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Abstract

The theory that gravitons lose energy thru gravitational redshift while travel-
ing against the force of a gravitational field is applied to spiral and dwarf galaxy
rotation curves. A new coupling function for the graviton redshift energy is
described which improves the predicting power of the theory. Fits are made
to the rotation curves of both high and low surface brightness galaxies. Fur-
thermore, for some of the galaxies, as a demonstration of the versatility of the
theory, it is shown how adjustments to the mass profile velocities can reduce
the error of the fit of the predicted to the observed rotation curve, thus giving
feedback to the observing process. The energy of the gravitational redshift of
gravitons is a viable candidate for dark matter in galaxies.
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1. Introduction

This paper describes a theory of gravitons acting in galaxies [1]. Assuming that
gravitons are the agents of interaction in a gravitational field, then our goal is to
describe how the gravitational redshift of gravitons caused by their traveling
against the force of gravity shows up as what has traditionally been labeled as dark
matter. We will show how the redshift of gravitons can explain this phenomenon
of dark matter using high precision data. Only baryonic mass is required. We as-
sume that gravitons are bosonic particles of zero rest mass which travel at constant
speed ¢ invacuum, where the speed of gravity ¢ equals the speed of light. The
mass m associated with the graviton redshift energy is due to Einstein’s mass to

energy relation, E=mc’, where E is the relativistic energy of the gravitons
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which travel at speed c¢. Here, we will address only the gravitational energy loss
(redshift energy) of the gravitons and not the full energy of the gravitons them-
selves.

Gravitons traveling in a gravitational field of a source baryonic mass M and
a test mass 2, modeled by the equivalence principle as an accelerating system,
should experience an average energy loss of 0& by gravitational redshift due to
motion against the force in that field, over a short time period &7 =8r/c , where
the acceleration @ ata point r in the field is given by a =-GM / 7’ . The en-
ergy loss is expressed differentially as,

52 = (m,c?) 2 = (m,c)ast = —[GMzmg ]é‘r, (1)
C r

where m g02 =mc’ / n is the average relativistically equivalent graviton mass en-
ergy, n is the number of gravitons, mc’ is equal to the test mass rest energy,
OV is the change in the free fall velocity of the system observed from an inertial
reference frame, G is Newton’s gravitational constant, M is the baryonic
mass of the field source, r is the distance between the center of the source and
the location of the moving gravitons, Jf is the short travel time of the gravitons
at speed ¢ over distance Or.

Reiterating, the gravitons deliver a force given by Newton’s law of gravitational
force and in the delivery of this force, the gravitons themselves lose energy as they
travel against the same gravitational force that they are delivering analogous to
the energy loss of photons traveling away from the surface of a star. We call this
effect of energy loss a gravitational redshift which means the average wavelength
A of the gravitons gets shifted towards the red end of the spectrum. It is com-

pletely consistent with General Relativity Theory [2].

2. Gravitons in Galaxies

Multiplying (1) by the number of gravitons » and integrating up to radial dis-
tance r we obtain the energy change of the gravitons A=, expressed propor-
tionally by,
v du r GM (U)
= = ) == 7
A_g(r)mjn5§—jo (nmgc ) o Iom( " du, 2)
where we substituted m = nm, in the final result. Equation (2) describes the
gravitational redshift of the energy of the gravitons as they travel from a lower,
more negative potential to a position r of higher, less negative potential and is
consistent with energy conservation.

Now, consider the energy of a small mass m in a circular orbit of radius r
in a galaxy of baryonic mass M, (r) interior to m . The gravitons which trav-
erse the distance at lightspeed from the interior mass to deliver the attractive force
to the orbiting mass will experience a decrease in energy as described by (2), which
is essentially a form of potential energy mg, () due to the redshift of the gravi-

tons, expressed by,
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0 u

mg (r) = AZ, (r) = -mK (r) I*(de% 3

where K (r) isacoupling factor. We hypothesize that the coupling factor K (r)

K(r)= k[%)ﬂ (AZ;—(F)J (@)

bgal

has the form,

where k and [ are coupling constants, 7, is the observed final radial posi-
tionand M, , =M, (r/) is the galaxy total baryonic mass.

