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Our story starts 100 years ago....
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... leading to quantum mechanics

Hydrogen Wave Function

Probability density plots.
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2013: first orbital observations
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Recovering the planetary model
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Going back to 1886...
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“SALLIE GARDNER,” owned by LELAND STANFORD; running at.a 1.40 gait over the Palo Alto track, 19th June, 1878



Time-Resolved Measurements




Potential energy (a.u.)
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Snapshots with lasers

H' kinetic energy (eV)

+

A
[N}
o

{1 2 3 4 B 8 e @a G
Internuclear distance (a.u.) REIRIENS RS

400



Time Scales:
From Nano- to Attosecond
Physical, Chemical and
Biological Changes

Atomic Resolution
Single Molecule Motion

Transition States & Femto-
Reaction Intermediates chemistry

IVR & Reaction Products

Nano Pico Femto
Radiative : . . . .
‘ Decay ‘I Rotational motion I I Vibrational motion I
Vibrational Collisions in

Internal Conversion & Intersystem Crossing

Relaxation Liquids

Predissociation Harpoon Norrish Dissociation
Reactions Reactions Reactions Reactions

Proton Abstraction, Exchange Diels-Alder Reactions Chemical
Transfer & Elimination
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Laser pulse duration
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Lasers cover many wavelengths
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Generation of attosecond pulses

Intense near-in mtosecond laser
Ay

- ' ! B Paul Corkum - 4
, . - = Ferenc Krausz
N Step 1: ionizatio - . o |
‘§ AA

removal of an

/) from the pos

\11 core
Step 2:

S acceleration of
the electron in the

M

o oscillatory laser
t field
Step 3: recombinatd,

accompanied by the emission

| of an¥UV phgton 4
l | ’

.
v

Intense near-infrared femt
+ XUV radiation



Instantaneous
electron
velocity
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Time Scales:
From Nano- to Attosecond
Physical, Chemical and
Biological Changes

Atomic Resolution

Electron Dynamics
Single Molecule Motion y
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Measurements with attosecond
pulses

04 - Excitation with

Isolated Attosecond
Pulse, generated in
] Krypton
0.0 4-4---- \ H+H'

0.2

Potential energy (a.u.)

Does the H atom (containing one
H*H electron) go the left or the right?

Does the H* ion (not containing an
electron) go to the right or left?

Internuclear distance (a.u.)

Sansone et al., Nature 465, 763 (2010)



XUV-IR
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Collaboration with " Martin and co-workers (Madrid)



Scenarios for Electron Localization
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Sansone et al., Nature 465, 763 (2010)



Hmmm...
spooky
action at a
distance
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