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Special relativity was proposed by A. Einstein in 1905. Relativistic phenomena such as the time dilation
and the rest mass energy has been confirmed in experiments. However, the relativistic Coulomb field
around a highly energetic charged particles propagates in vacuum with nearly speed of light has never
been demonstrated directly due to the lack of ultrafast field measurement with a temporal resolution of
femtosecond. Here, we utilized a terahertz technique based on electro-optic sampling, and visualized
relativistic Coulomb field around a highly energetic electron beam generated by a linac. The obtained
spatiotemporal electric field profile shows the contracted electric field around an electron beam, as pre-
dicted by special relativity. Moreover, we studied the birth of the relativistic Coulomb field by passing
the electron beam through a metallic foil. Our results provide a new experimental evidence of the theory

of relativity.
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Fig. 1 Schematics of the two inertial frames. The origin of
the inertial frame K’ is moving with a velocity v
with regard to the origin of inertial frame K.
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Fig. 2 The two-dimensional spatial profile of the absolute
values of the electric field around (a) a static and
(b) a moving electron. In the latter case, the elec-
tron propagates in the z-direction with a constant
energy of 35 MeV.
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Fig. 3 Schematics of the simplified experimental setup.
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Fig. 5 (a) (b) Experimental result and calculation of the
spatiotemporal electric-field profile. (c) (d)
Comparison of the experimental results and calcu-
lations with regard to the maximum electric-field
strength and pulse-width broadening in the radial
direction.
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Fig. 6 (a) ~ (c) Experimental result of the spatiotemporal
profile of the Coulomb field at D =5, 15, 204 mm.
(d) ~ (f) PIC simulation emulating the experiments
at D=15,15,204 mm.
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