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It is pointed out that if gravitational interactions among ordinary bodies 

propagate in extra space-tilll(' dinJ('lIsions the' velocity of I!;ravitational waves 

in vacuum could be different from t.h(' speed of light c. 

PACS numbers: 04.50.+h; 04.30.Nk 

One of the main issues to be set by the detection programs of gravitational waves (like 

LIGO and VIRGO projects) is the vacuum velocity of gravitacional waves (c"), and also their 

polarization. In the context of general relativity this velocity is the same as the light velocity 

(c). For instance, if this velocity were found to be smaller than c it would imply, at first 

sight, that gravitons are massive. However, it has been shown, by Van Dam and Veltman [1], 

through the measurement of the perihelion movement of Mercury and the bending of a ray of 

light passing near the Sun, that there is a discrete difference between the zero-mass theories 

and the very small but non-zero mass theories. Hence, consjstency with the data imply that 

the graviton must be rigorously massless. I\s a consequence, if the measured velocity of the 

gravitational waves were different from the velocity of light, a problem would come out for 

theorists. 

In this work we shall put forward a non-orthodox idea: gravitolls are massless and 

although they are generated by ordinary matt.er, they propagate through a different. space

time (which we will call x·-world). In this world the sp('ed limit. in vacuulJI is ('", and it is, 

in principle, different from c, the speed limit in the .r-world. (·ollnect.ioll Iwtwecn both x

and x·-worlds is possible by assuming appropriate transformation propf'rtics for matter and 

radiation fields under an extended Lorentz symmetry [21. 

In order to implement this idea, let us assume that the Lorcllt.z symmetry of all eight

dimensional world is L 0 L· being Land L· Lorentz groups with different limit velocities 

c and c·, respectively. We denote x and x· the space-time which trallSfOl'l1l as (4,1) and 

(1,4) under L 0 L" respectively. Our own world is idellt.ific>d with the ;/,-world alld the 

transformation properties of all known spin 0,1/2,1 fields a)'(~  defined with J'('spcct to tIle L 

group but all of them transform as scalars under L*. From the point of view of quantum 

field theory, gravitation is caused by the exchange of a particle of spin-'2 [:1}. Then, the 

graviton is assumed to be described by a second rank syllHrwlric lc'nsor in tl)(' tvtinkowski 

space related with L" but it is a scalar lInd('l' L. 

The interaction between two IWI.t.erial objects (dl'nolcd by (/ and I») c(IlIsl'd II.v til(' ex

change of a graviton in the 801'11 approximation is [I} 
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where PlJovooo/30 is the usual graviton propagator [1,31 but now the propagation occurs in 

the x*-world. The traceless tensors T in Rq. (I) can be forllled with the scalar part (under 

L*) of fields with different transformation properties under L. 

The coupling constant 9 is fixed by the requirement that Eq. (1) coutains the Newton 

law for non-relativistic bodies. Usually the coupling with dimension of (massr2 is written 

as g2 -+ GN/lie. In our context, however, we have 

g2 -t g02 = p2 ~  ON = Ojf (2)c* hc - --;:;;. 

The dimensionless factor p2 appearing in Eq. (2) arises as follows. The interaction in 

Eq. (1) occurs in the x* world, i.e., the tensors 7;:~:0  are built with the uSllal fields which 

transform as scalars under L*. However, since we are interested in the gravitational effects 

observed in the x-world where we live, we can integrate over a finite volume of the x-world, so 

it is possible to calculate the dimensionless P. There is a factor F' in each vertex. Its value, 

in principle, depends on the process under consi(krCltion since t.ht' volume' of int.egra.tion ma.y 

differ from one process to another. Silllilarly, a fado .. :F will appeal' in the usual interactions 

among fields in the x-world. However, in this case we can integrate over the whole volume 

of the x*-world. Thus, in this ca.se :F = 1 and we obtain the usual int.eradion, say, between 

spin-l and photon fields. The int.era.ctions among gravitons arc the same as the usual ones 

but they happen only in the x*-world. 

When To represents a. fixed source, like the Still, oilly Too is non zero. If T b is associated 

with a massless particle the only rdevClnt part. of the propCl.gator gives [I] 

.2 Ta T b __
1 

.'.� (3)9 00 U0 1J2 -u 

We do not know the value of c*, however g* must. have a value consistent with the data 

concerning the bending of a ray passillg Ileal' the SUIl, or til(' perihelioll of the movement 

of Mercury. However, ollce we 1I<1\,(' adlllit.ed t.hal, (.* i= c W(' nUl d(,filll' a I\ew energy scale 

related to the Planck scale as 

Enew = JIiC*5 == ~ (~) ~ ~ 1019 (-;c*) ~ GeV. (4 )
GN Vo;; c 

A possible implication of our approach is related to olle of the lJIain problclllS of the 

standard cosmological model. This is the difficulty for hplaining the large-scale ulliforl11ity 

of the observed universe [4J. As information cannot propagate faster than a light signClI, in 

the standard cosmological model there is not enough time for this uniformity t.o be created 

by any physical process. This is usually called the h01'izon }J1'Oblf'1Il [.5,61· 

The most popular way to solve this problem is by considering thc inflationary lIIoclell4,71· 

Notwithstanding, in our context it is possible to solve this problC'nl if c* > c. by ('har~ing 

the gravitational waves for the transmission of the information through tI)(' 1II1ivC'rse. 

From the point of view of classical general relati"ity, t1w w('Clk gravitatiollal fidel equa

tions in the present context are 

Ox' oxohlJo"o(x,xO) = 167TGrf 1~,0,,0(.l:,:l·0),	 (5) 

where we have defined 

2 
oXO == 'V. 2 _� ~ 8 (6) 

co2 8t*2' 

being \7*2 the Laplacian opel!ator with derivatives with respect. to the J";'- spare coordinates, 

and o~  denoting the usual d'Alembertian wit.h rtc'spcct to Ihe .1' world spacf,-tinw coordi

nates; Get is the effective Newton collstant delJned in Eq. (2). 011 the other halld, the 

equation of motion of a Dirac fermion is 

(hI'· OJ' - me2t/J (oJ'o - m2c·'I)~'lj(.r,.rO)  =0,� (7) 

a and {3 are spinoI' indices in the J:-world. (We ha.ve assulIJed t.hat Ii is tll(' SClllle iu both 

worlds.) Similar modifica.tions will appea.l' in the case of other particles, scalar and vector 

ones. Although this formalism introduce form factors in all the known intern.etious it is not 

necessary to compactify the extra. dimensions as was also pointed Ollt in Her. [21· 

Thus, the right-haud side of Eq. (5) involves the scalCl,r part. of all fields, including the 

photon. Hence, since light is also affected only tllrough ils scalar part., t.hl' lilllilillg velocit.y 
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in Eq. (5) is, in general, different from the local physical velocity of light. So gravitational 

waves may have a vacuum velocity different from the velocity of light, Besides the case 

c· = c, both possibilities c* > c and c· < c are allowed in this context. From Eq. (2) 

Newton's law can be written as usual with Ce:. So, although it is possible that Ge: ::::: GN 

for all the situations considered lip to \lOW, obtaining the usual gravitational interactions, 

in our context it is also possible that Ge,j J can change with the space-time point. 

We would like to emphasize that although the gravitational interactions propagate 

through a different space-time they are capable of imparting momentum to the ordinary 

bodies. 
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