
Eur. Phys. J. Plus         (2021) 136:582 
https://doi.org/10.1140/epjp/s13360-021-01580-z

Editorial

Light pressure across all scales: editorial

Andrea Macchi1,2,a , Onofrio M. Maragò3,b

1 CNR, National Institute of Optics (INO), Adriano Gozzini Research Unit, Via G. Moruzzi 1, Pisa, Italy
2 Enrico Fermi Department of Physics, University of Pisa, Largo B. Pontecorvo 3, 56127 Pisa, Italy
3 CNR-IPCF, Istituto per i Processi Chimico-Fisici, v.le F. Stagno D’Alcontres 37, 98158 Messina, Italy

© The Author(s), under exclusive licence to Società Italiana di Fisica and Springer-Verlag GmbH Germany,
part of Springer Nature 2021

1 Introduction

Light pressure was first recognized by Kepler [1] in its explanation of comets tail. Its under-
standing lies within the theory of electromagnetism by Maxwell [2] and the identification
of light momentum associated to the Poynting vector [3]. The Italian physicist A. Bartoli
independently predicted the pressure of light on the basis of thermodynamics [4, 5]. Despite
the experimental attempts at the beginning of the last century by Lebedev [4, 5] and Nichols
and Hull [6], the advent of the laser [7] represented the revolutionary breakthrough that
enabled the pioneering experiments by Ashkin and co-workers on radiation pressure [8, 9],
optical trapping of atoms [10, 11], particles [12], cells [13], viruses and bacteria [14]. The
latter three experiments were carried out with the setup configuration commonly known as
optical tweezers [15], a tightly focused beam of laser light capable of holding particles in
three dimensions.

The Nobel Prize in Physics has recognized at least three times the pressure of laser light as
an unique tool to control and manipulate matter: in 1997 S. Chu, C. Cohen-Tannoudji and W.
D. Phillips were awarded for laser cooling which had an enormous impact in atomic physics
[16], while in 2018 A. Ashkin was awarded for optical tweezers and D. Strickland with
G. Mourou for chirped pulse amplification which allows to generate the most intense light
pressure ever at a focus, yielding promise for compact particle accelerators [17, 18]. Looking
at increasingly larger scales, light pressure has a key role in optomechanics [19] including
the detection of supefluid light states [20], in gravitational interferometers [21, 22], and also
in the recently rediscovered visionary concept of laser-boosted sail probes for interstellar
travel [23, 24]. Indeed, the Universe offers several examples of cosmic phenomena with a
dominant role of the pressure exerted from electromagnetic radiation.

This focus point issue aimed to collect new results, insights, and reviews on light pressure
in different physical contexts. Because of the interdisciplinary character of the focus issue,
each paper highlights general aspects more than technical details, in order to be accessible to
a broad readership. Published manuscripts reflect the diversity of interest in the field. In our
original plan we wished to cover even more physical contexts and applications where light
pressure plays a pivotal role. Unfortunately, the issues and strain caused by the COVID-19
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pandemic affected the number of contributions, as well as spread the submissions across
2020 and early 2021.

Srivastava and Swartzlander [25] investigate the optomechanics of a rigid non-spinning
light sail that mitigates catastrophic sail walk-off and tumbling by use of a flat axicon diffrac-
tion grating. Light sail acceleration by ultrashort, superintense laser pulses is also investigated
as an approach to compact accelerators of matter by Pegoraro et al. [26]. The theory and prac-
tice of optical tweezers and its applications to single-molecule experiments are reviewed by
Pesce et al. [27] and by Zaltron et al. [28], respectively. Novel biophysical applications of
optical tweezers are shown in the work by Sergides et al. [29], where they investigate the
transduction of optical forces in living cells and FRET-based molecular force microscopy.

Theory and modeling are crucial for a better understanding of light forces. In particular,
transverse spin-dependent optical forces are the subject of the paper by Marques et al. [30]
and Polimeno et. al [31], related with the unconventional properties of the Belinfante’s spin
momentum. The integration of optical tweezers with Raman spectroscopy, Raman tweezers,
has opened to important applications in the spectroscopic characterization of biomolecules
and cells that are experimentally investigated by Foti et al. [32] and Bernatova et al. [33],
respectively.

Callegari et al. [34] review how optical tweezers have been successfully used to quanti-
tatively study critical Casimir forces acting on particles in suspensions. Finally, Polimeno
et al. (space tweezers collaboration) [35] describe how optical tweezers could be used to trap
and characterize extraterrestrial particulate matter opening perspectives for optical tweez-
ers applications in space, on planetary bodies surface, or in curator facilities designed for
the uncontaminated handling and preliminary characterization of extraterrestrial samples
returned by space probes.

In conclusion, we hope that the present focus point issue will encourage further experimen-
tal and theoretical work in these exciting and diverse fields, and possibly transferring hints
and ideas across different areas. We would like to thank all the authors who have contributed
to this issue, as well as all the anonymous reviewers who dedicated their time and expertise in
the assessment of all submitted manuscripts. We offer special thanks to the Editors in-Chief
of EPJ plus and to the publishing staff who supported this issue.

We wish to dedicate this Focus Point Issue to the memory of Arthur Ashkin, David Neely,
Michael I. Mishchenko, and Juan José Sáenz, pioneers and great scientists, whose visionary
contributions have opened unexplored paths in so many research fields.

The work of O.M.M. is supported by the agreement ASI-INAF n.2018-16-HH.0, project
“SPACE Tweezers” and the MSCA ITN (ETN) project “ActiveMatter”.
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