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A. Proca (R) with R. 
Peierls and S.Tomonaga, 
1930s. Courtesy AIP. 

L. de Broglie, 
1940s. Courtesy AIP. 

E. Schroedinger as an artillery 
officer, WW1. 
Courtesy 
http://www.if.ufrj.br/famous/p
hyslist.html 
. 
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The photon 
Compton length 
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There exists a regular way of describing electromagnetic field for the finite 
photon mass: the Maxwell-Proca equations (A. Proca, 1930’s; L. de Broglie, 
1940’s-50’s) 
 

L.D. Landau, E.M. Lifshitz. “Quantum Theory of Fields,” Oxford, Pergamon, 1987 
 

J.D. Jackson. “Classical Electrodynamics,” Chichester, Wiley, 1975.	  	  
	  

MHD	  equations	  become*:	  

€ 

∂ρ
∂t

+∇(ρv) = 0 	  	  	  	  	  	  	  	  	  	  

€ 

ρ
dv
dt

= −∇p +
1
c
j × B 	  

∇×B+ A
!2

=
4π
c
j 	  	  	  	  	  	  	  ∇× A= B 	  

€ 

∇ × E = −
1
c
∂B
∂t 	  	  	  	  	  	  	  	  	  	  	  	  	  

j =σ E+ v×B
c

"

#
$

%

&
' 	  

	  

	  
	  
*) D.D. Ryutov. ”The role of finite photon mass in magnetohydrodynamics of space plasmas”. PPCF, 39A, 73, 1997. 
	  

The finite photon mass matters for the scales 
significantly exceeding the photon Compton length 



	   6	  

• The structure of electromagnetic stresses changes significantly 
compared to the zero-mass photon: for the scales exceeding the photon 
Compton length the magnetic pressure changes its sign (pulls the 
matter into the higher field area) 
 

• This fact has been used to assess the possible effect of electromagnetic 
stresses on the dynamics of the galactic gas in: 
D.D. Ryutov, D. Budker, V.V. Flambaum.  “A hypothetical effect of the 
Maxwell-Proca electromagnetic stresses on galaxy rotation curves,” 
arXiv: 1708.09514, August 2017 
 

• Random magnetic fields with B~ 1 µG and a scale-length ~ 1 pc (our 
galaxy) exert a force pulling the interstellar gas towards galactic center; 
this force affects the “rotation curve” and brings it closer to the observed 
one.   
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• This is NOT a dark matter effect; it is purely electrodynamical (the 
photon mass density is negligible compared to the mass density of the 
baryonic matter). 
 

• Predicts also a number of subtler effects like the differences in rotation 
curves for heavy and light stars, vertical field structure, the “halo” 
stars… 

  

	  


