Cosmic Tsunamis in Modified Gravity
scalar waves wrecking screening mechanisms
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Extending General Relativity

Light degree of freedom driving acceleration

h Screening Mechanisms!

Solar System Bounds

‘\{PPN
N Lunar Laser Ranging
General Mercury perihelion shift ?
L5} -
IR Astrophysical Bounds
Mars radar ranging d
] &
1 - S [ - \'eryLongBa\ehAneIurelfemmem"& I | T T | T T | T T | T T | T T | T
& — —
"/\ Time delay for Cassini spacecraft 0
0 T Binary Pulsars
—3

Strong field Bounds o 03

ol =
© B ]
£ T -
13 T =10 —
c

Inspiral Merger Ring- K123 O B ]
down 51234 = ~ —
| g F .
BXEIT  of =
@) — —
. e - _
(@] - —
1ot - \ 3 L _
T | / \ < —26 — / _|
S [ T | General Relativity prediction ]
0 ‘bV""— | | 2 B i
o. - o ~ ]
50 | ,‘ S —25 .
\ | E = —
-1.0 F—Numerical refativity 7] \ / S L _
i Reconstructed (template) | | \ //’ O L _
“@ general B ]
g 0.6 - : | [ ! 44 relativity —30 | |
2 0.5 H — Black hole separation -3 § - |

'g 0'4 === Black hole relative velocity 42 ‘é . . . . PPN L
203k , | , l“é% 0996 0998 1 1002 1.004 e Dl b by b b 1

0.30 0.35 0.40 045 ¥ 1975 1980 1985 1990 1995 2000

Time (s) Year



Screening Mechanisms in Scalar-Tensor Gravity
Suppressing the Yukawa Potential
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Efficiency crucial to evade gravity constraints



Constrains on Modified Gravity
Post-Newtonian Parameter
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Computing the profile of the field
In the solar system

2
S = /d4x\/fg (%R - %(3@2 — V(¢)) + Smatter [A2(¢)Quua¢]

e Scalar field equation of motion

b4 3HO — V6= Vo, (0.9

A damped wave equation



Quasi-static approximation
Field profile does not change in virialised/quasi-static

systems
e Scalar field equation of motion

1
¥v2¢ = -Veff’¢ (,09 ¢)

« Quasi-static approximation

2
S = /d4x\/jg (%R — %((%b)z — V(¢)) + Smatter [A2(¢)Qum¢]



Quasi-static approximation
Field profile does not change in virialised/quasi-static
systems
» Scalar field equation of motion

1
FVQQS — 'V;ff,¢ (P, 9)
» Quasi-static approximation
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Screening mechanism suppress field value and gradient
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Waves from Supernovae
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Waves from collapse of domain walls
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Screening disrupted!

Scalar waves increase the PPN parameter
and fifth force several orders in magnitude!

Amplitude A

| Oscillations are a smoking gun! |
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Summary

» A light extra degree of freedom in the gravity sector is viable
only if a screening mechanism is efficient to suppress it at
local scales

» The viability and efficiency of screening mechanism generally
relies on the quasi-static approximation

» Astrophysical events can create waves and the quasi-static
approximation is no longer valid

» Waves diminish the screening mechanism efficiency in
several orders of magnitude reducing the viability of many
modified gravity theories



