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A post-quantum theory of classical gravity?

e arxXiv:1811.03116, ...
* w/ Camps, Soda, Sparaciari, Weller-Davies
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General Relativity & Quantum theory




Quantum theory has a future
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Quantum gravity, not so much...
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Should we quantise space-time?




|s space-time classical?

| have no idea. But....

ﬁt can be \

It would necessarily cause “collapse of
the wave-function”

|t would necessarily lead to information
destruction

&Eﬁective theory? /




Does it make any sense to speak of
the emergence of classicality
without classical systems?
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Black hole information problem 2.0

AMPS: If information is preserved we must break the equivalence
principle (a firewall).

BPS: If information is destroyed we must sacrifice locality or energy

conservation.

Hawking (1976)
Almheiri, Marolf, Polchinski, Sully (2012)
Banks, Peskin, Susskind (1984)
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*Can we couple guantum and classical
systems?

*\WWhat Is the general form of this
dynamics?

* Application to General Relativity/QFT \/
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Feynman, Chapel Hill Conference (1957)
Eppley and Hannah (1977)
Marletto and Vedral (2017)









Feynman, Chapel Hill Conference (1957)
Eppley and Hannah (1977)
Marletto and Vedral (2017)
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Semi-classical gravity?

Srls
G,UJV — C—4 <T,U/V>




Semi-classical gravity?

This or that Not this!



Semi-classical gravity?

This or that Not this!
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*Can we couple guantum and classical
systems?

“«What is the general form of this
~ dynamics?

-Appllcatlon to General Relativity/QFT V
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What kind of dynamics is allowed?

Quantum states are represented by a density
matrix (positive, trace one) in a Hilbert space

p(q, p) Classical states are a probability density
(positive, integrate to one) over phase space

p
Hybrid state-space consists of a Hilbert

Q(Qa p) space at each point in phase space. Hybrid
- states are positive, | dgdptro(q,p) =1

N




What kind of dynamics is allowed?

/

Hybrid state-space consists of a Hilbert

Q(Q> p) space at each point in phase space. Hybrid

<

states are positive, | dgdptro(q,p) =1

\

e.g. quantum qubit

o= (P ©
& D1



What kind of dynamics is allowed?

o

Hybrid state-space consists of a Hilbert

Q(Qa p) space at each point in phase space. Hybrid

A

states are positive, | dgdptro(q,p) =1

\

e.g. hybrid gubit which has a classical x,p

o(z,p) = (pO(WJ) 04(@19))

Oé*(ilj’,p) pl(xvp)
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What kind of dynamics is allowed?

[It must be linear in 0,0 or Q(q,p)}




What kind of dynamics is allowed?

E It must preserve the state space ]

E Classical Probabillity theory W




What kind of dynamics is allowed?

E It must preserve the state space ]

o, 0 >0, tro=1

o(t) =Y K.o(0)K}|

K T K [ — Kraus (87)

E Quantum theory




What kind of dynamics is allowed?

E It must preserve the state space ]

ZK 2|2)T K, (2]2) =1

E Classical-qguantum theory W




What kind of dynamics is allowed?
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What kind of dynamics is allowed?

P 0
80' . (8% 1 8
N GKLS (76)
(=) )
Z / /
P2 — (H(=)p(2)} + > (WEp) = Wen(2)
_ Y
5’/(2’) 1 \
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Blanchard, Jadczykczyk (93)

Assumption: memoryless (Markovian)

<
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*Can we couple guantum and classical

systems?

*\WWhat Is the general form of this
dynamics?

[-Application to General Relativity/QFT V}
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A qubit with classical q,p

do(q,p)

009 e oo e _

0.9 I'ime t = 0.02s 0.9 I'ime t = 0.06s 0.9 I'ime t = 0.10s
0.1400 0.0105 0.0042
=01 0.1200 = 0.1 0.0000 = 0.1] A 0.0036
0.1000 o 0.0075 = T 0.0030
= | ) 0.0800 & 0.0060 = | 0.0024
= 00 uo 00600 - 00 ” 00045 - 00 0.0018
=z 0.0400 2 4 0.0030 2 Uy 0.0012
= —0.1 0.0200 = —0.1 0.0015 = —0.1 0.0006
0.0000 0.0000 0.0000

—0.25 : : : —0.2 : : : —0.21- : : :
Z20.009 —0.003 0.003  0.009 Z0.009 —0.003 0.003  0.009 Z0.009 —0.003 0.003  0.009
g (m) g (m) g (m)
e Quantum state collapses to 0,1 N

 Discreet jump In momentum

% Trade-off: coherence rate vs dispersion y




Quantum field theory In a classical
space-time
1)Non-commuting Hamiltonian
dynamics /
2) ¢(z), mp(T)  gap, 7, N(x), N
3) Dynamical ADM master equation

4)“Gauge Iinvariance” Imposes
constraints C*(o(g, 7)) ~ 0,

5)BPS = constraint conservation




Summary
Assume space-time is classical:

*This necessarily causes collapse of th\
wavefunction.

*Necessarily have stochastic and
discreet classical jumps. Black holes
destroy information.

*Experimentally testable
e Either fundamental, or classical limit of

wuantum gravity /
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