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Plan

. Black hole information loss: Firewall?

— Correlation breakdown in quantum field theory

‘Atom’: Pointlike system in quantum field theory
Rindler Firewall
— Evolution of entanglement

. Wall creation

» Scalar field in 1+ 1 and 3+ 1
» Spinor field in 1+ 1

Summary
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1. Black hole information: Firewall? Almheiri et al 2013

Suppose BH evaporates fully and
the process preserves unitarity

» Pure state on ¥, =
B’ and C’ strongly correlated
» Evolution =
B and C strongly correlated
» Hawking =
B and A strongly correlated
Contradicts entanglement
monogamy theorem ?!?

Almheiri at al (AMPS) 2013
resolution proposal:

A-B correlations broken by “drama”
at the shrinking horizon even for

macroscopic BH : Cf Fuzzball Mathur 2002
H Energetic Curtain
“pe ” -
Firewall Braunstein 2009 et al 2013




2. ‘Atom’: Pointlike system in quantum field theory
(Unruh-DeWitt detector)

Quantum field Two-state detector (atom)

D  spacetime dimension |0))  state with energy 0
¢  real scalar field |I1)  state with energy w
|0) (initial) state x(7)  detector worldline,

T proper time



2. ‘Atom’: Pointlike system in quantum field theory
(Unruh-DeWitt detector)

Quantum field Two-state detector (atom)

D  spacetime dimension |0))  state with energy 0
¢  real scalar field |1))  state with energy w
|0) (initial) state x(7)  detector worldline,

T proper time
Interaction: one of

¢ coupling constant
X switching function, C§°
1 detector’'s monopole moment operator



Probability of transition
10) @ [0) — [[1)) @ |anything)
in first-order perturbation theory:

Pw) = ¢ [(OI@IL)[* x F()

detector internals only:  trajectory and |0):
drop! response function
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Probability of transition
10) @ [0) — [[1)) @ |anything)
in first-order perturbation theory:

Pw) = ¢ [(OI@IL)[* x F()

detector internals only:  trajectory and |0):
drop! response function

/ dr’ / dr" e —iw(T'—=7"") (T/)X(T”) W(T/,T//)
= / d’T// dr’ e (="' )X(T/)X(TH) O 0 W(r' ")

W(r',7") = (0]¢(x(7")) o(x("))]|0)  Wightman function
(distribution!)
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3. Rindler Firewall

1+1 Minkowski
¢(t, x) massless

Unruh-DeWitt detector

JL 2014

(Suggested by Marolf)

.

4

7
, Detector

Recall Minkowski vacuum |Op): R and L correlated = Unruh effect

Define mixed state pr:
L. InR: pr:=Tr (|Om)(Om])
In L: p:= Trr(|0m)(Om])
2. InRUL: pry = pr® pL
3. Evolved into F by null propagation

indistinguishable from |Opm)

indistinguishable from |Oy)

No correlations between R and L

Firewall: py is singular (non-Hadamard) at t = |x|. How strong?
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Entanglement across Rindler Firewall

Martin-Martinez and JL 2015

Detector pair: TtA iiiiiiiiii e
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Entanglement across Rindler Firewall  wmartin-Martinez and JL 2015

Detector pair:
Alice and Bob

Initial state:
Z5(I0alD e+ M alt)s)

Entanglement maximal:

Negativity = %

Final state:
entanglement changed

e Firewall crossing has
a modest effect
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Entanglement across Rindler Firewall  wmartin-Martinez and JL 2015

Detector pair: TtA iiiiiiiiii e )
Alice and Bob
Initial state: Tl . .
1 N»
(s +1)alhs) & [Anee Bob
Entanglement maximal: ‘f’/
. . _ l /,
Negativity = 3 ” = .
Final state: 0.499605 "
entanglement changed 0.499600
. . £ 0.499595
e Firewall crossing has £
£ 0499590/
a modest effect 2 0499585 |
e sign of effect: 0499580
not fixed! 0499575}
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1+1 Minkowski t

¢(t, x) massless
02¢ — 02¢ =0 Dirichlet

wall

—|07¢ — Dy =0

detector

4 infrared cutoff

(req uired ) forming wall,
duration 1/A

> Total energy radiated: (Eor) o< AlIn(\/1) /\—> o0
—00
Divergent for sharp wall formation Cf Anderson and DeWitt 1986
> Atom coupled to ¢: use Unruh-DeWitt detector
Transition probability finite for sharp wall formation

Moral: sharp wall formation singular gravitationally but
nonsingular for a matter coupling
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4(b). Point wall creation in 3 + 1
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O(t): origin boundary condition
(spherically symmetric sector)
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Ged — Doy =0
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source

forming
source, —=
duration 1/A

Zhou et al 2016
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4(b). Point wall creation in 3+ 1 Zhou et al 2016
3+1 Minkowski )
¢(t,x) massless

a?¢ - qub =0 Formed
source
076 — Dy(y¢ =0 N 4

O(t): origin boundary condition

detector

forming

(spherically symmetric sector) source, — =
duration 1/A T
» (Too) well defined; time-dependent even for t > r + \~!
<Et0t> - “OO - OO”

— —1. oo, I’—>0+
> t=1ty > A" (Too) — {_oo, rety_ not defined

> X\ — oo (Toy) wooatt>r
» Unruh-DeWitt detector at t > r:
Transition probability diverges as A — o

Moral: sharp wall formation (quite) singular both
gravitationally and for a matter coupling
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4(c). Spinor wall creation in 1+ 1

141 Minkowski
(t, x) massless

Py =0

- m5(t),n¢ =0

MIT bag
wall

forming wall,
duration 1/A

Wan Mokhtar and JL (tba)
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t
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4(C). Spinor Wa" Creation in 1 + 1 Wan Mokhtar and JL (tba)

1+1 Minkowski I
(t, x) massless

Dy =0
- mef(t),n’vb =0

MIT bag
wall

detector

(no infrared cutoff) forming wall
9

duration 1/A

» Total energy radiated: (Eiot) /\—> 00
— 00
Divergent for sharp wall formation
> Atom coupled to i: Unruh-DeWitt detector
Transition probability diverges for sharp wall formation

Moral: sharp wall formation singular both gravitationally
and for a matter coupling
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» Rapid creation of a (pointlike) wall tends to be singular!

» Both gravitationally and for a model atom’s response
» 141 scalar field exceptional

» Model for a black hole firewall?

» Spacetime will react. How?
» G,, =871(T,,) ? May or may not suffice. ..

» Fully-developed firewall?
» Quantum theory of spacetime needed



Summary

» Rapid creation of a (pointlike) wall tends to be singular!

» Both gravitationally and for a model atom’s response
» 141 scalar field exceptional

» Model for a black hole firewall?

» Spacetime will react. How?
» G,, =871(T,,) ? May or may not suffice. ..

» Fully-developed firewall?
» Quantum theory of spacetime needed

Is information lost? Jury very much out!



