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Preliminaries

* The recent detection of gravitational waves'® (both from the study of the
dispersion relations’ and from the mere 1.7s delay® of the soft GRB
170817A following GW170817) has confirmed that gravitational waves
propagate with the speed of light

 Many modified gravity theories were disruled (certain galileon models,
vector-tensor, generalised Proca or bigravity theories)

 Many scalar-tensor gravity theories however survived the test

* The study of perturbations of such models is important to establish the
ghost-free and instability-free parameter regimes

* This has been investigated® for a wide range of scalar-tensor theories in
the spherically symmetric setup, exploring a 2+1+1 decomposition of
space-time based on an orthogonal double foliation1%-!!

A non-orthogonal 2+1+1
decomposition

* Inorderto be able to discuss the even sector perturbations, we worked
out a novel 2+1+1 decomposition of space-time and gravitational
dynamics, based on a non-orthogonal double foliationt?
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covariant derivatives:

Vany = Kgp +2m Ky + mampK — ng (ap —myp L)
Vatmy = '::b + !'IHEE +npkq + ngnpy L +my, ('b?; + npkC)
vukb — :{; =+ I{?ng =+ Ibﬁrl =+ IrIIE}K:* — kc? (ﬂ}f — Ibﬁ) '

?alb — L.c?b T 2k(n£bj + kakf?‘c T la (hb T kblc*)

T

extrinsic curvatures normal fundamental forms normal fundamental scalars
: e . X " . »e
* Setofindependent quantities: (K., K, K), (L*, £*), (aq,b})

non-dynamical embedding vars.

accelerations

dynamical embedding vars.

Gauge-fixing

* We explore this new formalism in discussing the gauge transtformations of

the scalar perturbations of both the metric tensor and scalar field on a
spherically symmetric background, achieving unambiguous gauge-fixing!3

e The perturbed metric (overbar=unperturbed quantities)

ds® = — (N?+2NON) dt* + 2M N dtdy + 20Ny dtdz®

+ (Gab + 0gap) dzdz® + 20 Modz*dx + (M? + 2M M) dx?

all shifts vanish on the background: N = M¢ =0
the double foliation on the background chosen as perpendicular: N' = 0
the scalar field is constant on i, , thus ¢ = ¢(x)
* Helmholtz-like decompositions of vectors and symmetric tensors on

spherically symmetric background: Va = DaViotfree + E® o Dy Viivtree
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 Transformations of the metric and scalar under diffeomorphisms:
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* After gauge-fixing the discussion of perturbations possible:
odd sector @, W even sector V. A 5N ,0N,6M

A, 0N ,0N,0M
(Regge-Wheeler'-type) (Zerillit> -type)

Gravitational dynamics

* 6 dynamical metric + 6 dynamical embedding variables:
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Lagrange-multipliers N, N3, V: written in “already Hamiltonian form”

 Hamiltonian and diffeomorphism constraints!3:
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Conclusion

* Metric perturbation formalism adapted to the non-orthogonal double
foliation, Hamiltonian formalism and gauge-fixing worked out

* Discussion of the full spectrum of perturbations (including gravitational
waves) in spherically symmetric scalar-tensor gravity becomes possible
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