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Abstract:

The cosmic web is a filament like structure that connects galaxies. It has been imaged by
gravitational lensing and is thought to be composed mainly of dark matter since it is not visible
in the electromagnetic spectrum. There are computer simulations of the web showing that
galaxies are often nodes for multiple branches. View the simulations at
https://www.youtube.com/watch?v=ivymdduulFU. WMAP, PLANCK and other background
radiation anisotropy teams have concluded that dark matter is 5 times more prevalent than
normal matter. Scientists are trying to identify dark matter and the unexpected web like structure
adds to the list of cosmology unknowns.

This document proposes that dark matter consists of neutron waves or neutrons (wave/particle
duality) contained by a gravitational field. Dark matter density would be the same as normal
matter density but neutron waves might have a radius of only 1.53e-15 meters (the wavelength of
a neutron). This means it could be very elongated (e.g. 5e16 meters). It may coil into a small
volume unless stretched by gravity. The neutron/waves location in the long filament is
probabilistic but it contains 939 MeV/filament (1.675e-27 Kg). A diffuse structure and the
absence of electromagnetic features will make it difficult to detect. Originally dark and normal
matter is mixed and both fall into massive structures like galaxies over time. The residual dark
matter probably forms aligned filaments we see as the cosmic web. It would attract some normal
matter and be gravitationally stretched between galaxies. Dark matter has only gravitational
interactions. As it moves into galaxies it forms halos and explains anomalous galactic velocity
observations.

The author will present a re-analysis of the baryon/photon ratio (critical to residual deuterium
abundance data) and will review that WMAP data that lead scientists to conclude that dark
matter was 5 times more prevalent than normal matter. A detailed model from matter equality to
decoupling will be presented. The features of interest are the waves that cause temperature
variations in the background radiation. A model that predicts the temperature of the hot spots
will be presented. Based on re-analysis of limiting considerations it will be shown that half of all
matter is baryons and the other half is dark matter.



Most scientists use a time ratio to predict expansion; i.e. R=R0*(time/time0)"(2/3). The author
developed fundamental equations that allow expansion to be modeled with forces and energy.
Surprisingly, very little energy is required to produce late stage expansion of free protons. A
proposal for dark energy was proposed based on this understanding.

Gravity and Dark Matter

The following table shows the origin of the gravitational constant [6][12]. It uses a concept
called scaling to characterize gravity as the interaction between two masses, one being a neutron
which will later be identified as dark matter. The advantage of this approach is that it allows use
of important information found in neutron and proton mass models [ Appendix topic “Review of
proton and neutron mass models™]|[8][1][7][5].

GRAVITY

mass only
GRAVITY

neutron
Neutron Mass (mev) 939.565
Neutron Mass M (kg) 1.675E-27
Field Energy E (mev) 2.732
Kinetic Energy ke (mev) 10.140
Gamma (g)=M/(M+ke) 0.9893
Velocity Ratio v/C=(1-g*2)*0.5 0.1457
R (meters) =(HC/(2pi)/(E*E)*0.5 7.224E14
Inertial Force (F)=(M/g*V~2/R)*1/EXP(90) NT 3.627E-38

HC/(2pi)=1.97e-13 mev-m

Calculation of gravitational constant G
G=F*R"2/(Mn/g*Mn)=NT m*2/kg”2 6.6743E-11
Published by Partical Data Group (PDG) 6.6743E-11

The above table shows the mass of a neutron circling a radius defined by the field energy E=2.73
MeV. Gravity is inertial and 10.15 MeV gives the outer neutron orbital velocity 0.146 C. The
inertial force F is placed in the equation G=FR"2/(Mn/g*Mn) to calculate the gravitational
constant. The outer neutron (Mn/g) is free to decay into a proton and as the universe expands,
the radius expands starting from r=7.22e-14 for each cell [Appendix topic “cellular cosmology™].
But that does not define the situation of the neutron (Mn) in the center of the circle. It is
confined by the field energy E=2.73 MeV because it has no kinetic energy to break the force
barrier F=E/R. Even if could attain the speed of the circling neutron (or proton) it would only
have 3.6e-38 NT force. The barrier is larger and contains the neutron.



F=E/R
2.73/1.32e15*1.6e-13/exp(90)
2.54201E-37 nt

Neutrons in nature are often kept from decaying [15]. It occurs in every atom and neutron stars
exist. Stability is described by the Boltzmann equation:

N/P=(1/EXP(1.293/(-2.73)))
N/P=1.6

With 1.293 MeV being the barrier energy, the neutron is more likely to be a neutron then a
proton due to E=2.73 MeV.

But of course due to particle wave duality a neutron could also be a wave. As a wave, it has this
wavelength:

E=hv
E=h C/L
L=h C/E
1.32051E-15 meters

h is Heisenberg’s constant, C is light speed and E is 939 MeV.

If the contained neutron/wave exists among normal matter there is no reason that its density
would be different. At radiation-matter equality the total density is 2.68e-14 kg/m”"3. Assuming
the shape is cylindrical, the length of the filament would be:

vol=pi r"2 L

vol=m/dens

m/dens=pi "2 L

L=m/dens/(pi r"2)
1.17E+16 meters

This filament has mass and like all mass is subject to gravity. I suspect that it would attract itself
and coil into a ball. If so its overall radius for each neutron would be 2.46¢-5 meters (the same
radius occupied by normal matter at that density assuming a spherical shape).

r=(m/dens/(4/3pi))".333
2.46E-05 meters

Mass accumulation

The following calculations are to demonstrate how dark matter might form a filament like
structure we observe as the cosmic web. Originally a plasma exists and photon mass exceeds
matter mass [10]. Density decreases during expansion. Photon density is a function of
temperature and expansion reduces the temperature. At 14000 years after the beginning, the



proton mass and photon mass are equivalent, a condition known as equality. After equality
matter starts to form central mass structures. Equality is the condition where waves are able to
exist in the baryon-photon fluid [10]. Wave densification may present initiation points for mass
accumulation. The following model will be used to analyze accumulation. In the beginning
most of the mass is in the web and dark and normal matter (D+N) are mixed.

start fraction in web
final fraction in web
0.001 0.9] D+N mass node

0.999 0.1 D+N mass web

Once mass starts to fall toward a central mass the following equations apply (my spreadsheet
fallmodelshape.xls):

Vfall=((6.67e-11*1.67E-27*Mnode/(0.5*Rfall)"2)*(0.5*Rfall)/1.67E-27)"0.5
Rfall=Ru*(Mnode/2.48E+51)"(1/3)
Fcentral=6.67e-11*(Mnode)*(Mweb)/Rfall*2 NT

a=Fcentral/Mweb m/sec”2

travel time=(2*Rfall/a)"0.5/365/24/60/60 hours

length change=((delta time)/365/24/60/60)/travel time*web length

mass moved to node=length change*PI()*Rweb”"2*densweb

The fraction of mass (D+N) in the web will decrease as matter gravitates toward the node. Here
are the results as a function of time:
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The chart shows that the node does not increase its mass significantly until approximately 1e7
years. Accumulation is mainly into orbits but black holes, stars, etc. also form. It is near this
time that astronomers start to note evidence of accumulation (spheroids of galaxies, quasars, iron
spectrums, etc.).

The following chart is for a galaxy at the present time.

4 46E+41 Tot Mass
2.20161E+22 Rfall

9.00E-27 tot density kg/m"3

2.0503E+25 F=PA=A*5778.6*DwW*T nt/m"2

6.982E+30 F confinig=E/r

4.45725E+40 Mass web D+L

6.81945E+18 Radius web
1.54E+06 branches
4.01E+41 mass node D+L
3.39E+28 web length
1.00E-01 fraction in web
4.04E+25 U radius
1.11E+22 Orbit R
9.79E+04 V m/sec

The accumulation was assumed to be 90% in the nodes and 10% in the web for the chart above.
The web radius is given by Nweb”.5%1.32e-15 meters where Nweb=mass web/1.67e-27 Kg. The
web extends between galaxies, pulled by gravity into a straight filament and aligned with other
dark matter. The chart gives Rweb=6.8e¢18 meters and the web length=3.4e28 meters. This
gives plenty of length to include branching. The cosmic web is the residual mass that has not
accumulated into massive nodes (10% in the example). Since it has gravitational attraction
associated with its mass (and perhaps the field associated with energy 2.73 MeV), it would
attract some normal matter. Apparently it has enough effect to create voids in the cosmos where
very little matter exists. The calculations above show the containment force on the neutron wave
compared with the pressure force exerted by particles with density and temperature. The
containment force exceeds the pressure force.

The remaining predictions in the example above are for the node (a galaxy with dark and normal
matter in this case). This galaxy consists of dark and normal matter with a fall velocity (moving
toward orbit) of 9.8e4 m/sec. It establishes an orbital radius of 1.1e22 meters. A similar
example for the mass of a cluster is included in the appendix.



Limitations on baryon fraction
There are several considerations limiting baryon fraction of critical density. Each will be
addressed.

Residual deuterium

Firstly, residual deuterium is fairly constant throughout nature [10]. It is thought to be formed
along with Helium4 shortly after the beginning. The important value is the ratio of photons to
baryons [20].

Constructing the expansion radius

There is uncertainty in current literature regarding the initial radius of the universe. Some say it
was a point and an exponential expansion known as inflation quickly increased the radius.
WMAP [4] indicates that they use an expansion radius consisting of two parts. The model is
known as the lambda cold dark matter model and also described in literature as FLWR or the
concordance model. Lambda stands for the famous Einstein constant and is related to the
concept of dark energy.

