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Abstract. General relativistic electrodynamics in a torsion background can give rise to a situation
where the photons can ahve a non-zero rest mass and magnetic moment. Astrophysical limits are
used to constrain these parameters.

While considering torsion effects in massive electrodynnamics, one can consider
an additional term in the Lagrangian for the torsion-massive-photon interaction like

L; ~ oG, R(T)A,A" (1)

where R(I') is the curvature scalar constructed from the affine collection which
includes torsion; « is the fine structure constant and (. is the photon-torsion
coupling constant. This implies a mass term for the photon (m.), which is related
to the torsion vector Q, through a relation of the form

2
me)? g2
(%2) =0 @

where A is the dimensionless torsion-photon coupling constant; () is related to the
average spin density o of the background (the net spin density being the source for
the torsion) as:

Q =4rGo/c’ (3)

In De Sabbata et al. (1992), Eqs. (2) and (3) were applied to the magnetosphere of
a neutron star giving a constraint on A which is an arbitrary parameter of the theory
as:

A <107, ()
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This puts the limit on any direct photon-torsion coupling which violates gauge
invariance. Again the violation of gauge invariance also implies non-conservation
of electric charge in the sense of Lyttleton-Bondi. In the present context this means
that the torsion modified Maxwell equations, i.e.,

OWF* = arJ' + (2a/37r)niklij1Qj 5)

are not compatible with the current conservation law 9;J¢ = 0. This could imply
a net charge carried away by the mediating field. One can use arguments similar
to these given in the case of massive neutrinos to put astrophysical limits on the
violation of electric charge conservation, i.e., on ¢/ e (e being the electron charge).
Following Sivaram (1989) we can write:

g/e < (Gm2/e*) /2. (6)

Substituting m., we have:

1/2 -1, \2
¢ _ G\ m‘<GAR§/a> 108

€y e? € ™
Using Eq. (5) and using for A Eq. (4) and ) ~ Rﬁl/a from De Sabbata et al.
(1992), Ry being the Hubble radius. This is one ordser of magnitude less than the
astrophysical limit (¢/e),, for neutrinos and shows that A < 10724, is consistent
from cosiderations other than neutron stars. Also, in De Sabbata et al. (1992),
the photon magnetic moment induced by torsion background was estimated as
pgamma ~ 1070ug, where ug = (di/2mecc) is the Bohr magneton. In the
galactic magnetic field, Bgy ~ 10~% Gauss, this value of i~ implies an energy
of piy Bga ~ 10™% ergs. It is interesting that this is consistent with the minimum
operationally definable energy, Eni, in cosmology as given by the uncertainty
principle. As shown in Sivaram (1982),

Foin ~hH (8)
Hy is the Hubble constant, Hy ~ 1078 s—1). So if we insist that i~ must be
operationally definable, then this gives

kg

~ ~ 107 p. 9
fy Baa p 9)

For a pair of annihilation y-ray photons(£ ~ 0.5 MeV), in a neutron star magnetig
field (10'? Gauss), this implies a fractional energy change of AE/E ~ 102!
(Mossbauer techniques could detect AE/E ~ 107!% at present). A ., of this
order could also imply an additional energy loss of ~ 1037 ergs in a SN explosion
(as about N., ~ 10% photons are emitted in a tyical SN explosion, so F., ~
N,uB =~ 10%7 ergs). However this is only 10~!* of the blast energy which is
typically =~ 10°! ergs in a supernova explosion.
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A value of ., as given by Eq. (9) would also imply a polarisation flip rate
(or polarisation oscillation) in the interstellar magnetic field given by I' ~ p B /i
~ 10'8 s~1, implying a time scale ~ 1/Hy ~ 10'® s~1 for this process. We also
remark that a photon rest mass of the order of Ey,;, would also be implied by
Maxwell equations in a space of constant curvature i.e., the generally covariant
equations

—ALY + AV H 4+ REAY = 4nJH
in the Lorentz gauge A’, = 0 become
OA* + REAY = 4nJ*. (10)

For a space of constant curvature, i.e., a maximally symmetric space RY, = Agl
(and for pure radiation)

OA* + AA¥ = 0. (11)

This implies that
h .
my & VA, (12)

The limit A < 10737 cm™2 as implied by the observations, then gives m., < KH /c?
or m.,c> = 10™% erg, consistent with other estimates.

Acknowledgements

We thank CNPq. for financial support in carrying out work in Brasil. One of us
(C.S.) also thanks, Instituto de Fisica and Departamento de Fisica Teérica of the
Universidade do Rio de Janeiro for their kind hospitality.

References

De Sabbata, V. and Sivaram, C.: 1990, Int. J. Theor. Phys. 29, 1.

De Sabbata, V., Sivaram, C. and Garcia de Andrade, L.C.: 1992, Torsion, Gauge Invariant Electro-
dynamics and Some Consequences, Int. J. Theor. Phys., to appear.

Garcia de Andrade, L.C.: 1990, Nuovo Cim. 105B, 12.

Garcia de Andrade, L.C.: 1990, Gen. Rel. and Gravitation 22, 8.

Sivaram, C.: 1982, Amer. J. Phys. 50,279.

Sivaram, C.: 1989, Prog. Theor. Phys. 82, 215.

© Kluwer Academic Publishers * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1993Ap%26SS.201..121S

