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> About half a century has passed since the foundation of nuclear astrophysics, 
the interdisciplinary branch of physics aimed at understanding the cosmic origin 
of the elements and the role played by nuclear fusion in the evolution and fate 
of stars. Most of the ordinary matter detected in the Universe, from a terrestrial 
pebble to a giant star, is made out of protons and neutrons (collective known as 
nucleons). These nucleons can assemble in a suite of different nuclear configurati-
ons whose masses are actually smaller than the sum of the masses of the free indi-
vidual nucleons. This mass difference is a measure of the nuclear binding energy 
that holds the nucleus together (for example, the nuclide 56Fe is among the most 
tightly bound species, with a binding energy of about 8.8 MeV per nucleon). There 
are 82 elements that have stable isotopes, all the way from H to Pb (except for Tc 
and Pm). Several dozen elements have only unstable isotopes, naturally abundant 
or artificially synthesized in nuclear physics laboratories (the heaviest element 
discovered to date, Og, has 118 protons, and its only known isotope, 294Og, has a 
half-life of just 700 µs). 

The universe has dramatically evolved from the chemically poor ashes synt-
hesized a few minutes after the Big Bang. Indeed, the main observable legacy of 
the Big Bang, aside from the cosmic microwave background, was in the form of 
relic 1H (75% by mass), 4He (25%), and just traces of deuterium and 3He (at the 
level of ~10−5%), and 7Li (~10−7%). A plot of the distribution of abundances of 
the chemical elements in the Solar System today reveals, however, a completely 
different and complex pattern: while H and He are till (and by far) the most abun-
dant species in the Universe, dozens of additional species can also be identified; 
the abundances generally decrease for increasing mass numbers. Exceptions to 
this behavior include the light elements Li, Be and B, which are extremely un-

Editor:
Enric Alvarez Lacalle
Sergio Alonso Muñoz

> 
Mosaic image of GK 

Persei, a nova explosion 
discovered in 1901, that 
combines X-ray (blue), 

optical (yellow), and 
radio data (pink).

>> 
The Crab Nebula, 

a 6-light-year-wide 
expanding remnant of a 

supernova explosion first 
observed in 1054.



2

derabundant with respect to their neighbors, a pronounced peak near 56Fe, and 
several noticeable maxima in the region of A > 100 (the reasons for favoring the 
presence of some species and for the specific abundance pattern inferred for the 
Solar System is, at least partially, due to nuclear physics effects). But if the early 
universe was essentially made almost exclusively of hydrogen and helium, while 
devoid of heavier species, as observations of very distant (and therefore, very old) 
cosmic objects reveal, where did the rest of the elements originate? The search for 
an answer to this question has spawned large debates. 

Fred Hoyle was among the first to suggest that all heavy elements have been 
(and are) synthesized in stars. The detection of technetium in the spectra of 
several giant stars by Paul Merrill in the early 1950s provided smoking-gun 
evidence to this conjecture. Technetium is the lightest element with no stable 
isotopes. Since its longest-lived isotope has a rather short half-life, T1/2(98Tc) ~ 
4.2 Myr, compared with the age of the universe, its detection proved that nu-
cleosynthesis is still ongoing in the cosmos. Shortly after, two seminal papers, 
that provided the theoretical framework for the origin of the chemical species 
elements, were published (almost exactly a century after Darwin’s treatise on 
the origin of biological species) by Margaret & Geoffrey Burbidge, Willy Fowler 
and Fred Hoyle, and independently, by Al Cameron. These works identified 
stars as Galactic factories that synthesize atomic nuclei via nuclear reactions. 
The stars return this processed material to the interstellar medium through va-
rious hydrostatic or explosive means during their evolution and thereby enrich 
the interstellar medium in metals (that is, species heavier than He, according to 
the peculiar astronomical jargon). Out of this matter new generations of stars 
are born and a new cycle of nuclear transmutations will be initiated. In fact, 
without concourse of the many nuclear processes that take place in the stars, 
the Universe would have remained a chemically poor place, and probably no 
life form would have ever emerged.

