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Abstract

Analogous to a black body, the empty space surrounding a massive body is
theoretically envisioned to radiate thermal gravitational energy in accordance
with Planck’s radiation law. Gravitational black-body radiation offers a re-
markably compelling solution to the deep, long-standing questions concern-
ing galaxy rotation curves and strong gravitational lensing by large astro-
physical systems, without the need to impose a dark matter or massive gravi-
ton hypothesis. As with the quantized orbits of the electron in the atom and
the classical physics of Maxwell’s theory of electromagnetism, gravitational
black-body radiation represents a truly profound break from the classical
physics of Einstein’s general theory of relativity and the emergence of the
fundamental quantum nature of gravity.
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1. Introduction

It is well known since the 1930s, that the observed rotational velocity of matter
and energy in the outer arms of flat spiral (disc) galaxies, such as our own Milky
Way galaxy, is greater than that predicted by the inverse square law of Newton’s
law of universal gravitation (1729). This mysterious phenomenon suggests, in
general, that the visible (Newtonian) mass of a flat spiral galaxy alone cannot be
the total source of the gravitational force holding a massive system of stars, pla-
nets, gas, and dust together.

Generally, a parcel of energy produces a gravitational field. Hypothetical
massless quanta of the gravitational field are called gravitons [1], and their
energy, such as photons, which are quanta of the electromagnetic field' generate

packets of coherent temporal oscillations within the Planck lattice [2] [3]. How-

'"The notion of light quanta was first conceived by Einstein in a paper where he proposed an expla-
nation for the photoelectric effect in 1905.
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ever, because gravitons are essentially particles of spacetime itself, then unlike
photons, gravitons not only travel at the speed of light but also oscillate along
with the internal oscillations of the Planck lattice. As is known from Maxwell’s
work on electromagnetism, a moving electric charge radiates electromagnetic
waves. Similarly, Einstein’s work on gravity showed that a moving gravitational
charge radiates a gravitational wave. Thus, we imagine an empty space near par-
cels (or distributions) of energy to be full of gravitons jiggling about, coupled to
localized standing waves of the Planck lattice. Suppose that each standing wave
mode of curved spacetime is coupled to a graviton that oscillates at the same
frequency as the standing wave. Each graviton has two degrees of freedom, one
for kinetic energy and one for potential energy, so it has an average energy of
kT according to the equipartition theorem. In thermal equilibrium, the average
oscillation energy of the graviton and the standing wave mode of curved space-
time must be the same for the two to be in thermal equilibrium. Hence, each
mode of oscillation of the gravitational field has an energy ;7" and can be con-
sidered as having a temperature 7, which is the basis of the Rayleigh-Jeans

theory (1900) for the spectral radiance of electromagnetic radiation.

2. Rotation Curves of Spiral Galaxies

As in the case of oscillating electrons in a material radiating electromagnetic
energy, we have oscillating gravitons radiating gravitational energy in a similar
manner. Because oscillating gravitons increase the energy of a gravitational field,
which increases the frequency of graviton oscillations, the resulting strength (or
energy) of any gravitational field should be infinite. However, this does not agree
with the observations. Therefore, we propose that the gravitational energy spec-
trum be discrete. In accordance with Planck’s (black-body) radiation law [4],
which has proven to be adequate thus far, we conjecture that for a given increase
in the curvature of spacetime, the oscillation frequency of the gravitons may in-
crease if the increase in the gravitational field energy is greater than or equal to
the fundamental unit of energy, as defined by the Planck-Einstein relation, for
that particular frequency. This assumption is essential to prevent the energy of
the gravitational field from becoming infinite.

