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Context. The advent of a new generation of

electromagnetic cavities, like optical micro-
cavities [1,2] and nano-fluidic Fabry-Pérot 
cavities [3,4], enabled to reach the regime of 
strong-coupling between one  electromagnetic

cavity-mode and cavity-confined molecules [1,2]. 
In this regime, the formation of hybrid light-matter

polariton excitations was shown to alter deeply the
kinetics of photoreactions inside cavity [1,4], and
to modify the rate of energy-transfer [2] between

embedded-molecules (see Fig.1), thus opening a
new route towards engineering physico-chemical properties of molecules at the nanoscale.  

 In this M1 internship, we propose to investigate from the point of view of theory, 

original and innovative ways of coupling molecules through their interaction with a 

common electromagnetic or plasmonic mode.

We propose to revise the theory of  resonant energy transfer between two molecules,

taking into account both Coulomb interaction at short distance and radiative retardation at longer
distances. We will then compute the cavity-induced modification of the rate of energy transfer
between molecules upon polariton formation. More complex situations involving the coupling

between clusters or networks of Donor-Acceptor molecules  in 2D nanostuctures  will  also be
considered due to their relevance for actual experiments performed in LOMA. 

The candidate profile. The candidate for the Master 1 internship should have a background and
interest in the following disciplines: quantum physics, optics and condensed matter. Good skills

and tastes in analytical methods, scientific computing and English would be appreciated.  The
candidate  will  be  supervised  by  Rémi  Avriller (theory,  LOMA),  and  will  collaborate  with

Gediminas Jonusauskas (experiments, LOMA).  He (she) will benefit from an international and
dynamic scientific environment in LOMA, a laboratory of CNRS and University of Bordeaux.

References:  [1]  J. A. Hutchison et al., Angew. Chem. Int. Ed. 51, 1592 (2012). 
   [2] X. Zhong et al., Angewandte Chemie , 56(31), 9034-9038 (2017).

                [3] H. Bahsoun, et al., ACS Photonics 5, 225 (2018).
                [4] L. Mauro et al., Phys. Rev. B 103, 165412 (2021).

Fig  1: Electromagnetic cavity with layers made of Donor & Acceptor

molecules.  The decay kinetics for  the  Donnor-Acceptor  system inside

cavity  (red  curve)  is  modified  with  respect  to  outside  cavity  (black
curve). Adapted from [2].

https://www.loma.cnrs.fr/remi-avriller/
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Liquid crystals are viscoelastic anisotropic fluids known for the diversity and versatility of 
the orientational order of their molecules. When the orientational order is constrained or 
frustrated, one can use an external stimulus to reorient the molecules and localized 
topological structures with particular properties may appear, see Figure 1 below. [1] Our 
goal here is to create and control the morphogenesis of numerous self-organized 
topological structures that can be viewed as “colloidal-like” particles. Then, we will be able 
to investigate interactions and dynamics of a new out-of-equilibrium system made of 
collections of objects of various nature. With that aim, we actually want to exploit the 
light-matter interaction using all light field properties: polarization, phase and amplitude.  

Our team showed recently that the angular momentum of the light allows to impart a 
chiral character to liquid crystal topological structures by twisting the medium (Figure 1). 
This results from momentum conservation principle with a transfer of angular momentum 
from the light to the liquid crystal medium. Recalling that the mechanical effect of the 
angular momentum is independent on its nature, we are exploring the influence of both 
spin angular momentum -related to light polarization- and orbital angular momentum - 
related to phase field distribution (associated with optical vortices) - on the liquid crystal 
reorientation. Phase distribution is related to spatial degree of freedom, and so is the 
amplitude field distribution of an extended light beam. Hence, we also want to explore our 
ability to sculpt orientational structures by patterning the illumination of a photo-active 
electro-optical device, so called “liquid crystal valve”. 

