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Abstract In this paper the author asks if DM and gravitons could also impact the cosmic acceleration of
the universe, leading to an increase of acceleration one billion years ago, in a manner usually attributed to
DE. Following Alves, et al. (2009) the author will high light what KK style gravitons, with a slightly
different mass profile could mean in terms of DM The consequences are from assuming that axions are

CDM, and KK gravitons are for WDM, then up to a point, Oy.rm-park_mater WOUlD dominate not only
structure formation in early universe formation , Further efforts in obtaining data for such suppositions
would lie in electro magnetic-graviton interactions contributing toward thgW(f) being appropriately
measured.
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Introduction

When at the 12 Marcell Grossman meeting, July 2009 17" | the author talked with Roszkowski, at the
Paris Observatory as to what would happen to DM if hot and cold DM models were mixed together.., Dr.
Roszkowsk stated there would be no structural changes which would occur in galaxy formation, if two
cold DM candidates would be partially mixed. .. For the sake of investigating Roszkowski’s research
views, the author decided to investigate the probability of DM as a KK graviton. Next, the author looked to
find a different setting for joint DM and DE models. Having settled upon looking at the KK graviton as a
dark matter candidate, which could influence different forms of galaxy formation, at or before red shift Z~
1.0 to 1.5, the author decided to find a higher dimensional setting to re duplicate what Marcio E. S. Alves et
al, (2009) accomplished in having a non zero graviton act in promoting a re acceleration of the universe,

the author is considering what happens if there is a tiny mass, Mg, o, o€ 10™® grams , as the first KK
mode, in contrast to the zero mass predicted as to the zeroth mode of the KK graviton.. l.e. a slight

I . . : _n 65
modification of the usual KK graviton mass equation m_ (Graviton) = I+1O grams, It so happens
that this red shift pre dates the Z~.55 point of inflection With the zeroth mode of the KK graviton , if with a
tiny mass, influencing DE type cosmological expansions.

How DM would be influenced by gravitons, in 4 dimensions

, This can be conflated with Marcio E. S. Alves, Oswaldo D. Miranda, Jose C. N. de Araujo’s results
arguing that non zero graviton mass may lead to acceleration of our present universe, in a manner usually
conflated with DE , i.e. their graviton mass



gq= Y 1)

. This leads to eqn.. (1) having increasingly positive acceleration values as would be definitely be given for

masses of m (4-Dim GR)~10* x10°eV ~10% grams for red shift values z ~.3 for eqn. (1)

graviton

just becoming > 0 to maximum values of (1) today, with Z =0, all at mass of the order of 10 e
grams. This increase of (1) then leads us to consider how to configure the Friedman equations if using and
for RS brane world values. As can be related to, if we wish to look at string theory versions of the FRW
equation , in FRW metrics, we can do the following decomposition ,
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Not only this, if looking at the brane theory Friedman equations as presented by / for Randall Sundrum
theory, it would be prudent working with
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For the purpose of Randall Sundrum brane worlds, eqn. (21) is differentiated with respect to d/dz', and
then terms from eqn. (20) Will be used, and put into a derivable equation version of q = _?_? . Note that
a

Roy Maartens has written as of 2004 that m_(Graviton) :E , withm, (Graviton) =0, and L as the

stated ‘dimensional value’ of higher dimensions. The value m, (Graviton) ~10~% —10-% gram in value
picked is very small, ALMOST zero.

Creating an analysis of how graviton mass, assuming branes, can
influence expansion of the universe

Following presenting of eqn. (1) above with 2 = C =1, so then when writing

g=Al+A2+ A3 (5)
Then, assume that the density has a small graviton mass component added in, as follows:
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So, then one can look at dp/d7 obtaining
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Here, use, (Ej: £_£+ P +ﬁ+i.p_ , and assume eqn. (28) covers p . Now, if
a “ a* (3M? 3 36 Mg

a* a
hi=c=1 and dA,/dz ~0,and,also, we neglect A, as of being not a major contributor.




With such assumptions put in,
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afterward, the following function should be used as a way of collecting terms
C 1 p?
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For what it is worth, use 1+z=a, /a . Assume also that C is the dark radiation term which in the brane
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version of the Friedman equation scales as @ and has no relationship to the speed of light. 4 js the value
of the scale factor in the present era, when red shift z =0, and a= a(z') in the past era, the following
representation of the density function, in terms of r ed shift should be acceptable. Furthermore , q(z) has the

following forms of de composition
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So, for 4 < 2 <0, i.e. not for the range, say Z ~ 1100 380 thousand years after the big bang, it would be
possible to model, here

q(z) = Al(z) + A2(z) + A3(z) (15)
And here are the results! Assume X is red shift, Z. q(X) is De - Celeration . Here we have a graph of
De celeration parameter due to small m oc 107 grams, with one additional dimension added
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Figure 1 : re duplication of basic results of Alves, et al. (2009), using their parameter values, with an additional term
of C for ‘Dark flow’ added, corresponding to one KK additional dimensions.Figure 1 suggest that additional
dimensions are permissible. It does not mean that the initial states of GW/ initial vaccum states have to
form due to either quantum or semi classical processes.

