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t. Certain theories of alternative gravity propose �extra� s
alar andve
tor �elds in addition to the familiar tensor �eld from general relativity. Thesetheories are proposed with the aim of explaining large s
ale stru
ture of theuniverse without resorting to dark matter. I have treated some general s
alarand ve
tor �elds in a 
urved �xed spa
e time ba
kground. I have found fromthat su
h �elds 
ould be the sour
e of dark matter and energy. It seems that the�extra� ve
tor and s
alar �elds of theories like STVG and TeVeS 
ould in theorybe a sour
e of dark matter and dark energy.PACS numbers: 95.30.Cq, 04.62.+v,04.50.Kd



Dark matter 
reation. 2Introdu
tionCurrently the dark matter paradigm is set in opposition to the theories of alternativegravity. Theories like TeVeS due to Be
kenstein and STVG due to Mo�at modifygravity by way of �extra� s
alar and ve
tor �elds.[1, 2℄ In this paper I will 
onsiderthese �extra� �elds in 
urved spa
e time separate and apart from gravity. The only rolegravity will play is in setting the �xed, stati
, 
urved spa
e-time ba
kground. Whilein this theory the ve
tor and s
alar �elds will be able to intera
t with the 
urvaturethe 
urvature will not vary at all.For the sake of dis
ussion 
onsider a theory of a massive s
alar �eld, a massiveve
tor �eld, and ea
h �eld 
ouples dire
tly to the 
urvature s
alar. One Lagrangianfor su
h a theory would be.
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)Where the ve
tor �eld is as it is in STVG by Mofatt.[2℄

Bµν = ∂µψν − ∂νψµThe s
alar �eld is as it 
an be found in a dis
ussion of quantum �eld theory in
urved spa
e time by Caroll.[3℄Let us 
onsider the tree level Feynman diagrams whi
h would be asso
iated withthis theory.
The heavy dark line represents the 
oupling to 
urvature in both of thesediagrams. Mathemati
ally the s
alar diagram equals ..
iMscalar = (−ξ√−gR)
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−ip′.xFor the Ve
tor diagram..
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2
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√
−ggµν

(p−p′)2−µ2 ǫν(p′)What I noti
e is the leading geometri
 fa
tors in front of the expressions.
(−√−gR)

2 √−g This term or a power of it would lead ea
h Feynman diagram. Ea
hintera
tion would be weighted by a fa
tor whi
h depends on the 
urvature of spa
etime.That's all well and good. What does this mean? Suppose the 
urvature in e�e
tis that of the S
hwarzs
hild metri
.
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The determinant of this matrix is r4sin2(θ). The value of the 
urvature s
alar isknown to be RµνρσRµνρσ = R = 48G2M2

r6 . [3℄The geometri
 fa
tor is then
(
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Dark matter 
reation. 3(An i whi
h appears in the above will 
an
el out when a
tual amplitudes are
omputed.) What this shows is that the probability of a given intera
tion o

urringis dependent on radial distan
e and angle above the gala
ti
 plane. These two
oordinates are needed. The radial dependen
e is shown ni
ely in this log-log plot...
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What this means is that the probability 
ross se
tions for any imaginableintera
tion, s
attering, de
ay, or parti
le 
reation will be less at distan
e from thegalaxy. This means that any dark matter parti
les already existing would be lesslikely to de
ay at distan
e from a 
olle
tion of ordinary matter. This explains whydark matter parti
les would form roughly spheri
al halo's around galaxy's.Impli
ations for alternative gravity.What this analysis shows is that theories of alternative gravity 
an explain howgravity be
omes stronger at great distan
es from any apparent ordinary matter. Thes
alar and ve
tor �elds postulated by those theories 
reate and intera
t with newundis
overed massive parti
les asso
iated with those �elds. This implies that 
ontraryto popular belief among physi
ists dark matter and alternative gravity are not themutually ex
lusive explanations we have been lead to believe they are. In fa
t theyare 
omplimentary, the existen
e of new for
es implies the existen
e of new parti
lesand vi
e versa.[1℄ J D. Bekenstein, �Relativisti
 gravitation theory for the MOND paradigm�, Phys.Rev. D70 (2004)083509; Erratum-ibid. D71 (2005) 069901, arXiv:astro-ph/0403694v6[2℄ J. W. Mo�at,�S
alar-Tensor-Ve
tor Gravity Theory�,JCAP 0603 (2006) 004, arXiv:gr-q
/0506021v7[3℄ S. Caroll, �Spa
etime and Geometry: An Introdu
tion to General Relativity�,Published byAddison Wesley, 2003 ISBN 0805387323, 9780805387322 513 pages