In this project, you will perform parametric investigations (influence of the illumination 
size, distribution, power, the boundary conditions…) to generate localized topological 
structures with controlled chirality by varying the nature of the light-matter interaction.  

 
Figure 1: Optical microscopy images between crossed linear polarizers. Dark areas show no reorientation of the liquid 

crystal molecules.   (1) left-handed topological structure (2) right handed topological structure. 

[1] C. Loussert and E.Brasselet, Multiple chiral topological states in liquid crystals from unstructured light 
beams, Applied Physics Letters 104, 051911 (2014).  
 
Do not hesitate to contact me to learn more about the project! 

Right (1) and left handed (2) topological structures in frustrated achiral [2] (a) and chiral (b) liquid crystal
observed between crossed polarizers

(1) (2) (1) (2)

(a) (b)
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There are numerous low-energy excitations (e.g., free carriers, phonons, magnons, Cooper pairs, 
etc.) in condensed matter lying in the terahertz (THz) spectral range (from 0.5 to 10 THz). Over 
the last two decades, ultrashort THz pulses have been used extensively, first to probe these 
excitations, then to directly excite and control them with the advent of more and more efficient 
sources in terms of intensity and duration [1]. On the other hand, modern technology requires 
new materials to improve both the speed and miniaturization of electronic components. As 
consequence, systems controllable and addressable on timescales below ~1ps, i.e. with a 
bandwidth in the THz range, are mandatory. 
From that standpoint, Mott insulators are good candidates. They are part of the so-called strongly 
correlated systems corresponding to a class of materials where interactions between electrons 
play a key role in the appearance of ‘‘exotic’’ phases at equilibrium. This is particularly obvious 
when looking at the Mott transition, a metal-to-insulator transition, where each electron localizes 
to a single atomic site due to Coulomb’s repulsion. This Mott insulating phase, which is a 
cornerstone for strongly correlated materials, is present in many of them, including 
superconductors at high temperature. Although this transition is considered to be purely 
electronic, the question of a possible contribution from the electron-phonon interaction is still 
relevant [2]. It is worth mentioning that metal and insulator are usually good and bad reflector 
for THz radiations, respectively. Hence, the metal-to-insulator transition should result in a drastic 
change of the reflectivity or transmission in the THz frequency range. 
During this Master 2 internship, we will study the metal-to-insulator transition induced by 
femtosecond optical or THz pulses in the V2O3 Mott insulator [2] to: (1) demonstrate that the 
metal-insulator phase transition in these materials would make it possible to achieve ultrafast 
photo-switches in the THz domain; (2) use two-dimensional THz spectroscopy to identify the 
role of phonons and electrons in this phase transition. This technique, consisting in measuring 
the THz response of a system excited by a pair of intense, phase-locked, THz pulses is well 
known for its ability to measure optical nonlinearities in the THz range as well as possible 
couplings between different degrees of freedom within various materials. This work will be 
carried out in collaboration with the team of Aline Rougier, at the ICMCB, for sample 
preparation, and the teams of  Davide Boschetto (LOA, école Polytechnique) and Marino Marsi 
(LPS, Orsay), whose experience in the Mott insulator field is well known, for the study of their 
properties. 
 
References: 
1. T. Kampfrath et al., Nat. Photonics 7, 680 (2013). 
G. Lantz et al., Nat. Commun. 8, 13917 (2017). 
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Nanoscale Active Matter: analyzing the ensemble dynamics of self-
propelled nanoparticles. 
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Active matter systems consist in collections of self-driven units that convert energy 

into motion and work. Cells, for instance, use molecular nanomotors to transduce energy at 
the nanoscale, which enables cellular organization at larger scale. This biological complexity 
has motivated the development of artificial analogs, a major goal in material science. Recent 
progresses in colloidal science have enabled the development of micrometric, self-propelled 
particles. These particles could show emergent behaviors such as the formation of flocks, or 
herds. However, most of the current active matter use micrometric particles that restrain 
studies to specific, 2D systems.  