The search for the cosmic origin of the elements is one of the areas of interest of 
the “Astronomy and Astrophysics Group” at UPC, with particular attention to the 
suite of nuclear processes that govern the evolution of low-mass stars and asymp-
totic giant-branch stars, as well as to the explosive nucleosynthesis occurring in a 
large variety of astrophysical sites, such as novae and supernovae, X-ray bursts, or 
stellar mergers. ☐

“Without concourse of the many 
nuclear processes that take place 
in the stars, the Universe would 
have remained a chemically poor 
place, and probably no life form 
would have ever emerged.”
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Innovative 
methods for 
selectively 
fragmenting 
molecules with 
laser X-rays are 
proposed

> Carles Serrat Jurado, a professor in the Department 
of Physics at the UPC, has demonstrated that the 
interior of a molecule can be modified locally and 
selectively by applying hard X-ray lasers, in a work 
published in The Journal of Physical Chemistry. 
New technologies that use lasers to send pulses of 
hard X-rays make it possible to selectively eliminate 
the active centers of molecules in living organisms, 
a path that opens the door to future treatments for 
infectious diseases or cancer, among others.
These technologies are tested in Free Electron Lasers 

(FEL), large scientific infrastructures that allow 
X-ray pulses to be emitted in molecules. Currently, 
there are more than twenty FELs in operation in the 
world and another 20 more in the construction or 
planning phase. To make the theoretical results of the 
research a reality, two pulses of laser light, one with 
a higher frequency than the other, will be sent to a 
molecule. The result obtained from the rest of the 
two frequencies must be equal to the target transition 
of the molecule. When this happens, the molecule 
becomes excited, becomes unstable, and generally 
loses its original function.

If the upcoming experiments at FEL facilities 
confirm these predictions, they will represent an 
important advance in the search for possible new 
treatments against cancer and infectious diseases 
with radiotherapy, because the radiation will only 
affect certain molecules, without damaging others 
body parts. ☐

frequency (IDF) curves, of great hydrological 
interest, for eight Andalusian provincial capitals. In 
addition, the temporal trends of the simple scaling 
exponent have been studied in the last four decades 
for different areas to determine if changes in their 
rainfall patterns due to global warming can be 
detected. The average value of this parameter for all 
of Andalusia has shown a decreasing trend over the 
last 40 years, compatible with a possible increase in 
the irregularity of rainfall patterns for some areas 
of the region, especially the easternmost ones. This 
result would be in line with the projections of some 
regional climate models pointing to a potential 
increase in torrential rain for the 21st century, with 
isolated episodes of high rainfall intensity becoming 
more frequent. ☐

> Researchers from the Department of Physics 
of the Universitat Politècnica de Catalunya M. 
Carmen Casas and Raúl Rodríguez have led studies, 
published in the journals Theoretical and Applied 
Climatology and Water, presenting the evaluation 
of the quality of the Andalusian rainfall database 
available from 1870 to the present, and the analysis 
of the different pluviometric regimes in the region. 
With the contribution of Xavier Navarro and Ricard 
Kirchner, also professors from the Department 
of Physics, and researchers from the University 
of Córdoba and the Barcelona Supercomputing 
Center, researchers have adjusted and tested the 
procedure for more than fifteen million daily rainfall 
data recorded at 1,947 measurement stations in 
Andalusia. Using a selection of the 377 annual 
series of daily rainfall with better quality, a scaling 
invariance analysis has been carried out to categorize 
the different areas of the region according to the 
irregularity of their rainfall pattern. The spatial 
distribution of the simple scaling exponent has 
captured the increasing influence eastwards of the 
Mediterranean Sea, towards the drier areas clearly 
influenced by Mediterranean disturbances, with a 
high proportion of convective-type precipitation.