Unanswered questions, and suggestions for future research endeavors

First of all, what can researchers expect if KK gravitons exist, and exist in inter stellar space with axions ?

Cembranos, ; Feng, ; and Strigari. (2007) give a partial answer. It is not just the gamma ray spectrum which
may be altered. l.e. Boyarsky, Lesgourgues, Ruchayskiy and Viel (2009) have strict Baysian statistical
limits as to what sort of warm to cold dark matter mixes are allowed. One of their basic result, which is put

here, Pgaryons  Pcold-Dark—Matter + Pwarm-Dark-Mater T€FETr 10 density profiles, of the respective baryons,
CDM, and WDM candidates, whereas, the density fluctuations
Ogaryons » Ocold_DarkMatter » Owarm-_Dark_matter &€ With regards to the fluctuations of these density values. So

(5pj _ pBaryons 5Baryons + pCoId—Dark—Matter5Co|d—Dark—Matter + pWarm—Dark—Matter 5Warm—Dark—Matter (16)
1%

pBaryons + pCoId—Dark—Matter + pWarm—Dark—Matter

If axions are CDM, and KK gravitons are for WDM, then up to a point, O.im-park—matter WOUld dominate

Eqn. (40) in earlier times, ie. Up to Z~1000. However, Boyarsky, et al (2009) also stress that as of the
recent era, i.e. probably for Z~.55 to Z~0 today , they would expect to see the following limiting behavior

o Baryons — Ocom »

5WDM << 5CDM

In earlier times, what is put in, with regards to eqn. (17) would be probably far different . However, up in
the present era, the denominator of Eqn (16) would be dominated by KK DM, whereas there would be

roth equa“ty in the contributions pCoId—Dark—Matter5Cold—Dark—Matter1pWarm—Dark—Matter5Warm—Dark—Matter'
with the baryon contribution to the numerator being ignorable, due to how small baryon values would be
for Z~.55 to Z~0 today. Somehow, contributions as to eqn (40) should be compared with.
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where —.1<a <0.2, and @ =0< n, =1 and to first order, K = Ha . The values, typically of
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to avoid over production of black holes, a complex picture emerges. Furthermore, & < 0.2 and a # 0.
The following limits as of egn. (18) in early and later times should be reconciled with.

2
(5_/’} = (U2r) K -~ H7 c107-10°" (19)
Horizon

3 6 4 2
P =P, (&J _{ MyC ](3_4. 2a _lj where m ~ 10" grams, and o < 0.2 is usually picked

Yo
The above equation gives inter relationships between the time evolution of a pop up inflaton field ¢, and a

Hubble expansion parameter H , and a wave length parameter A = (27r/k)- a(t) for a mode given as o, .

What should be considered is the inter relation ship of eqn (19) and A< H ~in order to explain



deviations of galaxy formation from the standard ‘tree model’ of Z~2 to today in increasing complexity of
structure..

Conclusion
It is useful to note that normalized energy density of gravitational waves, as given by Michele Maggiore
(2008)
f=

Pov _ [ n Y
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Where N, is a frequency based count of gravitons per unit cell of phase space. In terms of early universe

nucleation, the choice of N, may or may not depend upon semi classical representations of the graviton.
What is to be brought up in consideration would be if there is a slight mass to the graviton, as given by

M yraviton ™ 107 grams, M photon ™ 10~°*grams, leading to a new numerical count per phase space to
consider
n, o n, [graviton]+ n, [photon] (21)

And also a weighted average of photon-graviton coupled frequency < f > so that
3.6 [ [graviton]+n, [photon] ] ( () )*
2 10% 1kHz

I

hiQ,,(f) (22)

The author believes that finding proper values of N, in experiment will go a long way toward proving egn

(21) and (22) above. The slight difference from zero for spin two gravitons, if due to semi classical
processes may not only give proof of eqn (20) and (22) above, but may give foundational clues as to how
gravitons formed in the first place, and the relative stability of their states as they move toward the
conditions reflected in figure 2 above. In future work, the author intends to present an inatanton-anti
instanton model for gravitons , and their relative stability which the author believes will be important not
only in confirming predictions given in figure 2, and eqn (22) but which will be important to the question
of if a graviton can actually carry information. The instanton — anti instanton coupling for gravitons would
have to fit in with appropriate space time metrics, as outlined by Belunski, and Verdaguer (2001), and may
confirm t’Hoofts (2006) treatment of quantum mechanics as being part of a larger theoretical construction
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