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� What – as a result - can we presently do?

� What do we use as our starting point to get this?

� What do we want?

� What can we presently not do?

� What do we plan to do to get around this?
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Femtosecond lasers are 
appropriate for studying nuclear

dynamics

Wals. et.al. Phys. Rev. Lett. 72, 3783 (1994).

N.B. Studying electron dynamics with 
femtosecond lasers requires slowing down 
the dynamics by working with Rydberg
atoms or molecules

Electron dynamics in the ground or 

excited states of atoms or molecules 

requires the use attosecond lasers
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Paulus et al, Nature 414 (2001) 182;PRL 91 (2003) 253004
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ATI in Xenon
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� What – as a result - can we presently do?

� What do we use as our starting point to get this?

� What do we want?

� What can we presently not do?

� What do we plan to do to get around this?



Intense near-infrared femtosecond laser

Step 1: ionization and removal of an 
electron from the positive ion core

Step 3: recombination, accompanied by the 

emission of an XUV photon

Step 2: acceleration of the electron 

in the oscillatory laser field

Intense near-infrared femtosecond laser + XUV radiation
(repetitive nature gives odd harmonics)

High Harmonic Generation



Dependence of few-cycle photoionization 

on the carrier envelope phase
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Guertler et.al., Phys. Rev. Lett. 92, 063901 (2004)
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Nicole et.al., Phys. Rev. Lett. 88, 133001 (2002)



Intense near-infrared femtosecond laser

Step 1: ionization and removal of an 
electron from the positive ion core

Step 3: recombination, accompanied by the 

emission of an XUV photon

Step 2: acceleration of the electron 

in the oscillatory laser field

Intense near-infrared femtosecond laser + XUV radiation

High Harmonic Generation

Step 1: Ionization near maximum of 
amplitude of laser electric field

Step 2: The electron follows a well-

defined trajectory in the field

Step 3: The electron returns and recombines 

during a very finite part of the IR cycle



Delay-

Line

%!���

���4�
��������

���
��� #�������#����
M35�*������7-����#��9CBCC 6L
�F;

N
oble

 g
as

 (A
r, 

K
r, 

Xe)

m
a

s
k

CCD-
camera

MCP@
Phosphor
screen

Extractor

Repeller

800nm@70fs



-���1!�
��#�

����7��������
&���,��#��

Aseyev et.al., Phys. Rev. Lett. 91, 223902 (2003)

Velocity map imaging



Reconstructed attosecond pulses

Aseyev et.al., 
Phys. Rev. Lett. 91, 223902 (2003)

Since then: compression of isolated

attosecond pulses to 130 as 

(Milano, Science 314, 443, 2006)
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� What – as a result - can we presently do?

� What do we use as our starting point to get this?

� What do we want?

� What can we presently not do?

� What do we plan to do to get around this?
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Example 1:Example 1:

Photoabsorption on attosecond Photoabsorption on attosecond 

timescalestimescales

Pump-probe experiment 

� isolated attosecond pulses

Bound state dynamics 

� time-dependent strong-field ionization
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=> shake-up + 

tunnelling
ionization probe 

< 400 as

Ne double ionization

(XUV+IR)
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M Uiberacker et al., Nature 446, 627 (2007)
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Changing the way people think 
about ionization … is the 

‘conventional wisdom’ correct?

� Conventional wisdom: at low intensity ionization follows the 
envelope of the pulse, at high intensity it follows the field

� TDSE simulation of Ne+

ionization at variable field
strengths � the sub-cycle
time dependence remains
deep into the multi-photon
regime!!!

gggg=1

gggg=2

gggg=4

gggg=8


