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Abstract: We give an overview of what we have called the 'LQG spinfoam models,\' that provide a spinfoam dynamics for LQG, for arbitrary
values of the Barbero-Immirzi parameter in both Lorentzian and Euclidean signatures. The key motivation behind these models was to modify the
Barrett-Crane model, by handling more carefully certain constraints, called simplicity constraints, which become second class in the quantum
theory. As aresult, the kinematics of the models exactly match those of LQG. The goal of thistalk isto provide a broad picture of the significance
of these models and their basic ideas.
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Introduction/MNotivation

Barrett-Crane was dominant 4-d spinfoam meodel of gravity for over 10

Vears.

1. Calculation of off-diagonal (a = b or ¢ == d) components of sraviton
propagator (h*®(x)h°?(y)) gave wrong lowest order result

(E.Alesci. C.R

Kinematics didn't match LQG: No intertwiner degrees of freedom.

Certain simplicity constraints are 2nd class. but B.C. imposes them
strongly (C'w» = 0). Suspicion that physical degrees of freedom are

being killed.

o

{3.) Was ‘Eh{: Ireason ful‘ (2} 'J;lli{:'h Was T_ht_'- reason for i =

Therefore, by solving (3.). we hoped to address (1.) and (2.) as well.

This indeed happens.
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(Classical Theorv: Continuum
{.}R aAs a t'.'{_iIlH“_'I-iilll_’il BF 1?11:_*1_&“1'

r [J A F] + boundary term

where J = g | B+ =

Simplicity constraint:

_ B
EIJKL Ef-lIr .: Br{‘:-’.'fjr_‘ — ‘II“""'--"a bed { -

First sector: Holst gravity with Gy = G and vg; = ~.

(Second sector: Gy =G~ and vgr = 1/
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Discrete framework

[ntroduce triangulation A of space-time M by (oriented) 4-simplices:

triangulation components

(dual to)

svmbaol

dual in a 3-slice to

4 simplices
tetrahedra

triangles

(vertices)
(edges)

| Taces)

nodes

links

Pick a Cauchy surface X consisting in triangles of A.

Canonical continuum variables:

variables:

Jow

H ¢ :— hge(w) € Spin(4),
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(lassical Theorv: Continuum
GR as a constrained BF theorv

= / tr [J A F| + boundary term

where J = ——

Simplicity cor

I K B
- .{,_. Fat l|r_ 5 l
CIJKL B-".'-L' JBa:-".'f = ‘II“ Eabed l B

First sector: Holst gravity with Gy = G and vg; = 7.

(Second sector: Gy =G~ and vygr = 1 /4
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Discrete framework

Introduce triangulation A of space-time M by (oriented) 4-simplices:

triangulation components (dual to) svmbaol dual in a 3-slice to

4 simplices
tetrahedra =does ) t (or e) nodes

triangles (faces) links

T T

Canonical continuum variables:

Pick a Cauchy surface X consisting in triangles of A.

Jow

== % J = spin(4).
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= v but not same t

New simplicity constraints(J.E., R.Pereira, C.Rovelli

For each t, 3n! s.t., for all f ¢,

{__T‘f:-f — TIIIIXBJ{[_!’.}]I-J- — (L

=)

1. New formulation of const ts isol

n of constraints isolates only
2. New formulation of constraints i1s linear in B.
Poisson algebra:
. f1 Xt
= 4 ( o 1) th
still does not close: again has second class components.
(The second class part of the original Barrett-Crane constraints were the

‘cross-simplicity’ constraints. )
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Kinematical quantization and the simplicity constraints

Kin. Hilbert space Hy = L2(G7 °f H7'S) Orthonormal basis

U= = _— ({Hfy). In Euclidean case, Ry = j+,r_ , and

77 +1

(75 +1)

How to impose 2nd class constraints in quantum theory (1 E

hus Such that

Tifi
e

1. Gupta Bleuler: seek to find space H

y B,

@ | f’_":r.r |y = e H

phys-
This is not sufficient to determine Nz ys.

Use muaster constralut as a more prescriptive way to find a selution

satisfving Gupta-Bleuler:
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Master constraint:

Mp::=) (Cre)? =) (("Br(t)™)
[dea: Impose simplicity constraints weakly
by imposing the Master constraint strongly.

Note:

i

also works if yvou have first class components of the algebra!

Has been tested in a large number of models. including field theories
(T.Thiemann, B.Dittrich)

LE |

and found to be equivalent to standard

Very robust, and with the additional confirmation that the Gupta-Bleuler
condition is satisfied. we are happy.

Explicit solution for Euclidean case:(1 e
+

Fr I
k= Aft = kfr’ — Bl T By

E.Livine, B.Pereira. C.Hovellil)

Note: as a bonus. original Barrett-Crane simplicity constraints are also satisfied

weakly!!!
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Path integral dvnamies

gt ‘=hse (w). Uy =] [, cpink £1g¢t Discrete action

{ 1
o == :_t. tr{ J ¢ g — . B "By
fei !

Partition function for BF theoryv. and then impose simplicity from last section:

z [ TI a7¢»)| | T] de
% fecA |

teA

where
A(f)

E o i £
f s £

Alv) = SVAR i )

L=

{When measure is treated more carefilly, we expect A(t) to be not just 1.)
This general form is called the spinfoam Ansatz, and one calls such a model a

state sum model.
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Note on Lorentzian case (J.E.. E.Livine, R.Pereira, C.

Replace Spin(4) with SL(2.T). Irrep labels on each edge are now N = [ and
p = R. However: in vertex expression, one has a divergent integral over
SL(2.C) — the gauge group is now non-compact.

