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What Is an attosecond?
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What is the time scale of photoionization? How does the ionization work
in multielectron systems? Are the ionization channels direct or indirect?

How do electrons regroup during ionization?
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How to generate attosecond pulses?

High Harmonic Generation ‘ attosecond
atomic x-ray pulse

medium

Simple Man‘s model

ENEROY LEVE detector/
A LASER LIGHT :
experiment
N femtosecond laser intensity:
14 2
S laser pulse >10" W/cm
ELECTRON =
[TUNNELR\\ /\
NUCLEUS
‘I An electron that is bound to The atom’s field is The free electron is still To reattach to the atom's nucleus,
an atom’s nucleus cannot distorted when it is affected by the laser the electron must rid itself of the
normally leave its atom; it affected by the laser field and gains some extra energy it gained during its
does not have enough energy pulse. When the electron extra energy. When the Journey. This is emitted as an
to lift itself out of the well is only held by a narrow field turns and changes ultraviolet flash, the wavelength of
created by the atom’s barrier, quantum direction, the electron is which is linked to that of the laser
electrical field. mechanics allow it to pulled back in the field, and differs depending on how
tunnel out and escape. direction it came from. far the electron moved. E
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How to generate attosecond pulses?

Attosecond pulse trains and isolated pulses

« Harmonics are emitted every half-cycle of the
driving laser pulse

* Proper focusing in the gas medium allows
selection of the trajectories

» If the harmonics are in phase an attosecond
pulse is formed which is repeated every half-
cycle of the driving laser pulse

» The pulse duration of the driving laser should
be as short as possible to have a few half-
cycles contribute as possible to generate short
APT

» Isolated attosecond pulses can be generated
near the cutoff by spectral filtering or more
advanced techniques

e Current world record: 43 as

P

i
Streaking of 43-attosecond soft-X-ray pulses generated by a
passively CEP-stable mid-infrared driver

J 3 Thomas Gaumnitz, Arohi Jain, Yoann Pertot, Martin Huppert, Inga Jordan, Fernando Ardana-Lamas, and Hans Jakob
wo
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The world of electrons is explored
with the shortest of light pulses

When laser light is transmitted through a gas, ultraviolet
overtones arise from the atoms in the gas. In the right
conditions, these overtones may be in phase. When their
cycles coincide, concentrated attosecond pulses are formed.

OVERTONES ARE
SUPERIMPOSED

.
REINFORCE OR CANCEL
EACH OTHER
ATTOSECOND PULSES ‘/\/—\/\f\/\h

Example of an
experimental

setup
OBSERVATION

The laser light is divided into twe beams, where one is
used to create a train of attosecond pulses. This pulse
train is then added to the original laser pulse and the
eormbination is used to perform extremely rapid
experiments,
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How to measure attosecond pulses’?

XUV NIR pump-probe spectroscopy

APT: RABBIT (reconstruction of attosecond beating by interference of
two-photon transitions)
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The world of electrons is explored
with the shortest of light pulses

When laser light is transmitted through a gas, ultraviolet
overtones arise from the atoms in the gas. In the right
conditions, these overtones may be in phase. When their
cycles coincide, concentrated attosecond pulses are formed.

OVERTONES ARE
SUPERIMPOSED

REINFORCE OR CANCEL
EACH OTHER
ATTOSECOND PULSES \/\/—\/\/—\/\_A

Example of an
experimental
setup

The laser light is divided into two beams, where one is
used to create a train of attosecond pulses. This pulse
train is then added to the original laser pulse and the
combination is used to perform extremely rapid
experiments.
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Characterization of Attosecond pulse trains in two-color fields: RABBIT
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Citations by 10,202 documents Documents h-index View h-graph transitio nS)

Top 5 highest cited papers Observation of a Train of Attosecond Pulses from High

. .
Aicle Harmonic Generation

Observation of a train of attosecond pulses from high harmonic 2,263

generation Citations B M. PAUL.E. 5. TOMA, P BREGER, G. MULLOT, E AUGE, PH. BALCOU, H. G. MULLER, AND P AGOSTINI Authors Info & Affiliations
Paul, P.M., Toma, E.S., Breger, P., ...Muller, H.G., Agostini, P.

snlmu,) 2001_ 292(5522)' pp. 1689-1692 SCIENCE - 1 Jun 2001 - Vol 292, lssue 3522 - pp. 1689-1692 - DOL 10.1126/science.1059413

Show abstract ~  View at Publisher 7  Related documents

Laser 800 nm  Mask  Delay plates Argon
Article « Open access 40 fs, 1 kHz . . ; Lens Aperture
Observation of high-order harmonic generation in a bulk crystal 1,206 : i n
Ghimire, S., Dichiara, A.D., Sistrunk, E., ...Dimauro, L., Reis, D.A. Citations i |
Nature Physics, 2011, 7(2), pp. 138-141 1.35fs Spherical
Show abstract ~  View at Publisher 7  Related documents tungsten
mirror
Article
Free-free transitions following six-photon ionization of xenon atoms 1,189
Agostini, P., Fabre, F., Mainfray, G., Petite, G., Rahman, N.K. Citations 4 sideband
Physlcal Revlew Letters, 1979, 42(17), pp. 1127-1130 Mlaser - photoelectrons
Show abstract ~  View at Publisher 7  Related documents T Y TOF electron
O P threshold spectrometer
Article
Precision measurement of strong field double ionization of helium 952 ) ’ oqh gl @’
Walker, B., Sheehy, B., Dimauro, LF,, ...Schafer, K.J., Kulander, K.C. Citations T L ne
Physical Review Letters, 1994, 73(9), pp. 1227-1230 4 L8
Show abstract ~  Viewat Publisher 7  Related documents \\ ,/ --‘[;;)1333
- e ground state
Review Olaser L
The physics of attosecond light pulses 783 s
Agostini, P., DiMauro, L.F. Citations

Reports on Progress in Physics, 2004, 67(6), pp. 813-855

Show abstract ~  View at Publisher 7  Related documents

DESY. | The Nobel Prize in Physics 2023 | Andreas Hoffmann Page 7
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Anne L‘Huillier

Discovery of HHG, TDSE model for strong field laser physics,
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ionization dynamics with attosecond pulses
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