The study of active matter in 3D is yet essential to increase the complexity of active 
materials and explore novel physics specific to non-equilibrium systems. In this context, we 
propose here to scale down the elementary building blocks and explore the dynamics of 
self-driven nanoparticles. As nanoparticles exhibit weak sedimentation, they can be used as 
bricks of larger, 3D active matter systems.  

 The aim of this internship is to explore the ensemble dynamics of self-propelled 
nanoparticles. The Optoflow group at the LOMA has recently developed a method to 
synthesize metal/semiconductor nano-heterodimers (< 50nm). Their nanometric size and 
shape asymmetry enables their self-propulsion in 3D by diffusiophoresis – an interfacial 
phenomenon whereby a particle moves in a gradient of chemicals. The aim here is to analyze 
and optimize the self-propulsive behavior of these nanoparticles. The challenge for such study 
is two-fold: i) disentangle the active motion from the high thermal noise at this scale and ii) 
investigate the ensemble dynamics without individual tracking. To this end, the trainee will 
adapt and use a DLS (Dynamic Light Scattering) setup. This technique analyzes the scattered 
light of a sample to extract information on the ensemble dynamics of the constitutive 
particles. The trainee will set up the experiment and analyze the nanoparticles’ dynamics in 
various experimental conditions. This work will open novel perspectives for the building and 
control of a 3D active gas, driven at the nanoscale. 
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v
s
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Au 

Figure1: a) TEM image and 
scheme of a TiO2/Au nano-
heterodimer. The particle 
propels by diffusiophoresis in 
a gradient of fuel. (b) Principle 
of DLS: an incident coherent 
light beam is scattered by the 
particles. Its temporal analysis 
informs on the particles’ 
dynamics. 
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Liquid crystals (LCs) are widely used in soft matter and photonics research and industrial applications thanks to 

their large anisotropy and strong response to external stimuli. For example, LCs response to the electric field and 
birefringence are exploited for display applications. Ability of LCs to change their refractive index under the light 
illumination underlies the great number of non-linear optical phenomena observed in past several decades. 
Thermotropic LCs are well-known actors in material research due to a number of mesophases which they take as 
function of temperature and plenty of spectacular orientational structures which they can host in the field of their 
average local molecular orientation, so called director. 

In our group we investigate the interplay between the orientational structures in LCs and electric, magnetic fields 
and light.  Besides the fundamental interest, the results of our work have potential for application in light beam 
shaping and high-contrast imaging [1]. 

This project aims at further characterization of nematic LCs response to magnetic field and capabilities of the 
latter to seed and isolate in space individual or groups of topological defects. For this purpose, you will explore LCs 
director configuration in vicinity of permanent magnets and/or their combinations (see for example Figure1.a). We 
recently demonstrated that axisymmetric magnetic field of a ring magnet can seed an isolated funnel-like structure 
in LC director, so called umbilic defect (see the sketch in Figure1.b) [2]. You will generate alternative director 
structures using appropriately structured magnetic field and characterize them using polarization microscopy (see 
for example polarization microscopy images of umbilic defect localized using a ring magnet in Figure1.c). 

 

[1] A. Aleksanyan, N. Kravets and E. Brasselet, Phys. Rev. Lett.  118, 203902 (2017) 
[2] E. Brasselet, Phys. Rev. Lett., 121, 033901 (2018) 
Visit our website : https://www.loma.cnrs.fr/thematique-singular/  

