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“It srom Qubit”: New Collision of Ideas
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“It srom Qubit”: New Collision of Ideas
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“It srom Qubit”: New Collision of Ideas
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Overview
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Black Holes:

» Bekenstein: “black holes have entropy!”

kB CS Ahorizon
h G

SBHZ?’}

“‘we discuss black-hole physics from the point
of view of information theory”

“Black Holes and Entropy”, PRD, April 1973
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Black Holes:

» Bekenstein and Hawking: “black holes have entropy!”

o kB CS Ahorizon
N h G

SBH

« Hawking radiation: quantum fluctuations allow black holes to
emit (almost pure) blackbody radiation with |

h kK

Trr =
H kpc 2

No A here!!
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Black Hole Entropy:

* Bekenstein and Hawking: “black holes have entropy!”

microstates geometry
\ Aho'rizon
SBH =¥ d—9
pd—
P

- area measured in terms of Planck scale: (%42 = 87 G h/c?

* entropy is not extensive; grows with area rather than volume

—> Sorkin ‘84: black hole entropy = “entanglement entropy”

(Sorkin (1402.3589); Bombelli, Koul, Lee & Sorkin; Srednicki; Frolov & Novikov; . . .)
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Entanglement Entropy in Quantum Field Theory:

» EE is a quantitative measure of entanglement using entropy
to detect correlations between two subsystems

 in QFT, typically introduce a (smooth) boundary or entangling
surface 2. which divides the space into two separate regions

* integrate out degrees of freedom in “outside” region
« remaining dof are described by a density matrix pa

—> calculate von Neumann entropy: Spz = —T'r [pa log pa]
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Entanglement Entropy in Quantum Field Theory
 remaining dof are described by a density matrix pa

——> calculate von Neumann entropy: Sgzr = =11 [pa log pal

t

>4 5

* result is UV divergent! dominated by short-distance correlations

* must regulate calculation: ¢ = short-distance cut-off

Rd—Z Rd—4
§d—2 T c 5d—4

SZCO

+ --- (= spacetime dimension

- . A _ ¢ “curvature”
—> geometric structure, eg, S = ¢ 5d_22 T & i2s o
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Black Hole Entropy:

* Bekenstein and Hawking: “black holes have entropy!”

microstates geometry
\ Aho'rizon
SBH =i 2T d—9
pd—
P

« area measured in terms of fundamental scale: ﬁgf;g =87 GG h/c?’
* entropy is not extensive; grows with area rather than volume

—> Sorkin ‘84: black hole entropy = “entanglement entropy”

. As

SEE = Co 5d—2

+ ... —> "area law” suggestive of BH
formula if §972 ~ ¢52
(Sorkin (1402.3589); Bombelli, Koul, Lee & Sorkin; Srednicki; Frolov & Novikov; . . .)
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Black Hole Entropy:

* Bekenstein and Hawking: “black holes have entropy!”

microstates geometry
\ Aho'rizon
SBH =¥ d—9
pd—
P

« area measured in terms of fundamental scale: ﬁ‘}{;Q =87 GG h/c?’
 entropy is not extensive; grows with area rather than volume

—> Sorkin ‘84: black hole entropy = “entanglement entropy”

 entanglement entropy of QF’s contributes to gravitational entropy

(Susskind & Uglum; ... Faulkner, Lewkowycz & Maldacena; ...)

» entanglement of microscopic gravitational dof also important
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Holography: AdS/CFT correspondence

Bulk: quantum gravity Boundary: quantum field theory
with negative N\ without intrinsic scales
in d+1 dimensions Rt in d dimensions
“holography”

conformal
field theory

anti-de Sitter . ___v."-{w‘ha.- '\‘It‘
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Flat space limit of AdS/CFT:

» extracting flat space S-matrix from AdS/CFT correlators has
a long history

(Susskind, Polchinski, Giddings, Penedones, Fitzpatrick, Kaplan, Hijano, ....)

« celestial amplitudes arise from AdS Witten diagrams with
particular kinematics

/_\

- celestial operators on Z* mapped ru

to CFT operators on narrow (~1/,) " =21
v U
band around 7 =+ + —
2 L

B

ST

» celestial CCFT,_, amplitudes can be obtained directly from
correlation functions in a unitary Lorentzian CFT on R x §¢~1

(de Gioia & Raclariu)
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Flat space limit of AdS/CFT:

» extracting flat space S-matrix from AdS/CFT correlators has

a long history
(Susskind, Polchinski, Giddings, Penedones, Fitzpatrick, Kaplan, Hijano, ....)

« celestial amplitudes arise from AdS Witten diagrams with

particular kinematics
~— N
- celestial operators on Z* mapped e

N
to CFT operators on narrow (~ 1/;) "~ 2

T u
band around ™ = ig + 7

 note Rindler horizons (or RT surfaces) near
bulk point given by spacelike extremal
surfaces anchored in intermediate zone

+

o~ s

» celestial CCFT,_, amplitudes can be obtained directly from

correlation functions in a unitary Lorentzian CFT on R x §¢~1
(de Gioia & Raclariu)
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