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Abstract 
 
We construct a relativistic theory in which time plays an active physical role in the 
cosmology and self-organized sustainability of the universe.  Our model, consistent with 
scale invariant quantum field theory, compels an absolute unit of time.  Results precisely 
account for current WMAP data. 

 
** 

Result 
 
Jacob Bekenstein and Avraham Mayo showed black holes to be a 1-dimension 
information channel, a sink. [1] This sets a bound on the rate of information absorption 
and entropy emission at the black hole 2-dimension surface.   
 
We propose that time is n dimensional continuous, n > 4, demonstrating as a consequence 
that complex hyperspatial increments of a 1-dimension information string are identical to 
real time increments of 3+1 spacetime measure.  Our conjecture is mathematically 
supported in complex analysis by imaginary time  [2] that translates to a positive real 
number in the Lebesgue measure classical domain, as a ratio of elapsed imaginary time 
between gravitating bodies (1). 
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The difference between t and t ' is calculated by the difference in escape velocities Ve
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(i.e., the measure of instantaneous speed) between two gravitating centers of mass (2). 
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where c is the speed of light constant, !t  is the interval in light seconds between points, 

and  vectors (!
"

,!
#

) represent asymmetric radii of observer spatial boundaries at antipodal 
centers of mass.  One finds that the difference in these boundaries is an interval of 
imaginary time, whose ratio between observers (1) is a real interval that differs slightly 
from the classically measured interval.  E.g., an observer on Earth with a (surface) escape 
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velocity 11.2 km/sec, relative to the moon, an average of 1.3 sec distant, escape velocity 
2.4 km/sec: 

11.2 ! 2.4

c
!1.3 = !1.29997  

The moon-Earth opposite vector results in a value of -1.30003, so that by (1 & 2), we find 

that !
"

= 0.9927,!
#

= 1.0073 .  Relative differences in imaginary values do not 
significantly change even when real differences in escape velocity are large, as between 
Earth and sun (surface Ve = 617.5 km/sec) and the !t term is large (about -500 sec)—

! = "500.00202,! ' = "499.99978 .  Then !
"

= 1.00000448,!
#

= 0.99999552 .  So we 

arrive at a quantum averaging of elapsed time that is nonzero —  !
"

+!

#

2

 = 1 light second 

in all cases of sufficient separation—and of course, that average rate will remain constant 
while vectors continuously vary within an elliptical orbit.   
 
We therefore propose a complex analog to Kepler’s “… equal areas in equal times …” 
classical law.  If a complex metric describes equal areas swept in imaginary time, then 
just as Kepler’s 2nd law derives from the conservation of angular momentum; i.e., as an 
elliptical trajectory drives orbital speed change in real time, the asymmetric relation of 
bodies exchanging energy in quantum increments in imaginary time forces classical real 
time momentum that can never be better than an averaging of quantum position-
momentum values at any range in a Lebesgue measure domain, based on instantaneous 
(quantum scale) measure—because the imaginary terms must be of the same parity (sign) 
and rationally related.  One realizes the universal attractive property of gravity in a non-
parity complex ratio: 

                                           
0 ! i"

0 + i" '
= (!t,!t ')                                                       (3) 

 
The negative real t result tells us that critical imaginary –t separation determines 
whether the physical 2-body behavior resembles a quantum microscale system or a 
classical system.  We thus characterize gravity as a universal negative feedback system.  
Consider a particle of no ponderable mass 1 light second from a black hole event 

horizon, Ve1 = 0,Ve2 = c .  
!

! '
=
0 + 2i

0 " 2i
= "1  .  Even a massive body of significant 

escape velocity and separation ! 1 light second favors the black hole center of mass by 
the same almost absolute negative unit.  A body the size of our sun, e.g.: 
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!

