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Quankum gra\vi;&j

An idea - emergent space

Space is civv\ammauv generated,
not fundamental.

The challenge:
Discrete deqree's of freedom

$ Infrared

Classical

3dim

Local

Gravi%v, matters
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Tensor model

Mabrix model! M -

RAim quanbtum graviév
‘SEriv\giheorv - Irie's lunch talie
Susv theories

Stakistical svséems

Tensor model (Rank-three) M

Quantum gravity n D>2
Loop qu&mﬁum graviﬁv
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Inter pre%a&&ovm

* Feyhman diagrams <-—> simplicial manifolds

o

depemdem& on D

. Rank-three tensor model M abc

fa 'fb =Mabcfc

F‘»’“uzz.v space - uhiversal nfor any D




Local time

How can time be tntroduced to tensor X

(1) lobal time M. ()

Probléms:_hard to believe, need &od
Lorentz. symmetry easily broken

(2) Llocal timie for each thidex Mu:) k1) 1)

Problem: mulkiple time integrals in Lagrangian

(3) Hamilton formalism with Llocal time

ijmamiaat evolubion = time
Kill m\pkjsi'x:at modes au&oma&i&aﬁv



Consistency of local
time evolution

It A ! Time Evolubion

“ Initial confiq

|H,,H,| = gauge transformation

o(N)

N : humber of "paiv\ﬁs"



Local Hamiltownian

1sk surprase

H, = Pa(bc)PbdeMcde

L) svmmeﬁriaaﬁiav\

{M pey B def § = 5abc,def

There exisks one and ombj one
on physically reasonable assumptions



Assumptions

(L) A Hamiltonian constraint has one index,

(it) The kinematical symmelry is given by an
orthogonal group.

(iiL) A consistent first class constraint algebra is
formed by a Hamiltonian constraint and the
generators of the kinematical symmetry,

(iv) A Hamilkonian constraint is invariant under
time reversal Eransformation.

(V) A Hamilkonian constraint is an ak most cubic
polynomial function of canonical variables.

(Vi) There are no disconnected terms in a
constraint algebra.




~irst class
conskrank od.gé.bra

{H(Ty),H(T2)} = D([T1,T>])

\DV),H(T)} = H(VT)
\D(V1),D(V2)} = D([V1, V2])

HD =T'H,) B = VI
Dap = PegraMpiea : ofN) generators
Tbc - TaPasblc?
Open algebra - closes only on constraints



Localized Limik

2. sur pr&se

ﬁarmaliv repi&&:i%g a->x and assuming
local confiqurations,

Msye, By =~ U, Unless x'= 3 67

reproduces the DeWitt algebra of GR

(H(T1),H(T2)} = D(T10'T, — T20'Ty)
(D(V), H(D)} = H(V'0;T)
(D(V}), D(VY)} = D(V}0;V, — Vi3, V)

H(T) = / dx T(x) H(x), D(V") = / dx V' (x) H;(x)



Quantizakion

(preliminary)

No space —> not a field theory
Basi&atij a qu&h&um mechanical sjs%em

Quanktization can be done bj mebhods
i Likteratures.

Faddeev 1969
/ DPDM 8(H 2)8(D a5)5(r )5(x . )Det({H D, y})e' / 41PM

Aa> Xab: gaude fixéma condition



Example of gauge fixing condition
Yo — P — 1 =i ck. York time
Xab = Pavb — Paap = 0

By solving constraints and gauqge nfi;xi;s»\g
conditions

/a’tPMz /dtP*M* — Hallbs M)

Shrodinger @.qua&mv\



Wave fumcﬁmm dunamics
N=2 preliminary)
"Universe" consisting of two "points”

v(p) B

Emergence of classicality
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Sum MATY

(1) Canonical tensor model wikth
consistent local time is propas@.d‘.

(2) Contains some surprises.

(3) Interesting rich quantum dynamics.

Fukure erobtems

Large N. Clarify quantum dynamics.
Wheeler-DeWitt (with Prof. Freidel)
Gravi;éj‘.

merei.v "Universe" or our Universe ¢



