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Laser-induced tunnel ionization:

tunneling time and relativistic effects
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Figure 1: Wave packet tunneling through a coulomb potential bent by a laser potential.
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Figure 2: Schematic relativistic tunneling picture. The position dependent total energy
E(x) is plotted (red-line), crossing the total potential V(x, y, z)− xE0 (blue-line) [1].
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Figure 3: The momentum probability distribution of the tunneled electron at the bar-
rier exit in the relativistic case is compared to the non-relativistic case [1].

Ionization time, exit momentum and asymptotic
momentum
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Figure 4: Wigner trajectory compared to the classical trajectory in the deep tunneling
regime with the electric field strength E0 = Z3/30 [2, 3].
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Figure 5: Wigner trajectory compared to the classical trajectory in the near-threshold-
tunneling regime with the electric field strength E0 = Z3/17 [2, 3].
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Figure 6: Various times plotted for different electric field strengths E0 and different
Keldysh parameters γ. The ionization time τA determined by placing a virtual detector
at the tunneling exit. The Mandelstam and Tamm time τTMT measured at the instant
of electric field maximum. The ionization time τ2 calculated from the asymptotic
momentum using the two-step model. The time spent under the barrier using Wigner
formalism τsub is a good estimate for τA [4].
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Figure 7: The exit momentum at the instant of ionization at the tunnel exit for differ-
ent electric field strengths E0 and different Keldysh parameters γ determined by two
different methods. Method 1 is based on the space resolved momentum distribution,
while method 2 utilizes the velocity of the probability flow [4].
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