! '
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Then it is obvious that at separation less than relative unit distance, acceleration of the 
mass will—as general relativity predicts—appear negative to a distant observer as time 
compresses close to the event horizon until the point of light speed acceleration, and zero 
time (!t,!t ' = !1) , because the imaginary radial boundary is equal to the real spatial 
separation.  At separation ! 1 , the difference in the imaginary terms of ! /! 'will 
asymptotically approach 1 as time t! T —i.e., the trajectory will deform continuously 
into an ellipse whose circumference is less than 1, until the radial boundaries between 
observers are unequal to the time between the bodies.  E.g., even at t = !500sec the 

imaginary terms 
!500i

+499i
 render escape velocity insignificant, while at t = !2sec , the 

imaginary terms approximately 
!3i

i
 , escape velocity matters because the real valued  

ratio of imaginary radial boundaries (!3 ) is larger than the measured real spatial 
separation(!2 ) .  We find that imaginary time is not an exotic concept—a relativistic 
boundary still holds for t = 0 (quantum scale measure zero) and we already knew that—
the significant contribution of imaginary time to the mathematics of relativity is that at 
sufficient !t  separation between gravitating bodies, T ! 1as t! T demands 
instantaneous (i.e., nonlocal) communication even at the classical scale among 
gravitating particle-like bodies—i.e., imaginary time implies negative mass and quantum 
gravity.  A relativistic particle with positive energy and zero momentum (by 
E = m

2
c
4
+ p

2
c
2 ) possesses negative mass—exactly what one encounters at some 

continuously changing point between gravitating bodies, where quantum time averaging 
is +1.  Time literally “counts” beats of change in momentum from absolute point zero, at 
1 sec/sec, rectified, as we shall see, in the 1-dimensional Bekenstein-Mayo channel; in 
fact, one conjectures that motion would be impossible without this principle (Mach’s 
Principle) [3] of relativistic motion dependent on discrete gravitational relations from 
which Einstein derived his philosophical basis of general relativity.  [4] It is therefore 
necessarily true that gravity and electromagnetic strength are continuous to infinity 
because particle energies are discrete; i.e., quantum rules are demonstrably time 
dependent and scale invariant. The metric in imaginary time—as a ratio of imaginary 
vectors—has the real value +1 at the limit of Lebesgue measurability. (Fig. 1) 
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Figure 1. Quantum vector averaging in Earth-moon relation. 
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If we take the difference in vectors as the precise measure of uncertainty between particle 
position and particle momentum, we find that the values that differ relative to the 
orientation of the observer comport with the 2-slit experiment and with Bell’s inequality, 
in that there is no boundary between quantum and classical domains. [5] The domains are 
infinitely self-similar; i.e., imaginary time makes up the difference between an observed 
event and the asymmetric area that completes the unitary quantum event space.  For this 
reason, we find that imaginary time implies negative mass, in that continuous entropy 
increase in black hole thermodynamics increases black hole surface area to the limit of 
Hawking radiation.  As a result, our model answers why there is apparently an 
overwhelming preponderance (about 95%) of dark matter and energy over baryonic 
matter in the cosmos.  We shall see that as a self organized phenomenon, gravity’s 
wavefunction fills 3+1spacetime by negative feedback from n-dimension hyperspace 
( n > 4 ) with an overvalued quantity of energy whose excess is dissipated over n 
dimension manifolds to the limit of recursion, as the self avoiding time cycle 
asymptotically approaches length 1.  (In other words, just as the ratio of n arbitrary 
positive integers to n +1 approaches unity as n increases, n n +1 , proportion and 
recursion are also native to the real n-dimensional universe.)  What we see as “dark” 
energy, then, may be the horizon of one vast primordial black hole, with Hawking 
radiation temperature 2.7K, which would suggest that the universe has lost about 4.6% of 
its primordial mass by the Lebesgue measure in 3+1 spacetime, according to WMAP data 
(see summary).  Dark matter would be accounted as spent energy just outside the horizon. 
 