We will construct the expansion curve starting at the current radius and work backwards in time
to minimize uncertainty. To know the current radius, we must know the number of neutrons in
nature. Based on probabilities for the neutron components a calculation for the number of
neutrons can be performed. [Appendix topic entitled “The number of neutrons in nature”]. At
the current time the density is 9.14e-27 kg/m”3. The volume that would contain
exp(180)*1.67e-27 Kg=2.48e51 Kg is 2.48e51/9.14e-27=2.72¢77 m"3. Assuming a sphere, the
current radius is 4.02e25 meters. This includes both expansion components. The first expansion
component is scalable with time ratios if we take out the controversial second component.
According to the concordance model, the second component is approximately 7e24 meters and
we will remove this (and later replace it with another component we identify as dark energy). We
will use radius 3.14e25 meters as the current radius with dark energy removed.

The plasma dissipates at decoupling and from decoupling radius (Rd) to the present time the
expansion is determined by R=Rd*(time/timed)"(2/3). Time (d) at decoupling was 3.19¢13
seconds and time now is 3.79e17 seconds. Rd=3.14e25/(3.94e17/3.19¢13)"(2/3)=3.06e22
meters. (Note: don’t worry too much about the times quoted. The radius is related to a time ratio
and there will be more on this later).

Again working backward we construct the earlier part of the curve from Rd back to Rh, the point
where primordial He formed. This is predicted by the SAHA value 1 for deuterium which
occurs at 8e8 K. There is agreement that after inflation, plasma exists and expansion is radiation
dominated [21]. The physics of radiation driven expansion is a function of time to the 0.5 power
[10]. Thatis, Rh=3.06€22/(3.19¢13/549)"0.5=2.07¢17 meters. He4 forms right after the
temperature falls to 8e8 K and increases the temperature to 1e9 K [Appendix topic “Details of



primordial nucleosynthesis]. Calculation of baryon density depends on radius, especially the
radius when residual deuterium formed.

Radius and temperature history from beginning to He4 fusion

To complete the expansion history, we must start from the beginning and calculate the radius
increase from RO to Rh where He4 forms. We find values in the proton mass model that give the
starting radius. It is related to values from the proton mass model, specifically E=2.732 MeV in
the equations below. R0=7.22e-14*exp(60)=8.25¢12 meters (the value exp(60) is to scale one
cell radius to full radius assuming exp(180) neutrons and three dimensions).

Identify the radius and time for the gravitational orbit described above
Fundamental radius=1.93e-13/(2.732*2 732y* 5=7.224e-14 meters
Fundamental time=7.224e-14*2*P1(¥ (3e8)-h/E=4.13e-21/2.732

Fundamental time 1.514E-21 seconds
CALCULATION OF PROTON MASS Mass and Kinetic Energy Field Energies
mass Energy strong field Energy Mass Difference Strong residual Neutrinos Expansion Strong & E Gravitatior
ke MeV gravfield MeV MeV MeV MeV MeV MeV field energ Energy
15.432 101.947 17432 753291 101.95 641.38 -753.29
12.432 5.076 10.432 0.687 -0.69
13.432 13.797 15.432 101.947 13.80 78.69 -101.95
12.432 5.076 10.432 0.687 -0.69
13.432 13.797 15.432 101.947 13.80 78.69 -101.95
12.432 5.076 10.432 0.687 10.151 expansion -0.69
-0.296 -2.72E-05 10.15 10.151 expansion ke
equal and opposite charge 0 v neutrino m
-10.333 0 -10333 0 0 -0.67 0.67 v neutrino  0.00E+00
10.408 0.67 10.408 0.67 0.67 t neutrino -0.62 -0.67
the electron separates here 129.54  798.58) 938.272014|PROTON MASS
10.136 0.511 10.333 0.622 0.511 0.111 0.622 Electron + ke 0.000
0.197 2. 47E-05 0.296 2.72E-05 ELECTRON 7.40E-05 e neutrino ke
90 sum 90 sum 1342 20303 -957.807 -2.732
Total m+kiTotal fields
Total posil Total negative
960.535 -960.539 0

The proton model above has been described many times [6][9][12]. Also, see appendix topic
“Review of the proton and neutron mass models”. It gives the energy required to expand the
radius (10.15 MeV labeled above as expansion kinetic energy (ke). During this period direct
expansion with time; i.e. R=R0*(time/time0)"1 works perfectly. I use a time scale that starts at
the natural log value 45. The time I call cosmological time is exactly one time around the circle
7.22e-14 meters at velocity C. Cosmological time equals 2*pi*7.22e-14/3e8=1.51e-21 seconds.
TimeO=exp(45)*1.51e-21=0.059 seconds. The time scale is constructed by adding small



constant increments to 45. This defines the expansion curve from the beginning R0=8.25¢e12 to
Rh=5.82e16 meters. Here is the relationship between radius and time:

Radius from 8.25e12 m

9.00E+16
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But to be accurate it must match the curve at Rh (helium production) that was constructed
backwards from the present time. The curve before and after Rh is shown below:

First part of expansion
1.00E+18
1.00E+16 —
1.00E+14 4/
/
E L aTatmr Fal
@ SR Expansion from 8e12
-] 1.00E+08 meters
=
1.00E+06 continuation of
1.00E+04 - (t/to)r.5
1.00E+02 -
T 1.00E+00 T 1
0.010 1.000 100.000 10000.000
Time-seconds

The proton mass model has a value 10.15 MeV associated with expansion Kinetic Energy. The
following chart shows the kinetic energy being converted to potential energy as a function of
time.
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All the criteria are met using information from the proton model (amazing, right?). The curve
constructed from these three periods is shown below:

Expansion all Stages
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Constructing the temperature history from He4 fusion to present
If we are to calculate an accurate baryon/photon ratio, we need the temperature history earlier
than the present values 2.725K and 4.02e25 meters. Important values can be calculated at Rh



where primordial helium4 forms. The temperature throughout the entire curve from that point to
the end is due to heat addition from primordial fusion to He4. Helum4 formation [11] occurs
when the SAHA equation for deuterium indicates that its probability is one. This is known to
occur at 8e8K but the exact radius where this temperature occurs is critical. The SAHA equation
is unity at 373 seconds and 5.82e16 meters radius. Details are included in the appendix topic
entitled “Details of primordial nucleosynthesis”. We can calculate the fusion energy added at
that point. The value 0.25 in the figure below represents the fraction of normal matter fused to
He4 and the value 4 represents the number of nucleons required to form He4 atoms. The value
7.07 MeV is He4 binding energy [3].

Binding Energy
MeV Number dg MeV
7.07 4.65E+76 3.29E+77 He4 binding energy*0.5*exp(180)*.25/4
0.11 7.45E+77 8.19E+76 Energy remaining from 10.15 MeV initial energy
4.11E+77 sum dq MeV
0.552 MeV/proton

In addition to fusion energy there is a small amount of energy still available from the original
10.15 MeV. Kinetic energy 10.04 MeV was converted into potential energy to expand the initial
radius and only 0.11 MeV remains at 2e17 meters.

http://descanso.jpl.nasa.gov/SciTechBook/series1/Goebel 03 Chap3_plasphys.pdf

There are four components to the plasma; protons, dark matter, photons and free electrons (and
massless neutrinos). An equation is found in the above reference for the energy of three
components. The table below is for 1.06e9 K:

8.47E+15 1.25E+16 1.83E+16 2.69E+16 3.96E+16 5.82E+16 2.07E+17 2.51E+17 3.05E+17 3.70E+17
1.7703E+10 1.4326E+10 1.0948E+10 7.5707E+09 4.1932E+09 8.1559E+08 1.0599E+09 3.2159E+08 2.6524E+08 2.1876E+08

T(K) 1.06E+09 938.27 1.67012E-27 v=(8KT/mpi)".€ Protons 1.16E-01 9.59E-02 7.91E-02 6.52E-02
938.27 1.67012E-27 Dark matter 9.59E-02 7.91E-02 6.52E-02

T(K) 1.06E+09 938.27 1.67012E-27 KE=T*1.5B Photons 1.37E-01 4.16E-02 3.43E-02 2.83E-02
T(K) 1.06E+09 0.511  9.0958E-31 v=(8KT/mpi)".€ Electrons 1.16E-01 9.59E-02 7.91E-02 6.52E-02
1 0.399, 0.399 Tphotons at present (K) ————»  2.57

The total energy for the plasma components compares with the He4 energy release above (0.551
MeV/proton). The temperature 1.06e9K is one temperature we need to define the temperature
curve and 2.725K is the other temperature. Dark matter saps 0.116 MeV from the total at
2.07e17 meters and continues to take smaller amounts as expansion progresses. As expansion
occurs the temperature falls as Rh/R and yields 2.73 K at the end. Photon KE (MeV) determines
the temperature (T=KE/(1.5B) where B is Boltzmann’s constant 8.6e-11 MeV/K. The curve is
interesting.


http://descanso.jpl.nasa.gov/SciTechBook/series1/Goebel_03_Chap3_plasphys.pdf
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The beginning temperature (3.92¢10 K at 10.15 MeV) starts to fall and dives when the kinetic
energy is nearly depleted. When the temperature hits 8e8 K the SAHA equation for deuterium
initiates He4 fusion. This causes a spike in temperature to 1.06e9 K but then continues to fall
according to Rh/R. The break in the curve at 3e13 seconds is decoupling where expansion
follows a 2/3 power rather than the earlier 2 power.