The study has allowed the calculation of the 
generalized equations of the intensity-duration-

Analysis of 
the last two 
centuries of 
rainfall records 
in Andalusia for 
the detection 
of possible 
changes caused 
by global 
warming

Serrat, C. (2021). 
Resonantly Enhanced 
Difference-Frequency 
Generation in the Core 
X-ray Absorption of 
Molecules. The Journal 
of Physical Chemistry A, 
125(51), 10706-10710

https://pubs.acs.org/
doi/pdf/10.1021/acs.
jpca.1c06950

Casas-Castillo, M.C.; 
Rodríguez-Solà, R.; 
Llabrés-Brustenga, A.; 
García-Marín, A.P.; 
Estévez, J.; Navarro, X. 
A simple scaling analysis 
of rainfall in Andalusia 
(Spain) under different 
precipitation regimes  
Water  (2022), 14, 1303.
Estévez, J.; Llabrés-
Brustenga, A.; 
Casas-Castillo, M.C.; 
García-Marín, A.P.; 
Kirchner, R.; Rodríguez-
Solà, R. A quality 
control procedure for 
long-term series of daily 
precipitation data in a 
semiarid environment 
Theoretical and Applied 
Climatology (2022)

https://link.springer.
com/article/10.1007/
s00704-022-04089-2

> 
Graphical recreation 

illustrating a molecule 
excited by X-ray pulses.
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of the Andalusian 
pluviometric network 

since 1850 to the present 
and simple scaling 

analysis of its registers.
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> Researchers Y. J. Duan, E. Pineda and D. Crespo, from 
the Group of Materials Characterization of the UPC, 
have made new progress in understanding the mechan-
ical properties of high-entropy metallic glasses. The 
work clarifies the correlation between the fraction of 
liquid-like zones, i.e. the fraction of atoms that can eas-
ily rearrange under the effect of external forces, and the 
secondary or β relaxation observed in these materials. 
Besides, the work reveals the high-entropy effect on the 
supercooled liquid dynamics of the metallic melt.

Owing to the disordered atomic structure, me-
tallic glasses (MGs) show unique properties. Besides, 
high-entropy alloys (HEAs), containing equimolar 
concentrations of each component, have been devel-
oped recently. Benefitting from the high configurational 
entropy, large lattice distortion, sluggish diffusion and 
the cocktail effect, HEAs exhibit distinctive physical and 
mechanical properties. With the aim of blending the 
properties of MGs and HEAs, high-entropy metallic 
glasses (HEMGs) have been developed. However, the 
existence of specific properties of HEMGs as compared 
to other families of MGs, especially the presence of a 
high entropy - sluggish diffusion effect and its effects on 
the glass-to-liquid transition and the aging/rejuvena-
tion processes, which are essential to control the glassy 

> The researchers Siddharth Pitta, Jose I. Rojas, 
Francesc Roure, Daniel Crespo, and Magd Abdel 
Wahab, from the Group of Materials Characterization 
of the UPC, the Materials Strength Laboratory of 
the UPC, and the Ghent University, have made 
new progress in the characterization of the fatigue 
response of aircraft repair patches made of carbon 
fiber reinforced epoxy (CFRE) and aluminum alloy 
on aircraft airframe substrates made as well of CFRE 
and aluminum alloy. The static strength and fatigue 
crack resistance of aircraft skin structures depend on 
the materials used, the joint type or joining method. 
Most of the skin panels of commercial aircraft are 
made from aluminum alloys and composite materials, 
mainly carbon fiber-reinforced epoxy (CFRE).
Using finite element analysis (FEA) the fatigue 
resistance of four joint configurations that are typical 
in aircraft repair patches (metal substrate-metal patch, 
metal substrate-composite patch, composite substrate-
composite patch, and composite substrate-metal 

configuration and adjust the materials properties, have 
not been clearly demonstrated.