Method 
How does one determine length 1 in hyperspace?—in [6] we suggested the sum of 
cardinal points characteristic of discrete dimensions—up to non-redundant points of the 
Riemann tensor metric: 

                                       D
n

n=0

!

" = D
n#1

                                            (4) 

Every n-dimension cardinal subset !d  acquired by summation (fig. 2) exists modulo a 
1-dimension metric infinitely orientable to points of the 2-dimension complex plane. 

Dimension Cardinal Points            

� 

d= 0

4

! 23 

  
      0     1          
 
      1     2 +   =     
 

(1-sphere)  S1        2     4 +  =      
 
(2-sphere) S2        3     6 +    =     
 
(3-sphere) S3        4     10 +    = 
  
 
Figure 2. The continued sum of the sequence of cardinal points in dimensions 0-4. 

1 

3 
 
7 
 
13 

23 

23 
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Because the zero dimension point that seeds expansion of n-dimension subsets of cardinal 
points and recurs infinitely often in the history of n-dimension evolving space is a 
singularity, it can be treated only by complex analysis, where points are analyzed as lines.  
The summation (4) is 24-1.  We mean by that, that volume preserving is energy 
conserving, in that some recursive order, N-1, limits by negative feedback the length of 
time characteristic of a wave function to evolve unitarily, assuring observation consistent 
with event length 1 probability, i.e., quantum mechanical unitarity, ! ! = 1. Why 24?  
In a proposed article to InterJournal of Complex Systems [7] we show that if kissing 
numbers for n-dimension spheres form congruence subgroup modulo 12, then 3-space is 
order zero, !

N =0
, and the hyperspace threshold !

N =1
 (d=4) is the unitary 0 +1 spacetime, 

whose 4-dimensional kissing number is 24 and whose underlying 2-sphere manifold is an 
infinitely recurring singularity. (Table 1) 
 
             Table 1.  Maximal kissing number for n dimensions, indexed to 

� 

3(2
n
)  Order. 

Dimension 
Maximal kissing 

number k 
conjectured 12|k* 

!
N  (Table1) 

estimated range  
!

N   
actual & conjectured 

    
3 12  0 
4 24  1 
5 (48) > 1 < 2 2 
6 (72) > 2 < 3 2.5 
7 (132) > 3 < 4 3.375 
8 240  4.25 
9 (300) > 4 < 5 4.5625 
10 (504) > 5 < 6 5.3125 
11 (588) > 5 < 7 5.53125 
12 (840) > 6 < 7 6.09375 
13 (1140) > 6 < 7 6.484375 
14 (1584) > 7 < 8 7.03125 
15 (2568) > 7 < 8 7.671875 
16 (4320) > 8 < 9 8.40625 
17 (5352) > 8 < 9 8.7421875 
18 (7404) > 9 < 10 9.205078125 
19 (10692) > 9 < 10 9.740234375 
20 (17400) > 10 < 11 10.416015625 
21 (27720) > 11 < 12 11.127929688 
22 (49896) > 12 < 13 12.015136719 
23 (93156) > 12 < 13 12.895263672 
24 196560  13.999511719 

 
*Known kissing numbers are bold. [8] Conjectured numbers are in parentheses. 
 
The choice of congruence subgroup n mod 12 is not arbitrary.  Reference [7] provides a 
number-theoretic basis by which a self-limiting sequence of Sophie Germain prime 



6 

integers, subgroup n mod 12, sums to !
N =1

 and is topologically equivalent to the real 
projective plane, Euler characteristic ! = 1.   We find a precise correlation (table 2) 
between the sum of 4-dimension cardinal points, and 10-dimension order. 
 

Table 2. Sum of 

� 

3(2
n
)  Order in 10 dimensions. 

