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motivation



special relativity (SR): a 
theory of mechanics which 
respects the Lorentz symmetry 
of electromagnetism (EM)

general relativity (GR): 
a theory of gravitation 
with local Lorentz 
symmetry

however: EM is 
invariant under a wider 
group of symmetries 
than either SR or GR



EM is invariant under the conformal group SO(4,2) made of:

translationsrotations

dilatations special conformal 
transformations

Poincare 
group (SR)

extra 
conformal 
symmetry



can we construct a gravitational 
theory with conformal 

symmetries similar to EM?



one approach: Yang Mills (YM) gravity

translations

rotations dilatations

special conformal 
transformations

SO(4,2)
[Utiyama, Kibble, Wheeler + many others]



to obtain a theory of gravity: identify components of 
vector potential with geometric quantities on a 4-manifold





simplifying 
assumptions



full EOMs pretty complicated, let’s simplify things:

gauge choice  
(without loss of generality):

no torsion assumption 
(gauge invariant):

technical assumption 
(gauge invariant):

matter action:

action:

DOFs:



EOMs now less complicated:



EOMs now less complicated:



the cosmological 
sector



assume cosmological symmetries (isotropy and 
homogeneity) and FRW metric ansatz:

tensor characterizing exotic matter couplings 
must take form consistent with symmetries:





remaining EOMs lead to an effective Friedmann equation:

assume ordinary matter is dust and radiation:

dark 
energy

“wrong sign” 
dark radiation

pretty 
nonstandard





can rewrite the Friedmann equation with a 
time dependent Newton’s constant:



in the early time limit…

approximately constant 
due to screening

dominates and diverges 
to negative infinity

this must be positive



to sort out what happens at early 
times we’ll run some simulations

useful to define usual cosmological 
parameters (plus an extra one)

(we take concordance values for usual parameters)



simulation results

we get a bounce 
at “early” times



after any cosmological bounce there is an 
“inflationary period” of accelerated expansion

we can see what kind of inflation is in our 
model by plotting the Hubble factor

late time 
acceleration

radiation and matter 

domination

bo
un

ce
slow roll 

inflation (!)



numbers



how much inflation?

what’s the inflationary energy scale?

[using observational values for usual cosmological parameters]

what’s the Yang-Mills coupling?

(we have similar naturalness problems 
to other dark energy models)



summary



• looked at cosmological solutions of a Yang-Mills gravity 
based on the conformal SO(4,2) group 

• Planck mass given by coupling constant and constant 
of integration 

• solutions exhibit a bounce, long-lived quasi-de Sitter 
inflation, and late time acceleration 

• like Lambda-CDM, no explanation of why the observed 
cosmological constant is so small in Planck units 

• next steps: classical and quantum perturbations, 
including torsion…