The evolution of stress relaxation of high-entropy 
metallic glasses with distinc β-relaxation behavior 
shows that the fraction of liquid-like zones, determined 
at each temperature by the intensity of stress decay, 
is directly related to both the aging process and the 
spectrum of relaxation modes obtained by mechanical 
spectroscopy. The results shed light on the intrinsic 
correlation between the static and dynamic mechanical 
response in high-entropy and conventional metallic 
glasses, pointing towards a sluggish diffusion high-en-
tropy effect in the liquid dynamics. ☐

patch), using riveted, adhesive bonded, and hybrid 
joining techniques. Particularly, the fatigue tests 
conducted in this study were tension-tension because 
of the typical nature of the loads on aircraft skin panels 
susceptible to experiencing fatigue. The experimental 
results indicate that the fatigue life of hybrid joints is 
superior to adhesive bonded joints, and these in turn 
perform significantly better than the conventional 
riveted joints. The superior performance of hybrid 
joints is thanks to the fact that the adhesive bond 
provides better (smoother) load distribution than 
the rivets alone, while the rivets in the hybrid joint 
induce compressive residual stresses in the joint, and, 
compared with the adhesive bonding alone, the rivets 
in the hybrid joint ensure its load-carrying capacity, in 
the event of premature adhesive failure. These results 
are important to improve the understanding of the 
behavior of, for instance, aircraft repair patches, as 
well as raise awareness on how to improve current 
standards in the field. ☐

The new 
research 
on intrinsic 
correlation 
between the 
fraction of 
liquid-like 
zones and the 
beta-relaxation 
in high-entropy 
metallic 
glasses

A new 
experimental 
and numerical 
investigation 
on the fatigue 
response of 
composite and 
metal aircraft 
structures

Y. J. Duan, L. T. Zhang, 
J. C. Qiao, Yun-Jiang 
Wang, Y. Yang, T. 
Wada, H. Kato, J. M. 
Pelletier, E. Pineda, 
and D. Crespo, 
Intrinsic Correlation 
between the Fraction 
of Liquidlike Zones 
and the β-Relaxation in 
High-Entropy Metallic 
Glasses, Phys. Rev. Lett. 
129, 175501 (2022)

https://journals.aps.org/
prl/abstract/10.1103/
PhysRevLett.129.175501

Pitta, S., Rojas, J.I., 
Roure, F., Crespo, 
D., Wahab, M.A., On 
fatigue life of riveted, 
adhesive bonded, and 
hybrid aircraft joints 
– An experimental 
and numerical study, 
Steel and Composite 
Structures 43(1) (2022) 
19–30. JCR-SCI (2020)

https://doi.
org/10.12989/
scs.2022.43.1.019

> 
Stress relaxation measured at stepping temperature from room 

temperature for (a) La-HEMG, (b) Pd-HEMG, and (c) Zr-HEMG.

> 
Comparison chart of 

fatigue life of metal (left) 
and composite (right) 

substrate joints.
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> Cell motility is important in many biological pro-
cesses. Some examples relay in epidermal cells moving 
towards lesions during wound healing, neutrophils 
cells migrating towards sites of bacterial infection as 
part of the immune response, or sperm cells follow-
ing a chemical gradient to reach the ovum. The work 
focus on the mathematical description of amoeboid 
crawling-like movement which is one of the most 
common types of locomotion in eukaryotic cells. 
Experiments show that Dictyostelium Discoideum 

> Following the achievements obtained during the 
preceding century in near-Earth artificial satellites 
and manned spaceflight, the space community has 
increased its interest in the study and use of the 
Earth-Moon and the Sun-Earth/Moon environ-
ments. In this new deep-space exploration era, space 
missions developments are putting more emphasis 
on the accuracy of the required dynamic models 
and in the use of continuous low-thrust propulsion 
technologies. 
The thesis, co-supervised by Josep J. Masdemont 
(UPC), Gerard Gómez (UB), and Jianping Yuan 
(NPU), was defended on May 18 at the South Youyi 
Campus, School of Astronautics of North West-
ern Polytechnical University, China. It studied the 
dynamics and control of continuous low-thrust 

> Qi Liu defended his thesis supervised by Profes-
sor Manuel Hernández-Pajares on April 14th, 2022, 
entitled “GNSS-based Global Ionospheric Maps: 
real-time combination, time resolution and appli-
cations on space weather monitoring”. The thesis is 
focused on the Global Ionospheric Maps (GIMs) 
based on Global Navigation Satellite System (GNSS) 
including the combination from different centers in 
real-time, its evaluation in real-time GIMs, and the 
investigation of the impact of temporal resolution on 
them. 

