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 IN THE SPOTLIGHTS

Celebrating 20 years SEENET-MTP Network

T
wenty years ago, with the hope 
of bridging the gap between the 
Southeastern and Western European 
scientific communities, the par-

ticipants of the UNESCO-sponsored Balkan 
Workshop BW2003 in Vrnjačka Banja, Serbia, 
reached consensus on initiating the crea-
tion of the Southeast European Network in 
Mathematical and Theoretical Physics (SEENET-
MTP). This initiative was a natural extension of 
the WIGV (Scientists in Global Responsibility) 
initiative, which had been launched by the re-
nowned Austrian theoretical physicist Julius 
Wess in 1999. Since its inception, the network 
has grown to include 24 institutions from 12 
different countries, along with more than 450 
individual members. Additionally, the network 
has received support from 13 partner institu-
tions worldwide, furthering its efforts.

The primary objectives of SEENET-MTP have 
been: to provide a regional framework for build-
ing institutional capacity in Mathematical and 
Theoretical Physics, to strengthen cooperation 
among institutions, groups, and individual sci-
entists in South-East Europe, to promote joint 

research and training activities at regional, inter-
regional, European, and worldwide levels, and 
to facilitate the exchange of students, physi-
cists, and the broader scientific community. The 
Network has successfully executed more than 
20 projects. The primary patrons and partners 
of the Network, both within the Balkans and the 
SEE region, have included UNESCO (Paris and 
Venice Office), the European Physical Society 
(EPS), CEI and ICTP Trieste, CERN, as well as the 
German foundations DAAD and DFG during the 
initial decade of SEENET-MTP's mission.

The cooperation between the EPS and 
SEENET-MTP dates back to the year 2005 and 
had a further reinforcement at the Kick-off 
Meeting of the EPS Committee of European 
Integration (EPS-CEI) during the BW2013 
workshop. The EPS and SEENET-MTP have ever 
since collaborated in many domains and es-
tablished the Memorandum of Agreement in 
2019. Scientific collaboration in the SEENET-
MTP framework resulted in the publication of 
more than 350 joint papers, as well as around 
20 monographs and Network conference pro-
ceedings. More than 360 scientific exchanges 

were realized in this period, and 30 Network 
meetings took place, with about 2000 partici-
pants in total. The Network was also involved 
in training activities for teachers and pupils.
The joint CERN – SEENET-MTP PhD Training 
Program (2015-), actively supported by the EPS, 
as well as the ICTP, is approaching the start of 
its third cycle. More than 150 PhD and MSc stu-
dents already took part in this program.

The Network marked the 20 years of its exist-
ence during its recent event – the BWXX work-
shop, August 29-31, Vrnjačka Banja, Serbia. The 
Workshop topics covered open problems in par-
ticle and quantum physics, cosmology and grav-
itation, and (inter)regional cooperation too. This 
event was organized by the SEENET-MTP Office 
and supported by the EPS. EPS, SEENET-MTP and 
Balkan Physical Union agreed to continue and 
enforce cooperation in several, recently estab-
lished programs as Balkan Physics Olympiad 
(BPO), cooperation in physics education at uni-
versity level in the region, training programs and 
schools in theoretical and applied physics. n

Goran Djordjevic
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 [EPS EDITORIAL]

The EPS at the IAEA General Assembly

I
t is not common for international learned societies to be invited 
to participate in meetings of decision-making bodies, and even 
less so when it comes to highly sensitive issues such as nuclear 

energy, its use and developments in the civil or military sectors.
Exception confirming the rule, the European Physical Society 

(EPS) was invited by the Secretariat of the International Atomic 
Energy Agency (IAEA) to be represented as an observer at the 
67th ordinary session of its General Conference, held at the 
Vienna International Center, Austria, from September 25 to 29, 
2023. As the highest decision-making body of the IAEA, the 
General Conference brings together high-ranking officials and 
representatives from Member States, non-Member States, as well 
as international and regional organisations. The 2023 edition of 
this event welcomed 2835 participants from all around the world, 
including 2589 representatives of Member States and 242 members 
of NGOs and international organisations, among which the EPS.