Temperature spike from He4 fusion

The temperature history decreases initially but as He4 fusion occurs, the temperature increases
before finally decreasing to the Cosmic Background Temperature (CBR) due to expansion. The
temperature spike caused by the release of 0.55 MeV/proton is shown below.



Temperature Response to He4
Fusion
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The radius increase to 2.07e17 meters and temperature spike to 1.06e9 K are the conditions that
establish the residual deuterium. WMAP does not report these values but they cannot measure
this exact point. We are now in a position to calculate the important baryon/photon ratio and
from the ratio calculate deuterium residual, He3 residual and Li7 residuals [20]. The

baryon/photon ratio equation is below; all one has to do is put in the radius and temperature at
that radius (R&T).

Baryon/photon=(0.5*EXP(180)/(4/3*PI()*R"3))/(8*PI()/(4.31e-21*3e8)"3*(1.5*8.62e-11*T)"3)

| 1.0971E-09] 7.7371E-10] 7.3656E-10| 1.3646E-09| 5.8370E-08[ 5.8755E-10| 1.1803E-08| 1.1803E-08
Radius (meters) 1.0212E+00 1.0000E+00 5.82E+16 2.07E+17 2.51E+17 3.05E+17
Temperature (K) 1.35E+17 8.16E+08 1.06E+09 3.22E+08 2.65E+08
baryon/photon ratio 1.0400E+09 5.84E-08 5.88E-10 1.18E-08 1.18E-08
Time (seconds) Measured 373 549 807 1186
D=4.6e-4*(B/P*1e10)"(-1.67)*1/exp(SAHA) 2.37E-05 1.10E-08 2.39E-05 2.39E-05 2.39E-05
He3=3e-5*(B/P*1e10)"-0.5 3.3e-510 1le-4 1.24E-06 1.24E-05 1.24E-05 1.24E-05
Li7=5.2e-10*(B/P*1e10)"-2.43+6.3e-12*(B/P*1e10)"2.43 6.00E-09 3.32E-05 4.73E-10 4.73E-10 4.73E-10
http://cds.cern.ch/record/262880/files/9405010. pdf SAHA 1 (equilibrium) 3.01E+00 -5.47E+01 -7.20E+01

With 0.5*exp(180) protons, the baryon/photon ratio is 6e-10 but continues to change after He4
formation. Several isotopes are part of the primordial spectrum but once established they can’t
change at the lower temperatures. The literature equations for predicting deuterium, helium3 and
lithium?7 are on the left [20]. At the calculated baryon/photon ratio the deuterium residual is in
the range and the other two measurements are close to the measured values. The Planck
mission’s baryon/photon ratio result was 6e-10. A review of the reaction rates in reference 22
indicates that the density at the temperature for He4 formation is critical. Rh above is 2e17
meters. The reason this Rh has to be larger than the implied Planck mission radius 9.06e16
meters is that a larger radius is required to enclose the required reactions to match data because
dark matter is part of the density and it does not react. This is shown by a ratio of the densities
(3/2 because there are three species). Both sets of data below give 6e-10 baryon/photon but the
set labelled Planck are for a lower radius and a compensating decrease to 0.046 baryons fraction



of critical density. The line labelled “with dark matter” below is for 0.5 baryon fraction of
critical density.

1.06E+09 3.22E+08 2.65E+08 2.19E+08 1.80E+08 1.49E+08
Baryon/photon=(0.5*EXP(180)/(4/3*PI({AR3))/(8*PI()/(4.31e-21*3e8)"3*(1.5*8.62e-11*T)"3)
baryon/photon number densit  radius (m)
.5*exp(180)/vol
1.685 6.1985E-10 2.9797E+25 9.0686E+16 n+p
5.8755E-10 1.9941E+25 2.0736E+17 1.49E+00 n+p+d

T(K) 8.16E+08 1.23E+08

Planck
with dark matter

Result of deuterium abundance possible limitation

The baryon/photon ratio and deuterium abundance should not cause baryons to be severely
limited like WMAP [4] and other documents suggest (0.046 fraction of critical density). The
number of baryons associated with 0.5 fraction of critical density is okay with respect to this
possible limitation

Baryon fraction at equality

The second limitation is related to the radius and temperature where equality of radiation and
mass occurs. The thought was that baryons had to be limited so that equality occurred early
enough to allow development of the primary hot spot [4] to 0.0106 radians at decoupling. Also
dark matter is not subject to the plasma and probably started to generate density variations we
see in the microwave background radiation before baryons. But again, the simulation using 0.5
fraction of critical density and the temperature and radius history developed above gives equality
at the right point for the calculated hot spot to match WMAP measurements at decoupling.
Decoupling is the energy that allows electrons to settle into proton orbits and clear the plasma.

Radius R (meters)

3.03E+21

3.67E+21

4.45E+21

1.41E+22

1.71E+22

2.08E+22

2.52E+22 3.05E+22 3.95E+22

Z=RfIR-1 10374.47 8556.39 7056.88 2220.64 1831.34 1510.26 1245.44 1027.03 15.87
photon density (Kg/m"3) [« decoupling  hidden cells

Temperature (K) 3.62E+04 2.98E+04 2.46E+04 7748  6.39E+03  5.27E+03 4.35E+03 3585 2.77E+03
8*PI()/(H*C)"3*(1.5*B*T)"3 1.35E+21 7.57E+20 4.25E+20 1.33E+19 7.44E+18  4.17E+18 2.34E+18 1.31E+18 6.08E+17
Proton mass dens=0.5*1.67E-27*EXP(180)/(4/3*PI()*R’ 1.07E-14 6.01E-15 3.37E-15 1.05E-16 5.90E-17 3.31E-17 1.86E-17 1.04E-17 4.82E-18
photon mass dens=8*PI()/(HC)"3*(1.5*B*T)"3 1.12E-14 5.20E-15 2441E-15| 2.36E-17 1.09E-17 5.06E-18 2.34E-18 1.08E-18 3.88E-19
dens ratio= proton mass dens/photon mass dens [ 1.05E+00 8.66E-01 7.14E-01] 2.25E-01  1.85E-01  1.53E-01 1.26E-01 1.04E-01 8.05E-02
progression of wave (spot) at C/3".5 1.71E+19 2.66E+19 4.07E+19 4.40E+20  6.48E+20  9.54E+20 1.40E+21 2.06E+21 3.04E+21
Spot size (radians=spot/(2*pi*R) 0.0009 0.0012 0.0015 0.0049 0.0060 0.0073 0.0089 0.0108 0.0122

The above table is a simulation of the period from equality to decoupling. Equality of mass and
photon mass occurs with 0.5 fraction of critical density and temperature 3.6e4 K. Decoupling
occurs later when the SAHA equation for electrons equals 1 (T=3585 K). The values 1.71e19
meters (red) to 2.31e21 meters (green) represent progression of a wave traveling at C/3°0.5
meters per second.

Result of possible baryon limitation at equality

The radius 2.31e21 divided by 2*pi*Radius R (above in table) equals 0.0107 radians. This is the
primary hot spot measured by WMAP but equality and decoupling are based on 0.5 baryon
fraction of critical density, not the 0.046 baryon fraction of critical density reported as a baryon
limitation.

WMAP interpretation that ratio of peaks determines dark/light ratio



The third limitation on baryon fraction was based on the interpretation of hot spots measured by
WMAP and refined by PLANCK. We will first review the WMAP data [4] reduction (the data
fits a power spectrum expected by acoustic waves).

L L*(L+1)/2pi*cl La L*(L+1)/2pi cl delta temp K radius (m)
micro K"2 0.735 cl=(dt*1e6)"2/((L*(L+1)/2pi) 5.10E+23
220 5580.1 299.32 7738.11 0.72  7.470E-05 2.32E+21
412 1797.8 560.54 27081.17 0.07  4.240E-05 1.24E+21
520 2601.0 707.48 43118.26 0.06  5.100E-05 9.81E+20
810 2600.0 1102.04  193468.11 0.01  5.099E-05 6.30E+20
1100 1200.0 1496.60 356714.62 0.003  3.464E-05 4.64E+20

WMAP data was updated for 9 years as additional data came in. But listen to the language in the
report: “The peak at 74.5 micro-degrees K is due to the baryon-photon fluid falling into pre-
existing wells resulting from Gaussian disturbances from inflation and dark matter”. The
question I have is how did the pre-existing wells end up at the center of 3282 spheres? Further,
how do we know that the ratio of hot spot peaks determines normal to dark matter ratio?

Jeans waves were no longer dampened after equality and they cause the hot spots, not dark
matter. Jeans waves are characterized by the following equation (for the .5x wave discussed
below):

WL=0.57*3e8/3"0.5/(PI()*6.67e-11*6.24e11*1.783E-30*3e8"2*(baryon density+photon density))"0.5

They are a function of the baryon-photon density. Here is a plot of the wavelength for each point
across the distance from equality to decoupling.

Jeans Waves
2.50E+21
2.00E+21
1.50E+21

1.00E+21

Jeans Wave

5.00E+20

0.00E+00
0.00E+00 2.00E+21 4.00E+21

Progression of acoustic wave

——prime jeans

Jeans wavelength [10] is plotted against progression of an acoustic waves at velocity (3e8/3”.5)
traveling from equality to decoupling. Jeans waves are a function of density and the density is
decreasing. This means the calculation for the Jeans wavelength at each point across the same



distance is increasing. Jeans waves are sinusoidal waves and have peaks and valleys that change

the density.

The diagram below shows the start of the progressing wave to about half way to decoupling.