Solution: Number the tetrahedra 1.2,3.4,5, and label the 5 group integration
variables as Vi, Va2, V3, Vi, V5. Dropping the fifth integration, we symbolicallv

write

A(v) ™ B[Ryi kep,myg] = / dVidVodVadVy
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Path integral dvnamies
gt ‘=hee (W), Up =[], 1101/ 19t Discrete action

'H = B l | .
&= \ tr{Jrgt) = — > By~ — Byl gt :I

- i - .. g .-'

Partition function for BF theory. and then impose simplicity from last section:

/. H dJg(t) 1g, | 5199l
7L fea

o |

v

H A(t) H A(v)
| €A

A(t) =1

4-simplex i
|1 [ __11- i N ViV 1

IE g i‘-'l- I--' T ;

{When measure is treated more carefilly, we expect A(t) to be not just 1.1
This general form is called the spinfoam Ansatz, and one calls such a model a

state sum model.
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Note on Lorentzian case (J.E.. E.Livine. R.Pereira, C.Rovelli)

Replace Spin(4) with SL(2,C). Irrep labels on each edge are now N = M and
p = [R. However: in vertex expression., one has a divergent integral over

SL(2.T) — the gauge group is now non-compact.
Solution: Number the tetrahedra 1.2, 3.4. 5, and label the 5 group integration

variables as V1.V, V3, Vi, V5. Dropping the fifth integration, we symbolically

write

A(v)8[Rpikig,meg] = / dV7dVodVadVy
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==

5

— v s  F SR T

the Haar measures, and noting that for

~1,. the expression (1) simplifies to

/ dVy dVadVadV,

[s independent V5. Also, note the above regularization is gauge invariant. Has

been proven to be finite (J.E., R. Pereira). In the next talk, Roberto Pereira

will also give a way of viewing this regularization as a gauge-fixing.
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Match of kinematics and area with LQG

Spin network labels reduce to those of LQG: in the end labelled by kg, m s —

same as labels for (generalized) spin-networks in LQG. Furthermore. spectrum

f is exactly (J.E..E.Livine R.Pereira.C.Rovelli)

A(f) =8nG~rke(kes +1)
for both the Euclidean and Lorentzian signatures for all values of v. This is
eractly the same as in LOQG. including numerical factor!.

Note: all of these are non-trivial results no prior spinfoam model
has had these properties.
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A different wav: Freidel-Krasnov models

Basic difference: use coherent states (span/| '-P.:;”h tcr) instead of master constraint

to handle the second class nature of the simplicity constraints(E.Livine, 5. Speziale).

However. for finite v. FIK exists onlv in Euclidean sector.

( Problem: difficult to find sutf. natural coherent states for the Lorentz group.)

Bv contrast. LOG vertex exists for arbitrary + in both Euel. and Lor. sectors.
concerns for Euclidean FK for v > 1(J.E.. R.Pereira '08):

Gupta-Bleuler criterion not =atisfied. for either old or new formulation of
simplicity constraints.
More degrees of freedom in the boundarv Hilbert space than canonical
quantization seems to prescribe (no isomorphism with LQG Hilbert space).
3. Area spectrum is completely different from LQG.
(For v < 1. it is equal to LQG vertex.)
On the other hand. alsc a breakthrough with FK: coherent states allow much

progress on expressing the SFE partition function as an exact path integral with a

discrete action.

Allows new, elegant approach to analyze the semiclassical limit of the models.

(E. Conradyv. L. Freidel "08)
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Summearv

The LQG spinfoam models impose the simplicity constraints

{313 p

ta-Bleuler sense by imposing a Master constraint strongly.

In conse quence:

Nex

:
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Kinematics exactly match LQG, including area spectra, in both Euclidean

and Lorentzian signatures, for arbitrary ~.

Preliminary results indicate off-diagonal components of graviton

propagator are now correct.

t steps

Work is in progress to construct a framework for calculation using the

closed boundaryv formulation of gquantum mechanics, and building work on

the graviton propagator.

[t would be nice to find a coherent state formulation for LQG models
similar to FK, to allow a semiclassical analvsis similar to that of Freidel

and Conrady.

It would be nice to relate these (or other) spinfoams to canonically defined
dynamics in LQG.

And there are various technical extensions of the models one could seek ...

14
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i:liw,T,l"_._q l_]__|1!|_ ]—_‘{:!':-:- TE 1]“\-

e [n standard LOG: usually one uses piecewise analvtic eraphs.

piecewise liner LOG. one allows only piecewise linear graphs.

= i 3 L] P 7 P - - . I iitand
H,j_]_il_ .'T-'.wx.fr?'.f i the ory ri__}“ GUATILHIT. gravii i 15 .ﬁ'ha‘rf COTrLpLELELY

7 5 T i .= .
:-g-m.-'m'a-nf to standard _[.(_LJG, IMCLUALTIG AYNamics.

New plLQG framework allows progress in directly relating loop

quantum cosmology to loop quantum gravity at the fully

quantum level.

And I will leave it at that ...

hank vou for listening!
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Summarv

The LQG spinfoam models impose the simplicity constraints
Gupta-Bleuler sense by imposing a Master con

In conse querce:

e Kinematics eractly match LQG, including area spectra, in both Euclidean

and Lorentzian signatures, for arbitrary ~.
e Preliminary results indicate off-diagonal components of graviton
propagator are now correct.
Next steps
1. Work is in progress to construct a framework for calculation using the

closed boundary formulation of guantum mechanics, and building work on
the graviton propagator.

[t would be nice to find a coherent state formulation for LQG models
similar to FK, to allow a semiclassical analvsis similar to that of Freidel
and Conrady.

It would be nice to relate these (or other) spinfoams to canonically defined
dynamics in LQG.

And there are various technical extensions of the models one could seek ...
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