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Abstract	
  
For	
  some	
  .me	
  we	
  have	
  been	
  finding	
  evidence	
  in	
  the	
  local	
  universe	
  that	
  both	
  Newtonian	
  
gravity	
  and	
  Maxwellian	
  electromagne.sm	
  need	
  modifica.on:	
  specifically	
  a	
  massive	
  photon	
  
(mc2=10-­‐25	
  eV)	
  and	
  a	
  graviton	
  of	
  the	
  same,	
  but	
  imaginary	
  mass.	
  
The	
  non-­‐rela.vis.c	
  equa.ons	
  for	
  gravity	
  and	
  electricity	
  share	
  a	
  common	
  factor,	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
ko=2πm	
  /h	
  c=400	
  pc:	
  

▽2	
  φ+	
  ko2φ	
  =	
  4	
  π	
  G	
  ρ;	
  φ=-­‐GMCos[koR]/R	
  

▽2	
  φ-­‐	
  ko2φ	
  =-­‐	
  4	
  π	
  ρ;	
  φ=-­‐QExp-­‐[koR]/R	
  

We	
  have	
  proposed	
  a	
  rela.on	
  between	
  400	
  pc	
  and	
  the	
  structure	
  in	
  clusters	
  of	
  galaxies	
  at	
  
about	
  128	
  h-­‐1	
  Mpc	
  as	
  observed	
  by	
  Broadhurst(1990)	
  and	
  in	
  red	
  galaxies	
  by	
  Ryabinkov,	
  
Kaurov,	
  and	
  Kamaniker(2012).	
  What	
  was	
  400	
  pc	
  at	
  a	
  lookback	
  z	
  of	
  105.63	
  is	
  170	
  Mpc	
  now.	
  
Further	
  at	
  a	
  z=	
  105.63,	
  the	
  energy	
  stored	
  in	
  baryons	
  is	
  the	
  same	
  as	
  that	
  stored	
  in	
  gravity:	
  ρm=	
  
ρg=(1/2)	
  φρm=k	
  o2/2πG.(Here	
  we	
  use	
  natural	
  units	
  c=h-­‐bar=1).	
  Addi.onally	
  this	
  energy	
  
density	
  is	
  8	
  R∞4,	
  where	
  R∞=	
  13.6	
  eV.	
  We	
  now	
  propose	
  that	
  this	
  triple	
  numerical	
  coincidence	
  
indicates	
  a	
  cosmological	
  reality.	
  Structure	
  really	
  begins	
  to	
  form	
  at	
  this	
  early	
  .me.	
  
We	
  suggest	
  a	
  universe	
  that	
  has	
  been	
  retarded	
  by	
  a	
  massive	
  photon	
  (a(t)	
  α	
  t1/2)	
  from	
  the	
  .me	
  
of	
  nucleosynthesis	
  .ll	
  z=50	
  when	
  the	
  first	
  stars	
  form.	
  Since	
  then,	
  it	
  has	
  been	
  coas.ng	
  (a	
  α	
  t).	
  
We	
  will	
  show	
  how	
  this	
  cosmology	
  helps	
  explain	
  the	
  associa.on	
  that	
  Verschuur	
  has	
  found	
  
between	
  WMAP	
  peaks	
  and	
  HI	
  maxima	
  and	
  minima.	
  References	
  to	
  our	
  previous	
  work	
  may	
  be	
  
found	
  at	
  h:p://www-­‐hep.colorado.edu/Cosinusoidal/	
  and	
  in	
  the	
  ar.cle,	
  "Analogies	
  
between	
  electricity	
  and	
  gravity",	
  Metrologia	
  41	
  (2004)	
  S115-­‐S124.	
  



Chibisov’s	
  Stress	
  Tensor	
  (July	
  1976)	
  with	
  our	
  assump>on	
  	
  
of	
  a	
  	
  photon	
  mass,	
  mγ=10-­‐25eV	
  	
  (k0=hbar/mγc	
  =2π/400pc)	
  

Mij	
  =(1/4π)(-­‐δijB2/2	
  +	
  BiBj	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  +	
  	
  	
  δijk02A2	
  –	
  k02AiAj)	
  

Let	
  k	
  be	
  the	
  wave	
  number	
  of	
  the	
  Fourier	
  decomposi.on	
  of	
  the	
  	
  
field.	
  	
  If	
  k	
  >	
  k0	
  ,	
  the	
  B	
  fields	
  dominate.	
  If	
  k	
  <	
  k0,	
  then	
  the	
  vector	
  
poten.al	
  A	
  dominates.	
  	
