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We investigated the interaction of an axially symmetric polarized light with a vacuum at 

electromagnetic-Þ eld strengths far below the Schwinger limit.  Although polarization and magnetization 

in a vacuum induced by the axially symmetric polarized light are clearly different from those for a 

linearly polarized light, the number of photons radiated from the vacuum is not very dependent on the 

light polarization.
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Fig. 1 Focusing of laser light with radial polarization.
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Fig. 2  Directions of electric Þ eld of light with (a) radial 

polarization, (b) azimuthal polarization, and (c) su-

perposition of radial and azimuthal polarization.

Fig. 3  Distributions of the amplitudes (shading of gray) 

and directions (arrows and cross marks) of (a) 

EL(r), (b) EA(r, 0 ), (c) EA(r, 45 ), (d) BL(r), (e) 

BA(r, 0 ), (f) BA(r, 45 ) in the focal plane for 

 = 100 .  The x and y axes are expressed in units 

of the laser wavelength , and the cross mark rep-

resents the direction of the z axis.  The amplitudes 

are normalized to the maximum value.
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Fig. 4  Distributions of (a) , (b) , (c) 

, (d) , (e) , (f) 

 in the focal plane for  = 100 .  The 

x and y axes are expressed in units of the laser 

wavelength .  The amplitudes are normalized to 

the maximum value.

Fig. 5  Distributions of the amplitudes of (a) PL(r), (b) 

PA(r, 0 ), (c) PA(r, 45 ), (d) ML(r), (e) MA(r, 0 ), 

(f) MA(r, 45 ) in the focal plane for  = 100 .  The 

x and y axes are expressed in units of the laser 

wavelength .  The amplitudes are normalized to 

the maximum value.
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Fig. 6  The number of photons of the radiated light from 

vacuum per shot as a function of 0 in the case that 

axially-symmetric polarized beam (solid line) and 

linearly polarized beam (dashed line) are focused 

to the vacuum.  , laser power and pulse duration 

are assumed to be 100 , 100 PW and 100 fs, re-

spectively.
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