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Motivation
[

Motivation

Using a toy model of cosmology

e Give explicit scheme for global symmetry trading in SD.

e Study “shape observers” in de Sitter (dS) and clock synchronization.

e Compute explicit holographic model.
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The Model: de Sitter Spacetime

s Definition

I = const. = 3-spheres
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Shape Description: Stereographic Projection

‘Stereographic Projection

¥ (I cosh ar)

| w /([ cosh )

“Shadow" of points onto plane == map
from S - (North Pole) to B*

~ Projection defines
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Holographic Shape Observers

Define Particle SD Holographically

Use bulk geodesic principle

conshell [yvi vy ;
2 Siountary (Xin: Xour ) 1S invariant under conf (3

Pirsa: 13070044 Page 10/56




Holographic Shape Observers

{ ,
Use bulk geodesic principle )

This defines the Hamilton=Jacobi functional for a boundary 5D theory

consshell [yl swi 3 4
= Spoundary(Xins Xaur ) 15 invariant under conf (3)!
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Remarks / Extensions
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Resolution / Conclusion
oe

Remarks / Extensions

Remarks:
e Very simple, completely explicit holographic model.

@ Suggests that observers in SD should be holographic.
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Holographic Shape Observers

Use bulk geodes principle

2Nao— Y I

|

This defines the Hamilton=Jacobi functional for a boundary SD theory

conshell [y [ :
- 51.."‘..:.:1...‘ { \.r. Xour) 15 Invariant uncer conf(3)

Page 14/56




Pirsa: 13070044

i

Black Holes
in Shape Dynamics
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(with & Robert Mann)
University of Waterloo, Perimeter Institute
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Incompressible fluids in.
the (theory) Universe

® Shape Dynamics

® Horava-Lifshitz gravity .

@ Cuscuton gravity L= \/E)T'.,ﬁ:g;— V()
® Empty Black Holes (Membrane P;;L'\'igm)

@ 5uUp
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Incompressible fluids in
the (theory) Universe

@ Shape Dynamics

® Horava-Lifshitz gravity

@ Cuscuton gravity L = ./0r@dye -V (p)
@ Empty Black Holes (Membrane Paradigm)

o
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Constant Mean
Curvature (CMC) Foliation

@ Incompressible fluid (i.e. infinite speed of
sound) defines CMC foliation (NA, Geshnizjani
& Chung 2006)

® Gravity in CMC foliation = GR+ incompressible
aether
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Forming Bla(—:lS-i Holes

¥ :
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Forming Black Holes

!
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Forming Black Holes
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The boundary of Shape
Dynamics "Space-Time"!

Aether Flux: fixed by
matching conditions @
the shell:
Israel+continuity

Monday, 22 July, 13
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Forming Black Holes




The boundary of Shape
Dynamics “SP ace- Tim e”!f-_‘ |

A ..
I

k. :*“:%I
|| Acther Flux: fixed by

“matching conditions @
the shell:

“ael+continuity
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Universal Horizons and
Cosmic Censorship

o Static/Stationary Black Hole solutions in Einstein
have a “universal horizon”, which trap even
arbitrarily superluminal aether disturbances
(Barausse, Jacobson & Sotiriou 2011)

® We believe we have a dynamical realization of
that 4

o
Space-like singularities are preceded by
, Where evolution ceases

L e —————]
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From BH formation
to BH entropy?

® An incompressible
membrane at BH horizon,
where classical space-
time ends (e.g. fuzzball,
firewall) has Bekenstein-

Hawking en\...pyae, “avanl,
NA, & Mann 2011)

® Can we move the
boundary of space-time

from 0.75 Rs fo Rs?

e e e e e
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Final Thoughts

@ Many motivations for preferred-frame,
superluminal theories of gravity

® Maximal Superluminality = Incompressibility =
CMC foliation

@ Black Hole Space-times seems fo end @ a

® Quantum Evolution? Microstates of Black
Holes? Observables? Censorships?!