We utilize the virial theorem for a gravitational system in equilibrium pos-
sessing kinetic energy KE and potential energy mg(r), where
KE =—(1/2)mg(r) , where the potential energy is the sum of the Newtonian po-
tential energy mg, (r)=-mGM,(r)/r and the potential energy mg, (r) due
to the graviton energy loss. Taking the graviton energy loss into account, using (3)
and (4), and the Newtonian potential energy, we express the total kinetic energy

of the orbiting mass m by,

1, 1
—my” = —Em(¢N (r)+¢g (r))

| -y ) L] ), ®

where v is the rotational velocity of the orbiting mass . Simplifying (5) we

obtain the expression for the orbital velocity,

v = g(r) =M. (©)

r

where the total potential ®(r) is defined by,
#(r)=9, (r)+¢g (r). (7)

and the mass function M (r) is defined by,

M(r)=M, (r){lw{%;l][%]ﬁ jg{M;—SL‘)]du]. (8)

The coupling constant & can be determined at the final radial position 7, and

final rotation velocity v, given by,

( 2 GMbgulJ
Vf i —
s

]

With the value obtained for & then the constant /£ can be determined by min-

imizing the error of the fit of the predicted rotation curve (6-8), Vv (r), to the

. 2
observed rotation curve, v, (7).
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3. Results

We use the velocities from the Spitzer Photometry and Accurate Rotation
Curves (SPARC) data base [3] [4], derived from near-infrared (NIR) surface
photometry at 3.6 um. We select the spiral galaxies NGC 2903, NGC 6503, NGC
7814, DDO 154, UGC A442 and NGC 6674. Only two galaxies have bulges (NGC
7814 and NGC 6674). From the photometric data which has been reduced to the
equivalent velocities for the galaxy bulge, disk and gas mass content, we calcu-
late the baryonic mass function M, (r) within radial distance r from the
galaxy center as due to a spherically symmetric distribution using the Newto-

nian relation,

wo-[3)

+ Ybul (

Veas (r)| Veas (r))+ Yok (
Voul (r)|vbul (’”))),

where r=r, k=12,--,N, N>1, N the number of radial distances ob-

Vs (r)|vdsk (’”))

(10)

served, and the absolute values of the velocities are needed because they can some-
times be negative ([4]: p. 5). To simplify the analysis, we set the mass to light ratios
for the disk and bulge equal, Y,, =Y, , =Y, . The rotation curve observed veloc-
ities and the mass profile velocities for the disk, bulge and gas are taken from [3].
To obtain a realistic baryonic mass profile M, (r) using (10), a pseudo model

M, (r) for the baryonic mass is utilized, which is taken in the form,

)
M )= G0 (s () .

where 7, (r) is defined by,

rb(r){ rf“ )]rbx(r), (12)

rbx rj'

where 1, is defined at the final rotation point (v_/.,rf) ,
GM,,,
o = (13)
vy —(GMbga,/rf)
and 7, (r) is defined,
GM, (r)

v (r)=(GM, (r)/r)

This definition ensures that the final value 7, (r/) =1, and that 7 (r) ap-

(14)

i (1) =

proaches 7, (r) astheiteration progresses. Thus, we iterateon Y, in (10) until
M,(r)=M, (r) isin close approximation. Using the SPARC results at radial
distance r for the gas, disk and bulge velocities for the galaxy, where the mass
internal to r is given by M, (r) of (10), we obtain the equivalent graviton en-
ergy loss using (3) and (4), where the graviton mass function

M, (r)=-PE,(r)(r/G), giving us the relation,
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Table 1. Results of fits to SPARC galaxy data for the galaxies shown using the graviton model (6-8) with total baryonic mass M,

wcorlEJ (G [) o

The predicted velocity (6) using (10) and (15) is expressed in the form,

(r)- G(M,(r,)+M,(r,))

J

; (16)

T

where j=12,--,N, N>1. For clarity, in (15) the logical expression term
( j> 1) equals 1if j isgreater than 1, and zero otherwise.

