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Schwinger limit ~ 10**29 W/cm2)

Sunlight: 0.12 W/cm2
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CREI∼ Rc ~  4 – 5 Å



Efficacité ?

(Optimisation)

20042000

1064 nm- 1.6 nm=16A0

Nhω = IP = πUP

(2005)

A.D. Bandrauk and H.S. Nguyen, Phys. Rev. A 66, 031401 (2002)
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Équation de Schrödinger dependant de temps pour une molecule H2

éxposée au champ laser intense decrit par : E(t)=ε(t) cos(ωLt)

(polarisation linéaire)
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static

temps (periodes du laser Tlas)  ,  Tlas=2.67 fs

Analyse en temps-frequence
de Gabor (ondelettes):
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Rev Mod Phys (feb 2009)



Measuring electron wave packets

1. Attosecond pulses are fast enough to observe 
electron wave packets.

Yudin et al, Phys Rev A 72, 51401(R) (2005)

FP1To exploit attosecond technology 

2. Electron wave packets are resolved
through changes to the photo-
electron spectrum as a function of
pump-probe time delay.

3. The attosecond pulse projects the
momentum distribution into the
continuum.

J. Phys. B39, S409 (2006)
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•Phys. Rev. A, 70, 013815 (2004)

•Opt. Lett. 29, 1557 (2004)



Chirped pulses (formed naturally with attosecond pulse 
technology) are as effective as transform limited
pulses of the same bandwidth.  

FP1To exploit attosecond technology 

Yudin et al., Phys. Rev. Lett. 96, 063002 (2006)

1. With a chirped pulse, 
all dynamic
information is gained
with only a single 
pump-probe time
delay

ξ is a 
paramete
r
measurin
g the
chirp)



Attosecond photoionization of a coherent 
superposition of bound and dissociative

molecular states: effect of nuclear motion 

by

André D. Bandrauk,

with  S.Chelkowski, G.L. Yudin,
Université de Sherbrooke,  Canada

P.B. Corkum (Ottawa),
J. Manz (Berlin)
to appear J Phys B 2009



potentials in 1-D H2
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Moving H2
+ and T2
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probabilities for H2
+ 
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We show the initial v=0 vibrational
state and the dissociating packets

on  σu .
Conclusion: at t>3 fs (tdel > 1.5fs
we loose the overlap in H2

+  . This
agrees with the attenuation seen

in the previous slide
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Wave packet motion induced
by the pump shown below:

Decoherence ?: see Zurek, PRD 47,488(1993)



1.40 MeV3 UP

λ = 800 nm

I – 3 x 10 22 W/cm2



H+2 (Bond Softening / PH. Bucksbaum PR ’90-92

AR2
+ (Bond Softening / ADB (JCP 1981)



26 X 10 -14 m)
E~1/2 MeV

= 460 asec

Δt~10-18S

=attosecond

(10-15S)
PRL 93,083602(2004)



Mathematical Problems

1. High order SOT
2. Multiscale time frequency analysis
3. Infinite D Optimal Control theory
4. High order NLS
5. Relativistic QM
6. Molecular movies

(Dynamic Imaging of Electrons-Nuclei)















Japanese connection
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