Now, we proceed under the general assumption that the gravitational field of a
spiral galaxy consists of a familiar classical Newtonian component @, that in-
cludes all forms of matter and energy that are not made of spacetime, and a hy-
pothetical gravitational black-body radiation (GBR) component @, , which is
due to the (finite) energy of the oscillating gravitons of a Newtonian gravitation-
al field. The GBR component of the gravitational field is presumed to be vani-
shingly small, except in the case of large mass-energy” distributions such as ga-
laxies or clusters of galaxies. Therefore, in general, the gravitational field § of
an arbitrary energy distribution is defined by the following expression:

gEgN +ggr' (1)

’In accordance with relativity theory which has sufficiently established the equivalence of mass and
energy, we shall refer to mass as energy in this study.
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Let us assume that the radiation energy E, produced by the Newtonian gra-
vitational field of a spiral galaxy is equivalent to the difference in kinetic energy
between the observed (empirical) rotation speed and the Newtonian rotation

speed. Thus, we may write

1
By =Mge® =M, (v -Vh), )

where M = E/ ¢’ is the visible (Newtonian) relativistic mass of the system,
M, is the relativistic mass of the GBR, v is the observed rotational speed of the
galaxy, and Vy =,/GM /r is the rotational speed of the galaxy, as predicted
by Newton’s law of gravity for a spherical (symmetric) energy distribution. It

follows that the rotational velocity of the system is suitably determined by

4GM
V= %Jr_gf) (3)
r r,

S

where r is the radial distance from the center of rotation of the system,
r, =2GMN/ ¢’ is the Schwarzschild radius of the Newtonian gravitational
source, and Gis Newton’s universal gravitational constant.

From the equation for circular motion, we obtain an expression for the gravi-

tational field, as follows:

9 =75 ="> 4)

which gives

g:grr:__ +
r r I

S

oS0 fom, 1),

Hence, the Newtonian and GBR components of the gravitational field are, re-
spectively:
M 4GM
gN:—G “oand g, =- <. (6)

r? r.r

S

From the famous radiation law of Max Planck (1900), the relation for the spec-

tral density of an electromagnetic black body in thermal equilibrium is given by:

8rhc

T ) @

Sen (4)
Hence, with some foresight, we presume that, in general, the radial distribu-

tion of the GBR energy density of a spiral galaxy has the following form:

8n A
Ugr(r)z?m. (8)

The constant parameters A and B are to be determined such that the com-
puted rotation speed of the galaxy due to the energy density distribution of the
GBR, as prescribed by the relation above, equals the observed rotation speed of

the galaxy
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4GM
V= %Jr_gr, 9)
r r.

S

which corresponds to the expression developed earlier. The values of A and B
were computed for a few example galaxies and are listed in Table 1.

The GBR energy is related to the energy density by the following equation:

2
Ey =My C™ =U, ),

o> (10)

where V, =V, =W =V, (1-M/M,,) is the approximate volume of empty
(interstellar) space, as determined from the Newtonian (non-gravitational) energy

content® of the galaxy; ), =nr’t,, is the total volume of a disc with radius r

disc
and approximate average thickness t;, ,and M, =V’ r/ G is the total gravita-
tional energy of the system, as determined from the rotational speed v of the

system.

Table 1. Galaxy properties.

A B tisc

Galaxy
0)) (m*") (ly)
Milky Way 3.84E+52 4.35E+15 1004
NGC 3198 8.26E+51 4.06E+15 821
NGC 1560 1.33E+52 2.69E+15 379
NGC 2403 3.72E+51 3.94E+15 806

Note: The values for A and B were determined from observational rotation curve data pro-

vided in Refs. [5] [6]. The approximate average thickness of the galactic disc t is de-

disc
termined by scaling the thickness to diameter ratio of the Milky Way by the ratio of max-
imum angular speed of the Milky Way to the maximum angular speed of a given spiral ga-
laxy, that is, (tye./D)=(ty/D),,, (@w/®),,, > Where @=V /R and R=D/2 arethe

usual relations for angular speed and radius of a rotating object, respectively. This rela-
tionship suggests in general, that as the angular velocity of a rotating system increases, it
tends to spread out, which causes its thickness to diameter ratio to decrease.

From these relations, it immediately follows that

A)
mo=r o A (11)

gr 3/4
3 23 (eB/r —1)

Applying these theoretical considerations to the Milky Way, one can readily
observe that as the volume of space filled with GBR increases, the number of al-
lowed energy states increases as well, which increases the gravitational radiation
component of the interstellar gravitational field and subsequently causes the ro-

tation curve of the Milky Way to flatten®. Although this empirical result mani-

*For ease of evaluation, we shall not restrict generality by assuming that the energy distribution of
the systems under consideration are approximately uniform (homogeneous and isotropic).

