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black-hole information loss
paradox and effective theory

BIEHH
S AVER

[Ho-Kawai-Yokokura 21]
[Ho-Kawai 22]



2 (black holes)

G2 RSH > Eh

“ Event Horizon Telescope”

K6 ER ~ 101 M, ~ 10 kg




2A:R 2 1F5% (information paradox)






15558 (dumb hole)

[Unruh 95]
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ZE£1R8Y (Hawking radiation)
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ZE£1R8Y (Hawking radiation)

[Hawking 70]
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BBk effective theory
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‘EBE EEmEL (nice-slice argument)

[Polchinski 95]
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‘EBE EEmEL (nice-slice argument)

[Polchinski 95]
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[PMH-Yokokura 20, PMH 20, PMH-Kawai-Yokokura 21]
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[PMH-Yokokura 20, PMH 20, PMH-Kawai-Yokokura 21]
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BBk effective theory
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[PMH-Kawai-Yokokura 21]
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Thank you!



25 3Rk

Hawking radiation [Hawking 76]
“Sonic analog of black holes...” (analog gravity) [Unruh 95]

*Hawking radiation without trans-Planckian frequencies” [Brout-Massar-Parentani-
Spindel 99]

*Hawking radiation and high-frequency dispersion” [Corley-Jacobson 96]
“Hawking radiation and ultraviolet regulators” [Hambli-Burgess 96]
“On the universality of the Hawking effect” [Unruh-Schutzhold 04]

“Insensitivity of Hawking radiation to an invariant Planck-scale cutoft” [Agullo-

Navarro-Salas-Olmo-Parker 09]
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microscopic states counted for BH entropy in string theory [Strominger-Vafa 96]
BH complementarity”? [Susskind-Thorlacius-Uglum 93]

iIncompatibility of unitarity, locality, causality in EFT — paradox sharpened
[Mathur 09, Braunstein-Pirandola-Zyczkowski 09, Almheiri-Marolf-Polchinski-Sully 12]

quantum entanglement — geometry (AdS/CFT duality) [Maldacena 01, Ryu-
Takayanagi 06, Van Raamsdonk 10}

geometry and entropy intertwined via entanglement — generalized entropy,
quantum extremal surface, entanglement wedge [Engelhardt-Wall 14]

“Island” transferred to a subspace of radiation Hilbert space [Penington 19,

Almheiri-Engelhardt-Marolf-Maxfield 19]  Mechanism? Non-local?
[Martinec 22]



