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Abstract

Higher category theory can be employed to generalize the BF action to the so-called nBF action, by passing from the notion of a gauge group to the notion of a gauge n-group.
The novel algebraic structures called n-groups are designed to generalize notions of connection, parallel transport and holonomy from curves to manifolds of dimension higher than one. Thus
they generalize the concept of gauge symmetry, giving rise to a class of topological actions called nBF' actions. Similarly as for the Plebanski action, one can add appropriate simplicity
constraints to topological nBF actions, in order to describe the correct dynamics of Yang-Mills, Klein-Gordon, Dirac, Weyl and Majorana fields coupled to Einstein-Cartan gravity. Specifically,
one can rewrite the whole Standard Model coupled to gravity as a constrained 3BF or 4BF action. The split of the tull action into a topological sector and simplicity constraints sector is
adapted to the spinfoam quantization technique, with the aim to construct a tull model of quantum gravity with matter.

In addition, the properties of the gauge n-group structures open up a possibility of a nontrivial unification of all fields. An n-group naturally contains additional novel gauge groups which
specity the spectrum of matter fields present in the theory, just like the ordinary gauge group specifies the spectrum of gauge bosons in the Yang-Mills theory. The presence and the properties
of these new gauge groups has the potential to explain fermion families, and other structure in the matter spectrum of the theory.
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3-group and 35 F' action Standard Model 3-group
Gauge symmetry is represented by a 3-group:
Choice of groups:
) 0 gloup
L—H—=GG .,
( By Aot G =S50(3,1) x SU(3) x SU(2) x U(1) <  Lorentz and internal sym.
where GG, H, L are Lie groups, > is an action of G on all three groups, and the map I = R4 «—  A-translations
{_,}p:HxH—L L =RYC) x R%G) x R*G) x R*(G) <« scalars and fermion families

is the Peiffer lifting map. The maps >, 9, 0, and {_, _} s satisfy a number of axioms. The Most 3-group maps are chosen as trivial:
3-group gives rise to a 3-connection («, §,~) where: Oh = 1¢ . ol =1y, {hy, ho}yr = 15

a=a(x)d"®T, cANM)@g, Action > : G x G — G, chosen as conjugation:

B = B%(x) det Ada” @ t, e NM)®b, of] _ o] L Flsld . <lflsld

v =~ (z) det AdaY Ada? @ Ty € NBB(M) @1 Platlled) " = Jlablled 9 (n[alcd\b] 01— Miald 03 Oc. )
Corresponding fake 3-curvature (F, G, H) is defined as: bag’ = fas” | S edl — >raps) =

F=da+aAa—005, G=dB8+a AN B — i, Action > : G x H — H, chosen as:

H=dy+a A Y+ {6 A 6}pf° D[Cd]ab = %%[d@bc] : l>(mb = 0.
Finall 1l of th j h logical 3BF" action:
mally, one can use all of the above to introduce the topological 3 action Action & : G x L — L. chosen to define matter field types:
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Constrained 3B F Standard Model action MAIN INSIGHT: C = ¢, D = .o !I!
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S = /BOz A F® 4 B A Rigp + e, AN VB + o (V)4 + @DA(Vv) — (7 V)4 < topological 3B Faction
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A% A (B —12C 5M5ab e’ N e ) + v (M ( aab Ecdef € /\ e'NeNel —F, Ne, N eb) < Yang-Mills constraint

+ / AN (%4 — Hpae®Ae’ A 66) + A4 A (HabCA el e N e, N er — (Vo)a ey A eb) < Higgs constraint
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+ / Ag N <7A — 66abcd e A e’ A e (vdw) ) —MA (%4 — éeabcd e A e’ A e (wfyd) A) < Dirac constraint
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— / 5 Yage 0P o g€ A €PN e A e < Yukawa coupling
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3-group topological invariant
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