Figure1. a) Example of permanent magnets and sketches of their combination in Hallbach arrays: arrows indicate 
local orientation of magnetic lines. b) Sketch of magnetic field of a ring magnet seeding a topological defect in a 
nematic liquid crystal film: green ellipses visualize LC director. e) Polarization microscope images of NLC film 
subject to uniform electric field without (left), or in presence of a ring magnet (right). The scale bar is 5mm.  
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Can a silicon wafer behave as a THz lens after being photo-excited by a 

femtosecond laser pulse?  
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Silicon (Si) semiconductor material is widely used in terahertz (THz) science and technology due 

to its low absorption coefficient [1, 2]. With a bandgap Eg = 1.14 eV, a visible or near infrared light 

can create photo-induced free carriers in Si which can locally modify the dielectric constant - and 

therefore the refractive index - of the material. The first objective of this internship is to highlight 

this variation of Si refractive index, particularly pronounced in the THz domain, under the 

excitation by an infrared femtosecond laser pulse. The second objective concerns the evaluation of 

the consequences of this index variation for a THz pulse passing through the photo-excited 

material.  

 

To this end, we will use a THz radiation generated in a ZnTe non-linear crystal. After its 

illumination by a femtosecond infrared pulse, a Si wafer should behave like a lens with a variable 

focal length, directly related to the number of carriers created by the exciting laser pulse. To 

measure this property, which can give rise to interesting applications (manufacture of THz lenses 

of variable focal length), we will use a THz wavefront analyzer which makes it possible to precisely 

measure the defocus (variation in the radius of curvature) of the THz wave induced by the exciting 

optical laser pulse. 

 

The internship will consist in different actions. First, the student will use a python code (already 

written) in order to simulate the variation of the dielectric constant of Si induced by the 

femtosecond infrared laser pulse. Then, he will conduct a new experiment on the COLA platform 

consisting in optical alignment with an amplified femtosecond laser source Ti:Sa (CPA type), 

generation and detection of THz pulses using non-linear crystals, imaging using a camera. A 

significant part of the work will concern the acquisition and processing of data (wavefront 

measurement, decomposition based on Zernike polynomials to measure the geometric aberrations 

of the THz wave, including the defocus). 

 

 

[1] J. Dai, J. Zhang, W. Zhang, et D. Grischkowsky, « Terahertz time-domain spectroscopy 

characterization of the far-infrared absorption and index of refraction of high-resistivity, float-zone 

silicon », JOSA B 21(7), 1379 (2004). 

[2] M. van Exter et D. Grischkowsky, « Carrier dynamics of electrons and holes in moderately 

doped silicon », Phys. Rev. B 41(17), 12140 (1990). 

mailto:emmanuel.abraham@u-bordeaux.fr
mailto:jerome.degert@u-bordeaux.fr
mailto:eric.freysz@u-bordeaux.fr
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Detection and manipulation of nanomechanical oscillator in the quantum regime is a current challenge important 
for quantum sensing and quantum state manipulation. 
In our group we have shown that it is possible to couple a mechanical oscillator to single-molecules and exploit 
the spectroscopic signal to detect the displacement of the mechanical oscillator [1]. More recently we 
investigated how one can cool the oscillator, and perform topological operations on the mechanical state, but 
driving the oscillator around an exceptional point of the mechanical spectrum [2].  
 
In this internship the possibility of coupling the two molecules via the oscillator will be investigated theoretically 
looking for protocols that allow entanglement of the molecules. 
 
 
 

 
 

 
Fig: Schematic of the proposed setup. A singly clamped suspended carbon nanotube oscillates modulating the electric 
field on a single molecule. The single molecule is embedded in a solid state matrix and irradiated by a laser beam.  
 
References:   
[1] V. Puller, B. Lounis, and F. Pistolesi, Phys. Rev. Lett. 110, 125501 (2013). 
[2] C. Dutreix , R. Avriller , B. Lounis , and F. Pistolesi, Phys. Rev. Res. 2, 023268 (2020).  
 
