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Introduction



Schwinger process

Schwinger critical field

Sauter 1931, Euler and Heisenberg 1936, Schwinger 1951



Schwinger process

Keldysh parameter

tunneling regime

multiphoton regime
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inverse normalized 
vector potential



Schwinger process
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Threshold effects and effective mass

Kohlfürst, Gies, and Alkofer, Phys. Rev. Lett. 112, 050402 (2014)

Effective mass model



Threshold effects



Theoretical formulation

where

Grib, Mostepanenko, and Frolov, Teor. Mat. Fiz. 13, 377 (1972)

initial conditions:

Expectation value of the number of pairs produced from vacuum into a given 
eigenmode



Pulsed electric field 

The QED vacuum interacts with a linearly polarized electric field

where

Hence,

 
 

N = 1
N = 2
N = 3
N = 4
N = 5



Momentum distributions of one-photon pair creation



Momentum distributions across one-photon threshold



Momentum distributions across one-photon threshold



Marginal momentum distributions

Transverse momentum distribution

Longitudinal momentum distribution



Saturation

Total number of created pairs



Total number of pairs

Behavior typical for the perturbative regime



Perturbative treatment



Summary

(a) We have shown dramatic changes of the energy sharing between the 
longitudinal and transverse motion of created particles. What is essential in 
this respect is how quickly the electric field changes in time.

(b) With increasing the frequency of the electric field above the one-photon 
threshold, we observe the increasing effective mass of the electron and 
saturation of the number of pairs being produced.

Such electric field can be generated in heavy ion collisions.

(c) We have presented that the perturbative scaling of the total number of 
produced pairs with the electric-field strength can happen for arbitrary strong 
electric field.
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