The right hand side of the equality to decoupling range contains the peaks measured by WMAP.
We can identify the prime wavelength that’s sinusoidal peak is at 2.3e21 meters. They are on the
chart above and a function of the Jeans waves shown across the bottom of the diagram. We can
identify first harmonic (h) and second harmonic peaks. In addition it contains a 50 and a 33
micro-degree peak. The peaks have been placed so their wavelengths are at the Jean wave-
lengths in black along the bottom of the figure. The 50 micro-degree peak in red is the 1%
harmonic of the 0.25x Jeans waves (the red wavelengths at the bottom).

2.98E+20 4.40E+20

0.0041 0.0049
33.0 dt
1130 L

4.25E+20 2nd h .5x wave

5.03E+20
2.52E+20

6.85E+20
3.42E+20

6.48E+20
0.0060

9.54E+20
0.0073

1.40E+21
0.0089

50.0 dt
517 L
1.1500E+21 1st h 0.5x wav
50.00 dt
810 L
5.75E+20,1s[ h 0.25x wave
9.30E+20\L 1.26E+21
4.65E+20Y 6.29E+20

1.70E+21
8.50E+20

The Jeans wavelength equation can be compared as follows:

temp data
.5x wave 74.0
1st h 0.5x wav 51.0
1st h 0.25x we 50.0
2nd h 0.5x wa 33.0

Wawvelength  Wave*harmor harmonic

2.31E+21 2.31E+21
2.31E+21 1.15E+21
1.15E+21 5.76E+20
2.31E+21 4.61E+20

2.06E+21 3.04E+21
0.0108 0.0122
74.7 dt
220 L

2.30E+21 prime 0.5 wave

2.29E+21 3.41E+21
1.15E+21 1.70E+21
1
0.5
0.5
0.2

4.47E+21
0.0139

5.05E+21

Harmonics are labelled by the factor. Harmonics are sequential divisions of the primary wave.

Calculation of dt

The temperature peaks called dt are in micro degrees (2.730074 K). The thermal peaks are a
function of density. The density ratio is a function of current density (9.14e-27 Kg/m"3 which
includes dark plus normal mass in this document) and the density at decoupling 2.45¢e-18
kg/m”3. The density ratio =1.3%(9.14e-27/2.44e-18)".5=7.92e-5. At peak wavelength (sin
pi()/2), densification will be 1. The derivation for dt solves the following equation for dt:
Densratio= (1.3*(9.14e-27/2.45e-18)".5=((2.73+dt)"3/2.73"3-1).



dt

densratio=(2.730027/3/2.73"3-1)
densratio=((2.73+d)"3/2.73"3-1)

densratio+1=((2.73+dt)"3/2.73"3)
(densratio+1)".333=((2.73+dt)/2.73)
2.70E-05 check 2.9671E-05
0.000074  2.74E+00 2.7408E+00
2.73*(densratio+1)".333=((2.73+dt))
dt=2.73*(densratio+1)".333-2.73
densratio=1.3*(9.14E-27/2.45e-18)"0.5

dt=2.73*(1.3%(9.14e-27/2.45e-18)".5+1).333-2.73

adjust dt for radius data
dt=((densification)*2.73*(1.3*(9.14e-27/2.45e-18)".5+1)".333-2.73
7.28E-05 (72.8 microdegrees with densification=1)

densification varies with sine theta

(Check is verification that a simplifying assumption doesn’t affect the result).

The cause of the hot spots is densification at the sinusoidal wave maximums and the harmonic
wave maximums. Densification is the fraction of the peak equal to sin(angle). No densification
would be zero and rarefication would be less than 1. The waves don’t all peak at once, they
follow sine waves, varying through the cycle 0,1,-1,0. The equation for peak
dt=harmonic”.5*(sin(angle))*2.73*(1.3*(9.14e-27/2.45e-18)".5+1))*.333-2.73. The harmonics
are lower amplitude waves by the factor harmonic”.5.

2.4657E-18 angle (rad)=2*PI()*phase+PI()/2*(WI/WL)

Wavwelength  Wave*harmor harmonic dt=harmonic”.5*((sin(angle))*2.73*(1.3*(9.13e-27/2.46e-18)".5+1)".333-2.73

2.31E+21

2.31E+21
1.15E+21
2.31E+21

Above, the temperature predictions in the box compare favorably with WMAP data. The

2.31E+21 1 7.92E-05 0 1.57079633 1 5183.4 5580.09 2.319E+21

1 1943.8 1797.76  1.238E+21
1.15E+21 0.5 7.92E-05 0 1 2591.7 2601  9.600E+20
5.76E+20 0.5 7.92E-05 0 1.57079633 1 2591.7 2600 6.001E+20
4.61E+20 0.2 7.92E-05 0 1.57079633 1 1036.7 1200 4.251E+20

specific wavelengths concentrating the density and producing temperature variations are listed in
the rightmost column (the wavelengths also agree with the WMAP data shown above). Angle
(radians)=pi()/2*(2.3e21*factor/2.3e21). I put 4 waves in a table, identified where the peaks
were and watched the way they add and subtract as a function of L (the horizontal axis that
WMAP used called the multipole moment).
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Result of possible baryon limitation from hot spot data

The hot spots measured by WMAP can be calculated from the Jeans wavelengths. Density and
wavelength are the variables of interest. The hot spots and cold spots measured can be calculated
from density and wave phases. There is no reference to dark and normal mass in the calculation.
I believe I have characterized the hot spots and the ratio of the first and second spots is NOT the
dark matter to normal matter ratio. This criterion does not limit baryon fraction to 0.046 fraction
of critical density.

Dark Energy

We all use time ratios for expansion but what are the actual forces that cause particles to expand
away from each other? I used cellular cosmology to calculate forces. The derivation below
shows a different way to write equations that obey Newtonian gravity. The coupling constant for
gravity is a published value 1.67e-51 MeV m. The equation G=F r*/M"2 can also be written in
terms of kinetic energy. That equation would be:



derive coupling constant c2
G/1.603e-13=2 ke R/Mm
G*1.67e-2772/1.603e-13=2 ke R/Nn
Nn=1 for coupling constant
1.16045E-51 mev m
1.16716E-51 Mev m Published
nt m"2/kg"2*kg”"2 mev/(nt m)
Mev m
1.16e-51*exp(90)/2
7.08107E-13 Ke r (MeV m)

The coupling constant is scaled down to one proton orbiting a central mass of one proton at KE
by applying exp(90)/2. The 2 makes the kinetic energy and exp(90) scales the calculation to one
proton orbiting another proton. Kinetic energy (MeV) for a known radius r is 7.08e-13/r with r

in meters.

R (meters) 5.43E+17 6.59E+17 7.99E+17 9.68E+17 1.17E+18
Temp (K) 8.12E+07 6.70E+07 5.52E+07 4 55E+07 3.76E+07
r=R/exp(60) m 4.76E-09 5.77E-09 6.99E-09 8.48E-09 1.03E-08
coup*ph/pr 7.09E-13 7.09E-13 7.09E-13 7.09E-13 7.09E-13
ke=coup/r 1.06E-02 8.78E-03 7.24E-03 5.97E-03 4.93E-03

|g=(939/(939+ke)) 9.9999E-01 9.9999E-01 9.9999E-01 9.9999E-01 9.9999E-01
V=(1-(g)"2)*0.5*C (n  1.4282E+06  1.2971E+06  1.1780E+06  1.0698E+06  9.7154E+05

F=mV"2/r (Nt) 5.8671E-46 3.9911E-46 2.7149E-46 1.8468E-46 1.2563E-46
E=Fdr (MeV) 0.03 4.52E-03 3.73E-03 3.08E-03 2.54E-03
de from Rh 0.04 7.77E-03 6.41E-03 5.29E-03 4.36E-03

Each column of calculations is a radius increment. R is the expansion curve and T is the
temperature curve reported in the section above entitled “constructing the expansion radius”.
The radius r is R/exp(60), again to scale the calculation down to the proton-proton level. Next
we determine the orbital ke related to gravity (keg) by the definition of coupling constant above,
i.e. Coup=keg*r. We know r and can determine keg. For radiation driven expansion we know
that ke cannot fall below the energy contributed by photons because inertial forces andphotons
drive expansion. The photon energy is kep=T*1.5*B. With this we put (keg+kep) in the
equation for gamma and then determine orbital velocity. From here we can calculate the force
F=mV"2/r. Above it is 5.7e-46 Nt for the first increment. Before we leave this table there is a
check on the E calculation. Sum across to end E=F dr is equal to the sum of energy across the
calculations above in the section entitled “Constructing the temperature history” (0.04&0.03
MeV). We can now actually calculate the next radius in incremental calculations from
fundamental forces and do not have to rely on the equation r=r0*(time/time0)".5. The equation
is r=rprior+E/F*1.6e-13/exp(90). From here we can take the scaling out and calculate
R=r*exp(60).

After 3e22 meters, expansion is no longer radiation driven. The forces involved are gravitational
forces only. The columns of calculations above are carried through to the current time below.



But we can add a small energy e to the calculation and find out its effect on radius. We can now
answer the question “how large does e have to be to explain the second component of
expansion?” We will focus on the column on the right (the present time).

