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Abstract

The lowest order mass for a KK graviton, as a non zero product of two
branes interacting via a situation similar to Steinhardt’s ekpyrotic
universe is obtained, as to an alternative to the present dogma
specifying that gravitons must be massless. The relative positions as to
the branes gives a dynamical picture as to how lowest order KK
gravitons could be affected by contraction and then subsequent
expansion. And the solution picked is for with a non zero lowest order
mass for a KK graviton permits modeling of gravitons via a dynamical
Casmir effect which we generalize using Durrer’s 2007 work. Anti-de-
Sitter braneworld.construction is what is used to model the Casmir
effect. This analysis is taken in AdS, geometry while assuming that

blue spectrum treatment of gravitons no longer holds.
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1 Introduction

We make use of work done by Ruser and Durrer [1] [2] which is
essentially a re do of the Steinhardt model of the ekpyrotic universe [2] [3].
With two branes. One of which is viewed to be stationary and the other is
moving toward and away from the stationary brane.

The construction used, largely based upon the Ruser and Durrer [1]
article makes used of a set of differential equations based on the Sturm
Liouville method which in the case of the order mass being zero have in usual
parlance a zero value to lowest order KK graviton mass [1].We will turn this
idea on its head by having a non zero graviton mass, zeroth order in the KK
construction as to show how graviton mass, lowest order is affected by a
Casmir plate treatment of graviton dynamics. As written, this is for
an AdS, system.

2 Setting up a Casmir effect for lowest order ‘massive’ KK gravitons.

What we will do is to examine via figure 1 from [1] below the dynamics
of the two branes with one stationary and the other moving, which influence a
analytical form solution of the lowest order graviton mass problem.
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Figure 1, from [1]



Using [1] what we find is that there are two branes on the AdS, space-time

so that with one moving and one stationary, we can look at figure 1 which is
part of the geometry used in the spatial decomposition of the differential
operator acting upon the h, Fourier modes of the h; operator [1] . As given

by [1], we have that
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Using [2] (and also [1]) the solution to (1) above takes the form of having

h,=H; =¢;-exp[i-®-t]-(m-y)*- A-J,(m-y) (2)

e; is a polarization tensor, and the function J,(my) is a 2" order Bessel

function [3] . A generalization offered by Durrer et al. [1], [2] leads to

h={exp[i-w-t]-(m-y)2-A-Jz(m-y)}'(“%(m'g)zj ©

With the factor of (1+%~(m~£)2] coming in due to a boundary condition

upon the wall of a brane put in, i.e. looking at [1]. With the right hand side of
(4) due to a domain wall tension of a brane.

~2:0,H, =57, >0 (4)

This will be in our example set as not equal to zero, in the right hand side, but
equal to an extremely small parameter, namely

O H| , =rsem =& ()
With this turned into

6yh‘y:yb ~ 5 (6)
The right hand side of (6) represents very small brane tension, which is
understandable. Then using [1],[2],[3] , i.e.

ayh‘y:yb - ay {eXp[ia)t] (my)° - A- J, (my)} (1—}_%' (m- K)zj

And
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The upshot is, that afterwards,
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Then, (9) is acting much as in [1], and [2], whereas, one is recovering a
simple numerical exercise as to obtain a suitable solution as given by (4) due
to [1] where the domain tension of the brane vanishes. The novelty as to this
approach given in (9) is to obtain a time dependent behavior of the mass of
the graviton, so affected by a numerical root finder, of which the author is
aware of several programs, which could perform the job. The point is that in a
root finder solution to (9) that one is directly getting a time variation of the
mass, m, as in (9) due to (5), and (6) which would have useful implications.

Note that in (9) according to the AdS, construction as in Figure 1 above, the y

co — ordinate will have time varying behavior. This is the genesis of the
remark made that in lieu of (10) collapsing (9) to the condition given in [1]
and [2], that having a non zero my expression, of which this is for a function

f(t) as a function of time implied by (9)

(my)=f(t)eoms= % (11)

Needless to say, (9) can only be solved for, numerically, i.e. fourth order
polynomial solutions for quartic equations still give over simplified dynamics,
especially if (11) holds, and makes things more complicated.



3 In particular the blue spectrum for (massless gravitons), no longer
holds, if gravitons have a slight mass with consequences for observational
astrophysics. If (9) holds, the spectrum for light mass gravitons has a
different character.

We refer to (5) and (9) as giving a non zero value of the zeroth order
mass of a graviton in KK theory, and then try to re focus upon the more
traditional 4 space definition of GW expansion in order to come up with

normal modes. To do this, look at the mode equation in 4 space and its
analogy to higher dimensions [1]. In 4 space, the mode equation reads as

Zk+[k2_g:|7(k~Zk+[k2_mcﬂ}(k=0 (12)

Usuallym, =0, but if it is not equal to zero, then the (12) equation has a

more subtle meaning. Consider from Ruser and Durrer [1] what (12) is turned
into, in a more general setting. It gets exotic, namely

qa,k,o +[k2 - m§:|qa,k,o + ;[Mﬂ,a - Ma,ﬂ]'q/x,k,- +Zﬂ:|:Ma,,B - Na,ﬂ:' ’ qﬂ,k,. =0 (13)

The obvious connection between the two (12) and (13) is that one will have if
a =0, then one observes