*This mysterious phenomenon is part of the more general dark matter problem [7], which in prin-
ciple can be achieved in the framework of extended gravity [8].
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festly contradicts the “behavior” of the typical rotation curve as predicted by
Newton’s well-known classical theory of gravitation, it is in complete agreement
with the predictions of our nonclassical (Planckian) theory of gravity as pre-
sented here in this paper.

By differentiating U, (r) with respect to r; to find the location r, of the

maximum energy density, we obtain the following equation:

B _g/r¥4
r37=4(1—e B/ ) (12)

m

which can be iteratively solved. After a few iterations, we obtain the following
simple equation:

B
Once Bis determined from observational (rotation curve) data, it is straightfor-
ward to compute the location of the peak energy density of the GBR distribution.
We found that the peak energy density of the GBR of the Milky Way is approx-

imately 4.28 nJ/m’ and is located 3.72 kpc from the center of the galaxy, as illu-
strated in Figure 1.

260 |- 4 4 160 - 4 12
o = =
220 3 B ~ 120 09 2
— =~ E =
< 5 A o
= 180 ] 2= 80 406 =
S ; . Cl > 5
3 : )
g o L 11 10 | 4 03
100 L w w 0 0 Ly P Y
0 4 8 12 16 20 24 28 0 4 8§ 12 16 20 24 28 32
r (kpc) r (kpc)
80 L o012 150 0.60
-
z 60 4 0.09 g z 120 <4 045 Nf‘:\
E NGC 1560 : S g 0 - S
= -~ E & =
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0 | | | | | | | | 0.00 0 ! 1 1 1 1 0.00
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Figure 1. The rotation curves of four spiral galaxies calculated by assuming the gravitons
of the local Newtonian gravitational field oscillate and radiate thermal gravitational ener-
gy. The Newtonian rotation curve for light traces mass is shown by the dashed line, and
the rotation curve observed in the 21-cm line of neutral hydrogen is shown by the solid
line, which extends far beyond the bright galactic center. The squares lie along the theo-
retical rotation curve of the galaxy due to GBR, and the dotted (short dashed) curve is the

corresponding GBR energy density profile. The theoretical rotation speeds agree well with
the observational (experimental) data®.

>The plotted curves were generated from galaxy rotation curve data obtained from Refs. [5] [6] and
the computed galaxy properties listed in Table 1.
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3. Black-Body Temperature of Curved Spacetime

The GBR of a spiral galaxy consists of gravitational radiation in thermal equili-
brium with the interstellar gravitational field. When they are in thermal equili-
brium, the average rate of emission of radiation by the gravitational field equals
the average rate of absorption of gravitational radiation. At thermal equilibrium,
the temperature of the interstellar gravitational field is equal to the temperature of
the radiation, which consists of gravitationally charged gravitons oscillating in
phase along the local time coordinate axis of the corresponding unit cells of the
Planck lattice [3].

Hawking radiation (1974) is caused by the energy fluctuations of the quantum
vacuum near the event horizon of a black hole. In general, the oscillating gravi-
tons of GBR are harmonic temporal fluctuations of the Planck lattice near a mas-
sive body; therefore, let us suppose that the thermal equilibrium (black-body)
temperature 7 of the GBR and the gravitational field (curved spacetime) follows

from Hawking’s radiation formula:

hc hc®

T=T,= = ,
" 4mkgr,  8mk GA

(14)

where 7T}, is the Hawking temperature [9] and A is the equilibrium energy® of the
GBR for the mass distribution under consideration. It follows from Table 1, that
the blackbody temperature of the Milky Way’s gravitational field is 0.29 pK.