8.69E+24 1.12E+25 1.45E+25 1.88E+25 2.43E+25 3.14E+25 R (meters)
7.61E-02  9.84E-02  1.27E-01  165E-01  213E-01  2.75E-01 r=R/exp(60) n  1.27E+00
7.09E-13  7.09E-13  7.09E-13  7.09E-13  7.09E-13  7.09E-13 coup*ph/pr

| 9.31E-12|  7.20E-12| 557E-12| 4.31E-12| 3.33E-12|  2.58E-12 ke=coup/r

1.9858E-14 1.5360E-14

| 4.2247€+01|

3.7155E+01|

1.1880E-14 9.1891E-15 7.1075E-15

3.2677E+01|

2.8738E+01 I

2.5274E+01

5.4975E-15 |g=(939/(939+ke))
2.2228E+01 V=(1-(g)*2)*0.5*C (m/sec)

3.2082E-62 1.9193E-62 1.1483E-62 6.8696E-63 4.1098E-63 2.4587E-63 F=mV/"2/r (Nt)
4.22E-12 3.26E-12 2.52E-12 1.95E-12 1.51E-12 1.17E-12 E=fdr (MeV)
7.61E-02 9.84E-02 1.27E-01 1.65E-01 2.13E-01 2.75E-01 predicted r (m)
2.137E-14 5.376E-14  1.273E-13  2.916E-13  6.543E-13  1.449E-12 e addition 2.84E-12
1.26E+01 9.74E+00 7.52E+00 5.77E+00 4.30E+00 2.73E+00 Temp w/o star 0.354
1.66E-04 4.17E-04 9.87E-04 2.26E-03 5.07E-03 1.12E-02 delta T stars 1.045
1.260E+01 9.739E+00 7.521E+00 5.774E+00 4.303E+00 2.743E+00 Temp with Stars
7.62E-02 9.88E-02 1.29E-01 1.70E-01 2.34E-01 3.52E-01 r=rp+(E+de)/F*1.6e-13/EXP(90)
8.70E+24 1.13E+25 1.47E+25 1.94E+25 2.67E+25 4.02E+25 R=r*EXP(60) with star de
9.97E+21 4.19E+22 1.66E+23 6.36E+23 2.38E+24 8.83E+24 delta R stars
8.48E-18 5.87E-18 4.18E-18 3.18E-18 2.68E-18 V=dR/dt/R

The calculated gravitational kinetic energy is only 2e-12 MeV from inertia. The value
E=Fdr=1.17e-12 MeV checks as the energy required to calculate the next radius.

r=rp+E/F*1.6e-13/EXP(90)

0.275=(0.213+1.17e-12/2.46e-63*1.6e-13/exp(90))

0.275354438

3.14E+25 R=0.275*exp(60) m

Now look at the e addition line. Adding 1.44e-12 MeV increases the radius of the universe to

4.02e25 from 3.14e25 meters (delta=8.83e24 meters). This is equivalent to the expansion
component associated with lambda and dark energy.

The effect of 1.5e-12 MeV on the temperature is a delta of 0.011 degrees K.

Above we took the lambda component out but added 1.5e-12 MeV to replace it. It is proposed
that late stage expansion is related to energy released by stars [18]. Late in expansion stars are
lighting up and the overall fusion energy produced is on the order of 0.6 MeV/proton. Only a
tiny fraction of this energy (on the order of 3e-12) actually expands free protons (protons not tied
up in orbits). Appendix topic “Fraction of star energy delivered to protons” addresses this
fraction.
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I added energy starting at z=19 where stars light up. This results in an expansion curve with
photon energy increasing expansion (in place of the lambda component). Calculations show that
this keeps the expansion curve from following the curve proportional to time”(2/3) after stars.
Photon energy flattens the curve just like the lambda component.
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Comparison with Hubble constant measurements

Several missions have refined the Hubble constant. It is 2.26e-18/sec or 69.7 km/mpc/sec,
sometimes written h=69.7/100=.697. Concordance equations use two expansion components but
we didn’t include the second component (about 7e24 meters) in the expansion curves developed
above. Hubble constant measurements are the slope of the expansion curve/divided by Rnow but
includes total expansion. We added back a component related to photon energy and now
calculate the Hubble constant.

1.13E+25 1.47E+25 1.94E+25 2.67E+25 4.02E+25 R=r*EXP(60) with star de
4,19E+22 1.66E+23 6.36E+23 2.38E+24 8.83E+24 delta R stars
8.48E-18 5.87E-18 4,18E-18 3.18E-18 2.68E-18 V=dR/dt/R

Comparison of parameters with WMAP

The table below reviews the 9 year map parameters with results from the expansion model I use
and call R1+R3. This model was used above to determine equality, decoupling and mass
accumulation above. I set dark energy to zero and removed the lambda contribution. If dark
energy is photon energy [18], we will just calculate it from fundamentals and not use the
misleading critical density from the FLRW model [see appendix topic “comments on the FLRW
model”].

The neutron and proton each have masses of 1.67e-27 kg. If dark energy is a contained neutron
wave it represents half of the total mass (the proton model is believed to represent all of nature
and it does not show other stable massive particles). Baryon/photon ratio is from the
consideration above for deuterium abundance.

Below the table, the number of protons and neutrons in the universe is calculated based on
density. It yields the value exp(180), a number fundamental to cellular cosmology and
calculation of the gravitational constant.



WMAP [4] R1+R3 R1+R3 R1+R3

NOW equality decoupling NOW
published
4.02E+25 Inferred Radius (m) 5.40E+21 4.02E+25
R1 3.14E+25
2.26E-18 HO
8809 Temperature at equality (K) 31584

Photon mass density
Proton mass density

2973 Temperature (K) decoupling 2643

0.0106 Spot angle (radians) 0.0107
0.254 baryon number density 2.737
5.77E+08 Photon number density 5.77E+08
4.400E-10 baryons/photon 4.75E-09
0.235 Dark matter fraction 0.500
6.57E-27 dark matter density in kg/m"3 4.57E-27
4.24E-28 baryon matter density in kg/m"3 4.57E-27
0.719 Dark energy fraction 0
9.14E-27 critical density 9.14E-27
0.0464 Baryon fraction 0.500
2.72E+77|Overa|| volume (NM"3) 6.60E+65 2.72E+77

2.814E-01 overall mass density rhoC Volume

9.135E-27 2.72E+77
rhoC*Volume exp(180)

1.484E+78 1.489E+78
mass (Kg) 2.4873E+51

Conclusion

It is proposed that dark matter is a contained neutron or equivalent mass wave. Since it exists
among normal matter it has the same density. By particle/wave duality the wavelength would be
1.3e-15 meters radius. This is a long filament but there is reason to believe it can coil until it is
stretched into a long filament by masses at the associated nodes. It could explain observations of
the cosmic web. Calculations were shown for a web and its node. The node represents mass
accumulation, i.e. clusters and galaxies. Originally dark and normal matter is distributed with
most matter in the web. Mass accumulation into the node occurs very gradually at first but
increases rapidly at about 1e7 years after the beginning. Now most of the matter is in the nodes
but a long residual web exists. It is made of dark matter, attracts some normal matter and has
gravitational properties that clear out huge volumes of space we see as voids.

The baryon content of the universe has been severely limited (0.046 baryon fraction of critical
density) by the following considerations: Firstly, primordial residual deuterium measurements
were thought to be inconsistent with high baryon content. The author showed a model
(combination of an expansion curve with its associated temperature curve) that agrees with
deuterium residuals at 0.5 baryon fraction of critical density. Secondly, the point where equality
of matter and radiation occurs was thought to limit baryons. Again, the model shows equality at
density equivalent to 0.5 baryon fraction to critical density (0.5*exp(180) protons/volume).
Lastly, the hot spots in the cosmic background radiation point to density and wavelength as the
main variables that predict CMB temperature anisotropy. Re-analysis showed that hot spots



ratios do not limit baryon content. It is believed that dark and normal matter in equal amounts
represent a density of 9.14e-27 Kg/m”3, a value known as critical density. This density and the
model shown are consistent with the measured Hubble constant measured by WMAP of 2.26e-
18/sec. A comparison of WMAP published parameters with this dark matter proposal was
presented.

A method of calculating the radius increase from fundamentals was developed. Surprisingly a
small energy addition late in expansion has a large effect on radius and a small effect on
temperature. Late stage expansion coincides with stars lighting up and producing energy. It is
proposed that “Dark Energy” is energy produced by stars. This document is probably
controversial but the search for dark matter is producing meager results.

References

1. Barbee, Gene. H., A top-down approach to fundamental interactionsXra:1307.0082
revised Feb, 2014. FQXi essay, 2012.

2. Feynman, R.P., Leighton, R.B., Sands, M., the Feynman Lectures on Physics, Addison

Wesley1965.

3. D.E. Groom et al. (Particle Data Group). Eur. Phys. Jour. C15, (2000) (URL:
http://pdg.lbl.gov)

4. Bennett, C.L. et al. First Year Wilkinson Microwave Anisotropy Probe (WMAP)
Observations: Preliminary Mas and Basic Resultastrophysical Journal, 2001

5. 1.S. Hughes, Elementary Particles, 3Edition, Cambridge University Press.1991.

6. Barbee, Gene H., On the Source of the Gravitational Constant at the Low Energy,Scale

vixra:1307.0085, revised Feb 2014. Prespacetime Journal Vol. 5 No. 3 March 2014.