After having experienced a strict registration procedure 
(monitored by the United Nations Pass Office), I had the 
pleasure, from my observer seat, to listen to the welcoming 
words from IAEA Director General Rafael Mariano Grossi, 
the message from the Secretary-General of the United Nations, 
as well as numerous debates and votes on extremely varied 
resolutions. These included the approval of reports concerning 
strengthening of IAEA's activities on nuclear science, technology 
and applications, implementation of the Non-Proliferation Treaty 
(NPT) safeguards agreement with, for instance, the Democratic 
People's Republic of Korea, application of IAEA safeguards in the 
Middle East, Israeli nuclear capabilities, the status of Palestine 
in the IEAE, the transfer of the nuclear materials in the context 
of AUKUS military agreement, or still the nuclear security in 
Ukraine. It was interesting to note, on each resolution, the votes 
of highly nuclear countries (in particular those equipped with 
nuclear weapons) opposing those of non-aligned countries, or to 
observe the almost systematic confrontation of the East-Western 
blocs on issues related, e.g., to the crisis in Ukraine. On the whole 
142 statements were delivered in plenary sessions and 111 side 
events were proposed, addressing sustainable cooperation and 
development among nuclear across regions, decommissioning of 
Fukushima’s facilities, nuclear safety at a time of war, accelerating 
energy system decarbonisation, woman’s work in nuclear sector, 

the battle around childhood cancers, nuclear waste management 
etc. I had the chance to attend the session dedicated to the new 
efforts by the USA to prevent non-State actors from acquiring 
weapons of mass destruction and weapons-usable radioactive 
materials, organised by a panel of US senior government officials. 
It was also interesting to learn about recent developments in 
accelerator facilities (electron accelerators and electrostatic ion 
accelerators) in Iran for… agricultural applications, wastewater 
treatment or even treating baby’s milk.

As an important event hosted by this General Conference, the 
EPS participated in the IAEA Scientific Forum (September 26-
27, 2023), focused on nuclear innovations for a net zero balance. 
This forum enabled interactive discussions between high-level 
politicians, leading scientists, experts in the field and the attendees. 
It was emphasized that nuclear power, with a proven low carbon 
footprint, can provide an alternative to replace fossil energy-based 
plants, in particular through the development of small modular 
transportable reactors dedicated to specific needs such as supplying 
backup power to the modern electricity grid, heating cities and 
industries, or producing hydrogen to decarbonise the transport 
sector. In four sessions over two days, leading experts highlighted 
the role of new nuclear reactors for energy production and 
showcased the importance of artificial intelligence, digitalisation, 
robotics and advanced manufacturing to improve technology 
avoiding greenhouse gases in future industrial applications. Among 
the 35 speakers delivering talks or participating in topical round 
tables in front of 700 attendees were, besides scientific experts and 
program directors, the President of Ghana, the US Secretary of 
Energy, several European ministers committed with the ecological 
transition and even … Miss America 2023, student in nuclear 
engineering at Wisconsin University and fervent defender of the 
atomic energy.

At a time when the Middle East is being torn apart once again, 
the IAEA General Conference reminds us of the urgent need 
to know how to use the atom for peace and the development of 
our nations, and to push our efforts for global cooperation in the 
nuclear field. n

 l Luc Bergé,  
EPS President

Celebrating 20 years SEENET-MTP Network
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 YOUNG MINDS

T
he set-up pretends to give an in-
sight into what a scientist does in 
a photonic laboratory equipped 

with a laser and an optical table. We ar-
ranged a kit consisting of a wooden 
breadboard divided into four boxes, 
which can communicate through an ap-
erture on each one. Plastic pins fix the 
positions on the board in a regular square 
pitch, where 3D-printed holders for op-
tical elements like mirrors, prisms and 
lenses can be placed; just as the holes in 
an actual optical table.