Monday, 22 July, 13
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icrostates of Black
ensorships?!
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Classical BRST

@ We introduce Ghosts and Their momenta corresponding to
Ha (&) and C(p)-
(J; f/" P P,i

o Correspondingly we have the (minimal) BRST charge

- : o 1
OSD' /(13)([1}[!'7 : f,r‘LJCT;,,‘.'d' . Jf! r;‘LP_, : 2!;"1;‘,P]

o The BRST differential is given by

OQsp = :"XOSD'

where Q(XOSD} = 0Qgp

Vasudev Shyam On Geometric Quantization and Shape Dynamics
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Motivation
‘ o The Classical Theory of Shape Dynamics

Classical BRST

@ We introduce Ghosts and Their momenta corresponding to
Ha(&) and C(p)-
(1.7 P. P3)

@ Correspondingly we have the (minimal) BRST charge

1
=1%1.aP]

Qsp = / EBx[nrm + 1%72cVpr + ’/b’/%Pn M 2

@ The BRST differential is given by

lr.)‘QSD - ( XOSD>

where Q(Xqy,) = 0Qsp

Vasudev Shyam On Geometric Quantization and Shape Dynamics
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Motivation
o The Classical Theory of Shape Dynamics

Classical BRST (contd.)

@ By construction
0QepyQsp = 0
@ The Observables all belong to:

Vasudev Shyam On Geometric Quantization and Shape D
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Formal Quantization of Shape Dynamics BRST Extended Geometric Quantization

Polarization of Extended Phase Space

@ The Phase Space I' = (7. ~ ) is extended to

accomodate the ghosts and their momenta by taking the
product of the above with 'y 2 (P, 1)) 1.e. Tay = I % T

o We choose the (real) vertical polarization for both phase
spaces which are given by P = span { - } and

Pa = span {p} note that P~ = P, similarly with Px.

Vasudev Shyam On Geometric Quantization and Shape Dynamics
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Formal Quartization of Shape Dynamcs - gReT Extended Geometric uantization

The Space of Extended Geometric Quantum States

@ The prequantum line bundle = : L — [y OVer lNay IS ONE
for which

EPL-i“l,Pl‘ll_, --;»'\.'
‘ LT )

where lp(“'mr ds ;,@p\-lr and © axt @::;p : (‘_f]r\

o The extended geometric quantum states are sections - of
the bundle 7p : L — (I'/P) x (Fa/Px) that satisfy

Do, (X)t: = O¥X € PU P,

and can be written as

U= 1o + U1+ ann? + "Jb‘f’i'?’!b T nbc‘!’ln’!b’lc

Vasudev Shyam On Geometric Quantization and Shape Dynamics
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Formal Quantization of Shape Dynamics BRST Extended Geometric Quantization

Ghost Number +=m/2 (Here +2) States

o The Ghost number operator is given by
S (k + D[P, + Py k]

Clearly
Guo
and
Guy=2

@ Ghost number 0 singlets can be attained from the above
according to the following formula:

HO (Sax) = (H™3(30gp) @H (30, )) S (HR (D ag )2 H~3(d g,

SO

)

Vasudev Shyam On Geometric Quantization and Shape Dynamics
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@ Ghost number 0 states can be formed by tensoring the
plus and minus two states:.

D
E

o The attion of the various operators on sald states are

Pirsa: 13070044
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{O he In Pr ct Pr n
Conclusions and Outlook

Conclusions

@ Due to the simple nature of the first class constraints and
presence of a true Hamiltonian, the problems of the
quantum kinematics and dynamics are separated

@ Up to some indefinite scalar product between «'[+]'s a

physical (regularized) inner product is feasible to construct.

@ Outlook

e |dentifying the correct rigorous form of (v'[+]. v'[+]) (also to
identify the correct integration measure on Met(¥))

e The Dynamics of the theory and making sense of the non
local Hamiltonian

Vasudev Shyam On Geometric Quantization and Shape Dynamics
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Moatvation
Formal Quantization of Shape Dynamics
The Hope: mmaummm d
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Gravitational Gauge Theory

Background: Quotient Manifold Method

Attempts to write general relativity as a gauge theory led to an inversion
of the standard construction. (Ne'emann and Regge, 1978)

@ The quotient of a Lie group by one of its Lie subgroups is a manifold.
G/H =M
dim(M) =dim(G) — dim(H)

@ The Maurer-Cartan structure equations allow us to write the Lie
algebra in terms of a connection on M.

1
dw? = —ic’gcws AwC

@ Generalize the connection to allow curvature on M.
@ The subgroup, H, becomes the local symmetry of the final geometry.

@ Build an action from the curvatures (Now tensors with respect to H) .

Jeffrey Hazboun (USU) GR in signature changing phase space 22 July 2013 2 /14
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