7. Shannon, Claude. A Mathematical Theory of CommunicatjdQ48.

8. Barbee, Gene H., Unification, viXra:1410.0028, Oct 2014 formally “The Language of
Nature’, Amazon books, June 2014.

9. Barbee, Gene H., Discovery ofQuantum GravityviXra:1508.0128, August 2015.

10. Peebles, P.J.E., Principles of Physical CosmologRsinceton University Press, 1993.

11. Barbee, Gene H., The Effect of He4 Fusion on Primordial Deuterium
viXra:1404.0465v4, January 2017.

12. Barbee, Gene H., Nature and Informatiorhttp://www.vixra.org/pdf/1611.0302v1.pdf,
December 2016. http://prespacetime.com/index.php/pst/issue/view/91

13. Barbee, Gene H., Application of Proton Mass Model to Cosmolpgixra:1307.0090,
revised Mar 2014.

14. Barbee, Gene H., On Expansion Energyark Energy and Missing MasBrespacetime
Journal Vol. 5 No. 5, May 2014. Previously vixra:1307.0089, revised Mar 2014.
viXra:1307.0089v7, January 2017

15. Barbee, Gene H., A Simple Model of Atomic Binding Eneygyxra:1307.0102, revised
Feb 2014. Reference spreadsheet atom.xls.

16. Barbee, Gene H., SemiFundamental Abundance of the Elememnisra:1308.0009,
revised June 2014.




17. Barbee, Gene H., Baryon and Meson Masses Based on Natural Frequency Components
vixra:1307.0133.
18. Barbee, Gene H., Dark Energy viXra 1511.0185, December 2015

19. Barbee, Gene H., Cosmology, Thermodynamics and Tiwiera:1407.0187, September,
2014.

20. http://cds.cern.ch/record/262880/files/9405010.pdf

21. Collier, Peter, A Most Incomprehensible Thing: Notes toward a very gentle introduction
to the méhematics of relativity2012

22. Patrick Peter, Jean Philippe Uzan, Primordial Cosmology, OUP Oxford, Feb 14,2013.

23. Barbee, Gene H., The Effect of He4 Fusion on Primordial DeuteriuiXra:1404.0465,
May 2014, viXra:1404.0465v4, January 2017.

Appendix

Review of the proton and neutron mass models

Energy and Information

The formal definition of information is attributed to Claude Shannon [7]. Information (N) =-In
P (Inversely, P=1/exp(N) where exp(N) means the natural number 2.718 to the power N).
Probabilities are the chance of one event divided by all possibilities. He used natural logarithmic
relationships because probabilities (P) multiply but information is additive. The negative sign
tells us that information is high when probabilities are low.

Can energy (E) be related to information? Using the right probability, the answer is yes.
Probability P=e0/E where €0 is an energy constant that forms an energy ratio. Quantum
mechanics deals with the square root of P (a complex number called psi). This is tied to
wave/particle duality but the relationships of interest are described by probability
P=e0/E=1/exp(N) and E=e0*exp(N).

N for fundamental energy values

The relationship E=e0*exp(N) will be used extensively. N is a logarithmic number. The key to
N values for energy was correlation of data gathered by high energy labs [3][7]. Comparing N
values for particles and knowing that the 0.511 Million Electron Volts (MeV) electron has a field
equal to 2.72e-5 MeV, allowed the author to deduce that the electron N was 10.136 and its



electromagnetic field energy N was 0.296=3*0.0986=3*In(3/e) where e is the natural number
2.718. The energy constant €0=2.02e-5 MeV is calculated below from Particle Data Group [3]
data for the electron mass. The universal equation for energy is E=2.02e-5*exp(N) MeV.

Electron N 10.136 (10.3333-0.0986*2)
Electron mass (mev) mass of electron (MeV) 0.51100024 MeV
Find the value e0 by solving the above equation with E=.511 e0=E/exp(N)
e0= 0.511/exp(10.136)
2.025E-05 mev
Note that 3*.0986=.296 E=eo*exp(.296)=2.72e-5 mev 2.722E-05 mev
The electric field energy of the electron is known to be: (MeV) 2.72E-05 mev

Data showing an N value for fundamental energy observations is listed in Part 2 Topic 1. The
data is from either from NIST, (National Institute of Standards and Technology), the Particle
Data Group [5] maintained by UC Berkeley or other reported values [3][7]. There are three
quarks confined in a neutron (and proton) but they are not observed individually. The higher
energy bosons are variations of N=22.5 and the Higgs particle measured in July 2010 agrees well
with the author’s N value of 22.575. Time for fundamental particles is simply reciprocal time
(1/time=frequency).

Neutron components

The author found N values for neutron components based on the way three quark masses and
their kinetic energies add to the neutron mass. The related information components total N=90
for the neutron. They are listed in Table 1 below.

Neutron particle and kinetic energy N Neutron field energy N
Quad1 15.43 quark 1 17.43|strong field 1
12.43 kinetic energy 10.43 |gravitational field component
Quad 2 13.43 quark 2 15.43|strong field 2
12.43 kinetic energy 10.43|gravitational field component
Quad 3 13.43 quark 3 15.43(strong field 3
12.43 kinetic energy 10.43|gravitational field component
Quad 4 10.41 -10.33
-10.33 10.41 |gravitational field component
Quad 4' 10.33 pre-electron 10.33
0.00 0.00
90.00 Total 90.00 Total
Table 1 Table 2

Table 2 is similar to Table 1 except it contains N values for field energies of the neutron. Since
the neutron does not carry charge, the electromagnetic field is absent but appears as a separation
once the neutron decays to a proton (quads 4 and 4”). The strong residual field energy is part of



a total energy balance. Sets of four N values labelled quads are involved in an information
operation.

Table 1 represents mass plus kinetic energy and Table 2 represents field energy. Set 2 will be
used as an example for a quad that contains four values. The N values 13.43+12.43 are separated
into 15.43+10.43. This operation conserves N but energy is also conserved. After these
operations mass is imbedded in field energy quantum orbits. Each N has a specific place and a
specific energy described below. N1 always gives a mass, N2 always represents a kinetic energy
value, N3 always specifies strong field energy and N4 always specifies a second field energy
(associated with gravity).

E1 will be identified as a mass (a quark for the strong interaction)
E2 is identified as a kinetic energy (ke) addition to energy E1.

E3 is identified as strong field energy.

E4 is identified as a gravitational field energy component.

mev mev
E=e0*exp(N) E=e0*exp(N)

N1 13.432 13.797 E1 mass N3 15.432 101.947 E3 field

N2 12.432 5.076 E2 ke N4 10.432 0.687 E4 field

These above energy values are placed in a table below with mass plus kinetic energy (102.634
MeV) separated from field energy (102.634). The total energy across the interaction is
conserved at zero with mass (E1) + ke (E2) +ke difference (E4+E3-E2-E1) balancing field
energies (E3+E4 shown as negative). This information separation followed by energy
conservation has powerful implications. The operation involving E1 and E2 can be read E1 is
given exp(2) of kinetic energy. Since the numbers (N) are exponents (E=e0*exp(N)), the
number 2 can be associated with a divisor 1/exp(2)=0.135 that increases the kinetic energy of E1.
The value 0.135 is identical to the concept of gamma in relativity. Gamma is the divisor that
increases the kinetic energy of a moving mass involved in the Lorentz transformation. The
definition is: ke=m/gamma-m. These may be special case Lagrangians and the energy
interaction is similar to a physics qauge transition.

Information (N) values from the neutron component table were used to a model the neutron’s
known mass, 939.56 MeV. Three quads of N values are associated with three quarks and the
fourth set transitions to the electron. The values toward the left side of the box, labeled mass and
kinetic energy are balanced by fields on the right hand side of the box. Fundamental N values
(13.431, 12.431, 15.431 and 10.431) are shown to the left of the box. These values are the
source of the energies (E=e0*exp(N)) inside the box. The kinetic energy operator N=12.431
gives mass kinetic energy. It’s associated energy=2.025e-5*exp(12.431)=5.01 MeV. This
creates a quark orbit with kinetic energy and associated field energies. The kinetic energy
column has several components. Kinetic energy for each quad =E3+E4-E1-E2-E2. The extra
E2’s are added back to form the column weak kinetic energy (10.15 MeV) and gravitational
expansion energy (20.3 MeV). These energies play crucial roles in cosmology. The bottom
quad is for the electron after it has decayed from the neutron.



Tables 1 and 2 above each sum to the value N=90 but are separated opposites. This separates
zero energy into two types of energy. Mass plus kinetic energy is positive and field energy is
negative. The total energy for each neutron (939.56 MeV) plus the external kinetic energy that
drives expansion is 960.54 MeV but the fields are negative 960.54 MeV. This conserves the
other initial condition; zero energy.

Energy (MeV) = 960.54-960.54=0.

