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VoLuME 47, NUMBER 14 PHYSICAL REVIEW LETTERS 5 OCTOBER 1981

Indirect Evidence for Quantum Gravity

Don N. Page
Depavtment of Physics, The Pennsylvania State University, University Pavk, Pennsylvania 16802

and

C. D. Geilker
Department of Physics, William Jewell College, Libevty, Missouvi 64068
(Received 9 June 1981)

An experiment gave results inconsistent with the simplest alternative to quantum gra-
vity, the semiclassical Einstein equations. This evidence supports (but does not prove)
the hypothesis that a consistent theory of gravity coupled to quantized matter should also
have the gravitational field quantized.

PACS numbers: 04.60.+n

Quantum mechanics appears to govern all non- fects have not been ruled out experimentally and
gravitational fields (here called matter), and thus should not yet be dismissed as unphysical.
most people believe it also applies to the gravita- A more conclusive argument against the col-
tional field. However, there has been no explicit lapse of the wave function in the semiclassical
experimental test of this. Gravity is so weak theory is that if y collapses, in general the right-
that Feynman' has questioned whether it must hand side of (1) will not be conserved, whereas
be quantized. As an alternative, Mgller? and the left-hand side is automatically conserved.

Rosenfeld® have proposed a theory in which grav- That is, if ¥ =27;¢;(x*)y; with constant ,’s in
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Wormholes ->
Global Symmetry Breaking

“The charge escapes to
Baby Universe” @
A

Ll

[Coleman (’88)]

(Swampland conjecture:
no global symmetry in QG)



Symmetry may be spontaneously broken

\ = l@gbﬁi Domain wall

Domain wall fills the Universe
[Zeldovich-Kobzarev-Okun (°74)]




Symmetry may be slightly broken:

Wormhole effect?
[Gelmini-Gleiser-Kolb ('89)]
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Wormhole natural explains
large scale

GW originating from QG?



Global Symmetry explains
Stability of DM

11 SM particl
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- Dark Matter



Domain wall

Primordial Black Hole

figure credit: arXiv: 2208.07186




Dark matter candidate
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Baby universe from
PBH, leading to

Multiverse

[Blau-Guendelma-Guth (’87),
Gouttenoire-Vatagliano ('23)]



Universe starts and ends with
Wormholes?

Dark Sector

S:2Z,

A}

‘ .

Bias

Domain Wall Dark
Network Radiation

term o
Z A DW annihilation
2 QG
A
Virtual wormholes from Quantum Gravity

Classical wormholes
from Einstein Gravity

—

[Gouttenoire et al. (incl. MY) ('23)]
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