;[Mﬂ,aﬂ - Ma=0,ﬁ’] ’ qﬁ,k,- +;[Ma=0,ﬂ - Na:O,ﬂ]qﬁ,k,. =0 (14)

So, does one have, then, that we can ask if the coefficients in (14) are going to
be zero? i.e. can we say that

I:Mﬁ’O!:O - Ma:O,ﬂ} = |:Ma:0,ﬂ - Na:O,ﬂ] =0 (15)

For them to become zero, then we should note by Ruser and Durrer [1], that
by [6]



Moo My oMo M 05 Noso 5 N, , have been already derived in
detail in [6] . Furthermore matrix M is defined by brane motion and

N=M"M (16)

The claim we have is that if (9) holds, then (15), and (16) does not hold. We
claim that if (15) does not hold, one is observing conditions for which the blue
spectrum for massless gravitons cannot be true, if the initially massless zeroth
order KK gravitons becomes massive. In order to understand this though, we
should look at what an expert had to say about massive gravitons, h; and the

formation of h,. The main point we are emphasizing is that the determination

of mass so indicated by (9) above as a result of looking at (5) and (6) which
has a very semi classical flavor to it, is no more startling than the work shown
in [7] indicating how semi classical methods can indeed, retrieve what is
usually asumed to be a quantum result.

5 Conclusion, a necessary Review of Physics of linkage between

h,, h; and massive Gravitons
First of all, review the details of a massive graviton imprint upon hy,

and then we will review the linkage between that and certain limits upon h,

As read from Hinterbichler [8],if r =/xx , and we look at a mass induced h;
suppression factor put in of exp(—m-r), then if

M exp(—m-r)
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Here, we have that these h; values are solutions to the following equation,
as given by [8], [9], with D a dimensions value put in.

0.0
(2 -m*)h,, =_K.{Tw_ﬁ.(,,w_ QZV}'T} (20)

To understand the import of the above equations, set

M =10%.10% g =10"g oc 10* —10%eV 1)
M =1.22x10%eV

We should use the M ..o gaion ~107°€V value in (21) above.lf the
h; massive graviton values are understood, then we hope we can make sense

out of the general uncertainty relationship given by [10]

<(5gw)2 (T )2> > Vh: 22)

vol

In reviewing what was said about (22) we should keep in mind the
overall Fourier decomposition linkage between h,,h. which is written up as

o) |J

hy (t.x:k)= " jd3k > e*erh, (t,y;k) (23)
=+®

The bottom I|ne is that the simple de composition with a basis in two
polarization states, of +. ® will have to be amended and adjusted , if one is
looking at massive graviton states, and if we are going to have a coupling as
given by (6), 4 dimensional zeroth order mass massive graviton values, and
the input of information given in (17) to (21) as given by [ 1 ] Having a a
simple set of polarization states as given by + ® will have to be replaced,
mathematically by a different de composition structure, with the limit of
massive gravitons approaching zero reducing to the simpler +. ® basis states.

Acknowledgements

Thanks to Dr. Corda to suggesting that QM does not necessary be the
initial starting point of gravititational physics [11]. This work is supported in
part by National Nature Science Foundation of China grant No110752



References

[1] R. Durrer et.al., “Dynamical Casmir effect for gravitons in Bouncing
Braneworlds”, 20009,
http://theory.physics.unige.ch/~durrer/papers/casimir.pdf;

Earlier version
http://www.scribd.com/doc/79001898/Ruth-Durrer-and-Marcus-Ruser-The-
dynamical-Casimir-effect-in-braneworlds ;

Version put into PRD

Marcus Ruser, Ruth Durrer, “Dynamical Casimir effect for gravitons in
bouncing braneworlds”, http://arxiv.org/abs/0704.0790;
Phys.Rev.D76:104014,2007

[2] R. Durrer, “Branewords”, http://arxiv.org/pdf/hep-th/0507006v1.pdf

[3] Bessel functions and Hankel Functions: NIST: http://dImf.nist.gov/10.2
[4] J. Koury, P.J. Steinhardt,N. Turkok, PRL92, 031302(2004),hep-
th/0307132

[5] J. Koury, P.J. Steinhardt,N. Turkok, PRL91, 161301(2003),astro-
ph/0302012

[6] C.Cartier, Ru. Durrer, M. Ruser, PRD 72, 104018(2005),hep-th/0510155
[7] C.F. Monnin, and G.M. Prok, “Comparison of Gryzinski’s and Born’s
Approximation  for Inelastic scattering in  Atomic  Hydrogen”,
http://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/19650017671 196501767
1.pdf; M. Gryzinski, “Classical theory of Electronic and lonic Inelastic
Collisions”Phys Rev Vol. 115, no2, July 15, 1959, pp 374-383.
[8]K.Hinterbichler,  “Theoretical ~ Aspects of Massive Gravity”,
http://arxiv.org/abs/1105.3735.pdf

[9] http://web.mit.edu/redingtn/www/netadv/Xgravitati.html

[10] T.G.Downes,G.J.Milburn,“Optimal Quantum Estimation for Gravitation”,
http://xxx.lanl.gov/abs/1108.5220

[11]G. t” Hooft, “Quantum Mechanics as a dissipative deterministic system”
http://arxiv.org/PS_cache/gr-qc/pdf/9903/9903084v3.pdf




