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Etera Livine
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Let's focus on 3d gravity
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3d quantum gravity

Let’s focus on 3d gravity:
Simpler than 4d gravity (since topological).
Similar issues as 4d gravity arise.
Does not mean that 4d gravity will be exactly the same!
Many guantization schemes can be applied and related.

Chern-Simmons Spinfoam
amplitu de (Ponzano-Regge, Turaev-Viro)

Loop quantum gravity
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3d quantum gravity

Treat cosmological constant as a coupling constant, just like G
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Loop quantum gravity
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LQG vs spinfoam when A is not zero

Upon Hamiltonian analysis, the cosmological
constant appears only in the Hamiltonian

constraint, i.e. not in the Gauss constraint. ‘
Spin network based on SU(2)

whether A is zero or not.
The quantum Gauss constraint

implements the relevant gauge
structure.

Euclidian case considered here!
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LQG vs spinfoam when Ais not zero

Upon Hamiltonian analysis, the cosmological
constant appears only in the Hamiltonian

constraint, i.e. not in the Gauss constraint. ‘
Spin network based on SU(2)

whether A is zero or not.

The quantum Gauss constraint
implements the relevant gauge
structure.

Boundary states of the Turaev-Viro model are

, . ' U, (su(2))
defined in terms of a quantum group Spin network based on g (sul

Euclidian case considered here!
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Cosmological constant in LQG

BF theory
Discretization

Flat classical discrete geometries

Phase space: 17" SU(2)
Constraints: Gauss + Flatness

Quantization

LQG with A=0

— —

SU(2) spin networks
‘Hamiltonian constraint

Ponzano-Regge spinfoam
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A
LQG with /\=0
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Cosmological constant in LQG

BF theory
Discretization

Flat classical discrete geometries

Phase space: 1" SU(2)
Constraints: Gauss + Flatness

Quantization

LQG with A=0

— —

SU(2) spin networks
Hamiltonian constraint

Ponzano-Regge spinfoam

BF theory + volume term with A<o

Discretization ?

Hyperbolic classical discrete geometries

Quantization ?

LQG with A <0

— S—

Uqg(su(2)) spin networks ?
Hamilionien congtiRint.,

Turaev-Viro spinfoam with q real

Euclidian case considered here!
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sichl discrete geometries
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A taste of what's happening

Flat Triangle Geometry:

) Closure constraint: »_ 7 =0
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Flat Trangle Geometry

Quantum flat triangle!
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A taste of what's happening

(uy,ny) € T°SU(2 Flat Triangle Geometry:
Closure constraint: »_7i; = 0

/ Length: 1i; = Il; 1, 22

Cosine law: 1y - N cosfy = 2—L 2
/ 2041,
\ Area...

Quantization Hiot = Vj, ®Vj, ® V),
iie R < T*SU(2) . i JLh=Jolel, d—ol=1aJal,..
S i, =0— S Ji¢) =0= |[¢) intertwiner
1Y) = |"-f|..f_’.i.s>
T lijrais) = 3G+ 1) ijjags) = € ijijass)
-I.I I- . ‘,"‘(“H'i + 1) ,1|E,r\21 1) = ja( 72 4 la) lis
Quantum flat triangle!
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A taste of what's happening
T*SU(2) ~ ISO(3) — SL(2,C)

(rll H‘f| l“]l’fl £ \/I._)

11 SU(2), { AN (2

Hyperbolic triangle!

Gauss law: (10203 =1 _

Normals at vertex: sinh ’T b, -1 tr (({,.f,I o) = T,
Hinll% b” % :‘r((!rl.f,)rf) ’fj"‘”

b°P = he b, he SU(2)

Hyperbolic cosine law:
cosh "T, cosh FT’ cosh %-,

1 1 i1 o
sinh % sinh %2
i I
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Hyperbolic triangle

1

|

rbolic triangl|

Quantum hyp¢
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Hyperbolic triangle
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300y

Flat classicjl discrete geometries =

i"al" space: T°SU(2)

Constraints: Gauss +

MUK

~

LQG with ,\:0

=:> Turaev-Viro spinfoam with @ real

Ponzano-Regge spinfoam
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A arnlam » AF vl At
| A selection ¢f what we want to do next

\
* Understand the discretization procedure

* Undkrstand better the|quantization of discrete hyperboli
geomnetries

. OH"G’ -_Slqna{u]’@::I ;'] rogt wj: lH}I'u_.

« Link with Chern-Simmgns*

« \What about 4d7?!
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