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Abstract. A hypothetical time-variation of the gravitational constant G would produce grav-
itochemical heating of old (> 10°~% yr) neutron stars. It could produce detectable thermal
ultraviolet emission from such stars for changes as small as |G/G| ~ 107'? yr~!, comparable to
the best existing upper limits from other methods.
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If the gravitational constant G is not strictly constant, as hypothesized by many au-
thors since Dirac (1937), neutron stars would expand or contract, so the mix of de-
generate fermions in their interiors would slightly depart from beta equilibrium. This
induces non-equilibrium beta processes (direct or modified Urca reactions), such as the
neutron beta decay (n — p + e + v) and its inverse (p + e — n + v), which release
energy that is invested partly in neutrino emission and partly in heating the star. Af-
ter ~ 10778 yr, the star arrives at a stationary state in which the temperature remains
nearly constant, as the forcing through the change of G is balanced by the ongoing reac-
tions. Using the surface temperature (~ 10° K) of the nearest millisecond pulsar, PSR
J0437—4715, inferred from ultraviolet observations with the Hubble Space Telescope
(Kargaltsev et al. 2004), we have estimated two upper limits for this variation (Jofré
et al. 2006): (1) |G/G| < 2 x 1071% yr=', if direct Urca reactions are allowed, and (2)
|G/G| < 4 x 10712 yr~!, considering only modified Urca reactions. The latter is among
the most restrictive obtained by other methods (e. g., Reisenegger 2007). Further study
of neutron star physics and additional observations of old neutron stars should be able
to refine these constraints.

Acknowledgements

This work was supported by FONDECYT Regular Grant 1060644, the FONDAP Cen-
ter for Astrophysics, and the Basal Funding Project PFB-06/2007.

References

Dirac, P. 1937, Nature, 139, 323

Jofré, P., Reisenegger, A., & Fernandez, R. 2006, Phys. Rev. Lett., 97, 131102
Kargaltsev, O., Pavlov, G. G., & Romani, R. 2004, ApJ, 602, 327
Reisenegger, A., Fernandez, R., & Jofré, P., 2006, Ap. Sp. Sci., 308, 413

314

https://doi.org/10.1017/51743921310009518 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921310009518