  	
  	
  

Pressure	
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Uses	
  of	
  the	
  Massive	
  Photon	
  

Can bind individual galaxies into clusters 

Can bind the entire universe 
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Coas>ng	
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Is	
  the	
  Universe	
  bound	
  magne>cally?	
  

For	
  both	
  cases	
  the	
  Poten>al	
  Energy	
  in	
  an	
  expanding	
  sphere	
  is	
  conserved.	
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Evolu>on	
  of	
  cosmological	
  >me	
  versus	
  scale	
  a	
  

Broadhurst	
  Z	
  
-5.63 

Broadhurst time = 2.5 years after Big Bang  



H0t0:	
  Coas.ng	
  = 26% Ma:er	
  and	
  	
  
74%	
  Dark	
  Energy	
  

Pure	
  Ma:er	
  

Pure	
  	
  Dark	
  Energy	
  

H
0t
0	
  

ΩM	
  

€ 

H0t0 =
dy

y ΩM y
3 +ΩR y

2 +ΩΛ
1

∞

∫

€ 

ΩR = 0

€ 

ΩΛ =1−ΩM

The	
  simple	
  coas.ng	
  model	
  has	
  the	
  
same	
  age	
  as	
  the	
  ΛCDM	
  consensus	
  
model.	
  



Energy	
  Density	
  (Ma:er	
  &	
  Gravita.onal)	
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Quasi-­‐Periodical	
  Features	
  in	
  the	
  
Distribu.on	
  of	
  Luminous	
  Red	
  Galaxies	
  

 Ryabinkov, Kaurov, and Kamaniker(2012) 



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  128	
  h-­‐1	
  Mpc	
  Structure	
  

Patterns at 400pc at 
z = 105.63 

become expanded 
to 128 h-1 Mpc 
today. 



Suppose	
  Underlying	
  Magne.c	
  Field	
  
at	
  	
  Broadhurst	
  	
  

Arrows	
  on	
  Torus	
  indicate	
  
any	
  of	
  A,	
  B	
  or	
  J	
  as	
  they	
  
are	
  parallel	
  to	
  each	
  other.	
  	
  	
  
Axis	
  is	
  the	
  z-­‐axis	
  of	
  MW	
  
which	
  has	
  survived	
  “as	
  
the	
  axis	
  of	
  evil”	
  with	
  
dilu.on	
  since	
  Broadhurst	
  
.me	
  2.5	
  years	
  a{er	
  Big	
  
Bang.	
  

Z axis 
of MW 



Comparison	
  of	
  E	
  polariza.on	
  	
  in	
  Recent	
  
WMAP	
  Data	
  	
  (Hinshaw	
  et	
  al	
  2013)	
  

Max 
Strong 
Radial  
E Mode 

Min 
Weak 
Tangential  
E Mode 

View 
along 
x-y plane  

View  
along 
Z-axis 



Calcula.on	
  of	
  the	
  Gravita.onal	
  Poten.al	
  versus	
  
1	
  dimension	
  for	
  Solid	
  Slab	
  of	
  Ma:er	
  and	
  half	
  

thickness,	
  yo;	
  ko	
  yo	
  =10π	
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Opportunity to create stall points 
leading to some atom formation 
before Z = 1000  



The	
  Lithium	
  Problem	
  (PDG	
  2012)	
  
Helium	
  and	
  Deuterium	
  
results	
  agree	
  well	
  with	
  the	
  
Standard	
  Model	
  of	
  
cosmology	
  -­‐-­‐-­‐	
  But	
  ….	
  

7Li/H	
  primordial	
  
calcula.ons	
  lie	
  outside	
  of	
  
the	
  recent	
  measurements.	
  



Three	
  Alphas	
  	
  12C	
  (only	
  in	
  stars)	
  

Is there any other way to get to Carbon 12 before  
recombination? Neutral Atoms? 



Early	
  Fusion	
  of	
  Atoms?	
  

A.    To Generate 6 Li,    

3 H + 3 H  γ + 6 He;  6 He  β- + 6 Li 

B.     To Deplete 7 Li,    

7 Li + 7 Li  γ + 14 C  

3H 

6Li 7Li 

6He A 

12C 13C 

12B 13B 

14C 

B 

5700 yrs 

12.5 yrs 

1 sec 

14N 



Summary	
  

We wish to thank John Bohn for a helpful conversation concerning  boson 
correlations. 

In other presentations we have discussed the role of a massive photon in 
binding the Coma Cluster and in star formation in 30 Doradus. 