Unified.xls cell cg5

Calculation of Neutron Mass Mass and Kinetic Energy Field Energy
mass Energy S field Energy Mass Difference strong residual Neutrino Expansion Strong fieli Gravitatior
ke MeV G field MeV MeV MeV MeV MeV KE or PE  MeV Energy Me
15.432 101.95 17.432 753.29 101.95 641.88 10.15 -753.29
12.432 5.08 10.432 0.69 -0.69
13.432 13.80 15.432 101.95 13.80 78.69 10.15 -101.95
12.432 5.08 10.432 0.69 -0.69
13.432 13.80 15.432 101.95 13.80 78.69 10.15 -101.95
12.432 5.08 10.432 0.69 -0.69
-10.333 0 -10.333 0 0 0 0.67 t neut ke 0 -0.67
10.408 0.67 10.408 0.67 0 neutm
10.33 0.62 10.333 0.62 0 0.62 -0.62
0 0 0 0 0.00
90.000 sum 90.000 sum 129.5409 799.873 939.56534445 0.67 20.30 -957.807 -2.73
NEUTRON MASS Total m+k¢ Total fields
Total posit Total negative
960.539 -960.539 0

The quads at the bottom transition as the neutron decays. The model above becomes a proton
below:



CALCULATION OF PROTON MASS Mass and Kinetic Energy Field Energies

mass Energy strong fielc Energy Mass Difference Strong residual Neutrinos Expansion Strong & E Gravitatior
ke MeV grav field MeV MeV MeV MeV MeV MeV field energ Energy
15.432 101.947 17.432 753.291| 101.95 641.88 -753.29
12.432 5.076 10.432 0.687 -0.69
13.432  13.797 15.432 101.947 13.80 78.69 -101.95
12.432 5.076 10.432 0.687 -0.69
13.432  13.797 15.432 101.947 13.80 78.69 -101.95
12.432 5.076  10.432 0.687 10.151 expansion -0.69
-0.296 -2.72E-05 10.15 10.151 expansion ke
equal and opposite charge 0 v neutrino m
-10.333 0 -10.333 0 0 -0.67 0.67 v neutrino 0.00E+00
10.408 0.67  10.408 0.67 0.67 t neutrino -0.62 -0.67
the electron separates here 129.54  798.58| 938.272014PROTON MASS
10.136 0.511  10.333 0.622 0.511 0.111 0.622 Electron + ke 0.000
0.197 2.47E-05 0.296 2.72E-05 ELECTRON 7.40E-05 e neutrino ke
90 sum 90 sum 1.342  20.303 -957.807 -2.732
Total m+k¢ Total fields
Total posit Total negative
960.539 -960.539 0

The neutron decays to a proton by emitting neutrino kinetic energy 0.671 MeV and separating
the electron quad of value 0.622 MeV (0.671+0.622=1.293). The proton equals 939.57 MeV -
1.293 MeV=938.272 MeV. The proton is comprised of a quark mass “bundle” of 129.54 MeV
with 798.58 MeV of kinetic energy plus 10.15 MeV of strong residual kinetic energy minus one
neutrino of energy 0.671 MeV. The mass of the proton, neutron and electron match published
NIST and PDG data [5]. The “quark bundle” orbits with 10.15 MeV of residual strong kinetic
energy in an “energy well” of 20.3 MeV. Changes in the value 10.15 are associated with the
nuclear binding energy curve [18]. The “energy well” exists because the sum of all the field
energies (960.54 MeV) is more strongly negative than the energy of the proton with its
expansion kinetic energy. The entire proton has expansion kinetic energy in a 2.73 MeV
gravitational field. This “orbit” is the basis of cosmological time and space. When established
the gravitational orbit has 10.15 MeV of kinetic energy and 10.15 MeV of potential energy.

Note: Some may be familiar with quarks that have lower energies. It appears that the
quarks were formed at higher energy but have transitioned to lower values while
preserving mass plus kinetic energy (17).

The number of neutrons in nature

There have been several projects (COBE, WMAP [4], HSST, and PLANCK) and earlier work
[4][10] that yield a great deal of information about the universe. Measurements and models
allow cosmologists to estimate the number of neutrons in the universe. The author believes the
best number is exp(180). There is a remarkable relationship between the natural logarithms 90
and the number of neutrons. Information (N) is a measure of how improbable an event is. It is
very improbable that a single proton will form with exactly the N values listed in Table 1 above.



The probability that it will contain the mass and kinetic energy N values is:
P=1/exp(N)=1/exp(90). Likewise, it is highly improbable that the proton will contain field
energies with the N values of Table 2. Again the probability P=1/exp(90). Probabilities multiply
and the probability of a neutron with these particles andfield energies is
P=1/exp(90)*1/exp(90)=1/exp(180).

But we know that neutrons exist. When we know something for certain, its probability is unity.
An improbable event will occur if you “roll the dice” many times. The separation processes
characterized by N=180 is rebalanced to an initial condition represented by probability=1. The
“big bang” duplicates the zero based neutron exp(180) times. The component energies are
constant so the dice roll “neutron” every time.

Cellular cosmology

Consider large mass M broken into exp(180) protons labelled lower case m below. The mass
(m) of a proton is 1.67e-27 kg. Fill a large spherical volume with exp(180) small spheres we will
call cells. Consider the surface area of many small cells as a model of the surface of one large
sphere with the same surface area. For laws of nature to be uniform throughout the universe
there can be no preferred position. A surface offers this property but the equivalent surfaces of
many small spheres also offer this property as long as we do not distinguish an edge. As such a
surface model equivalent to the surface of many small cells is useful if the fundamentals of each
cell are known.

In general relativity [10] the metric tensor (scholarly matrix equations from general relativity) is
based on (ds”"2=three distances”2 and (C*time)"2). Note that ds”2 is a surface area and it is this
surface that we will break into exp(180) small spheres. Let small r represent the radius of each
small cell and big R represent the radius of one large sphere containing exp(180) cells with the
same surface area. Position a proton like mass on the surface of each cell. The total energy will
be that of one protons/cell plus a small amount of kinetic energy. We will evaluate the
gravitational constant G of a large sphere and compare it with G of small cells.

Area=4*pi*R"2
Area=4*pi*r"2*exp(180)
A/A=1=R"2/(r"2*exp(180)
RM2=r"2*exp(180)

r=R/exp(90) surface area substitution
M=m*exp(180) mass substitution

For gravitation and large space, we consider velocity V, radius R and mass M as the variables
(capital letters for large space) that determine the geodesic. With G constant, M=m*exp(180)
and the surface area substitution R=r*exp(90), the gravitational constant would be calculated for
large space and cellular space as follows (lower case r,v and m below are for cellular space):



At any time during expansion

Large space Cellular Space

With substitutions:
R=r*exp(90) and M=m¥*exp(180)
R*V*2/M= G=G r*exp(90)*V*2/(m*exp(180))

R*V"2/M= G=G (r*v*2/m)lexp(90)

The extremely small value 1/exp(90) is the coupling constant for gravity. When measurements
are made at the large scale as must done to measure G, the above derivation indicates that we
should multiply cell scale values (r*v*2/m) by 1/exp(90) if we expect the same G. Geometric
and mass relationships give the cell “cosmological properties”. I call this cellular cosmology.

It must be recognized that for equal gravitational constant the radius of curvature and mass are
vastly different between the large and small scale. It was unfortunate that the great physicists of
the 1900’s did not have the advantage of WMAP [4] data, nor did they have the advantage of
knowing the approximate number of protons in the universe. Perhaps they couldn’t compare
cellular scale space to large space because they lacked information.

Details of primordial nucleosynthesis

The temperature spike and radius increase associated with He4 formation is critical to the
baryon/photon ratio [23]. Using the calculation procedure introduced in the section entitled
“dark energy”, we can calculate the radius increase.

He4 Fusion energy additon (MeV) ——— 0.51 4.52E-02

R (meters) 8.24E+12 1.21E+13 1.78E+13 2.62E+13 3.96E+16 5.82E+16 2.07E+17 2.51E+17
r=R/exp(60) m 7.22E-14 1.06E-13 1.56E-13 2.29E-13 3.47E-10 5.09E-10 1.82E-09 2.20E-09
coup*ph/pr 5.57E-02 7.09E-13 7.09E-13 7.09E-13 7.09E-13 7.09E-13 7.09E-13 7.09E-13
ke=coup/r 7.71E+11 6.68E+00 4.54E+00 3.09E+00 2.05E—03| 1.39E-03 3.70E-01 1.41E-01
|g=(939/(939+ke)) 1.2166E-09 9.9293E-01 9.9518E-01 9.9671E-01 1.0000E+00 1.0000E+00| 9.9961E-01| 9.9985E-01

V=(1-(g)*2)*0.5*C (m/  2.9979E+08  3.5592E+07  2.9405E+07  2.4280E+07  6.2612E+05  5.1640E+05|  8.4172E+06|  5.2051E+06
F=mV”2/r (Nt) 1.7037E-36  1.6335E-38 7.5845E-39 3.5177E-39 1.5478E-45 7.1624E-46| 5.3396E-44| 1.6841E-44
E=Fdr (MeV) 4.23E+00 2.89E+00 1.97E+00 1.31E-03 8.90E-04 5.32E-01 4.96E-02
de from Rh 0.00E+00 5.92 7.26 8.18 10.15 | 1.76E-09 2.17E-09

Each column of calculations is a radius increment. R is the expansion curve and T is the
temperature curve reported in the section above entitled “Constructing the expansion radius”.
The radius r is R/exp(60), again to scale the calculation down to the proton-proton level. Next
we determine the orbital ke related to gravity (keg) by the definition of coupling constant above,
i.e. Coup=keg*r. We know r and can determine keg. For radiation driven expansion we know
that ke cannot fall below the energy contributed by photons because inertial forces andimpact by
photons drive expansion. The photon energy is kep=T*1.5*B where Boltzmann’s constant



B=8.6e-11 MeV/K. With this we put (keg+kep) in the equation for gamma and then determine
orbital velocity. From here we can calculate the force F=FmV”2/r. Above it is 5.3e-44 Nt at the
point that 0.51 MeV He4 fusion occurs (more on this energy value below). This causes the
radius to increase (AR=E/F) from 5.82¢16 meters to 2.07¢17 meters.

Primordial Nucleosynthesis
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Initially the universe is mainly neutrons. They readily form deuterium but its abundance is
limited by photodisintegration since it has a low binding energy. The horizontal axis above is
seconds from the beginning. An equation known as the SAHA equation dictates the increasing
fractions of He4 and deuterium and also predicts the temperature at which probability becomes 1
for the reactions that produce He4 (from free neutrons and deuterium).