It allows people to have a hands-on 
experience based on very simple laws 
of optics, like reflection, refraction and 
focusing. The goal of the participants is 
to direct a laser beam through the four 

rooms to hit a target placed in the last 
one. A user can place elements to change 

the beam direction on the dummy optical 
table and the variety of pieces allows one 

The Photonic Maze
 l Sofia Cano Castro, Agostino Di Francescantonio, Pasquale Barbato, Federico Sala,  
Hugo Nobrega and Giuseppe di Blasio

During the last year, as a part of our outreach projects from the OPTICA, EPS, and SPIE 
Chapters of Politecnico di Milano, we introduced “The Photonic Maze”, an initiative to 
allow people of different ages and backgrounds to get acquainted with optics and photonics 
in a fun and interactive way. 
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to complete the task in various ways. The game can be 
further complicated from the simplest case of only using 
mirrors by employing prisms, fibers and diffractive ele-
ments. An introductory yet useful activity was performed 
to understand the working principle of lenses with the 
construction of a telescope. To this end, the user employed 
a different board equipped with fixed slits to place lenses 
with different focal distances and should come to the 
solution by reaching a defined laser spot size.

The underlying simple physics rules make the activities 
suitable for people of all backgrounds, leaving room for 
more advanced scientific discussion about further topics 
and technological applications.

After some months of work on the prototype devel-
opment, the Photonic Maze premiered in May of 2022 as 
a workshop activity in the framework of CARLA Camp, 
an event addressed for bachelor and master students in-
terested in a career in Photonics. It allowed us to test 
the format in an environment where people were al-
ready familiar with some topics and got a first feeling 
of the public response. Then, in October of 2022 it was 
proposed for the “Festival della Scienza” in Genova. The 
experience was deployed as a two-week exhibition with 
more than 2000 participants, including groups from el-
ementary schools and families. The Photonic Maze en-
abled a thematic showroom on the topic of “Light-Glass 
Interaction”. After a brief introduction about light and the 
history of optics, we presented the principles that allow 
the use of glass to modify the path of light with an out-
look on how light can alter the properties of glass, intro-
ducing the cutting-edge technology of femtosecond laser 
micromachining. Finally, given the positive response of 
the young audience, a last event was organized in a high 
school, where students attended an elective workshop. 
We arranged a short and interactive lecture for those 
interested in science and engineering to provide some 
knowledge on photonic science. Some challenges were 
presented on the “Photonic Maze” to test their compre-
hension on the matter.

The response from the public was great. All three expe-
riences allowed us to see not only the potential of the in-
itiative but also an unexpected level of engagement from 
the audience. A very pleasant result was to see interest 
and discussion arising from the participants, especially 
among kids and young students, where curiosity sparked 
and further inquiries were presented. Interest in the tech-
nological implications of laser science and photonics was 
stimulated as well. In conclusion, the “Photonic Maze” 
represented a very versatile tool to share physics and sci-
ence with a broad audience, from a relaxed environment 
to an innovative classroom approach, with the potential 
to involve people of non-scientific backgrounds. Bearing 
in mind the easy-to-fabricate prototype that requires very 
simple and low-cost materials we hope the experience 
can be replicated and reach an even bigger audience. n
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EPS NEWS

T
he first day was dedicated to reports from the EPS 
president, the treasurer and various work groups. 
Discussions were launched around changes in the EPS 

constitution and participants had the opportunity to discover 
the candidates for several elections.  The day concluded with 
a dinner in the impressive contemporary building of Casa da 
Musica in the centre of Porto. A tribute to David Lee, for-
mer EPS Secretary General, was presented by the current EPS 
President Luc Bergé and several of his predecessors: Luisa 
Cifarelli, Maciej Kolwas, Ove Poulsen, Christophe Rossel, Petra 
Rudolf and Rüdiger Voss. 

The second day revealed the results of elections for a renewed 
EPS Executive Committee. Mairi Sakellariaou, is the EPS President-
Elect. A professor of Theoretical Physics at King’s College London, 
former co-editor at the EPL journal and current chair of the EPS 
Gravitational Physics Division, Mairi will succeed Luc Bergé as 
EPS President in 2024. 

The members of the renewed Executive Committee you can 
find in the EPS Directory at page 45.

Presentations of the activities of ISBSSD (International Year of 
Basic Science for Sustainable Development) and the congress of 
the French Physical Society, celebrating its 150th anniversary this 
year were also on the agenda. The attributed Society's Awards were  
are listed at page 44.