Table 1 shows data used for the galaxy fits. The baryonic mass for each galaxy
fit is the result of iterating on the mass to light ratio Y, in (10) until the final
Newtonian velocity due to the total baryonic mass closely equals the SPARC data
analysis result from the photometry. The relation of the fitted baryonic mass
M bgat O the Baryonic Tully-Fisher Relation (BTFR) mass for the galaxy [5] [6] is
given as a ratio, with M, = 50\)}‘» , where v, is simply the final measured ve-
locity of the galaxy (rather than a smooth average of the end of the rotation curve).

The distance to each galaxy in megaparsecs is also given.

bgal

from (10). The distance to each galaxy is shown, along with the final velocity v, and radial position 7, used in making the fits.

The total dark matter mass M, is shown, which is the total equivalent relativistic graviton redshift mass from (15).

Galaxy

NGC 2903
NGC 6503
NGC 7814
DDO 154
UGC A442
NGC 6674
NGC 3198

Mbga/
(M, x10")
3.989
1.093
5.2432
0.03643
0.04841
16.634

3.894

Distance Vs Ty My [ M, M
(Mpc) (km-s™!) (kpc) (M x 10')
6.6 180 24.96 0.76 14.705
6.26 115 235 1.25 6.129
14.4 214 19.53 0.500 15.547
4.04 45.5 5.92 1.700 0.249
4.35 56.5 6.33 0.950 0.421
51.2 242 72.41 0.970 81.946
13.8 149 44.08 1.580 18.902

We remark that there are two galaxies, UGC A442 and NGC 6674, which
have total galaxy baryonic masses M, , approximating the M, mass speci-
fied above, with a normalization of 50 and an exponent of 4, at 95% and 97%
respectively [5] and [6]. For the other four galaxies an exponent of 4.0001 pre-
dicts the determined baryonic masses. For the six galaxies overall we obtain a scat-
ter for thal/Mb{/i of 0=0.074dex which is within the intrinsic scatter of
0,, =0.11dex for the BTFR study in [6].

Table 2 gives the mass to light ratio Y, for the disk and bulge combined. The
coupling parameters k and [ are given. A positive value for [ implies a de-
pendence proportional to 1/r, while a negative value for f implies a depend-

ence proportional to 7. The fitting error is computed as the mean absolute error
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of the squared velocities, (FitErr)= \/(1/ N) Z;V:I ("v2 (;f/.)— vl (rf)

) . The aver-

age mass to light ratio for the 6 galaxies is (Y*> =0.528 M, /L, which is agree-
able with the realistic value 0.5 M / L, for galaxies found in [4].

Table 2. Results of fits to SPARC galaxy data using the graviton model (6-8). Y, is the
same for disk and bulge components. Also shown are the derived coupling constants &
and g for each galaxy. (FitErr) is the average of the absolute value of the differences of

the predicted and observed squared velocities.

Galaxy T, k Y (F itErr)
(Mo /L, ) (km/s)
NGC 2903 0.414 0.2785 0.009 47.643
NGC 6503 0.568 0.4905 0.136 22.315
NGC 7814 0.645 0.2123 -0.279 39.502
DDO 154 0.513 3.1309 1.201 5.561
UGC A442 0.430 1.7909 —-0.188 6.508
NGC 6674 0.598 0.318 -0.017 15.888
NGC 3198 0.400 0.8575 0.785 33.587

