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What do we want?

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

What — as a result - can we presently do?

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

Reactants

<O @]

Electron dynamics in the ground or
excited states of atoms or molecules
requires the use attosecond lasers

| N.B. Studying electron dynamics with
M R femtosecond lasers requires slowing down

L the dynamics by working with Rydberg
el i) atoms or molecules

Wals. et.al. Phys. Rev. Lett. 72, 3783 (1994).
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ATI In Xenon
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Paulus et al, Nature 414 (2001) 182;PRL 91 (2003) 253004
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What do we want?

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

What — as a result - can we presently do?

What can we presently not do?

What do we plan to do to get around this?




High Harmonic Generation

Intense near-infrared femtosecond laser

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

Step 2: acceleration of the electron
In the oscillatory laser field

Step 3: recombination, accompanied by the
emission of an XUV photon

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




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)




High Harmonic Generation

Intense near-infrared femtosecond laser

Step 1: lonization 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

Intense near-infrared femtosecond laser + XUV radiation
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Velocity map imaging
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Aseyev et.al., Phys. Rev. Lett. 91, 223902 (2003)




Reconstructed attosecond pulses

Ar(HHG): 250 as
Kr(HHG)
Xe(HHG)

Since then: compression of isolated
attosecond pulses to 130 as
(Milano, Science 314, 443, 2006)
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Aseyev et.al.,

Phys. Rev. Lett. 91, 223902 (2003) Elapsed tlme (aS)




What do we want?

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

What — as a result - can we presently do?

What can we presently not do?

What do we plan to do to get around this?




. #4







Example 1:

Ploiealnsepiion onrailesecond
limescales

Pump-probe experiment
Isolated attosecond pulses

Bound state dynamics
time-dependent strong-field ionization
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Ne double ionization
(XUV+IR)

Binding energy

148.47ev |

XUV + IR (x> 0);
93.3%
KUV 95.2%

=> shake-up +
tunnelling
lonization probe
<400 as
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M Uiberacker et al., Nature 446, 627 (2007)
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