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10.10 AM 

Basics and examples of Aerosol Optics 
Marilena Teri, Aerosol Physics and Environmental Physics 

Aerosols are small liquid or solid particles suspended in the air. The atmosphere, whether in remote or 

urban areas, contains aerosol particles in significant number concentrations, typically 102-105 cm-3. Dif-

ferent sources, both natural and anthropogenic, and various atmospheric processes are involved in the 

formation and evolution of aerosol particles. This complexity is reflected on the wide range of particle sizes 

and shapes and in the multitude of species found in the atmosphere. Atmospheric aerosol particles interact 

with the solar radiation through scattering and absorption affecting the Earth’s energy budget and the vis-

ibility. Here, the basics of aerosol optics are presented and measurement examples of optical properties 

are shown. 

10.50 AM 

Aerosol Optics, Radiative Forcing, and Climate Change 
Hans Moosmüller, Desert Research Institute 

The common perception of climate change is dominated by the greenhouse effect due to gases such as 

carbon dioxide. Aerosols influence the earth’s direct radiative forcing and climate largely through modify-

ing the planetary albedo, which is the whiteness of the planet as seen from space. If aerosols are whiter 

than the underlying scene, they increase the planetary albedo, have a negative radiative forcing and cause 

cooling (more solar energy is scattered back into space); otherwise if they appear darker, they decrease the 

planetary albedo, have a positive radiative forcing and cause heating (more solar energy is retained by 

earth). Here, we are discussing aerosol optics, its importance for radiative forcing and climate change, and 

its characterization through measurements and modeling. 
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01.30 PM 

Gravitation and Quantum Mechanics: experimental tests at their interface 
Raffaele Silvestri, Quantum Optics, Quantum Nanophysics and Quantum Information 

Quantum mechanics and the general theory of relativity are end products of revolutions in the way physi-

cists interpret the world. Both theories have been extensively confirmed in the past with increasing preci-

sion and accuracy, however, they have not been theoretically reconciled with each other. A major impedi-

ment in finding a common framework is the lack of experiments that show evident signatures of both the-

ories. Here, I present the past efforts and the state of art of the current experimental research aiming to 

provide a new access to shine light on the quantum and gravity interface. 

02.10 PM 

MIGA, a large underground infrastructure using matter-waves to study geo-

physics and general relativity 
Philippe Bouyer, Institut d'Optique 

In 2016, one century after Einstein predicted their existence, scientists made the first observation gravita-

tional waves (GW). GW are ripples in the interwoven space-time fabric, which is able to stretch, shrink and 

jiggle. Since this first observation, many more events have been detected, confirming that GW opens a new 

window for studying the cosmos. There is today a growing interest in GW astronomy; The scientific poten-

tial of is enormous, in terms of providing a deep view into the past of our universe, and complement other 

observation windows such as radio telescopes or infrared observatory. The success of this new astronomy 

relies on our faculty to expand our observation frequency window to other frequencies, and mostly de-

pends on the decisions being made to develop low frequency GW observations infrastructures. The pro-

posal to construct, in space, a Laser Interferometer Space Antenna (LISA) to investigate frequency sources 

at very low frequency gives a partial, long term answer to this challenge. Nevertheless, it leaves a large gap, 

the infrasound (mHz to tens of Hz) band, uncovered. 

Underground gravitational wave antenna relying on matter-wave interferometry can provide an appropri-

ate answer to this problem and would naturally complete and enhance the present and future set of GW 

observatories. The Matter-wave laser Interferometer Gravitation Antenna (MIGA) is a large equipment under 

construction in France. It will serve as a demonstrator for a future European Laboratory for Gravitation and 

Atom-interferometric Research (ELGAR) which could provide a long baseline, mid-frequency, GW observa-

tion infrastructure. Its core technology relies on quantum physics to study space-time and gravitation and 

inherits directly from the recent development in the matter-wave interferometry. Such an instrument can 

be, in addition, a unique tool for long term monitoring of the earth gravity strain perturbations, thus provid-

ing new insight in geophysics. 



VDSP Science Day 
Thursday, 12 December 2019 

4 

03.40 PM 

Chemistry in the electron microscope 
Gregor Leuthner, Physics of Nanostructured Materials 

Transmission electron microscopy (TEM) is carried out in vacuum to minimize the interaction of the imag-

ing electrons with gas molecules while passing through the microscope column. Nevertheless, in typical 

devices, the pressure remains at 1e-7 mbar or above, providing a large number of gas molecules for the 

electron beam to crack, which can lead to structural changes in the sample. Here, we describe experiments 

carried out in a modified scanning TEM (STEM) instrument, based on the Nion UltraSTEM 100. In this instru-

ment, the base pressure at the sample is around 2*1e-10 mbar, and can be varied up to 1e-6 mbar through 

introduction of gases directly into the objective area while maintaining atomic resolution imaging condi-

tions. This can be used for physical and chemical manipulation of nanomaterials. As an example oxygen 

cleaning of graphene will be presented in this talk. 

04.20 PM 

2D Materials are like people – it is the defects that make them interesting 
Sarah Haigh, University of Manchester 

The properties of graphene and other 2D materials are largely controlled by defects present in the perfect 

crystal structure. Scanning Transmission Electron Microscopy (STEM) is a powerful tool to probe the struc-

ture and chemistry of 2D materials including boundaries, interfaces and dopants at the atomic scale. We 

have been using STEM imaging to probe vertical stacks of atomically thin 2D crystals – so called van der 

Waals heterostructures in order to understand their unusual physical and electronic properties. For exam-

ple, we have shown that perfect interfaces can be formed between graphene and hBN but for transition 

metal selenides protruding defects prevent perfect stacking which has a huge affect on carrier injection. 

However, if the crystals are stacked in an inert environment a pristine interface is achievable. We have also 

investigated the microstructural zoo that results when layered materials like graphite, boron nitride, MoSe2 

etc are subjected to mechanical deformation. We find that the types of defect can be predicted from just 

the bend angle and thickness of the materials and that these microstructures can be used to understand 

their different exfoliation yields. We further show that when stacked crystals are misaligned by just a few 

degrees an exciting restructuring occurs with profound consequences for the electronic properties. 