Figure 1 shows the galaxy rotation curves. The galaxies in the top row, NGC
2903, NGC 6503 and NGC 7814 have fits made with variations to mass to light
ratio Y,, coupling constant k& and coupling exponent [, but no adjust-
ments to the photometric mass definition. The galaxies in the bottom row have
fits made with variations to mass to light ratio Y,, coupling constant k& and
coupling exponent [ plus, as well, adjustments were made to the bulge and
gas velocities in the photometric definition (15). For the bottom row, galaxies
DDO 154 and UGC A442 have their gas velocities adjusted in the photometric
definition to make a better fit to their rotation curves. Galaxy NGC 6674 has
adjustments to both bulge and gas velocities of its photometric definition to im-
prove the fit.

In both top and bottom plots, using only the SPARC data, the solid magenta
line is for the disk and bulge velocity mass profiles. The solid green line is for the
gas velocity mass profile. The solid blue line is for the sum of the disk, bulge and
gas velocity mass profiles, which is the Newtonian velocity due to the baryonic
mass profile. The solid red line with open circles is for the graviton redshift (dark
matter) velocity. The simple solid red line is the sum of the Newtonian and grav-
iton redshift (dark matter) velocities. The dashed black line with open circles and
error bars is the SPARC velocity and error data values.

In the bottom plots, where we made adjustments to the SPARC data, the dashed
magenta line is the adjusted bulge (and disk) velocity mass profile. The dashed

green line is the adjusted gas velocity mass profile. The dashed red line with open
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circles is the graviton redshift (dark matter) velocity result due to the adjustments
to the mass profiles. The simple dashed red line is the sum of the Newtonian and
graviton redshift (dark matter) velocities result due to the adjustments to the mass
profiles.

4. Modeling a Galaxy by a Star Interior

We sketch how the GRST for galaxies can be treated similar to the interior of a
star defined in terms of General Relativity. In this section only, we set G=c=1
to simplify the equations. The metric tensor for a spherically symmetric system

in a coordinate system (t, r,0, ¢) is static (not dependent on time ¢ ) and defined,
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Figure 1. Fits with SPARC data, the masses M, (r) and M, (r) derived from (10) and (15), respectively, with velocity profiles

for gas, disk and bulge. In the top row, NGC 2903, NGC 6503 and NGC 7814 have no adjustments. In the bottom row, DDO 154,
UGCA442 and NGC6674 have adjustments to gas velocity and for NGC 6674 there is also adjustment to the disk velocity. In both
top and bottom plots, the solid magenta line is for the disk and bulge velocity mass profiles. The solid green line is for the gas velocity
mass profile. The solid blue line is for the sum of the disk, bulge and gas velocity mass profiles, which is the Newtonian velocity due
to the baryonic mass profile. The solid red line with open circles is for the graviton redshift (dark matter) velocity. The plain solid
red line is the sum of the Newtonian and graviton redshift (dark matter) velocities. The dashed black line with open circles and error
bars are the SPARC velocity and error data values. In the bottom plots the dashed magenta line is the adjusted bulge and disk velocity
mass profile, where only the bulge profile was adjusted. The dashed green line is the adjusted gas velocity mass profile. The dashed
red line with open circles is the result for the graviton redshift (dark matter) velocity due to the adjustments to the mass profiles.
The plain dashed red line is the sum of the Newtonian and graviton redshift (dark matter) velocities due to the adjustments to the
mass profiles.

ds® =—’%dr* + e dr’ +17d6” + 17 sin® (0)dg’, (17)

where © =@ (r) and A =A(r) arefunctionsof r only. Inside of a galaxy in
equillibrium, with an entropy €~ constant, with pressure p and density p
both non-zero, we assume that an equation of state exists such that the pressure is
a function of the density, p(r) = p( p(r)) . We substitute m (r) which is a
function of r only, for A(r) without loss of generality, by the form [7],

m(r):(gj(l_e—m, (18)

giving us upon inversion,

-1
S2A) (1 _2m_(r)J . (19)

