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Atomic spectroscopy is a fundamental technique known for many years, which can be used to
extract information from a simple physical system. When paramagnetic atoms are placed in a
magnetic field, the energy level structure undergoes shifts due to the Zeeman effect. In
addition, the magnetic moment of the atoms performs a precession motion about the direction
of the magnetic field vector direction. These basic effects can be measured with extremely
high sensitivity by shining the atomic sample with a low power laser and a simple optical
arrangement. The key parameters determining the measurement sensitivity are the number of
atoms in the sample, the measurement time, and most importantly the atomic coherence.
This is set by a complex combination of processes, such as atom-atom collisions, atom-wall
collisions, and other decoherence sources. The heart of an atomic magnetometer is the cell
containing the atomic vapor. In this talk | will present the basics of the physics in the
magnetometer, and our research done on developing vapor cells for atomic magnetometers.
This project was done in collaboration with the Israel Aerospace Industries.
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Department of Physics, Ben-Gurion University of the Negev

The photophysical properties of deoxyribonucleic acid (DNA) and proteins and their key
constituents, with respect to ultraviolet (UV) irradiation, are affecting life and therefore of
considerable interest. It was anticipated that by studying pyrrole, considered as a simplified
model of the building blocks of these important biomolecules, an understanding regarding the
processes that these molecules undergo through their interaction with photons will be
obtained. In this work the photodissociation of vibrationally excited pyrrole is studied for the
first time in attempt to reveal details on the intramolecular vibrational redistribution (IVR) and
on the role played by vibrational excitation in inducing UV electronic excitation and
unimolecular transformations.
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Ben-Gurion University of the Negev, Department of Physics

The investigation of nonlinear propagation of intense femtosecond (fs) laser pulses in air is
required for obtaining an understanding of numerous phenomena of widespread interest.
Here we suggest a new implementation of the finite difference time domain particle-in-cell
method for simulation of pulse self-modulation, during propagation of a fs pulse in a
self-induced plasma channel, and of energy transfer between two intersecting laser filaments.



The simulation results are in good agreement with current experimental results, allowing to
obtain insight into complex laser-plasma interactions at high spatial and temporal resolution
and to predict new features which have not yet been studied experimentally.
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Usually we don't see quantum mechanics behavior in solid state physics at room
temperature. The lattice vibrations generate a mix of energy levels, and it is impossible to
control the system coherently and locate it in a pure state. The Nitrogen-Vacancy (NV) center
in diamond is a unique room temperature quantum system, as although it is coupled to a solid
lattice, it exhibits properties that enable us to coherently manipulate its state, as is usually
done in isolated systems only. The Zeeman Effect shifts the energy levels in the vicinity of an
external magnetic field. This shift can be measured by monitoring the emission or the
absorption spectrum of light. The NV center can be used as a high resolution magnetic probe
which can be utilized for superconductivity measurements and maybe even neural magnetic
fields.
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A novel approach is suggested for reducing traffic conflicts in at-grade (2D) urban road
networks. We note that traffic intersection is avoidable, and urban traffic can be routed without
the need for traffic lights (except if needed to allow for pedestrian crossing). Vortices are used
to design networks where all or most road intersections are designed so that there is no traffic
intersection. Increases in average travel distance, relative to unrestricted intersecting flow, are
explicitly calculated for grid-networks of sizes 10 by 10, 10 by 20 and 20 by 20 nodes with
evenly distributed origins and destinations. The average distance increase in most cases
examined is less four blocks, but, because there is less stopping and waiting, the travel time
is reduced. This suggests a new way of organizing urban traffic in which traffic lights and
waiting at them become unnecessary. Travel can be made more safe, rush hour traffic more
efficient, and fuel costs and pollution reduced.
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Microfluidics is a fascinating experimental technique that allows for the manipulation of fluids
at very small volumes, typically of the order of pl-fl (The term "micro" here does not relate to
the size of the device, but rather to the volume of the flowing substance within it). The
advantages of microfluidics in biophysical research are numerable, and include low
manufacturing cost of the devices, speed and flexibility of the design process. The devices
are transparent (making them convenient for optical microscopy); they can be multiplexed to
create pumps, valves and other elaborate control features. You can create your own
"lab-on-a-chip" in less than a day! The physics of laminar flow, an important hydrodynamic
property, are inherent to microfluidic systems as they almost always exhibit low Reynolds
number. In this talk | will present the technique, review the design and fabrication process of
the devices as well as theoretical aspects and mention some of the cutting-edge research
applications. | will also present the work done in our lab with this technology.
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Neoproterozoic Snowball Earth events (~750-635 million years ago) challenge our
understanding of the climate system and provide an important test of climate models.
Snowball ocean circulation and mixing processes set melting/ freezing rates that determine
ice thickness, influencing the survival of photosynthetic life, and are important for the
interpretation of geochemical observations. We study, for the first time, the coupled dynamics



of the ocean and a global, thick, ice cover. We find that ocean circulation can be energetic,
strongly time-dependent, characterized by large equatorial meridional overturning circulation,
zonal jets and convective mixing, rather than uniform and sluggish as often thought. This
strong circulation results in melting rates near continents that are as much as ten times larger
than previously estimated.
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Department of Solar Energy & Environmental Physics, Blaustein Institutes for Desert Research