The Council ended with an online meeting with our col-
leagues from the Ukraine physical Society (UPS):  Prof. Maksym 
Strikha Taras Shevchenko, Kyiv National University Ukraine, UPS 
Board Member, UPS President (2013-2016) and Prof. Mikhail 
Belogolovskii Comenius University, Bratislava, UPS Vice President. 
Both described the harsh living conditions and the losses among 
the scientific community who stayed in the country and carried 
on their work despite the war. They thanked the EPS for its sup-
port and encouraged the assembly to work on further common 
actions. n

EPS Council in Porto 

The Council of the European Physical Society (EPS) took place in Porto this year. In the 
beautiful premises of the Fundação Dr. António Cupertino de Miranda, representatives 
of EPS Member Societies, Individual Members, Associate Members, chairs of Divisions, 
Groups and Committees gathered to exchange about the Society's activities. 
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highlight from epj IN THE SPOTLIGHTS

Through new plans detailed in ESAPS 2022, the LEAPS consortium aims to strengthen 
Europe as a global leader in accelerator-based photon science.

The AGATA project could eventually lead to a deeper understanding of the strong nuclear 
force. To achieve this a sophisticated project management structure is essential.

Introducing the European strategy  
for accelerator-based photon science

An overview of the management structure  
of the AGATA collaboration

T
he League of European Accele-
rator-based Photon Sources 
(LEAPS) is made up of 19 large-
scale synchrotron (SR) and Free-

electron Laser (FEL) facilities, situated across 
10 European countries. A pan-European plan 
formulated by LEAPS aimed at addressing 
the future challenges and needs in science 
and innovation, which strengthens Europe 
as a global leader in many areas of research 
and technology. Through the plans set out in 
the European Strategy for Accelerator-based 
Photon Science (ESAPS 2022) [1], LEAPS 
could soon provide valuable new resources 
for more than 35,000 researchers using its fa-
cilities today, spanning fields as wide-ranging 
as materials science, drug design, biochemis-
try, quantum technology, geology, and plan-
etary science. 

T
he Advanced Gamma Tracking 
Array (AGATA) is a European 
gamma-ray spectrometer that is 
already achieving unparalleled 

levels of sensitivity in nuclear gamma-ray 
spectroscopy. AGATA promises to make 
major breakthroughs in our understand-
ing of the strong nuclear force and nuclear 
structure in the coming decades. Eventually, 
AGATA will be able to track the trajecto-
ries and origins of gamma rays produced 
by nuclei created by intense, stable beams 
of rare radioactive isotopes. To achieve this, 
its future design will feature 180 segmented 
detectors made from high-purity germa-
nium, arranged in a spherical structure. 
Since 2010, the project has been hosted by 
several different major facilities in Europe, 

The advanced research facilities (SR and 
FEL) use particle accelerators to produce in-
tense beams of electromagnetic radiation. 
By measuring how this light interacts with 
matter, researchers across numerous fields 
can access a diverse array of advanced tech-
niques: including detailed mapping of molec-
ular and electronic structures, damage-free 
probing of exotic new materials and biolog-
ical samples, and high-resolution imaging of 
complex systems. 

First formed following a collaboration 
of European facilities in 2017, LEAPS aims 
to expand cooperation with research infra-
structures and partnerships across its member 
states and beyond. The consortium is devel-
oping schemes to better manage advanced 
infrastructures and offer improved services 
to users, industry and stakeholders, while 

and has seen its number of detectors stead-
ily increase. Such deeply complex logistics 
required AGATA to constantly adapt to 
new instrumentations and to exploit effi-
ciently the local infrastructures coupled to 
it – which has now led to a comprehensive, 
efficient management structure during con-
struction and operation, encompassing all 
of its scientific, technological, and financial 
aspects [1].

AGATA is governed by a Memorandum 
of Understanding (MoU), which guides 
crucial aspects of the project including its 
planning, funding, construction, and op-
eration. It also specifies an overarching 
management structure which aims to max-
imise the breadth and quality of its scien-
tific output at each facility. The latest MoU 

also helping its users to share their expertise 
in photon science and technology. Through 
ESAPS 2022, the consortium lays out its plans 
for expanding these efforts in the coming 
years. The areas detailed [2] include ambi-
tious facility upgrades, plans for technologi-
cal development, and timelines for the future 
use of its facilities. n

References

[1 R. Abela et al.,  Eur. Phys. J. Plus 138, 355 (2023). 
https://doi.org/10.1140/epjp/s13360-023-
03947-w

