lons, Atoms & Molecules
in Intense Fields:of FELSs:

1. huge integrated flux —> dilute samples




l. Precision Spectroscopy & lonization : lons

Ars: 31 866(1) eV

U= 280.83(10) eV
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Spectroscopy of lons
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Spectroscopy of lons
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l. Precision Spectroscopy & lonization : lons

Ars: 31 866(1) eV

U= 280.83(10) eV

|. Interaction with Molecular lons ,\é
.. very dilute beams
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Cold molecular ions ﬂ
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Cold molecular ions ——
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l. Precision Spectroscopy & lonization : lons

Ars: 31 866(1) eV

U= 280.83(10) eV

. Interaction with Molecular lons
.... very dilute beams

lll. Few- to Multi-Photon Processes @ <&
in Atoms, Molecules & Clusters
Ultra-Fast Phenomena
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Atoms in Intense Fields - -

photo absorption multi-photon ionization
Einstein 1905 Goppert-Meier 1931

tunnelling ionization

Mechanism?




Outline of the Talk

* Reaction Microscopes
* Introduction

- Atoms in Intense Fields
- Attosecond Streak Effect

* From Single-Photon to Multi-Photon

- Double lonization
- Multiple lonization

 Ultra-Fast Phenomena

- Attosecond Correlation
- Pump-Probe: The Molecular Movie




Tunneling lonization -

E(t)

b9

1

fir Ketnphysik

(T:)\/c=2.7fs) I =10°W / em?

%

Laser field

\

"4

P =50el
Coulomb potential



Tunneling lonization =

E(t)

(T:A/C:2.7fg) ]:1015W/Cm2

INA
\/ \/ time

—M Pdrift =(

X(t)

A Photoelectron/-ion with zero energy!




Tunneling lonization
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Atoms in Intense Fields - -

photo absorption multi-photon ionization
Einstein 1905 Goppert-Meier 1931

tunnelling ionization
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DoubleilohizationFields

photo absorption multi-photon ionization  tunnelling ionization

not existent at all:
always many photons

53 for helium!

what about
two active electrons



Double lonization ——

photo absorption multi-photon ionization  tunnelling ionization
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Double lonization: 1 hv

photo absorption
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photo absorption
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photo absorption multi-photon ionization  tunnelling ionization
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photo absorption multi-photon ionization  tunnelling ionization
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Intensity Dependence!
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8 fs Pump-Probe with D, - -

D, FC-transition

40 60
time delay fs

80

100

D++D+




8 fs Pump-Probe with D,

D,* FC-transition

"F"'\ '2\. \*‘
Max-Rlanck<Institut
fir Ketnphysik

@ 2020040 4080 B0 1000 45 7 >
timénaieldgldy fs



8 fs Pump-Probe with D, - -
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8 fs Pump-Probe with D, -
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