The variation of ionospheric Total Electron Con-
tent TEC is irregular due to the occurrence of space 
weather events. One and a half solar cycle of the IGS 
GIM with higher time resolution and accuracy (the 
UPC-IonSAT Quarter-of-an-hour time resolution 

present different shapes during motion, and perform 
directed motion inside microchannels.

The thesis, entitled “Computer modeling of the 
polarity and amoeboid motion of living cells” and 
supervised by Sergio Alonso in BIOCOM-SC research 
group, employs an additional phase field model to 
couple the biochemical reactions inside the cell with 
membrane deformations. A mathematical nonlin-
ear reaction-diffusion model in combination with a 
dynamic phase field is proposed to reproduce different 
motility scenarios as amoeboid and fan-shape. Exper-
imental data related to the dynamics of Dictyostelium 
Discoideum were supplied by the Biological Physics 
Group at the University of Potsdam. A comparison 
between the numerical simulations and live cell 
experiments of Dictyostelium Discoideum cells under 
different developmental conditions permits the opti-
mization of the model. ☐

spacecraft in the realm of collinear libration points. 
The thesis determined the displaced orbits of a 
hybrid-sail spacecraft around the L2 point in the 
Earth-Moon Elliptic using the Restricted Three 
Body Problem (RTBP) and computed the resonant 
periodic libration point orbits in the Earth-Moon 
Circular RTBP. The orbit and attitude dynamics of a 
high-fidelity hybrid-sail spacecraft are established, 
where the reflectivity control devices are taken as 
actuators. The thesis also studied the influence of the 
solar radiation pressure on the dynamics around the 
dynamical substitutes of the L1 and L2 points in the 
Earth-Moon Quasi-Bicircular Problem and two fam-
ilies of control procedures were derived which can 
reshape the dynamical structures about the libration 
point orbits and stabilize the motion. ☐

Rapid GIM, UQRG) has been taken as a baseline to 
downsample them to all possible sub-daily temporal 
resolutions. The performance of the resulting GIMs 
has been evaluated taking into account the geo-
graphical position, solar and geomagnetic activity 
by Jason-altimeter Vertical Total Electron Content 
(VTEC) assessment and GNSS differences of Slant 
Total Electron Content (dSTEC) assessment.

Finally, the thesis proposes a new way of esti-
mating the spatial and temporal components of the 
VTEC gradient. The determination of ionospheric 
perturbation degrees can be helpful for guaranteeing 
the safety level of Satellite-Based Augmentation Sys-
tem (SBAS) and Ground-Based Augmentation Sys-
tem (GBAS) services. In order to estimate the spatial 
and temporal components of the VTEC gradient on 

Thesis 1 
Eduardo Moreno 
defends his 
thesis on the 
modeling of 
amoeboid cell 
crawling

Thesis 2 
Chen Gao 
defends his 
thesis on the 
dynamics 
and control 
of artificial 
satellites 
in collinear 
libration 
environments

Thesis 3 
María Caamaño 
Albuerne 
defends her 
thesis on 
augmentation 
systems for 
civil aviation

> 
Numerical and 

experimental results 
for a particular motion 

of Dictyostelium 
Discoideum.
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> The thesis, directed by professors Daniel Crespo 
and José Calderón, presents new routes for obtaining 
nano-particles obtaining different core-shell type 
structures of silver nanoparticles functionalized with 
silica. By means of the modified Stöber method, the 
structures obtained are silica@Ag and Ag@silica. To 
corroborate the formation of core-shell structures, 
UV-Vis, SEM, TEM, XRD studies, among others, 
were carried out, which determined the composition, 
morphology and crystal structure of submicron and 
even nanometric size particles. Through the analysis of 
the results obtained, the reaction mechanisms for the 
formation of the core-shell structures are proposed. 
On the other hand, a study of very slowly evaporated 
and dried samples of functionalized silver nanoparticle 
core-shell structures on the surface of silica spheres is 
presented. The characterization studies by EDS, XRD, 
HRTEM and HAADF STEM reveal the coexistence 
of silver nanoparticles and silver oxide nanoparticles 

> The thesis, co-directed by Cristina Masoller and 
Marcelo Barreiro,entitled "Causal inference and 
forecasting methods for climate data analysis", 
presents data analysis techniques to identify processes 
that contain causal information for the prediction of a 
process of interest. It uses machine learning algorithms 
to improve the prediction of the climatic phenomenon 
called Madden-Julian oscillation.