[2] EPJ Plus Focus Point on Accelerator-based  
Photon Science Strategy, Prospects and  
Roadmap in Europe: a Forward View to 2030,  
https://link.springer.com/
journal/13360/topicalCollection/AC_
fac84a078611bd831b60883453038270 

was signed in 2021 by 11 different coun-
tries, involving 38 institutions. The four 
main committees of the MoU’s manage-
ment structure and their relationships are 
explained in detail in [2]. Their main aim 
is to realise the best experiments to unveil 
the still unknown nuclear structure prop-
erties. n
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Advancements in Science and Technology.  
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Nobel Prize 2023IN THE SPOTLIGHTS

The Nobel Prize in Physics was awarded to Pierre Agostini of Ohio State University, 
Ferenc Krausz of the Max Planck Institute of Quantum Optics and the Ludwig-Maximilian 
University of Munich and Anne L’Huillier of the Lund University for „experimental methods 
that generate attosecond pulses of light for the study of electron dynamics in matter” 
The Prize acknowledges the tremendous experimental progress in the past 35 years 
that eventually enabled the investigation of the fastest electron transition processes in 
atoms, molecules and solids by using state-of-the-art femtosecond laser technology.  
As a result, a new field of research emerged and shortly after the establishment of the 
field of femtochemistry, attophysics came of age.

The Nobel Prize in Physics 2023 – DOI: 10.1051/epn/2023501

P
rogress in the generation of  
ultrashort laser pulses ena-
bled  fundamental research 
on light-matter interactions 

to enter a new realm. With tens of gi-
gavolt per meter electric field strengths 
and pulse durations comprising only 
a few oscillation periods of light, ex-
treme nonlinear phenomena could be 
explored – an ongoing era of strong-
field physics full of surprises ensued.

Ultra-intense and ultrashort laser 
pulses have been at the core of this 
development. 

Advanced laser Q-switching and 
mode-locking techniques enabled 
continuous rapid growth of the elec-
tric field strength of ultrashort laser 
pulses already in the 1970s. An early 
example of the new type of bewilder-
ing experimental observations is the 
discovery of above threshold ioniza-
tion by Pierre Agostini and his col-
leagues in 1979. Focussing intense 
ultrafast laser pulses into a cloud of 
Xe atoms placed inside a photoelec-
tron spectrometer, they observed that 
the laser is not only capable of ion-
izing the atoms. Remarkably, they 
demonstrated that the electrons can 
absorb several more photons of 1.2 
electronvolt (eV) energy than the 
absolute minimum of 11 required to 
overcome the  ionization potential  of 
12.3 eV.

Subsequently, considerable research 
effort was invested in experiments 
about laser-matter interaction stud-
ies and strong-field physics emerged 

as a substantive field of research com-
prising experimental and theoretical 
research teams inspecting the beauty 
of nonlinear light-matter interaction 
phenomena. The year 1988 marked 
an important milestone when under 
comparable strong-field conditions 
Anne L’Huillier and her colleagues 
observed the generation of high-or-
der harmonic radiation of laser light. 
In their experiment, intense laser 
pulses emitted by an Nd-doped YAG 
laser interacted with Ar atoms. This 
led to the emission of radiation up to 

the 33rd harmonic of the fundamental 
frequency, just shy of 40 eV photon 
energy. This high photon energy and 
peculiarities of the emitted spectrum 
including the counterintuitive similar-
ity of the amplitudes of individual har-
monics suggested a connection to the 
findings of Agostini and colleagues. 
However, a clear quantum mechanical 

▼ Attosecond light source driven by ultrashort laser pulses.  
Ne atoms used for HHG stream into a vacuum chamber and emit 
(invisible) attosecond pulses that co-propagate with the laser light. 
(credit: attoworld.de)
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picture of the involved processes was 
pending at that time.

In the 1990s, much discussion 
was devoted to the mechanism of 
the high-order harmonic generation 
(HHG) process and to whether the 
emitted high-frequency light was co-
herent and the observed spectral fea-
tures could correspond to attosecond 
pulses in the time domain. However, 
at that time experimental tools to in-
vestigate the radiation were limited 
to extreme ultraviolet grating spec-
trometers, incapable of sampling the 
temporal evolution of the emitted UV 
light and leaving unclear if the spectral 
phase of the high harmonic radiation 
would allow to form short pulses.