By equating the exponents in the denominators of equations S, (i) and

Uge (I’) for electromagnetic and gravitational blackbody radiation, respectively,

we obtain:
hc
- . 15
r¥ akgT (13
4
. s _(B4 . .
Since r° = = | the GBR energy density U, (r) may be written as
H
8nQ,, ,hc
ugr(ﬂ“)zngr (ﬂ)U (AJ‘H)=+ (16)

324 (M) -1)

= AA} /BAhC is the ra-
tio of the equilibrium energy density of the radiation to the kinetic or Hawking
/ 3% is the number

of states per unit volume, and the average energy per “mode” or “quantum” is

where A, =hc/k;T, is the Hawking wavelength, Q

gr,o

energy density of the oscillating gravitons, N (4)= 8nQ, ,
given by
hc

U(Z,4,) T

(17)
-1

where hv =hc/A is the energy of the quantum and (e’l“ /a —1) is the Bose-

Einstein distribution function, which provides the probability that a given energy

level will be occupied.

®Computed values of the A for several spiral galaxies are provided in Table 1.
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Figure 2. The spectral density of gravitational radiation emitted by the Milky Way galaxy.
The energy of the GBR emitted by the interstellar Newtonian gravitational field of the
Milky Way near Earth is estimated to be slightly over twenty trillion (~10") times smaller
than the lowest frequency (~300 GHz) of electromagnetic radiation emitted by the Sun,
which is approximately 750 times smaller than the lowest frequency (~10 Hz) that can be
detected by LIGO [10].

In general, the GBR spectral energy density, which is plotted in Figure 2 for
the Milky Way galaxy, has the form.
8nQy,, ,hc

Sq (1) = Py (A)U (4 4) Zm’ (18)

where p, (4)= |dngr /d/1| =8nQ, ,
length. Similar to electromagnetic black-body radiation, the total energy density

for GBR

/ A* is the density of states per unit wave-

Ug o = [ Sy (4)d2, (19)
is finite and proportional to the equilibrium energy density of the radiation
Ugrtot & Ugro = A/84 > (20)

which, according to the data provided in Table 1, gives us a value of 0.107 nJ/m’
for the equilibrium energy density of the GBR in the Milky way [11].

4. Interesting Theoretical Results

The distance R from the Earth to the Moon is approximately 3.84 x 10® m. The
computed energy density of the GBR that fills the empty space throughout the
Solar System is approximately® 2.63 nJ/m’. The strength of the gravitational field
produced by local interstellar GBR that slowly pulls the Moon toward the Earth
is approximately:

4GM_,  2M_c?
= ¥ 9 ~545x10"° m/s?,
rLeR MR

9

"The plotted curve and gravitational temperature of the Milky Way were derived from galaxy rotation

curve data obtained from Ref. [5] and the computed galaxy properties listed in Table 1.
8Estimated energy density is computed with rotation curve data for the Milky Way in Ref. [5].
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unggr
My == ~695kg,

_A4n

v ?R3 ~ 2.38x10% m®,

ar
M. =5.972x10* kg,
°c=3.00x10°m/s,

which is 13 orders of magnitude smaller than the Newtonian gravitational field
of Earth pulling on the Moon ~2.70 mm/s’. Here, M is the relativistic mass
of the gravitational radiation energy contained within a spherical volume cen-
tered on Earth with a radius equal to the distance between Earth and Moon. This
outcome confirms our earlier claim that the gravitational field generated by GBR
is indeed extremely small, except in the case of large astrophysical structures,
such as galaxies and clusters of galaxies.

At the edge of the Solar System, a distance of 143.7 billion kilometers' from
the Sun, where the gravitational force of our Sun fades, the additional increase in

the Sun’s gravitational acceleration due to local interstellar GBR is approximate:

2M_ ¢?
M—ng ~2.29x10™ m/s?,

o

|ggr|:

u, Vv
M_ = grzgr ~3.63x10" kg ,
c

ar

_A4rn

V, ?R3 ~1.24x10° m?,

or
M, =1.988x10* kg,

which is comparable in magnitude to the anomalous acceleration 8.74 x 107*°
m/s’ towards the Sun experienced by the Pioneer spacecraft [12] (launched in
1972 and 1973) as they moved beyond the orbit of Uranus (approximately 2.8
billion km from the Sun) on their way out of the Solar System.
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