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» Problem with the coupling of fermions:
51/, = / eadeea N ep A\ ecv,/_ryd Vi,
M

while B,p = €apcq€° N ed.

» Problem with the effective action: the classical limit of the
effective action is the area-Regge action [Mikovi¢ and
Vojinovi¢, 2011]. It was conjectured in [Mikovi¢ and
Vojinovi¢, 2011] that the non-geometric configurations are
exponentially supressed. No proof yet.

» How to introduce tetrads:
1. AdS/dS BF theory
2. Poincare gauge theory
3. 2-groups
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» Category: objects and maps (1-morphisms)

» 2-Category: objects, maps and maps between maps
(2-morphisms)

» Group = Category with one object and invertible 1-morphisms

» 2-Group = 2-Category with one object and invertible 1 and
2-morphisms

» 2-Group = Crossed module of groups: (G, H,d,>). G =
1-morphisms, G xs H = 2-morphisms

» Poincare or Euclidean 2 group: G = Lorentz or G = SO(4),
H=R*
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2-BF theory

» (G,H,0,>) — (g,h,0,>) = differential crossed module
» Ac Ui(g) — (A B) € (Q1(g), 22(h)) = 2-connection

» 2-group gauge transformations: g: M — G and
n: M — (b)

A—gA+d)g™t, B—glep

A—A+0n, B—B+dn+AN N+nADY

» 2-curvature

F=dA+AANA— (F,G)=(F—098,d3+ AN p)
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BFCG action and GR

» BFCG action [Girelli,Pfeiffer and Popescu; 2008], [Martins and
Mikovi¢; 2011]

So :/ <B/\f>g+ <C/\ G)h
M
is invariant under 2-group gauge transformations if
g: B—glBg, C—gvrC;

n: B—B-[C,n, C—C.

» GR as a constrained BFCG theory for the Poincare 2-group
[Mikovi¢ and Vojinovi¢; 2012]

S = / B2b A R+ e AVE; — )\ab(Bab — €abcd € N ed) ,
M

where R=dw+wAwand VB =dB+wApL.
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Path integral for BFCG

» Discretization of
zz/DAmnmpca%:/pAm%uq&Q.

Let T(M) be a triangulation, then

Z:A H@[mH%{D®qPW%

ny |

where n; is the number of edges / in the dual complex T*(M)
and ny is the number of faces f in T*(M).

g=1a, h=1]] b,
Ieof feop

where 77f = hf or 71f = g/> hr, pis a polyhedron and / € p.
» In the Poncare/Euclidean 2-group case hf = % € R* and

Ko =X+ @t A K
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Path integral for BFCG

» By using

1 2 1 7 il R,
(S(gf) = Z dlm/\f X(Af)(gf)a 5(Xp) — (27T)4 /d4Lp e Lp Xp ,
Af

one obtains
Z= Z/H d*Lp [ ] dei T ] dim Aex ) (gr)
A p ! f

1T 6Ceir Loy + &1y Lorcry + 810 L) -
f
» g1l1 + golr + gslz = 0 implies |Zp| = L, = L satisfy the
triangle inequalities = L. can be identified as the length of an
edge €.
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State sum for BFCG

» The above state sum/integral is divergent, but it suggests to
look for

Z:/LeRi’ll:[u(Le)dLe > > WL,

N €(Irrep(G"))N2 ve(Inttw(N))N3

where Le,/\/A and ¢, are labels for a Poincare/Euclidean
2-group representation, intertwiner and 2-intertwiner,
respectively.

» In [Crane and Sheppeard; 2003] and [Baez,Baratin,Freidel and
Wise; 2008] it was shown that there are irreps of
Poincare/Euclidean 2-group labelled by L > 0. The
corresponding intertwiners are the irreps of SO(2) if L. form a
triangle, and the 2-intertwiners ¢, are trivial. Hence

Z:/LERTHM(Le)dLe > w(L,m).

mezM2
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State sum for BFCG

» The results of [Baratin and Friedel; 2007] suggest that

w(t,m) =T a0 T <57 ™
A o g

and p(L) = L. Here Ap is the area of a triangle A, V, is the
volume of a 4-simplex ¢ and

Se =Y mafa(L),

Aco

where 6 is the interior dihedral angle for o.
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State sum for quantum GR

» Since GR can be considered as a constrained BFCG theory,
one can try to impose a discretized analog of B = (e A e)*
constraint. A natural candidate is

ma 13 = Aa(L),

since S5(m, L) becomes the Regge action for o.

» The results of [Mikovi¢ and Vojinovi¢; 2011] on the effective
action suggest that a good candidate is

ZGR:/L RNIHM(Le)dLe Z ]‘_[(S(mA/‘,%_AA(L))1‘[6,'50(,,77“7
eR ¢

mezZM2 A g

where (L) ~ L=P for large L and p > 0.
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Conclussions

» Zcr will be a Regge state sum.

v

One can obtain a discrete or a continious-length Regge model,
depending on how the GR constraint is imposed.
Effective action and semi-classical limit of Zgg
Amplitude for matter coupling: Winatrer ox e Regze(9:L)
Canonical quantization of 2-Poincare GR action
Categorification of LQG

Construction of 4-manifold invariants

vV v v v Yy
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