While it had been recognised that 
the spectral bandwidth of the emitted 
radiation in principle would support 
pulses of attosecond duration, for a 
time domain characterisation fun-
damentally new experimental tools 
had to be developed. An experimen-
tal long-distance race resulted in two 
experiments demonstrating the feasi-
bility to generate attosecond duration 
bursts of light via the HHG process. In 
Vienna, Ferenc Krausz and his team 
developed a time-domain sampling 
technique in which co-propagating 
high-harmonic XUV and near-in-
frared laser pulses photoionised Ar 
atoms. The team detected the kinetic 
energy of the emitted photoelectrons 
and found it to be modulated by the 
presence of the near-infrared laser 
in a way that proved beyond doubt 
that a single 650-attosecond duration 
pulse (isolated in time) had caused 
the photoionisation. At the same 
time, Pierre Agostini and his col-
leagues employed a novel frequen-
cy-domain technique enabling access 
to the spectral phase information of 
the XUV radiation and verified the 
existence of a train of 250-attosecond 
pulses in their experiment.

Advancing time-domain and fre-
quency-domain attosecond techniques 
formed a toolbox capable of scrutinis-
ing quantum mechanical processes on 
their natural time-scale. Suddenly, the 
treatment of electronic transitions as 

virtually instantaneous became a too 
simplistic model. Fundamental dis-
coveries include the observation and 
control of electronic wavepacket mo-
tion in matter, recording the time pho-
toemission and photoexcitation take 
and inquisitions on the time domain 
implications of quantum tunnelling.

The quick progress in fundamen-
tal research triggered by attosecond 
science also fostered a tremendous 
advance in femtosecond laser tech-
nology in the past 30 years. Laser 
systems used for this research were 
developed based on the chirped 
pulse amplification principle (see 
the work of Gérard Mourou and 
Donna Strickland, Nobel Laureates 
in Physics in 2018) and ultrashort, 
amplified laser pulses are now avail-
able that contain only one oscillation 

cycle of the electromagnetic wave. 
Next to advances in ultrafast op-
to-electronic and magneto-optical 
technology, novel laser sources are 
nowadays employed in biomedical 
analysis techniques that will permit 
early-stage cancer and cardiovascu-
lar disease detection in human blood 
serum. These developments, in the 
spirit of the Nobel prize dedication, 
evidence how the continuous inter-
action between fundamental physics 
research and the application of state-
of-the-art lasers continue to serve “for 
the greatest benefit to humankind”. n

 l Peter Dombi,
Wigner Research Centre  

for Physics, Budapest, Hungary
 l Martin Schultze,

Graz University of Technology, Institute 
of Experimental Physics, Austria

(both authors completed their 
PhD under the supervision 

of Ferenc Krausz)

▲ How long does it take a Helium atom to notice it got photo-ionized? 
Attosecond measurements have sparked the development of high-level 
quantum theories that include multi-electron correlations and boosted 
the understanding of transient states of matter. (credit: A. Gelin)
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OPINION

 l Michael Berry1 and Sandu Popescu2 – DOI: 10.1051/epn/2023502
 l University of Bristol, UK – 1 asymptotico@bristol.ac.uk – 2 s.popescu@bristol.ac.uk

Discovery experiments  
and demonstration experiments 

S
cience is distinguished from other 
creative activities by the central 
role played by experiment (in 
which we include observation). 

Experiments enable us to discover new 
things, to confirm or falsify our theoretical 
expectations, and suggest new directions for 
exploration and analysis. Our aim here is 
to identify two kinds of physics experiment 
that are philosophically very different.

The first kind is what we will call discov-
ery experiments. Realms previously inac-
cessible become open to exploration with 
a new instrument. For example, telescopes 
(Galileo’s, Hubble, James Webb…), mi-
croscopes (Hooke, Leeuvenhoek…), and 
particle accelerators. Each observation re-
veals something surprising. Sometimes, 
there are theoretical expectations, and the 
aim of experiments is to decide between 
alternatives. The Michelson-Morley in-
terferometer failed to detect an abso-
lute reference frame. The Large Hadron 
Collider discovered the Higgs boson. 
The Laser Interferometer Gravitational-
wave Observatory discovered merging black 
holes. The Aharonov-Bohm fringe shift, and 
the violation of Bell inequalities, established 
quantum nonlocality, in two qualitatively 
different forms. Antimatter falls down.

