Sampling electron dynamics in atoms in
real time with sub-femtosecond resolution
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attosecond physics aims at gaining insight into
the motion of electrons on atomic scales
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the microcosm: imaging in space and time
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high—speed photography of microscopic processes:
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a sampling system with sub-fs resolution

® utilizing pump/probe techniques

® pump pulse and probe pulse need to be short N -
enough to freeze the motion of electrons -

® ultrashort visible laser pulses are close to the
wavecycle-limit of pulse duration (1-3fs).

® ..but, can be used to produce shorter (sub-fs) xuv pulses
(high harmonic generation)

® efficiency for 2 sub-fs xuv pulses is not sufficient yet

® what to do?
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using the electric field of laser pulses for ves e
probing with sub-fs resolution

E(t) = a(t)cos(w,t + @)
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e requires stabilization and control of carrier-envelope phase

e in combination with a weak sub-fs xuv pulse ->
pump/probe measurements with sub-fs resolution!



twvaveform-controlled few-cycle light opens the door to
steering & capturing electrons on an attosecond timescale
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xuv/x-ray radiation from strongly driven atoms
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ElECIICHIEld Drescher et al., Science 291, 1923 (2001)

Hentschel et al., Nature 414, 509 (2001)
Kienberger et al., Science 297, 1144 (2002)



steering bound electrons with controlled light fields:

the generation of a sub-femtosecond pulse

www.attoworld.de

3D-solution of the Schrddinger equation for hydrogen: Armin Scrinzi (TU Vienna)
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sub-femtosecond xuv/x-ray pulse generation
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attosecond pulse generation and detection
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triggering electronic transitions inside atoms
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probing electronic transitions inside atoms
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electron-optical streak camera

www.attoworld.de

resolution ~ 100 femtoseconds
D. J. Bradley et al., Opt. Commun. 2, 391 (1971)

M. Y. Schelev et al., Appl. Phys. Lett. 18, 354 (1971)
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few-cycle light wave and a sub-fs xuv pulse

-A, (1)

£ ==
< &=
= ) =L
g 5=
T =110 D=
E ! 0] =
Q. | .8
Y 2)
17 p
. —
il [
(=
o) ~®=measurement In the absence 10U
» \_ Simulation of the laser field
=
=
©)
&)
(=
9 = J el | b .0
g 60 70 80 90 1001 60 70 80 o0 100 60 70 0 o0} 100
0 . tinallelectronenergy: We [eVi v
oy, —

- (’) %
single2s50-attosecond JonS
XUVIpUulSe@1951eV, 0] Df=

©
on =

T O
981 0 ©

F==
opr @

time[fs]



.|Max-Planck-Institut

probing electronic transitions inside atoms
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streaked electron spectra following
core-hole excitation in krypton by a sub-fs xuv pulse

tracinglcore-nelerdecay directyanttme
lifetime efiM=shEelIN(Ed)Vacan cy iKY pLoN = o, = 7. O£1S

M. Drescher et al., Nature 419, 803 (2002)
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multiphoton versus tunneling ionization: the Keldysh theory
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time evolution of probing —ionization with a few-cycle pulse
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attosecond tunneling spectroscopy
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first experiments in neon and xenon
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testing the sub-fs resolution with neon

Ne<=* versus delay time
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xenon energy levels — illustration of dynamics
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resolving electron dynamics in xenon

time-integral
frequency-resolved
experiments:
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A5 may attosecond control of electronic motion in chemical bonds

affect the outcome of molecular dynamics?
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