7

We call m(r) the mass function rather than the energy mass. More specifi-
cally, m(r) represents the baryonic mass.
Consider the Einstein field equation G, =8n7,, , where ,u,ve(t,r, 9,¢) .
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The (0,0) and (r,r) components of the field equation are given by,

Gy, zrizew%[r(l—e_“)}:pem

1 onfy oay 2dD 5, (20)
G, :—r—ze (l—e )+7E=pe .
The G,, equation in (20) simplifies to,
%[r(l—e-“)] = or, (21)
Integrating (21) and using (18) for m(r) vyields,
=[d[r(1-¢?*)]= [ 4mrp(r)dr. (22)

Weget © (r) from the G, equation of (20). Solving for d®/dr gives,
do(r) m (r)+ 4nr’p

dar r(r—Zm(r)) ’

The equation of motion can be obtained from (17) by dividing it by dz’ / u,

(23)

where dr is the interval of proper time and g is the rest mass of the system
[8]. We have,

i :luzds_zz i _(ezq) ) dr* +(62A(r))£+r2ﬁ+r2 sin’ (9)% (24)

dz’ dz’ dz’ dz’ dr* )

For motion in the plane, assume @=m/2, df=0 so that sin(@)=1. Since
dt/dr =E/e*™) and dg/dr=L/r* ,where E istheenergyand L isthean-
gular momentum, we manipulate (24) to get the form,

QM) (eQ(D(r))(eZ/\(r)) dr? 2 (e2A(r))’

where the energy per unit mass £ = £/x and the angular momentum per unit

(25)

mass L=L/u.
Assume O (r) =-A(r)- Q(r) for some function Q(r). This implies that,
2(0(r)+A(r))=2(-A(r)-Q(r)+ A(r)) = 2Q(r). (26)
Substituting from (26) into (25) and rearranging it into the standard form yields,

dr’ 72 20(r) 1 r
F_Ee 0 7“ . (27)

Define ¢**") with reference to (3) and (4),
, ~ rf m\u
) =1+ (E HK(r)], (#]du (28)

where coupling function K(r T / r ( / m ) , where k& and S
are coupling constantsand m (rf ) is the total galaxy baryonic mass within radius

7, . With (28) substituted into (27) and substituting from (19) for ™) we ob-

tain,
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r r

RN U (R CR R

Equation (29) is equivalent to the GRST energy equation in (6) along with (8).
We obtain ®(r) fromthe G, equation of (20). Solving for dd/dr gives,

do(r) m(r)+4n’p  d
dr _r(r_zm(,,)l;__E(A(i’)+9(r)), (30)

where, using (19) and (28) we have for A (r) and Q(r) , respectively,

A(F) %h{WJ _ —%ln{l_ zmr(r)j’

(31)
1 -, ,
Q(r):Eln(1+(E )K(r)jo{m’ff)JduJ.
The pressure p can be obtained from (30) and (31),
p:_(p(r)]_[r(r—Zn:(r))Ji lln 1+(E’2)K(r)j(:(m(u)/u2)du )
3 4mr dr| 2 1—2m(r /r

where density p(r)=m(r)/(4n/3)r.
Beyond the boundary edge of the galaxy, r2>r,, where the density and pres-
sure p=p=0, the (0,0) and (r,r) components of the external metric ten-

sor g, ,, forthe galaxy are given by the Schwarzschild metric,

oM
gw,oo(r)Zl—Ta’Z’/’

oMY
gext,ll(r):(l__) r 2y,

(33)
.

where the total galaxy mass M of baryonic plus graviton redshift energy loss

(dark matter) is given by,

M =m(r)) ok jo"f[m(”)]du. (34

2
u

The dynamical equations are identical for the rotational motion beyond the
boundary r2r, for the internal and external velocities in the Newtonian ap-

proximation,

m(ff)”f"ﬁ? (m,fzu)jd”

v (r)= p =2, (r)=— (35)