In a subclass of discovery experiments 
there is no doubt that an underlying the-
ory applies but its implications are either 
unanticipated or beyond current abilities 

to compute or conceptualise. In condensed 
matter, the theory is quantum mechanics: 
the Schrödinger equation for an assembly 
of many electrons and nuclei. As Philip 
Anderson declared: ‘More is different’. This 
was behind the discovery of completely un-
expected phenomena such as high-temper-
ature superconductivity, and the integer and 
fractional quantum Hall effects.

Common to discovery experiments is 
that the result is not known in advance. 
Underlying fundamental theory is lacking, 
or ambiguous, or has not been tested or fully 
explored in the regime being investigated. 
The popular understanding of scientific ex-
periments is of the discovery type.

The second kind is what we will call 
demonstration experiments. Existing 
well-established theory, correctly and un-
controversially applied, unambiguously 
predicts a new phenomenon, and the aim 
of experiment is to confirm that it occurs. 
Such experiments can be regarded as an-
alogue computations. Into this category 
fall, for example, nonhermitian optical ef-
fects in systems with PT symmetry, optical 
and neutron interference effects revealing 
geometric phases, and random-matrix 
spectral statistics of quantum energies of 
classically chaotic systems and their coun-
terparts in optical and acoustic modes. 
Common to demonstration experiments 
is that the result is known in advance. If the 
experiment fails to conform to theoretical 

expectation, this means it was wrongly con-
ducted, either through a failure of correct 
modelling or insufficiently sensitive instru-
mentation. Such experiments are repeated 
until they give the correct result.

We do not underestimate demonstra-
tion experiments. We are delighted when 
our theories, and the mathematics under-
lying them, are brought to life in the phys-
ical world. And they have scientific value, 
beyond educating students in physics lab-
oratories. They are often difficult, and ex-
perience gained when they fail to give the 
expected result guides the development of 
new instruments and the search for disturb-
ing influences not initially included in the 
modelling. And demonstration experiments 
often lead to new technology.

We have emphasised discovery and 
demonstration, but of course this demarca-
tion is not exhaustive (thought experiments 
and numerical experiments come to mind),  
and there is a large literature discussing ex-
perimentation, in physics and science more 
generally, from different perspectives. We 
simply draw attention to the fact that in the 
everyday practice of physicists, discovery 
and demonstration experiments are often 
conflated. Knowing the subtle differences 
between them may make little difference to 
how experiments are done. But if we want 
to conceptualise our efforts to understand 
nature, it is worth highlighting the distinc-
tions between them. n
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 [EDITORIAL OF THE GUEST EDITORS]

Good infrastructures, happy physicists

A common effort by all European Countries has been 
developed in the last 20 years through the European 
Research Infrastructures Strategic Forum, and this allows 

researchers from all scientific fields to use some “open access” 
research infrastructures supporting world leading research.

In this issue we have focused on few examples in the physical 
sciences without trying to be omni-comprehensive. We asked our 
authors to convey to our readers the information from two main 
points of view: the senior scientists who make these infrastructures 
available and attractive and the junior scientists who have early 
experience of what it means to access them and do exciting research.

The examples cover several exciting fields of physics which 
recently reached major milestones in the search of new knowledge 
such as Rare Event Detection, Astronomy, Particle Physics and 
Condensed Matter Physics. This allows also to give an idea on 
which kind of “infrastructure” can be necessary for cutting-
edge research: very large and localized observatories or particle 
accelerators using single “probes” (particles or photons) with very 
high energy or very high collection and detection power, or a very 
varied and complementary set of analytical instruments allowing to 
study the phenomena in the condensed matter with many probes 
and ever increasing definition at atomic level.

