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MATTER-GRAVITY COUPLING

Smatter [ matter , ng]

Metric coupling chosen to satisfy the (weak) equivalence principle

a .
cceleration
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Impossible to determine
from a local experiment
if there is acceleration
or gravitation
(Einstein 1907)

—
gravitation



MATTER-GRAVITY COUPLING Shatter [ matter, gw]

Metric coupling chosen to satisfy the (weak) equivalence principle

>X freely falling
elevator
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MATTER-GRAVITY COUPLING

Metric coupling: Smatter [ matter , guv]

Freely falling elevator
(= Fermi coordinate system)
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@ Constancy of the constants

Space & time independence of coupling constants
and mass scales of the Standard Model

Oklo natural fission reactor
|o/o] < 7x10717 yr! << 10719 yr! (cosmo)

[Shlyakhter 76, Damour & Dyson 96]

@ Local Lorentz invariance

Local non-gravitational experiments are
Lorentz invariant

Isotropy of space verified at the 10727 level

[Prestage et al. 85, Lamoreaux et al. 86,
Chupp et al. 89]

@ Universality of free fall

Non self-gravitating bodies fall with the same
acceleration in an external gravitational field

Laboratory: 4x107"3 level [Baessler et al. 99]

tj : 2x1071 level [Williams et al. 04]

@Universality of gravitational redshift

In a static Newtonian potential
g, =—1 +2 U(x)/c* + O(1/c?)
the time measured by two clocks is
T,/T, = | + [U(x,)-U(x,)]/c” + O(1/c")
Flying hydrogen maser clock: 2x10* level
[Vessot et al. 79-80, Pharao/Aces will give 5x1079]




@ Universality of gravitational redshift (time dilation)

9
a )
cceleration

Doppler effect %

(cf. fire-truck siren)
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lower clocks are slower

= Whatever their composition, ?

synchronize
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Conclusion of experimental tests in the Parametrized Post-Newtonian formalism
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Deviations from general relativity due to the scalar field
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matter-scalar

No deviation from coupling function neutron star
General Relativity In A(®) Oi ®
in weak-field conditions / scalar charge
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‘“spontaneous scalarization’ [T. Damour & G.E-F 1993]
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