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ON ELECTRONÄPOSITRON PAIR PRODUCTION BY
A SPATIALLY INHOMOGENEOUS ELECTRIC FIELD

A. Chervyakov 1, ∗, H. Kleinert 2, ∗∗

1 Joint Institute for Nuclear Research, Dubna
2 Institut f éur Theoretische Physik, Freie Universitéat Berlin, Berlin

A detailed analysis of electronÄpositron pair creation induced by a spatially nonuni-
form and static electric ˇeld from vacuum is presented. A typical example is provided
by the Sauter potential. For this potential, we derive the analytic expressions for vacuum
decay and pair production rate accounted for the entire range of spatial variations. In the
limit of a sharp step, we recover the divergent result due to the singular electric ˇeld at the
origin. The limit of a constant ˇeld reproduces the classical result of Euler, Heisenberg
and Schwinger, if the latter is properly averaged over the width of a spatial variation.
The pair production by the Sauter potential is described for different regimes from weak
to strong ˇelds. For all these regimes, the locally constant-ˇeld rate is shown to be the
upper limit.

�·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¤¥É ²Ó´μ£μ  ´ ²¨§  ·μ¦¤¥´¨Ö Ô²¥±É·μ´-¶μ§¨É·μ´´ÒÌ
¶ · ¨§ ¢ ±ÊÊ³ , ¨´¤ÊÍ¨·μ¢ ´´ÒÌ ¶·μ¸É· ´¸É¢¥´´μ-´¥μ¤´μ·μ¤´Ò³ ¨ ¸É É¨Î¥¸±¨³ Ô²¥±-
É·¨Î¥¸±¨³ ¶μ²¥³. ‚ ± Î¥¸É¢¥ É¨¶¨Î´μ£μ ¶·¨³¥·  · ¸¸³ É·¨¢ ¥É¸Ö ¶μÉ¥´Í¨ ² ‘ ÊÉ¥· .
„²Ö ÔÉμ£μ ¶μÉ¥´Í¨ ²  ¶μ²ÊÎ¥´Ò  ´ ²¨É¨Î¥¸±¨¥ ¢Ò· ¦¥´¨Ö ¢¥·μÖÉ´μ¸É¥° · ¸¶ ¤  ¢ -
±ÊÊ³  ¨ ·μ¦¤¥´¨Ö Ô²¥±É·μ´-¶μ§¨É·μ´´ÒÌ ¶ · ¢μ ¢¸¥° μ¡² ¸É¨ ¶·μ¸É· ´¸É¢¥´´ÒÌ ¢ -
·¨ Í¨°. ‚ ¶·¥¤¥²¥ ¶μÉ¥´Í¨ ²Ó´μ° ¸ÉÊ¶¥´Ó±¨ μ´¨ ¸É ´μ¢ÖÉ¸Ö ¡¥¸±μ´¥Î´μ ¡μ²ÓÏ¨³¨
¢¸²¥¤¸É¢¨¥ ¸¨´£Ê²Ö·´μ£μ ¶μ¢¥¤¥´¨Ö Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ¢ ÔÉμ³ ¸²ÊÎ ¥. �·μÉ¨¢μ¶μ-
²μ¦´Ò° ¶·¥¤¥² ¶μ¸ÉμÖ´´μ£μ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ¢μ¸¶·μ¨§¢μ¤¨É ±² ¸¸¨Î¥¸±¨¥ ¢Ò· -
¦¥´¨Ö �°²¥· , ƒ¥°§¥´¡¥·£  ¨ ˜¢¨´£¥·  ¤²Ö ¢¥·μÖÉ´μ¸É¥° ·μ¦¤¥´¨Ö ¶ · ¶μ¸²¥ ¸μ-
μÉ¢¥É¸É¢ÊÕÐ¥£μ Ê¸·¥¤´¥´¨Ö ¶μ Ï¨·¨´¥ ¶·μ¸É· ´¸É¢¥´´ÒÌ ³μ¤Ê²ÖÍ¨°. �μ¦¤¥´¨¥ ¶ ·
¶μÉ¥´Í¨ ²μ³ ‘ ÊÉ¥·  μ¶¨¸Ò¢ ¥É¸Ö ¤²Ö ¢¸¥Ì Ë¨§¨Î¥¸±¨Ì ·¥¦¨³μ¢ Å μÉ ¸² ¡μ° ¤μ ¸¨²Ó-
´μ° ´ ¶·Ö¦¥´´μ¸É¨ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö. �μ²ÊÎ¥´Ò ¶·¥¤¥²Ó´μ ¤μ¶Ê¸É¨³Ò¥ §´ Î¥´¨Ö
¤²Ö ¢¥·μÖÉ´μ¸É¥° · ¸¶ ¤  ¢ ±ÊÊ³  ¨ ·μ¦¤¥´¨Ö Ô²¥±É·μ´-¶μ§¨É·μ´´ÒÌ ¶ ·, ¨´¤ÊÍ¨·μ-
¢ ´´ÒÌ ¶·μ¸É· ´¸É¢¥´´μ-´¥μ¤´μ·μ¤´Ò³ Ô²¥±É·¨Î¥¸±¨³ ¶μ²¥³.
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