5. Discussion

We look at a couple of dark matter papers and a paper on graviton detection. In
[9] is a quantum graviton-graviton interaction theory of gravity in which a poten-

tial is theoretically derived having the form,
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1 b

V(1) =-GM (1) L5l | 6)

r 2ma

where a=GMt where 7 1is a dimensionless proportionality constant, the
squared velocity parameter b= b, +b/GM/c*R +b, (GM / czR) ++++,where M
is the total galaxy mass, the b, are squared velocity constants with 5, =0 and

v, is an initial radial distance. Assuming R is large enough so that

JGM /R > (GM/CZR) , this implies that b~ bl\/GM/C2R . Then, equating (36)
with our potential in (6), and simplifying yields the relation for the dark matter

energy connecting both methods,

) [ o R .

nr
In Figure 2, we show a plot of the rotation curves for NGC 3198 which is also

analyzed in [9]. The curves have the same legends as for rotation curves shown in
Figure 1. The two extra light blue curves are for the quantum gravity velocity pre-
diction potential (36). The dashed light blue line is the graviton-graviton interac-
tion due to the second term in the potential (dark matter). The solid light blue line
is the predicted velocity of (36), which is the sum of the Newtonian and graviton-
graviton interaction velocities. The parameters for the fit are length 7 =0.006,
b =1500km’-s>, R=330GM,,, [’ where M, =389%4x10"M, is the
total baryonic mass of NGC 3198, r, =8 pc. Although the fit is not dramatic due
in part to the fact that the theoretical baryonic mass distribution in [9] is based on
an exponential density p(r)= Me " whilst the luminosity profile from SPARC
which we used to determine the mass distribution is likely not an exponential

bgal

function. This may explain the poor fit.

165 NGC 3198

Rotational Velocity (km s-1)

ﬂ 45 9 135 18 225 27 315 36 40.5 45
Distance from Center (kpc)

(a)
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o4
o
3

NGC 3198

Log ( (kpc3/ Mg) Density )

4.5 9 135 18 225 27 31.5 36 40.5 45
Distance from Center (kpc)

(b)

Figure 2. Fits with SPARC velocity data for NGC 3198, the masses M, (r) and M, ()

derived from (10) and (15), respectively, where in the top plot are the velocity profiles for
gas, disk and bulge and in the bottom plot are the mass densities () and p, (r) from

(40) and (41), respectively. In the top plot the solid magenta line is for the disk and bulge
mass velocity profiles. The solid green line is the gas mass velocity profile. The solid blue
line is the sum of the disk, bulge and gas velocity profiles which forms the Newtonian ve-
locity profile. The solid red line with open circles is the graviton redshift (dark matter)
velocity. The plain solid red line is the sum of Newtonian and graviton redshift velocities.
The dashed black line with open circles and error bars are the SPARC velocity and error
data values. The dashed light blue line is the dark matter velocity of the graviton-graviton
interaction theory, second term on right hand side of (36). The solid light blue line is the
total predicted rotation velocity for the graviton-graviton interaction theory (36).

In the paper [10], the study is made of the density of dark matter in the external
regions of the galaxy rotation curve, beyond the presumed critical radius 7, of
the baryonic particles. (However, in NGC 3198 the baryons likely extend through-
out the entire galaxy.) The basic equation that is used to determine the mass in
the galaxy is the following,
mn?(r)

G

Jor4ns2p (u)du = (38)

Taking a step back, since the rotation curve velocity is only one of the three
possible components, the radial component v, deduced from the measured ra-
dial velocity of the galaxy, its value should be multiplied by V3 to obtain a better
estimate of the true velocity. Taking the derivative of (38) with respect to 7, and

accounting for the multiple of J3 on v(r) , gives the expression,

%(J'Or4nu2p (u)du) =4nr’ p((r)= %[%J (39)

