Journal of Physics B: Atomic,
Molecular and Optical Physics

EDITORIAL You may also like

Special issue celebrating 25 years of re-collision ot

molecules

phyS|CS Matthew T Eiles

- Thermalization and prethermalization in

. . . isolated gquantum systems: a theoretical
To cite this article: Ken Schafer et al 2017 J. Phys. B: At. Mol. Opt. Phys. 50 170201 overview

Takashi Mori, Tatsuhiko N Ikeda, Eriko
Kaminishi et al.

- Synthetic gauge potentials for ultracold
neutral atoms
Yu-Ju Lin and | B Spielman

View the article online for updates and enhancements.

Easy-to-use and Helium-3 free
cryogenics solutions

LEARN MORE

O kiutra

-1 <N

- ;

This content was downloaded from IP address 18.219.236.62 on 02/05/2024 at 12:32


https://doi.org/10.1088/1361-6455/aa8052
https://iopscience.iop.org/article/10.1088/1361-6455/ab19ca
https://iopscience.iop.org/article/10.1088/1361-6455/ab19ca
https://iopscience.iop.org/article/10.1088/1361-6455/ab19ca
https://iopscience.iop.org/article/10.1088/1361-6455/aabcdf
https://iopscience.iop.org/article/10.1088/1361-6455/aabcdf
https://iopscience.iop.org/article/10.1088/1361-6455/aabcdf
https://iopscience.iop.org/article/10.1088/0953-4075/49/18/183001
https://iopscience.iop.org/article/10.1088/0953-4075/49/18/183001
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsug5qGQyNzwAlS-a0SqTGCm_J4FiPA02ud2O6bX8NoBcZaoQ-pmQXmfirrLIT_pL7OwcS6bLsNxmqmDolbFSVKMbCW2GZE56II9KYaD4o1YjLHbpKqY4UC96QT5oZPPFOPJkNsybMbJbQ0MOAx0muSHgBRHE8z5XQOE0PS_Mu7liaXP5eXf4DS_gsihX_lT-jYSbF0uRW0rgsKOu0B6_h0LZOuANg-Z5MBf0pLIV0frl3bgG97TvuxelMtwSFPIS_-H4NaLWonKxOQX2MV_GnPfVLH4nZDfm0-B7HadfM-JivuIleCmZakC5r_n-7_zopRUJeIqYdAVzUPvCOv2DFR7ZUZSOA&sig=Cg0ArKJSzLgjRHUPHxVt&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://kiutra.com/solutions/%3Fmtm_campaign%3Diop-journals

10OP Publishing

Journal of Physics B: Atomic, Molecular and Optical Physics

J. Phys. B: At. Mol. Opt. Phys. 50 (2017) 170201 (2pp)

Editorial

https://doi.org/10.1088/1361-6455/aa8052

®

CrossMark

Special issue celebrating 25 years of
re-collision physics

Ken Schazferl,
Ziyie Wei and3 4
Marc Vrakking™

! Department of Physics and
Astronomy, Louisiana State
University, Baton Rouge, LA
70803, United States of America
2 Beijing National Laboratory for
Condensed Matter Physics,
Institute of Physics, Chinese
Academy of Sciences, Beijing
100190, People’s Republic of
China

% Max-Born-Institut, Max Born
Strafie 2A, D-12489 Berlin,
Germany

E-mail: marc.vrakking @mbi-
berlin.de

4 Author to whom any correspon-
dence should be addressed.

0953-4075/17,/170201+-02$33.00

Twenty five years ago, a novel physical picture came into focus, one that
allowed for a unified interpretation of phenomena such as above threshold
ionization (ATI) and high harmonic generation (HHG), which had fascinated and
perplexed the strong field atomic and molecular physics community over the
preceding decade. In a number of papers that followed each other in rapid
succession, experimental observations made possible by newly-developed laser
sources were explained by breaking down the laser—atom interaction into steps
that are distinguished by their very different time, energy and length scales.
These include (i) field-driven ionization over a small fraction of the laser cycle,
(ii) propagation and acceleration of the ionized electron under the influence of
the oscillatory laser electric field, driving the electron first far away from the ion
core and then back towards it, leading to (iii) an electron—ion re-collision. The
electron’s return facilitates the production of high harmonic radiation, further
excitation or ionization of the ion in inelastic collisions, or elastic scattering
resulting in high energy ATI electrons. Importantly, the recollision process is
coherent—the electron interacts with the ion core it left—and lasts for a small
fraction of the laser cycle, enabling attosecond physics to emerge out of the non-
linear dynamics driven by femtosecond lasers.

In the years that have followed, this intuitive picture has formed the basis for a
number of revolutionary developments, most prominent of all the emergence of
attosecond science. This is because the recollision picture, while easily grasped,
also allows for a number of solid predictions, especially the intensity-dependent
phase of the returning electron wave packet, which dictates the spatial, spectral
and temporal properties of the observed attosecond radiation. This deep under-
standing of the properties of attosecond pulses has also allowed ultrafast physics to
expand from studying the time-dependent properties of atoms and molecules to
studying the time-dependent properties of the electrons inside these atoms and
molecules, which govern most of their physical and chemical properties.

The impact of the recollision picture has not been limited to HHG. An ever-
deepening understanding of electron—ion recollisions has led to novel insights into
electron correlation, manifest, for example, in the process of non-sequential
double ionization, and the measurement of the absolute phase of laser pulses via
the observation of elastically rescattered electrons. In recent years, it has inspired
novel approaches towards elucidating time-resolved structural changes in mole-
cules through the concept of laser-induced electron diffraction (LIED). Today,
LIED is used as a method to determine both static molecular structures as well as
the time-dependent structures of molecules undergoing the first steps towards a
chemical change. Significant further development of the LIED technique may be
anticipated in the years to come.

The purpose of this special issue is to celebrate the recollision model that
emerged twenty five years ago, and also to highlight many of the important
developments in recollision physics that have occurred since then. We hope that it
will inspire new insights and innovations in the many areas touched by strong field
physics. Whether grouped under the commonly used headers of ‘strong field
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physics’, ‘recollision physics’ or ‘attosecond science’, the message remains the
same: highly intuitive physical pictures such as the recollision model of HHG
continue to provide a powerful means to interpret experiments involving strong
laser fields, and they continue to guide the development of important spectro-
scopic techniques.
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