 

Dimension 
Maximal kissing 

number k 
conjectured 12|k 

  !N  (Table 1) 
estimated range 

!
N =1"10   
actual  

    
3 12  0 
4 24  1 
5 (48) > 1 < 2 2 
6 (72) > 2 < 3 2.5 
7 (132) > 3 < 4 3.375 
8 240  4.25 
9 (300) > 4 < 5 4.5625 

                10 
 

             

� 

23

d= 0

4

!  

 
 

              (504) 
 
 
 
(Sum of cardinal    
points.  See fig. 2) 

             > 5 < 6               5.3125 
            

              

� 

23

N= 0

10

!  

 

 
In summary, our result for n-dimensional analysis supports time-dependent, organic, 
analytical continuation of physical space with hyperspace. [6] Ultimately, this means that 
all physics is generated by the feedback effects of dimension self organization, 
communicated in nonlocal string vibrations on a cosmic supersymmetric string of n-
dimension projective Lebesgue measure length 1, originating in 10 dimensions. 
 
In [7], we show that when !

N =0
 has a slight value > 0  (0.0029), so that !

N =1
is 

overvalued to 1.0459, the subsequent order breaks down, so that the overvalue is paid for 
in dissipative energy over n dimensions.  Again, volume preserving is energy conserving.  
We show that this value is supported precisely by WMAP results. [9] The inflated value 
is not inserted by hand, but is derived mathematically by a result of [6].  Discussion 
follows. 
 
Discussion 
 
The derivation is  

(4 + i
2
)

4
=

3

4
 

 
                                              (5) 

! +
3

4
= 4.0076...
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We arrive at the root counting term of a well ordered sequence of hyperspheres, so that 
4.0076

n

 is the hyperspatial equivalent of 2n  in the underlying 2-sphere manifold 
3(2

n
),(n > 1) .  As we know, for n = 2 , !

N =0
, 12 spheres of 3 dimensions share 

boundaries (kissing number); however, n dimensional momentum demands a non-integral 
order > N for each dimension d.  (Table 3)  A static kissing number is not physical—
dimension d dynamically connected to n dimensional Hilbert space facilitates feedback to 
the 3+1 dimension domain.  
 

Table 3.  N Order 3(mn
),n > 1 , indexed to m = 4.00761805...  

d = Conjectured k=12|k 
(known k in boldface) 

  !N  (Table 1) 
estimated range 

 

!
N actual 

 
3 12 0 0.0229 
4 24 1 1.0459 
5 (48) > 1 < 2 1.9962 
6 (72) > 2 < 3 2.4943 
7 (132) > 3 < 4 3.3685 
8 240  4.2429 
9 (300) > 4 < 5 4.5536 

                 10 
 

              
 

              (504) 
 
 
 

            > 5 < 6               5.3038 

          23

N =0

10

! .0281           

Because manifolds exchange energy—trading energy for time—energy stored as rest 
mass is a by-product of n dimension self organization, which explains why baryonic 
matter is uniquely three dimensional: 
 
Because the infinitely recurring singularity in infinite dimension (Hilbert) space is a 2-
sphere manifold, matter is restricted to the boundary of the 2-sphere—which in an infinite 
dimensional context is a 1-point compactification of the 2-dimensional complex plane 
(Riemann sphere).  We count time as changes in intervals between mass points. 
 
Speaking colloquially, trading time for energy demands an absolute unit of time just as 
any monetary trade demands an absolute unit of currency.  The universe’s economy 
guarantees momentum at every price, with energy cost decreasing down the scale from 
large to micro—at 1 second/second—so that the measured outcome of every event is 
length 1 (quantum unitarity) regardless of the multiple or fraction of the absolute unit of 
time that rest mass surrenders in exchange for momentum.  (Once again, volume 
preserving is energy conserving.)  As in rational monetary trade, the rational universe 
also limits its expenditures to sustain its life.  The n-dimension universe collects interest 
from rest mass on energy given to expansion, but not to the absolute limit of c.  We find a 
contracted-matter limit at 10 dimensions of about 86.6% of c.  Allowing (4), the fraction 
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of length 1 traversed by the speed of light, we find that 86.6% is just about right to 
contract mass at the 10-dimension limit by about 1

2

 (we actually predict about 60% at the 

present stage of the universe’s history--see table 1)—in that particles that gain energy as 
t! T argues for an accelerating universe, as we know the actual case to be. [10] That 
energy dissipates into a 1-dimension channel of an n-dimension sink argues for an 
asymptotic approach to time {T} .  We can readily see by (1 & 2) that gravitating bodies 

never exceed unity (
!

