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Projective invariant formulation of  Chern-
Simons gravity

Getting a perturbative solution for the affine 
connection

Metric and scalar field equations on a 
Schwarzschild background

Evolution of  quasinormal modes

Comparison with standard metric Chern-Simons
theory



• Inclusion of the 4-dim Pontryagin density in the General Relativity action

• For       constant, it is a topological term

• It is odd under parity transformations: it can affect rotating solutions 

(Kerr-like spacetimes)



Quantum field theory: the gravitational 
anomaly is proportional to the 
Pontryagin density

String theory: a CS term emerges in 
low energy effective string models via 
the Green-Schwarz mechanism

Loop quantum gravity: a CS term 
emerges in addressing chiral anomaly 
and the Immirzi field ambiguity



Metric-affine formalism:

Projective invariance:

Projective invariant generalization of the Pontryagin term. It is still a topological term:



We look for a perturbative solutions

It’s quite a tricky calculation, if you want to hurt yourself please ask me privately



Where we introduced the linerarized Einstein tensor over a curved background

and the modified C-tensor

It differs from the C-tensor of the metric Chern-Simons gravity!



If we neglect the kinetic term, the scalar field is still dynamical:



We fix the background metric as the Schwarzschild solution: 

We fix the Regge-Wheeler gauge and use tensor spherical 

Harmonics (       only couples to axial modes) 

We numerically integrate the perturbation equations for 

different values of   , and we extract the frequencies



Large

The scalar field decouples 

from the metric perturbation: 

the QNMs are the same of GR 

and metric CS theory (L=2)



Middle

The scalar field and the metric 

perturbation are now coupled:

They both oscillate with a 

superposition of two modes,

BUT 

QNMs are still the same of GR 

(L=2)



Little

The scalar field and the metric 

perturbation are now coupled:

They both oscillate with a 

superposition of two modes,

AND 

QNMs are different from GR

For 

there are still stable 

oscillations modes



Late time tails

For 

are indistinguishable 

from GR



Late time tails for purely affine case



• Projective invariant generalization of the Pontryagin term can be 

found, still preserving topologicity

• At linearized level the theory is endowed with stable scalar modes 

even in the absence of an explicit kinetic term

• Quasinormal modes largely deviates from GR predictions for small 

values of the kinetic coupling

• Late-time decaying permits, in principle, to distinguish metric-

affine theory from its purely metric formulation




