




Maximally symmetric solution to Einstein Field Equations with positive 
cosmological constant.







What is Real Projective Space, and why is it “simpler”?

Torus:

Start with 2 dimensions:

Möbius strip:



Klein Bottle:



What is Real Projective Space, and why is it “simpler”?
Real Projective Space:

Real Projective Space minus a disk is just  Möbius strip:



A Visualization: Cross Cap





(In modern language, Schwarzschild had concerns about locality of physics.)





S=A/4 S=A/2 



The Puzzle of Schwarzschild de-Sitter Black Hole

No such problem 
with real projective 
spatial sections! 



In principle, there is observational effect at the quantum level:  an inertial 
observer who couples to a free scalar field through a monopole detector 
could distinguish the difference between these two spaces, although the 
difference become exponentially small in the distant past or future on the 
observer’s worldline.



Alice Universe: An Alice universe is one in which the particle/antiparticle 
distinction cannot be defined consistently at every point of space (not 
“charged orientable”). Particle turns into anti-particle after going around 
the Universe.

Brett McInnes, Alice Universes, Classical and Quantum Gravity 14 (1997) 2527. 

Note: Charge is conserved 
by production of Cheshire 
Charge: A positron 
converts into electron, and 
2 positive Cheshire charges 
are created. This then 
encourages a negative 
charge, say, antiproton to 
cross the surface, 
producing a proton and 
cancels the Cheshire 
charges.



Is Matter-Antimatter Asymmetry caused by a 
“topological Freeze-Out”?
Whether a universe is Alice, depends on the underlying gauge group 
and topology.

Brett McInnes, Alice Universes, Classical and Quantum Gravity 14 (1997) 2527. 



vs

Schwarzschild



Causally disconnected asymptotic regions can be treated as independent 
system:  Bekenstein-Hawking entropy can be interpreted as the entanglement 
entropy of the two asymptotically flat regions. (Also, ER=EPR.)

vs

Schwarzschild



Yet to be understood: Subtleties with Wick Rotation

Hawking-Hartle 
No-Boundary 

Proposal