! '
> 1) in but one direction, so if the approach to time {T}  is 

asymptotic, the average mass density of the universe is necessarily !
M
= 1 , on the exact 

boundary between an open and closed universe. 
 
 
 
 
 
 
 
 
 

Figure 3.  Length 1 = +3-2. 
 

That the 2-sphere manifold recurs as a complex point imparts gravity to the n-dimension 
kissing order.  The point, 1

2
± bi , symmetric about the complex plane axis, is the zeroth 

member of a well ordered set of hyperspheres exchanging energy continuously in a 
proportionate and recursive relationship.  We mean that 1

2
± bi  describes exactly the 

energy exchange between two centers of mass in three dimensions (fig. 3), measured as 
length 1. (The obvious implication of this result for the Riemann Hypothesis is discussed 
briefly in [6].) 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4.  The metastable universe in a nutshell. 

- bi +    1/2  1/2 

 

  NOW 
 3+1 dim 

  2.7K 

  2.7K 

  2.7K Hawking radiation 

10 dim metastable 
boundary 

Emission > 2.7K 
at 1 dim horizon, 
continuous to n-dim 
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The 10 dimension boundary is identical to the 4-dimension horizon, because as the 
universe ages, d = 4 is normalized; we can see (table 2), that the approach of the zeroth 
sphere ( d = 3 ) to a maximum 0.5 forcesd = 4 back to normal 1.0 (!

N =1
 ) and thus 

d ! 5 to the integral 2.0 !
N =2

.  This, because the universe’s elliptical circumference 
deforms to a value < 1.0  as the universe sheds energy and gains mass; the non-integral 

values return to the integral results of table 2, where 

� 

23

d= 0

4

! =

� 

23

N= 0

10

! . 

 
That the boundary extends to 10 dimensions argues for a relativistically long-lived 
universe (figure 4).  The universe conserves energy by accelerating.  We find 
correspondence between the limit of 10 dimensions, where mass contracts by about 
half—and our slow, non-relativistic domain, d = 4 , where mass is uncontracted; WMAP 
data confirms our projection.  A universe which borrows n-dimensional energy and 
repays in 1-dimensional interest is remarkably metastable.   
 
The upshot is that while time counts—in absolute increments, validating scale invariant 
quantum rules—the 10-dimensional limit of 86.6% speed of light guarantees plenty of 
reserve rest mass.  Returning to our Kepler analogy, we conjecture that even though the 
10-dimensional universe perhaps cannot avoid an elliptical catastrophe—in which the 
circumference deforms to the limit where there is not enough energy left for the 2-sphere 
singularity to sweep the entire area in a time equal to the area (the imaginary time radius 
real value is larger than the real time separation between any two centers of mass)—that 
epoch is a whole order of infinity further away than we previously thought.  And then, 
when the cycle completes, !

N =1
 of our four dimensions is integral (normalized), and the 

10-dimensional universe is massless—a blank canvas to be painted over once more.  This 
canvas, however, organized itself from pure space and time. 
 
It’s stunning and absolutely counterintuitive that the 3-dimension limit of 0.5 (!

N =0
) 

returns to zero infinitely often.  Such is the magic of complex functions, though, that 
holds us in its spell no less than it did G.F.B. Riemann. 
 

** 
Thanks to Yaneer Bar-Yam and the New England Complex Systems Institute, for 

inspiration and vision. 
** 
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