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Polarization 
of the vacuum

Magnetization 
of the vacuum
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W. Heitler, "The quantum theory of radiation", p.113, 3rd edition, Oxford 
University 1954 
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Victor S. Weisskopf: Kongelige Danske Videnskabernes Selskab, 
Mathematisk-fysiske Meddelelser XIV, No.6, (1936)

Weisskopf’s three problematic quantities

1.- ...
2.- ...
3.- A spatially and temporally constant and field independent electric and 

magnetic polarizability of the vacuum 

These quantities relate to the field free vacuum. 
It can be taken as self-evident that they can have no physical meaning.
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• Warning

are not necessarily equivalent!
K. Scharnhorst, Phys. Lett. B 236, 354(1990)

• We think of the vacuum as a dielectric and 
diamagnetic medium

derive               from properties of the vacuum 
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polarization = 
dipole moment 

volume of dipole 

Emexed 202!==
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!!0 = 2mcrel2
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TextGTransient 
creation of the dipole
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Bohr (before 1931), Sauter 1931, Schwinger 1951 
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!
mcrel

Critical dc electric field strength
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Mass drops out!

all types of elementary 
particles contribute?

e  !  "  
(u d c s t b ) *3 

W +/-  … 
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Mass drops out!

all types of elementary 
particles contribute?

e  !  "  
(u d c s t b ) *3 

W +/-  … 

determine number of elementary partic
les 

 (discovered and undiscovered) 
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B

Mass drops out!
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Vacuum impedance determines the power radiated by a dipole
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FIG. 2. The measured and theoretical electromagnetic cou-
pling as a function of momentum transfer Q. The solid and
dotted lines correspond to positive and negative Q2 predictions,
respectively. As we probe closer to the bare charge, its ef-
fective strength increases. �Qg1Qg2 �1�2 denotes the square root
of the median value for the product of the photon momentum
transfers in the antitagged e1e2 ! e1e2m1m2 sample. The
hadronic data point has been shifted for display.

and the strong coupling are approaching each other in the
limit of high momentum transfers.
We thank M. Kuroda for providing advice on the use

of his Monte Carlo program. We thank K. Hagiwara,
T. Munehisa, and S. Matsumoto for useful discussions.
We are grateful to all of the engineers and technicians at
KEK and the other collaborating institutions: H. Inoue, N.
Kimura, K. Shiino, M. Tanaka, K. Tsukada, N. Ujiie, and
H. Yamaoka. This research has been supported, in part,
by the U.S. Department of Energy.

*Present address: Department of Particle Physics, The
Weizmann Institute of Science, Rehovot 76100, Israel.

[1] Y. Ohnishi et al., Phys. Lett. B 313, 475–482 (1993), and
references therein.

[2] P. Langacker and Nir Polonsky, Phys. Rev. D 47, 4028
(1993).

[3] Particle Data Group, R.M. Barnett et al., Phys. Rev. D 54,
65 (1996).

[4] J. C. Ward, Phys. Rev. 78, 1824 (1950).
[5] S. Banerjee and S. N. Ganguli, Z. Phys. C 57, 229–232

(1993).
[6] K. Miyabayashi et al., Phys. Lett. B 347, 171–178 (1995).

The QED coupling from hadronic data is actually the
effective coupling ā21
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criticism of this simple model  

 - model not Lorentz invariant 

  Lorentz invariant quantities:                      ,
  are both zero for a plane wave 
  ! no pair production   
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reminder: 
! in general 
no pair production  possible 
for plane wave 
(momentum conservation) 

! but dc field okay 

boundary between dc and 
low frequency? 

J. Schwinger,  
Phys. Rev. 82, 664 (1951) 
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Conclusions

• Our simple model predicts a finite number of charged elementary particles 
and that it relates this number to low-energy properties of the 
electromagnetic field 

• The value predicted by the model is determined by the relative properties 
of the electric and magnetic interaction of light with the quantum vacuum 
and is independent of the number of elementary particles.

• We have shown an intimate relationship between the properties of the
quantum vacuum and the constants in Maxwell's equations.
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