... .. ... .. 31
2 General Relativity: Subtle Isthe Lord. . . ... ... ... .......... 37
2.1 What is General Relativity? . . ... ....... ... ... ... .... 37
2.1.1 Differential Geometry in a Nutshell .. .............. 38
2.1.2 The Einstein Field Equations . . . . ................. 44
2.2 Some Subtleties of General Relativity . . . ................. 47
2.3 Is the Metric Just Another Field? . . .. ... ... .. ... ....... 50
2.4 Equivalence Principle, Einstein’s elevator, and All that . . . . .. .. 52
2.5 Causal Structure and Penrose Diagrams. . . ................ 54
2.6 Anti-de Sitter Spacetime and Holography . ................ 59
2.6.1 Stereographic Projection and Hyperbolic Geometry. . . . .. 60
2.6.2 The Geometry of Anti-de Sitter Spacetime. . . .. ....... 63
2.6.3 Holography: The AdS/CFT Correspondence . ......... 67
References . .. ... ... . . .. ... 71
3 The Positive Mass Theorem, Stability, and Phase Transitions. . . . . 75
3.1 Defining Mass in General Relativity . . .. ................. 75
3.2 Positive Mass and Stability ... ....... ... ... ... oL 84
33 The Euclidean Action . . .. . ....... ... ... ... .. ...... 87
3.4 Phase Transitions Between Spacetimes . .. ... ............. 91
References . ... ... .. .. .. ... 97
Xix

S " ) E HE
Bibliografische Informationen digitalisiert durch I L
http://d-nb.info/1074030575 BLIOTHE


http://d-nb.info/1074030575

XX Contents

4 Hiscock and Weems: Modeling the Hawking Evaporation

of Asymptotically Flat Charged Black Holes . . . ... ........... 101
4.1 Black Hole Evolution and Cosmic Censorship . . . ... ........ 101
4.2 Reissner-Nordstrom Black Holes Revisited . . . .. ........... 103
4.3 The Hiscock and Weems Model. . .. .................... 106
References .. ... .. .. . . 118
5 Why Hawking Radiation Cannot Be Decoded . . .. ... ......... 121
5.1 Information Decoding Versus the Lifetimes
of Charged Black Holes . .. .......................... 121
5.2 Evaporating Charged AdS Black Holes . . . ... ............. 130
5.3 Thermodynamics of Charged Evaporating Flat Black Holes. . . . . 137
5.4 Fatal Attraction Toward Extremality . . ... ................ 143
5.5 Charge Loss (or the Lack Thereof) for AdS Black Holes. . . . . .. 150
5.6 Conclusion: Hawking Radiation Cannot be Decoded. . . . ... ... 158
References . ... ... ... 159

in Quantum Gravity? . . ... ... ... . ... ... 163
6.1 The Large Volume of Black Holes . . . ... ................ 163
62 AMonsterIsBorn........... ... ... .. ... ... ... ... 167
6.3 Monsters in String Theory. . . ....... ... ... .. .. ... 172
6.4 Collapsing Versus Destabilizing a Monster . . .............. 181
6.5 The Fate of Monsters . .. ............ ... ... ........ 182
References . . ... .. .. 185
Appendix A: Epilogue . . . .. ... ... ... 187
Appendix B: The Path Integral and Thermodynamics. . . . ... ... ... 191
Appendix C: Quantum Information . . . .. ... ... ... ... ... . ... 201

Appendix D: Brane-Pair Production via Seiberg-Witten
Imstability . . ... ... ... ... ... 215