SAHA=LN(4/3*((1*0.8)/((9e60)/(0.5*EXP(180))))(3/2))+LN((0.5*0.697/2)*(T/10000000000)"(3/2))-(2.58/(T/120000000000))

This occurs at 8e8K and 1el17 meters. After that point 25% of normal mass exists in the form of
He4 atoms. The blue curve shows that neutrons continue to decay. The yellow, purple and light
blue curves are the residuals related to baryon/photon ratio.



Cluster simulation showing Web details

7.67E+47 Tot Mass
2.6383E+24 Rfall

9.00E-27 tot density kg/m"3

2.0566E+28 F=PA=A*5778.6*DW*T nt/m’
1.201E+37 F confinig=E/r
7.67E+46 Mass web D+L
8.9457E+21 Radius web
1.28E+04 branches
6.90E+47 mass node D+L
3.39E+28 web length
1.00E-01 fraction in web
4.04E+25 U radius
1.33E+24 Orbit R
1.41E+09 V m/sec
1.82E-01 ke*n
2.41E+23 ¢"2/2*Nn
3.88E-10
3.92E-12 R
1.818E-01 ke
7.1211E-13 c"2/2*exp(90)
5.908E+06 V m/sec
6.90E+47
1.82E+37 F nt/n
1.81E+37 F *Mm/rr
4.13E+74 N D+L
459E+73 N D+L
1.8E+37 F=ke*n/r
6.71E-11 G Nt m"2/kg"2
4.59E+74 N=mass/1.67e-27



This simulation is similar to the galaxy model shown in the text. Again, it for 90% of the mass
in the node. The radius of the dark matter web, velocities moving toward orbit and the orbital
radius are of interest.

Comments on the Friedmann-Lemaitre-Robertson-Walker (FLRW) model

There is an excellent review of the equations underlying the geometry of the universe in
reference 21. Einstein’s field equations support concepts like a flat universe and curvature
tensors that define the geometry of the universe. The equations were solved by Schwarzchild but
G, the gravitational constant had to be added to the equations since they themselves didn’t reveal
the source of the gravitational constant. Of course the Schwarzchild solution is valuable because
it gives the radius of a black hole, quantifies gravitational lensing and time dilation (I wonder if
these can be derived without the Einstein field equations). The FLRW model relates the Hubble
constant to expansion, several densities and lambda [10]. Overall, critical density (Omega) is
unity in a flat universe, a concept supported by WMAP. The concepts have been in use for about
a century but are misleading and another cause that baryon fraction of critical density has been
limited.

The standard method of simulating expansion involves the Friedmann-Lemaitre-Robertson-
Walker (FLRW) model [10]:

HA2=H0"2*(OmegaMatter*(1+z)"3+OmegaR *(1+z)"2+OmegalLambda)
Where:

OmegaTotal=1 WMAP result

Rhoc=H0"2/(8/3 pi G) (critical density)

OmegaR(1+2)"2=0 (wrong shape)

OmegaMatter separated into =Omega cold dark matter and baryons
Omegal.ambda is the cosmological constant

H0=2.26e-18/sec WMAP 9 year result

z=(r/rf-1) where radius is the developing radius and rf is the final radius.

Historically, the equations are written to be consistent with geometric models of the universe
involving metric tensors that characterize a four dimension universe where ds"2= three
distances”2 and (C*time)”*2. The model is also known as the lambda cold dark matter model or
the concordance model. Lambda stands for the famous Einstein constant and is related to the
concept of dark energy. The equations below start with the FLRW model and show that it is
identical to the equations most use to characterize expansion, i.e. R=R0*(time/time0)"power.
The power (2/3) is for conversion of kinetic energy to potential energy. The present radius is
calculated from this equation, starting from 8.24e12 meters.



HO"2=H"2*(OmegaMatter*(1+z)"3+OmegaR*(1+z)"2+Omegalambda)

set OmegaR=0

set OmegalLambda=0

set OmegaMatter=Rho/RhoC where RhoC=critical density
1+z=Rend/R

HO"2=H"2*Rho/RhoC*(Rend/R)"3
(HO/H)"2=Rho/RhoC*(Rend/R))"3

(HO/H)"2

(#/t0)"2=Rho/RhoC*(Rend/R))"3
Rend/R=(Rho/RhoC)*(t/t0)"2)(1/3)

Rend/R=(Rho/RhoC)"(1/3)*(t/t0)"(2/3) R/RO=const(t/t0)"\(2/3)
t=3.93e17 sec

t0=.059 sec

3.81161E+12 (/0.0529)(2/3)

Rend 3.14077E+25 meters  8.24e12*(/t0)"(2/3)
Rho=RhoC at 3.14e25 meters
Rho=RhoC=9.14e-27 kg/m"3

The derivations above look correct and yield the accepted expansion equation, i.e.
R/RO=(t/t0)*(2/3). The equations below appear to define critical density RhoC. The basic
concept is that kinetic energy at the beginning will be converted to potential energy.

substituting to give rho
ke pe
1/2Mvh2 Fr
1/2Mvh2 GMM/r

ke/M pe/M
1/2v2 GMMr*2/r*3)/m
GMr*2/r*3)

4/3*Grh2(M/(4/3%pi r'3))
1/2 VA2 (4/3 pi G rho) r*2

VA2 (8/3pi Grho) r*2

vir=H (8/3 pi Grho)*.5

G 6.87480E-11

Ho 2 26E-18

rhoC 8/3pl GHo'2 912dE-27 2 26E-1802M(8/3" Pl{)"6.6Tde-11)

The equation is useful to relate the Hubble constant 2.26e-18/sec to rho but it only works
because the present density is 9.14e-27 kg/m”3. This is rhoC but the considerations below
indicate that it cannot be used to characterize other possible components of expansion.



Kinetic energy and critical density

We can see problems with critical density when we relate it to kinetic energy. The velocity can
be found by multiplying V/R*R. From here, we can find kinetic energy at the current time
*m* VA2,

H=(8/3*P1()*6.67e-11*9.14E-27)"0.5

vir=H 2.26E-18 1/sec
V=VIr*R 9.08E+07 m/sec with R=4.02e25 m
ke=1/2*mv*2 43.1 mev

pe=4/3 G m "2 rho
pe=(4/3*PI()*6.67e-11*9.14E-27)*1.67TE-27*4.02E+25"2/1.6e-13
43.07

We are starting to see a problem. Why is the potential energy equal to kinetic energy? Kinetic
energy should be converted to potential energy. Now we calculate the above expressions for the
beginning.

ke=1/2*mv*2 5.18639E+13 MeV
ke=0.5*1.67E-27*(9.97e13)"2/1.6e-13

pe=4/3 G mr™2 rho 2.0988E+14 MeV
pe=(4/3*PI()*6.67e-11*1.06e12)*1.67E-27*(8.24€12)"2/1.6e-13

The above values represent major problems. Firstly the kinetic energy and potential energy are
much too high. Secondly, the kinetic energy should be converted to potential problem. Kinetic
energy should be high at the beginning and potential energy should be low. Kinetic energy is the
huge velocity 9.97e13 meters/second (derived from R=R0(t/t0)*(2/3) for a short time increment.
Obviously it is larger than C and some justify velocities like this by saying “expansion is
carrying C with it as it expands”. The problem goes deeper; expansion is occurring in many
small cells (described below) and the overall result is expansion. The potential energy equation
also gives an unrealistic value. It assumes that one proton is expanding against a central mass
consisting of the mass of the entire universe. The separation of the one proton from the whole is
so small that the force=G Mm/R”2 is unrealistically large which makes F*r unrealistically large.
This is the wrong approach. We must scale the expansion down to many cells where one
proton is being separated from another proton with gravitational force between them. The
problems are solved with the concepts below called cellular cosmology. We will find that the
beginning kinetic energy is 10.15 MeV/proton, not 5.2e13 MeV/proton calculated above.

The concept of critical density is misleading. We should not expect the value 0.046*rhoC to
represent the baryon content of the universe. The equations are solely based on conversion of
kinetic energy to potential energy and my calculations show that the original kinetic energy ran
out at about Helium production and more heat (the heat of fusion and possibly fusion from stars)
has to be added to continue expansion. These additions don’t belong in the FLRW model
because they were not part of the original kinetic energy. I believe cellular cosmology in
combination with the proton model replaces the FLRW model. The proton model was shown to



contain information that unifies the four fundamental interactions. In addition it has the potential
to be a theory of everything [12].

Fraction of star energy delivered

We calculated that there would be about 0.6 MeV/proton considering the fusion energy of all the
stars. We now show the fraction of that energy actually available to expand free protons. At this
point most matter is in galaxies, etc. that are in orbit. Classically, it is not available to expand
any longer because it is gravitationally bound. I assumed that free protons make up about 10%
of all matter at the present time but this can be refined. Protons have a cross-section to photons
of 2e-31 meters (PDG). We have to take into account the number of photons/baryon and the area
ratios. The stars have an area but they are only a small fraction of the entire sky area. When all
of this estimated, the fraction of the star energy that is actually delivered to their targets is on the
order of le-10.

1.48E+21 nstars=number of stars/sky area

1.52E+18 source area/star (pi*r"2, where r is star radius) meters"2

4.13E+51 sky area= surface area of the universe modelled as sphere (4pi“Runiverse”2) (meters)”"2
9.32E+90 source of photons=nstars/sky area*star area*sky area

2.72E+98 number of photons in source area=source of photons/(nprotons/nphotons) (np/nb=3.4e-8)
1.49E+77 target =number of free protons (about 0.1 of all protons)

2.00E-31 cs=cross section of target proton=2e-31 m"2

3.65E-10 fraction delived to expanding protons (numb photons/target*cs)



