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Introduction

● Einstein’s General Relativity is a very successful theory.
● General relativity is an effective theory of the gravitational interaction.
● Questions: What is dark energy? What is dark matter?
● Modified gravity models could answer these questions. 
● Metric theories of gravity: additional degrees of freedom.
● This work: additional vectorial degrees of freedom → generalized 

SU(2) Proca theory (GSU2P).
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GSU2P Theory

● Main components: contractions of the Riemann tensor, SU(2) vector  
field,

● Global SU(2) symmetry.
● Equations are maximum of second order
● Correct number of propagating degrees of freedom
● Action principle A. G. Cadavid, Y. Rodríguez, and L. G. Gómez, Phys. Rev. D 102, 104066 (2020)

3



GSU2P Lagrangian

● 𝛼’s Lagrangian pieces
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GSU2P Lagrangian
● 𝜒’s Lagrangian pieces
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Conserved charges

● The topological charge is defined from the Bianchi Identity,

● Noether charge from the global SU(2) symmetry,
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Cosmological implications

● Vector fields  isotropy? Cosmic triad, emerges naturally in SU(2)
● GW propagation speed on a FRW background is luminal? This is a very 

stringent condition to modified gravity models.
● Perturbations: the tensorial sector is the same as GR,

● Early inflation: constant roll J. C. Garnica, L. G. Gomez, A. A. Navarro, and Y. 
Rodriguez, Annalen der Physik, 534, 2100453 (2021)
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Yang-Mills vector fields + Gravity

● Strong field regime in compact objects.
● Explore solution to the breakdown of GR at the singularity of black 

hole
● Einstein + Yang-Mills (EYM) , static, localized solutions, 

asymptotically flat: soliton, particlelike.
● Equilibrium: Attractive (gravity) and repulsive (Yang-Mills) 

interactions.
● EYM Good: particlelike and BHs. Bad: unstable.
● Einstein + Skyrme: Particlelike, BHs. Stable solutions.
● Are there particlelike, BH and NS solutions in GSU2P theory?
● Can we constrain GSU2P theory with compact objects?
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Field equations

● Field equations from varying the metric

● Field equations from varying the vector fields,

● Magnetic monopole ansatz
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Stationary and spherical symmetric solution

● Regular solutions: all algebraic curvature invariants, energy density 
and pressure are finite.

● Line element,

● SU(2) spherical configuration,
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Analytic solution: Generalized Non-abelian charged BH

● We found an analytic solution for the parameters χ12 = 2χ1 + χ2, with 
the ansatz w = wc = conts.

● Reissner-Nordstrom black hole, 

● Effective charge,

● For the solution I the charge can be imaginary in χ12 ∈ (0,1)

Gomez G. & Rodriguez, J.F. Phys. Rev. D 108, 024069 (2023)
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Non-abelian charged black hole
Gomez G. & Rodriguez, J.F. Phys. Rev. D 108, 024069 (2023)
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Shadow of non-abelian charged black hole

● Photon sphere in a static and spherical spacetime,

● Shadow radius,

● Non-abelian charged black hole,

Gomez G. & Rodriguez, J.F. Phys. Rev. D 108, 024069 (2023)
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EHT constraints Gomez G. & Rodriguez, J.F. Phys. Rev. D 108, 024069 (2023)
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Particlelike case: asymptotic series solutions r→0

● Power series expansion,

● Curvature invariants are finite at r = 0 when a1 = a2 = c1 = 0. Effective 
energy density and pressure are finite when b0 = − 1, b1 = 0.
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Asymptotic solutions r→∞ 

Solution as a series of inverse powers of r,

Asymptotic flatness.
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Asymptotic solutions r→∞ 
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Asymptotic charged solution

Series of inverse powers of r with noninteger exponent,
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Generalized Non-Abelian Boson Star
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Energy density and parameter of state 𝛼1
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Equilibrium sequence 𝛼1
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Generalized Non-Abelian Boson Star χ6
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Equilibrium sequences χ6
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Globally charged solutions
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Effective potential 𝛼1
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Neutron Stars
Field equations are modified by presence of baryonic matter,

Equation of State
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Numerical solution minimal coupling χ6
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Equilibrium sequences
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Mass-gap hints
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Conclusions

30

● We have found particlelike solutions in the GSU2P theory.
● Generalization of the EYM case. New charged solutions with 

negative energy density regions.
● We have constructed equilibrium sequences and found 

bifurcations points for in the cases α1, α3, χ6, which hints towards 
the existence of stable solutions.

● Boson stars are highly compact objects with photon sphere.
● We have found NS in the GSU2P theory (There are no NS in EYM).
● The NS in the GSU2P theory are more compact than in GR.
● In the GSU2P theory the NS are more massive even reaching the 

lower mass gap.



Future work
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● Stability, perturbations: radial (ongoing) and angular.
● 1+1 Full Numerical integration (ongoing)
● GW near these compact objects
● Rotating solutions. (William).
● Static black holes with axial symmetry.
● Ringdown of solitons and BH solutions (GW).
● NS with anisotropic EOS (ongoing)
● Post-Newtonian and Post-Minkowskian expansion.