 

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.110.125501
https://link.aps.org/doi/10.1103/PhysRevResearch.2.023268
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The realization of new platform for quantum computing is an important challenge. The main element for quantum 
computation is the qubit, a two-level system. In order to be used for quantum computation is has to well isolated 
from the environment, in order to preserve the quantum coherence. Mechanical resonators are known to have very 
good quality factors, and in this respect could be very interesting as host systems for a qubit. The main difficulty 
is to convert the equally spaced harmonic oscillator spectrum to that of a non-linear oscillator, in order to 
manipulate the first two states without populating higher states. Introducing a non-linearity is not trivial, recently 
we proposed a system formed by a nanotube coupled to a double quantum dot (see figure and reference), that 
appears to fulfill the requirements for being a qubit. 
In this internship, we will study theoretically the dynamics of the system and its behavior in presence of an 
environment. Protocols for large quantum delocalization of the oscillator will be also investigated.  
 

 
Fig: Schematic of the proposed setup. A suspended carbon nanotube hosting a double quantum dot, whose one- electron charged 
state is coupled to the second flexural mode. In blue a sketch of the electronic confinement potential. 
 
Reference:  Proposal for a nanomechanical qubit, F. Pistolesi, A. Cleland, A. Bachtold, Phys. Rev. X 11, 031027 (2021). 
 
 

https://link.aps.org/doi/10.1103/PhysRevX.11.031027
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During the internship, we will study organic compounds designed to behave as artificial 
molecular machines. Such architectures are useful to study fast processes and functions at the 
molecular level. While ubiquitous in Nature, such artificial systems are still in their infancy but 
new synthesis methods allow the modular design and the assembly of mechanically-interlocked 
architectures from functional sub-components.  
As example, we can cite rotaxanes (figure), 
molecules made of a macrocycle ring able to 
move along a thread. Two caps at the ends 
of the thread prevent the ring to quit it, and 
can be functionalized by chemical groups 
with particular redox or photophysical 
properties. 

 

Under these conditions, it is possible to obtain photo-driven nano-machines with specific 
functions such as electron or energy transfer and properties such as fluorescence emission. 
Among their applications, we can imagine such molecules as probes for viscosity, since a high 
viscosity would limit the motions of the ring along the thread.  
 
In the context of the internship, we propose to study such molecules under two conditions: 

x In solution: steady state absorption and emission techniques will help us to determine 
changes in fluorescence quantum yields, revealing electron transfer processes. Time-
resolved emission and time-resolved absorption will give access to emission lifetime and 
wavelength providing kinetic parameters and dynamics of formation and relaxation of all 
emissive and “dark” states, respectively.  

x In monolayers spread at the air-water interface (Langmuir monolayers): molecules will 
be spread at the air-water interface of a Langmuir through to form a monolayer. Surface 
tension measurements will help to understand their behaviour in terms of phases, phase 
transitions… into the monolayer. It will be also possible to transfer these monolayers on 
planar supports to study them by Atomic Force Microscopy, in order to better 
understand their organization (imaging, profile heights …). The last step could be to 
compare the photophysical characteristics of the molecules in solution and in films, to 
understand the effects of a 2-dimensional organization on the molecule properties.  

The student should have an interest for multidisciplinary subjects mixing physics and physico-
chemistry.  

mailto:christine.grauby-heywang@u-bordeaux.fr
mailto:gediminas.jonusauskas@u-bordeaux.fr
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Optical trapping dates back to 1970, the time of the discovery of radiation pressure forces on 
dielectric spheres using lasers and the first experimental observation of optical trapping by A. 
Ashkin (Nobel 2018). Optical forces have been deeply used and investigated in the cold atoms 
domain in the 90’ and have proven to be a powerful tool to manipulate and investigate matter at 
the nanoscale in the 2000’ and 2010’. 
Since the observation of Brownian motion at the beginning of the 19th century, this random 
movement has been tremendously investigated by many scientists. A huge difficulty faced by 
scientists investigating this movement is the measurement and calculation of instantaneous 
velocity since it depended on the time sampling rate. The position x(t) was considered continuous 
but not differentiable. Although Einstein thought no one could ever be able to measure 
instantaneous velocity, this has been recently done in liquids and gas with an optically trapped 
particle (M. Raizen lab, Rice University, Texas). The required spatial resolution being 10 pm and 
the temporal resolution being 5 ns, Einstein assertion has been resisting more than 100 years. 
The investigation of Brownian motion at short time scales in liquids reveals the transition 
between the “diffusive regime” where mean square displacement scales as t and the “ballistic 
regime” where it scales as t2.  
At LOMA, we use novel detection techniques (balanced detectors and rapid acquisition card) 
and ultra-stable continuous laser to perform state of the art optical trapping experiments. We 
observed ballistic regime in water and measure the particle velocity and its autocorrelation 
function. Our setup reaches the best state-of-the-art noise level (10-15m/√Hz). 
 