Therefore, the density in (39) is given by,

ol e

which is a multiple of 3 compared to ([10], Equation (5)) If we define a density

P (r) in terms of the mass function M (r) for the baryonic mass M, (r) and
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dark matter mass M, (r), M(r)=M,(r)+M,(r), then we have,
M, (r)+M,(r)

Pu(r)= (4n/3)r (1)

Figure 2 shows a plot of log(p(r)) and log(pm (r)) for galaxy NGC 3198,
which are in reasonable agreement. This supports our argument regarding the
factor /3 made above. Comparing with [10] we notice that multiplying the
density by 3, thatis 3p,, (r), makes the start of the log (pdm (r.=45 kpc)) ap-
proximately log(3)+3.3~3.8 on the log scale, where our starting value at 4.5
kpc is about 7.5 on the log scale. In summary, Table 1 and Table 2 show the pa-
rameters and fit values for NGC 3198.

In a third paper, it is theorized that if a large detector the size of the planet
Jupiter is placed in orbit near a neutron star under ideal conditions (no back-
ground noise sources), then only one graviton would be detected in 10 years [11].
By contrast, the massiveness of a galaxy may be what enables the detection of the
gravitons by the orbiting star or gas. Extrapolating linearly, the mass of a dwarf
galaxy is about 10° M, which equals about 10" Jupiters, which implies that 10"
gravitons can be detected per year or about 3 gravitons per second. Therefore, a
star or gas in a galactic orbit should be succeptible to the flux of gravitons from
the galaxy.

The energy of the gravitational redshift of gravitons fulfills all the requirements
attributed to dark matter: it does not radiate light and it does not interact by any

other means except thru gravity.

6. Conclusions

We have presented the graviton redshift theory (GRST) previously in [12] [13].
However, in the present form, the theory more strongly behaves as a function of
the baryonic mass alone, though not completely, while adhering to the design of
the SPARC photometric analysis of a constant mass to light ratio Y,, rather than
a mass to light ratio that varies with the radial distance r as was implemented in
our previous versions. Notably, there is still a dependence on the observed rota-
tion curve velocities in that the coupling constant & depends on the final veloc-
ity v,. Also, the coupling constant exponent [ depends on the minimum er-
ror of the entire predicted-to-observed galaxy rotation velocities, as was imple-
mented in this paper. In fact, only a single high quality data point on the velocity
curve is required to get a value for £ which makes a good fit, although we did
not use this method here.

What we have presented here could possibly be used as an observing tool to
gauge the outcome of the photometric observations of the stars in the disk and
bulge of a galaxy as well as the radio observations of the HI gas density of the
galaxy. We demonstrated in three out of the six galaxies presented above that a
better fit can be made by minor adjustments to the disk, bulge or gas mass profiles.
With the other three galaxies, no adjustments were made because the fits were

deemed reasonable.
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We believe that the GRST of dark matter in spiral and dwarf galaxies is a viable
candidate for the unseen dark matter required to obtain the observed galaxy rota-
tions. Since the gravitons make up the gravitational field, the graviton energy loss
makes the field more negative, requiring more kinetic energy to attain a stable
orbit. Gravitons themselves are already theorized by quantum gravity theories in
their many forms [14]-[16]. In here, we utilize not the individual quantum but
rather the bulk properties of gravitons just as is done for the cosmic microwave
background radiation in the cosmos, which is a bulk behaviour of light. The fact
that there is no generally acknowledged quantum theory of gravity does not pro-
hibit the analysis of its macro physical aspects.

Finally, we showed how the GRST for galaxies can be fully incorporated into
the general theory of relativity. This gives the GRST a greater measure of validity

in describing galaxy dynamics.

7. Data Availability
The author declares that the data supporting the findings of this study are availa-

ble within the paper, its supplementary information files, and from the SPARC
website http://astroweb.cwru.edu/SPARC/.
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