Classical and guantum effects in
strong field multiple ionization
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Experimental situation
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The experiment
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Rescattering model
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Momentum distributions
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Wannier s view of double ionization

G.H. Wannier, Phys Rev 90, 817 (1953).

At threshold, electrons can only escape
symmetrically in opposite directions

» Deviations from symmetry are amplified

* The cross section increases like E®
with exponent a = 1.056 (for neutral — 2e")

» ... All as a consequence of the
Coulomb interaction




Why parallel symmetric escape???

e correlations in electronic state?

 correlations induced by push
from rescattered electron?

 focussing influence of laser field?

Problem: cross sections small,
direct classical simulations hopeless

Proposal:
assume symmetric electron motion

Symmetric escape

field axis




Motion in symmetric subspace
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Comparison to experiment
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probability density

Comparison to experiment

parallel momentum
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Symmetric escape !!!

» Formation of highly excited complex

after collision

» Rapid decay with almost frozen field

» Dominance of symmetric subspace

as a consequence of dynamical instability:
deviations from symmetry are amplified and
one electron will be pushed back

Coulomb repulsion between electrons
enforces symmetric escape




Threshold behaviour

» Fix initial energy and field strength

» consider cross section as function of
excess energy above saddle

* exponential escape along reaction Pr = e"Rt
coordinate with rate A

» exponential separation perpendicular — At

to it with rate A, =€
« momenta that lead to

double ionization satisfy: gl Ag
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Summary so far:

Double ionization while field is on

Dynamics in symmetric subspace
reproduces observations

Two-electron configuration in steady field
guards two electron channel

Algebraic variation of cross section
with excess energy

Triple ionization

Three electrons :
two configurations !
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Triple ionization

Neon
Dominant configuration: (15 10* W/cm2, 30 fs, 795 nm)
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Many electron configurations: N=4
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Lowest transition states
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Quantum models

 Original: 3+3 degrees of freedom

* Reduction to planar 2+2 conceivable
... but still too big

e Minimal model: 1+1
... with a twist; X

Electron motion not collinear

but at some angle: field axis .
J. Phys B 39 (2006) 3865 r1
Quantum simulations:

 Start with groundstate

* Apply pulses sisingle

« Follow wave packet '°:'Z""“°” e

. 2 i oonL:zaeion

« Calculate final q o

momentum distribution °» ™ Sequenia

* Analyze results s, A s~ \
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arXives:physics/0607035 3
PRL 98, 203002 (2007)
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Variations with duration of pulse
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Quantum interferences

F=0.08

Model potentials
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Semiclassical origin (?)

 Direct paths to

double ionization...
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... and indirect ones
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Quantum correlations

 Pauli principle:
no two electrons in the same state
* In momentum space: different momenta

e ... or, in cylindrical coordinates:
no electrons with equal
parallel momenta

Quantum correlations in simulation

ting from:
'mmetric ground state:
agonal populated

p, [au]

tisymmetric first
excited state:
diagonal empty

p, lau]
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Summary:

Correlated escape because of
Coulomb repulsion

lonization behaviour dominated by
unstable equilibria

Many equilibria for many electrons

Quantum 1+1-dimensional model
captures all qualitative features

Summary:

* Quantum interferences in outgoing channels

» Strong effects from Pauli principle for
antisymmetric initial state

Outlook:
* Multiple ionization of molecules

» Other observables
(perpendicular momenta, angles etc.)

» Field and frequency dependence
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Multiple Ionization of Molecules

orientation parallel perpendicular
to field axis

Multiple Ionization of Molecules

Motion of saddle energy with orientation:

Vglau]

lowest saddle for parallel orientation
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