The possibilities of the experimental setup are numerous:  

- nanothermics by trapping metallic nanoparticles in water 
- statistical and fluids physics by trapping dielectric microparticles in polymer solutions 
- Borwnian motion at shorter time scales by coupling a femtosecond spectroscopy setup 

to the existing one. 
 

The applicant will evolve in a very dynamic and multidisciplinary environment (collaboration 
with other team members, PhD students and researchers from the Condensed Matter Theory 
group in LOMA) 
 
The candidate should be interested in experimental physicist related to fundamental physics. He 
should have a background in optics, nanosciences, non-linear physics and statistical physics. 
Experience in programming (Python or Matlab) is welcome. 
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Laser induced buckling for 3D deposition 
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When an infrared laser is focused in a droplet, it induces hydrodynamic flows that 
concentrate particles in the center due to thermal Marangoni effects. If the particles’ 
fraction is high enough, a buckling instability can occur (see figure 1 a&b) and a kind of 
« elastic hat » emerges due to the formation of a thin elastic shell at the top of the 
droplet. Interestingly, our preliminary results indicate that this buckling instability can 
be governed by laser parameters such as the laser radius and the absorbed power. 
To our knowledge, this laser-induced instability has never been investigated in details 
and can be exploited to perform 3D deposition at micron scales, which is important for 
future applications.  
 

  

 
a) Side view of a droplet at 
the beginning of the 
evaporation process. The 
laser is indicated in red.  

b) A buckling instability 
occurs at the center of the 
drop governed by laser 
parameters 

c) Particle deposition 
governed by laser 
texturing. 

 
The goal of this internship is first to understand the physical origin of this buckling 
instability and characterize how the dynamics of the formation of the “elastic hat” can be 
controlled by laser parameters. A detailed characterization of the flows inside the droplet 
will be performed with PIV technique. A second objective is to shape the laser beam to 
induce 3D deposition of particles at the micron scales. Indeed, previous results have 
shown that we can easily carry out 2D deposition at low particle fraction. The challenge 
would be to do it with high particles’ fraction solution to build 3D deposition of particles. 
 
This internship requires experimental and theoretical skills. 
References  
[1] Goy, N-A, J-P Delville, Delabre U, to be submitted,  Thermal Marangoni trapping driven by 
laser absorption in evaporating droplets for particle deposition. 
[2] David Riviere, Bertrand Selva, Hamza Chraibi, Ulysse Delabre, Jean-Pierre Delville, 
Convection flows driven by laser heating of a liquid layer,  PHYSICAL REVIEW E 93, 023112 
(2016) 

mailto:ulysse.delabre@u-bordeaux.fr
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Characterizing the deformation properties of soft objects at the micron scale is a major challenge both 
from a fundamental point of view and at an industrial level. At these scales (typically 1-10 µm), the 
slightest contact with the object can modify the overall viscoelastic response. We have developed a double 
optical trap integrated into a microfluidic device (see figure 1) to study the rheological properties of 
biomimetic objects (such as vesicles) or drops of fluids without any contact. Such an optical trap, also 
called an optical stretcher [1], consists of two optical fibers facing each other. It is then possible to trap 
and deform the object at higher power without any contact. 
 