Recent experimental progress has confirmed the unique value of immensely concentrated
sunlight in creating the physical and chemical reactor conditions conducive to the generation
of singular nanotubes and fullerene-like structures for materials of remarkable mechanical,
optical and electrical properties, that subsume MoS2, MoSe2, Cs20, WS2, WSe2, SiO2,
silicon and carbon. The lecture on this new solar paradigm will review the novel optical
concentrators invented for these tasks, the special nature of reactor conditions, and a
plethora of examples of nanomaterials for which rapid, safe, uncomplicated and inexpensive
syntheses have been developed.
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Department of Solar Energy and Environmental Physics and the Physics Department

Self-organization processes leading to pattern formation phenomena are ubiquitous in nature.
Intensive theoretical and experimental research efforts during the past few decades have
resulted in a mathematical theory of pattern formation whose predictions are well confirmed
by controlled laboratory experiments. There is an increasing observational evidence that
pattern formation plays a significant role in shaping dryland landscapes. Supporting these
observations are studies of continuum vegetation models that have reproduced many of the
observed patterns. Such continuum models consist of partial differential equations and lend
themselves to the powerful methods of pattern formation theory. Indeed, vegetation pattern
formation has been identified with mathematical instabilities of uniform vegetation states,
occurring at threshold degrees of aridity. In this presentation | will describe applications of the
pattern formation approach to problems of high current interest in ecology, such as types and
forms of vegetation patchiness, desertification and restoration.
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The world we live in is ever changing. When encountered with the various vast eco-systems
that exist around us, a major goal is to understand and predict their dynamics. We look at the
transitions that eco-systems undergo, focusing on their response to climatic changes and
anthropogenic disturbances, considering the specific effects of their spatial nature. When
discussing eco-systems of dry-land vegetation, this naturally reflects on a major concern over
the last decades relating to the desertification process that many habitats are undergoing.
The possibility of abrupt (catastrophic) regime shift has been discussed extensively in the
literature, and we investigate the validity of such results for explicitly spatial systems, to
develop an understanding of transitions that are unique to spatial systems. The focus is thus
on unique aspects to such spatial systems, and their relevance to the prevailing dynamics.
This includes dynamics of fronts between alternative states of the system, existence and
stability of localized states, the relevance of multiplicity of patterned states on the smoothness
of transitions, and the relevance of spatial disorder on stability of the various states the
system exhibits.
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Sand dunes have been the subject of active research for many years, largely because of their
fascinating shapes and dynamics. Current studies have increasingly addressed the question
of sand-dune stability in relation to climate change and anthropogenic disturbances. Sand
dunes are considered "“stable" when they are fixed in place. The re-mobilization of fixed
dunes often has detrimental effects on the unique ecosystems that develop in stable dunes.
The stability of sand dunes is strongly affected by the degree of coverage of vegetation and/or
biogenic soil crust. In my talk | will present a physical model that describes the dynamics of
vegetation and biogenic crust on sand dunes. The model enables us to qualitatively predict
the cover and stability of sand dunes under possible climatic changes of wind and



precipitation. The results of the model suggest the existence of bi-stability of states, which
enables global regime shifts such as desertification or rehabilitation of vegetation.
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Department of Solar Energy & Environmental Physics, Blaustein Institutes for Desert Research

In the last few decades, climate change has been an issue of great interest for scientists and
many others. As an example, global warming, whether it is caused anthropogenically or not,
and its accompanying phenomena, such as the sea level rise and, most likely, the expansion
of the subtropical deserts, are expected to influence much of the global and many
ecosystems. It is, therefore, of interest and importance to understand these changes and
adopt the necessary mitigation and adaptation strategies. The Sequential Decision Algorithm
(SDA) is introduced in this lecture for the purpose of future climate predictions using
multi-model ensembles. In this method, ensemble members (which are different climate
models projections for the future) are weighted based on their past performance. This method
has several advantages, including the lack of a priori assumptions regarding the ensemble
members; the weight of the ensemble members can be updated when new measurements
are introduced; and the uncertainties in the predictions of the weighted ensemble are
quantified. Using this method, we aim to achieve two main goals: i) provide better future
climate projections, and ii) reduce the uncertainties in future climate predictions. Here, one
hindcast is presented to demonstrate the ability of the SDA to fulfill the two goals - global
climate projections using a multi-model. This hindcast consists of a learning period which is
used to weight the ensemble members based on the comparison of their predictions with
measured data, and a verification period where the SDA projections are tested against the
measured data.
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