Authors propose a computationally efficient 
measure for causality testing, with the goal of 
overcoming the applicability limitations of 
information-theoretic measures, due to their high 
computational cost. The proposed metric is very 
valuable when causality networks need to be inferred 
from the analysis of a large number of relatively short 
time series. It can also be very useful for the inputs 
selection of machine learning algorithms; in fact, it 
allows to identify those processes which contain useful 
information for the prediction of a given process. This 

> The thesis, co-directed by Francesca Ribas 
Prats and Daniel Calvete Manrique,  was entitled 
"Development and interactions of surfzone 
morphological patterns". It presents an analysis of 
the development of sand bars and the coastline, 
as well as their interactions, on the beach of 
Castelldefels using 8 years of observational data. The 
hourly time-exposure video images allows study of 
the development and interactions of crescentic bars 

anchored to the surface of submicron silica spheres. 
Ag2O nanoparticles resulted from the transformation 
of Ag to Ag2O within the dehydrated sample at room 
temperature, preserved in a dark place and exposed 
to air. The predominant sizes of Ag nanoparticles are 
around 2-3 nm, and Ag2O nanoparticle sizes are above 
10 nm. ☐

feature is particularly useful for systems composed of 
a large number of processes, whose interactions are 
poorly understood.

The socioeconomic impact of weather extremes 
draws the attention of researchers to the development 
of novel methodologies to make more accurate 
weather predictions. The Madden-Julian Oscillation 
(MJO) is the dominant mode of variability in the 
tropical atmosphere on sub-seasonal time scales, and 
can promote or enhance extreme events in both, the 
tropics and the extratropics. Currently, the estimated 
MJO predictability is far from being reached, leaving a 
large room for improvement in forecasting models. To 
improve its prediction skill, in this thesis, dynamical 
models were combined with machine learning, 
which allows to improve the predictions of the best 
dynamical model. In particular, machine learning 
improves the prediction of the events intensity and 
geographical localization. ☐

and megacusps at the open, low-energetic, tideless 
beach of Castelldefels (northwestern Mediterranean 
Sea, Spain). This requires accurate directional wave 
conditions at shallow water which can be obtained 
in various ways. Here, the accuracy of two available 
large-scale wave models and propagating measured 
wave conditions (integrated wave parameters and 
2D frequency-direction spectra) was assessed. 
Comparing the results of the different methods to a 

Thesis 4 
Juan Carlos 
Flores defends 
his thesis on 
the synthesis 
of new 
functionalized 
nano-particles

Thesis 5 
Riccardo Silini 
defends his 
thesis on causal 
inference and 
prediction 
methods for 
the analysis of 
climate data

Thesis 6 
Rinse de Swart 
defends his 
thesis on beach 
dynamics

> 
Selection of electron 

transmission microscopy 
images of core-layer 

nano-particles obtained 
by new synthesis routes.

a global scale, the accurate UQRG is selected. From 
this, the thesis defines a new ionospheric storm scale 
useful for analysis. These storms are ionospheric re-
sponses to high geomagnetic activity that can enlarge 

GNSS positioning errors by the increase of iono-
spheric electron density and disable high-frequency 
communications by the decrease of ionospheric 
electron density. ☐
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> The thesis entitled Optoelectronic characterization of two-dimensional materials at high frequencies, was co-directed by Núria 
Ferrer Anglada and Lluís Ametller Congost. Non-destructive characterization methods are analyzed, applied, and compared at fre-
quencies above 1 GHz, which are used to characterize samples of 2D materials on different substrates. The optoelectronic properties 
of two heterostructures are also measured. (graphene / MoS2 and graphene / WS2 on molten quartz) and are compared with those 
of individual materials. ☐