 

 
 

 
a) Optical stretcher setup                      b) Optical deformation of a vesicle 

The first goal of the internship (and the PhD) will be to carry out an experimental and theoretical 
investigation of droplet deformation of low interfacial tension in this double optical trap. This will give a 
first detailed characterization of optical forces inside this trap. What is the maximum deformation ? Can 
optical radiation pressure induce breakup ?  The second challenge will be to deform soft biomimetic 
objects such as vesicles (see figure 2) or polymersomes to characterize the rheological properties, their 
maximal deformation, their permeability under deformation.  The results of this project will be part of the 
Frontiers of Life Project of University of Bordeaux (in close collaboration with LCPO Lab) and will be 
compared to numerical predictions performed in the Optofluidics team. 
 
[1] U. Delabre et al. Deformation of phospholipid vesicles in an optical stretcher, Soft Matter 
(2015) 
[2] Manipulation and biophysical characterization of GUVs with an optical stretcher 
Gheorghe Cojoc, Antoine Girot, Ulysse Delabre, Jochen Guck, The Giant Vesicle Book , Editors C. 
Marques and R. Dimova  
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Light can carry both spin and orbital angular momentum, which related to the polarization 
state of light and its spatial degrees of freedom, respectively. When optically anisotropic media 
are endowed with local spatial rotations, spin-orbit interaction takes place for the photons [1]. 
Dielectric metasurfaces—subwavelength-thick space inhomogeneous media endowed with 
subwavelength structuring—nowadays offer a routine pathway to shape light in arbitrarily 
structured manners. In particular, it is possible to tailor both the spin and orbit angular 
momentum transfer from light to matter (or inversely) when light passes through suitably 
structured media, which has been experimentally assessed in our group via optomechanical 
indirect [2] and direct [3] experiments. Very recently, this has been extended to free-to-move 
micro-metasurfaces [4], though restricted to the emergence of optical forces and optical spin 
torque. Here, in the framework of a collaboration collaborators from Switzerland and Australia 
with whom we developed free-standing micro-metasurfaces (see figure), we propose to address 
experimentally the challenging direct mechanical detection and quantitative measurement of 
the spin-orbit optical torques. 
 

   
Structural and optical characterization of a disk-shaped diamond metasurface operating at 
maximal efficiency at 532nm, with 50µm diameter, 350nm thickness and 200nm local 
periodicity. Left: SEM image; Middle: color-coded experimental image of the in-plane 
orientation angle of the space-variant nanograting wavevector obtained by optical polariscopy. 
Right: optical vortex interference pattern with topological charge 12 recorded in bright field. 
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Phases singularities represent a common feature to any scalar wave whatever its nature. They 
represent generic events in wave physics prone to appear in usual observations conditions as 
three planes waves are enough to construct them. In our laboratory, we develop experimental 
techniques to generate them from 3D printed objects and unveil their mechanical effects on 
matter as a result of sound-matter interaction. This is done both qualitatively and quantitatively, 
owing to visual observations [1,2]. As a phase singularity is imprinted on an initially smooth 
propagating pressure field, an acoustic vortex is born and leaves a mechanical fingerprint to 
matter in the form of a torque exerted on it. Indeed, acoustic vortex beams carry (orbital) 
angular momentum pointing along their propagation. Therefore, according to angular 
momentum conservation principles, sound-matter angular momentum transfer allows us to 
rotate matter with acoustic waves, in a contactless manner. Here, we will experimentally 
explore non-intuitive sound-matter interaction geometries leading to nonzero acoustic torque 
contributions lying in the transverse plane with respect to the propagation direction rather than 
pointing along it. This will be done by direct and simple means, using suitably designed 3D 
printed objects placed in the course of an ultrasonic vortex propagating in the air. 
 
 

   
Noodle images illustrating helical-shaped wavefronts 
analog to those of vortices of sound, light or 
elementary article wavefunction.  
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