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Dynamical geometry, topology and dimension

* Inthe classical general relativity, geometry is dynamical, but
topology and dimension of a spacetime manifold are fixed

— In quantum gravity, topology and dimension may not remain well
defined in the presence of strong quantum fluctuations

* |Inthe AdS/CFT correspondence, gravitational degrees of
freedom are collective variables of underlying quantum
Matter [Maldacena] [Gubser, Klebanov, Polyakov] [Witten]

— It is plausible that topology and dimension of bulk spacetime are also
dynamical in non-perturbative formulations of the bulk theory

* This talk : a model of quantum gravity in which geometry,
topology, dimension are dynamical

[earlier works with similar goals :
Quantum graphity, Konopka, Markopoulou, Smolin (06);
Geometry from entanglement, Cao, Carroll, Michalakis(17), ..]
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Kinematic Hilbert space

* Fundamental degree of freedom : M x L real matrix

collection of
4 A=1,2,..M, i=1,2 ., L o [lLsites
[
— row index (A) : flavor e o .0
®
— column index (i) : site (M>1>>1) ®ee’ 0o

et

M scalars at each site

* Hilbert space is spanned by { |®) }

e 1A
i jo) = ot o) [P Eal®

* Inner product : (®'|®) =H5(<1>"%—<1>A¢)
1,A
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Frame

* A decomposition of the total Hilbert space
as a direct product of local Hilbert spaces

H;
* Frame can be rotated
oA =4, 4 g€ SL(L,R) R
* Total Hilbert space admits alternative ®,
partitioning

H = ®H,

e Quantum information stored in one site in a
frame is spread over multiple sites in
another frame
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Local structure

A state is defined to have a local structure in a frame if

— there exists a mapping from sites into a Riemannian manifold

— the state viewed as a state defined on the Riemannian manifold is short-
range entangled : the entanglement entropy of any sub-region A is
proportional to the volume of d(image(A))
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Examples of states
with/without local structures

‘t> _ / AP eitr[tcb’-’“q)]‘q)>

/ -~
A
B ij A g A e T /\ 1D local
‘/'7/‘ / structure
t describes entangl t bond \ -/
escripes entangiement bonas F7-// /{p/
Lo—om(—w P ) P <
Y N AImii I AImtiImtii
] Q. *
* < A
AP A A aW, £ !
No local S\ N | I
structure W 17 A j \ . \ —
/ . o'7 . structure
| ' -‘. o2 "I o
L i . s
. N—#
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Generalized spatial diffeomorphism

In GR, the momentum constraint generates spatial
diffeomorphism of a fixed dimension [Arnowitt, Deser, Misner]

—

{p [QJ,P[EQ}}PB - Plzze| € shift

In the present theory, the dimension and topology of
manifold are all dynamical

Spatial diffeomorphism should be generalized to include
— diffeomorphism in any dimension and topology

L x M Mx L
SL(L,R) frame rotation . 1 7
G, = itr (HCI)y) + h.c.
9 l

Py y : L x L traceless matrix (shift tensor)
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Examples of states
with/without local structures
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Generalized spatial diffeomorphism

In GR, the momentum constraint generates spatial
diffeomorphism of a fixed dimension [Arnowitt, Deser, Misner]

—

(P[] e}, - Pleee] € ¢ i

In the present theory, the dimension and topology of
manifold are all dynamical

Spatial diffeomorphism should be generalized to include
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Generalized spatial diffeomorphism

In GR, the momentum constraint generates spatial
diffeomorphism of a fixed dimension [Arnowitt, Deser, Misner]

—

(] P[a]),, = Plne] € ¢ i

In the present theory, the dimension and topology of
manifold are all dynamical

Spatial diffeomorphism should be generalized to include
— diffeomorphism in any dimension and topology

Lx M Mx L

SL(L,R) frame rotation . 1 ) /;
G, = §tr (HCI)y) + h.c.

9 l
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Example
Ry

tz'j:?) 51—'—651_ A A
( J | Jlal) Gy — tr Gy} Wlth
- - TJ :] l %
' \ Y = % (65,i+1 — 0ji-1)
1. . &
L1 ',p‘ ] !
~— N ] generates active diffeomorphism
A with shift vector &(ri) = &
N eS— in the continuum limit
e—iGey (i)Ai e’iGey — (i)A(fri) — £ g”(ri)au(i)A(?"i) —+ 0(82)
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Hamiltonian constraint

* In GR, Hamiltonian density transforms as a
scalar density under spatial diffeomorphism

{P [{] ,H[G]}PB — [ [5,”59] 6 . lapse

 More importantly, the Poisson bracket
between Hamiltonians should be proportional
to the momentum constraint

— P [691,92] 651,62 = —cgjg'm/ (leygz — sz,,gl)

{H10:), H 2]}

PB

signature (S, +, +, ..)

irsa: 22020047 Page 14/31



Hamiltonian constraint

* A Hamiltonian that satisfies |7, /]~ G is

L»m
J -
H, = tr{(—HH + — T ST SIIIT )v}

|

lapse tensor
(symmetric matrix)
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Physical meaning

In the frame in which the lapse is diagonal,

diagonal element of v

~

|
_ gy o T 177 &' B&H BTk 114
H, = E Si _HAHA+WE I @ 5@ 51T o1l
i ] gik ]
ultra-local kinetic term Relatively local hopping term
~ 1. A1 - A/ ~ ! A, 2 ko
. 2 i . t J o B k y
' . <HAHA>(I) j(I) k<HCHC>
. / X .
0/ \\o
e J . k o o
. . 1 (AP IT)[t)

— Bl iy
M) AR
the strength of hopping between sites j and k

_ it A PA
is determined by the amount of entanglement ‘t> = /d(I) € = ‘(I)>
formed between the sites through third sites
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Physical meaning

In the frame in which the lapse is diagonal,

diagonal element of v

|
ﬁv: ZSZ HAHA—I—

° ® i . .
A
L] / N\ P .
S

the strength of hopping between sites j and k T PAPA
is determined by the amount of entanglement ‘t> = do e S ‘(I)>
formed between the sites through third sites
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