> The thesis, co-directed by Jordi Pons-Prats and Gabriel Bugeda Castelltor was entitled “Optimization on industrial problems focusing on 
multi-player strategies”. It presents, and analyzes, four versions of a hybrid optimization method trying to combine the virtues of Evolutionary 
Algorithms (EA) and gradient-based algorithms, and overcome their corresponding drawbacks. The proposed Hybrid Methods enable working 
with N optimization algorithms (called players), multiple objective functions, and design variables, and define them differently for each player. 
The performance of the Hybrid Methods is compared against a gradient-based method, two Genetic Algorithms (GA), and a Particle Swarm 
Optimization (PSO). ☐

> The thesis, directed by Dr. Oriol Monserrat, is entitled “Sentinel-1 data exploitation for terrain deformation monitoring”. The work pres-
ents a series of diverse approaches to the PSInSAR technique focused on the maximum use of the characteristics of Sentinel-1 SAR satellites 
for the measurement of terrain movements. Persistent Scatterer interferometry (PSI) is a group of advanced differential interferometric 
Synthetic Aperture Radar (SAR) techniques used to measure and monitor terrain deformation. Sentinel-1 has improved the data acquisition 
throughout and, compared to previous sensors, increased considerably the Differential Interferometric SAR (DInSAR) and PSI deformation 
monitoring potential.

The thesis describes a method for atmospheric phase screen estimation using rain station weather data and three different data-driven 
procedures to obtain terrain deformation maps. These approaches aim to exploit Sentinel-1 highly coherent interferograms and their short 
revisit time. ☐

OTHER THESIS

David Arcos’ thesis takes a step further in the characterization of two-dimensional materials

Martí Coma Company defends its thesis on optimization with hybrid methods

Vrinda Krishnakumar defended her thesis on the exploitation of the PSInSAR technique with Sentinel-1 data for the 
measurement of ground movements

short-term dataset of in-situ measurements showed 
that propagating measured 2D frequency-direction 
spectra using SWAN yielded the most accurate 
predictions for all wave parameters. 
The thesis also investigated the presence of 
crescentic bars. They were present during 48% of 
the study period, but only when the bar-shoreline 
distance exceeded 10 m. They showed a wide range 
in wavelengths (100–700 m), alongshore migration 
speeds (0–50 m/day) and cross-shore amplitudes 
(5–20 m). Low-medium energetic waves with limited 
obliquity (θ ≤ 20° at 10-m depth) dominated during 
crescentic bar formation, whereas medium-high 

energetic waves with strong obliquity (θ ≥ 15°) 
prevailed during their straightening. These observed 
angle ranges contradict the results of existing 
models. Megacusps were present during 24% of the 
study period and crescentic bars were present during 
91% of all days with megacusps, whilst megacusps 
only occurred during 50% of all days with crescentic 
bars. Overall, this thesis shows that crescentic bar 
dynamics strongly depend on the wave direction 
and initial bathymetric configuration, highlights 
the strong dependence of megacusp development 
on crescentic bar presence and provides some ideas 
regarding the underlying coupling mechanisms. ☐

> 
Left: Time-exposure planview 
images of Castelldefels beach 

obtained from 5 video cameras 
(measuring 500 m alongshore 

and 150 m cross-shore). 
They display crescentic bars 

and megacusps with three 
distinct coupling patterns 
between the sandbar and 

the shoreline. In all images, 
the detected sandbar and 

shoreline are indicated. Right: 
Idealised sketches of the 

current patterns leading to the 
different coupling patterns.



