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Attoseond processes in atoms

_ Rydberg states n>1 fs ... us
Heisenberg:

time — energy : At ~ h/AE

Valencen=1 ~1fs O

innershell <1 fs

attosecond dynamics:
innershell processes

however visible light: T~2fs

I—> need: attosecond x-ray pulses
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High harmonic generation (HHG)

2. electron accelerated
in the laser field

o-
e.g. Ne /
1. tunneling ionization
for 1> 1074 W/cm?
3. recombination with ion core and
emission of high energy photon
Q VAVAS -

hvy =n"hv (n odd)
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3 step model for HHG

HHG cutoff determined by
maximum available energy

Epax = 32U, + 1

with ponderomotive potential

U, = e’E(t)¥/4mo,
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Agostini, DiMauro, Rep. Prog. Phys. 67 (2004) 813
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,long“ fs laser pulses : periodic process

Spectral Intensity (arb. u.)
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,few-cycle® laser pulses: single attosecond flash
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Electron injection in a laser field:

—» Mmomentum exchange between light and electron

no net
momentum
exchange
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Setup for time-resolved electron spectroscopy

> _J

Kr double
TOF - ‘ ) mirror

spectrometer

Neon gas
Zr filter

as pulse

" . 5-fs laser pulse
800 nm
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momentum transfer — kinetic energy shift

double mirror

TOF-H&L' _-/- ) j

spectrometer
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The Attosecond Streak Camera

Principle
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Light metrology: direct snapshot of the light field

- width of single XUV pulse
=250 +30/-5 as

- synchronization to XUV-pulse
=280+ 80 as

Electric field of light

— Tpuls

— TJltter

Time ¢

SOURCE: SCIENCE

E. Goulielmakis et al., Science 305, 1267 (2004) M. Drescher Uni-HH




Auger decay dynamics

KL

dt
| LIJ|:>h1::vta(t) | i
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Probing the Auger electron wave packet

double mirror
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time-resolved Auger/photoelectron spectra of Kr

side band

M. Drescher et al., Nature 419, 803 (2002) M. Drescher Uni-HH




time evolution of Kr side band

— | i | i |
(/) )
s . -
: |

: |

. 4 | —
o .
s o) :
2 3 : \ -
7))

= \ _
E | laserpulse \ ) =7.9+1fs
©

c

=~ -
o)

QO 1} _
S

n -

2/ \\ —
0 T T I T T | T ||&#I‘
-20 20 40 60
laser-XUV delay (fs)
M. Drescher et al., Nature 419, 803 (2002) M. Drescher Uni-HH




summary

9
Introduction /o??
—» Non-adiabatic processes at surfaces: Chemicurrents % v H,
)

Surface femtochemistry 2 @ ! @ oH
—» Surface dynamics with electronic friction m
—» Example: Associative desorption of H, from Ru(0001) (111)renection le(oml) |

Time-resolved probe of structural dynamics 1.0_. ¢ it
—» Femtosecond laser spectroscopy 0'9_' W
—p Time-resolved x-ray diffraction 08|

=1 . 0 . 1
Delay Time [ps]

—p Non-thermal melting and coherent phonon excitation

—p Time-resolved photoelectron spectroscopy
Attosecond laser spectroscopy

—» High harmonic and attoseond pulse generation

—p Electron streak camera and Auger decay

Time delay (fs)
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