Nonlinear optics at the nanoscale: experiment versus theory

Crina Cojocaru is the 
Director of the Inter-
University Master in 
Photonics “PhotonicsBCN” 
and coordinates the 
Spanish partner in the 
Joint Master Erasmus 
Mundus “Europhotonics”. 
She received her BSc 
& MSc in Physics from 
the University of Iasi 
(Romania) in 1996, 
and the PhD in Physics 
from the UPC in 2002. 
She got a Marie Curie 
individual Fellow in 
CNRS, and Ramon y Cajal 
research grant in the 
DONLL research group in 
the Physics department  
where she finally became 
full professor in 2022.

> The use of semiconductors and metals in photonic nano-device fabrication process has become 
a matter of routine exploiting the light propagation and enhancement at the nanometric scale in 
new and surprising ways. Strong light localization at dimensions smaller than the light wavelength 
is possible using plasmonic resonances, metamaterials, photonic crystals, or epsilon-near-zero 
materials.  Nonlinear (NL) optical processes like second harmonic generation (SHG) and third 
harmonic generation (THG) have been extensively studied in thick transparent NL materials 
(mm or cm size), especially under the phase-matching condition, to assure maximum efficiency. 
In this case the leading nonlinear polarization term corresponds to the bulk contribution, the 
nonlinear potential is described by dipolar second and third order nonlinear susceptibility 
tensors χ(2) and χ(3) and other nonlinear sources are usually neglected. In this scenario most of 
semiconductors and especially metals are not suitable materials for nonlinear optics. 
When material thickness is reduced to the nm size, light-matter interactions display new 
phenomena and conventional approximations may not always be used and should be revisited. 
At the nanoscale and under short pulse illumination, the efficiencies of SHG and THG 
dramatically drop as the bulk contribution is drastically reduced and becomes similar to the 
surface and Lorentz components. In these conditions phase-matching play no role, light can 
propagate and resonate even in spectral ranges that are usually opaque, and surface NL effects 
may be as efficient as the bulk components. The effective χ(2) and χ(3) do not coincide with their 
bulk, local counterparts and may depend on parameters usually neglected as pump depletion, 
pulse duration and linear and NL dispersion or electric quadrupole and magnetic sources. Under 
these circumstances, a detailed analysis and understanding of SHG and THG from experimental 
and theoretical points of view is needed to further integrate these materials in the design of 
nanometric devices. 

Together with my colleagues Jose Trull and Ramon Vilaseca we explore the different 
mechanisms that trigger harmonic generation at nm scale in different semiconductors, 
conductive oxides and metals, implementing a combined experimental and theoretical study. At 
experimental level we accurately estimate the efficiency of different NL process, down to scales of 
10-10. We demonstrate that, apart from the bulk nonlinearity, other nonlinear sources arising from 
Coulomb and magnetic Lorentz terms, usually neglected, have strong contributions at nanoscale. 
We contrast the experimental observations with the predictions of a unique hydrodynamical 
model that accounts for all salient aspects of the dynamics: surface, magnetic and bulk 

nonlinearities from free and bound charges, 
preserving linear and nonlinear dispersion 
and nonlocal effects. This comparison 
explains the different NL contributions to 
the harmonics and allows us to retrive the 
effective NL coefficients of each process and 
material. We studied nm-thick Au layers, 
conductive oxides (ITO) at epsilon-near-
zero condition and semiconductors (GaAs 
and Si) in the opaque transmission regime 
of the harmonics. SHG and THG efficiencies 
obtained in homogeneous nanolayers can be 
stronghlly enhance when the electromagnetic 
field is localize in nanostructures. For Si 

membranes and nanowires, we suggest that judicious exploitation of the NL dispersion and 
nanostructure geometry provides reasonable NL efficiencies and transformational device 
physics well into the UV range. In gold nanogratings with plasmonic resonances the efficiency 
dramatically increase from UV to the IR range with a factor of 1000 for SHG, while THG 
efficiency increases by four orders of magnitude. These results demonstrates that materials that 
are not traditionally used for nonlinear optics can be implemented with very good results at 
nanoscale in nano-devices only if one is able to properlly describe the dynamics and that much 
remains to be revealed in the development of nonlinear optics at the nanoscale. ☐

> 
Harmonic generation 

from a gold 
nanograting (picture 

by S. Mukhopadhyay, 
DONLL).