In all  fields, the capability to explore the phenomena in the 
right “phase-space” and with the maximum sensitivity requires the 
development of other physical phenomena and their transformation 

into “techniques and technologies”, from the use of superconductivity 
to generate very high magnetic fields for the CERN Magnets, to the 
use of the Laser effect to generate very intense photon beams, or the 
use of the photoelectron effect to build advanced detectors. Most 
research infrastructures are, therefore, both generators of scientific 
as well as of technical knowledge, and this has convinced many 
Governments in supporting their operations and to host them.

One major result of research infrastructures is to be “meeting 
and exchange places” in which researchers from different regions 
and, in some cases, disciplines, interact and spend time together 
by joining forces to solve the big challenges posed by the effort to 
advance knowledge in ever-increasing difficult fields. This has been 
a strong driver, together with the need to join forces to achieve 
capabilities which would be, otherwise, impossible to reach in 
isolation even within the largest Countries or Research Institutions.

Though modern scientific discoveries are difficult to get without 
modern infrastructure, the heart of discoveries are the scientists 
themselves. Without great ideas even the best infrastructures  
are useless. n

 l The guest editors, Carlo Rizzuto1 and Zsolt Fülöp2

 l 1 Chair of the CERIC-ERIC General 
Assembly (formerly Chair of ESFRI)

 l 2 Chair of the National Research 
Infrastructure Committee, Hungary

THANK YOU! 

The EPN Editors are very grateful to Carlo Rizzuto and Zsolt Fülöp, who as Guest Editors used their networks to select the authors which introduce you 
in the research infrastructures and enthusiastically describe their research projects. The result is a highly attractive special issue.

We highly appreciate your work and endeavour for EPN. Thank you! n

The Editors 
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Research Infrastructures:  
the contribution of ESFRI

T
he establishment of the European 
Research Area (ERA) in 2000 marked 
a significant advance in integrating 
research efforts within the European 

Union. This initiative emerged as a strategic re-
sponse to the existing fragmentation of Europe’s 
research and innovation 
landscape. Its impact was es-
pecially pronounced in the 
field of research infrastruc-
tures (RIs), particularly the 
very large ones in physics 
and astronomy that had pre-
viously struggled with the 
absence of a pan-European 
coordination framework. In 
its absence, international RIs 
such as CERN, Institute Laue-
Langevin and the European 
Synchrotron Radiation 
Facility were established 
through ad-hoc engage-
ment of various countries.

Within a mere few 
months following the European Commission's 
proposal of the ERA concept, a conference to de-
liberate on developing a cohesive EU-centric ap-
proach to RIs was convened in France.

These efforts led to the founding of the 
European Strategy Forum on Research Infra-
structures (ESFRI) in 2002 and the unveiling of 
ESFRI’s first European Roadmap for Research 
Infrastructures in 2006. This roadmap catalysed 
the harmonisation of European infrastructure de-
velopment, ensuring an aligned vision for priority 
settings and investments across member states, 
and supported by the European Commission’s 
funding calls. The results of this integration were 
far-reaching, with the vast majority of EU Member 
States embracing the road-mapping strategy 
on a domestic scale and self-organisation of 

the research communities across Europe to es-
tablish RIs in their domains. Perhaps most strik-
ingly, the collective endeavours of the ESFRI 
Member States and the European Commission 
over the past two decades have fostered a robust 
ecosystem of European RIs, with the establish-

ment of 41 ESFRI Research 
Infrastructures and the pro-
gression of 22 RI Projects 
into their preparatory 
stages. The collective invest-
ment in these often-unique 
facilities is set to surpass 20 
billion EUR. Yet the work 
of ESFRI goes well beyond 
roadmapping, for which it 
is best known. Its policy co-
ordination of the domain 
of research infrastructures, 
addressing topics such as 
financing, energy and sup-
ply challenges, and coop-
eration with industry, has 
far-reaching effects on the 

development and functioning of Europe’s re-
search infrastructure landscape.

Although impressive, RIs are resources which 
only achieve their aims when used by scientists 
to accomplish their research aims. To this end, I 
warmly welcome the special issue of Europhysics 
News, which highlights some of Europe’s top RIs, 
their capabilities and potential, promoting the 
use of the RIs among its vast readership.

I extend my gratitude to Europhysics News for 
continuously emphasising the topic of research 
infrastructures, and look forward to our future 
collaborations. n

by Jana Kolar
ESFRI Chair – DOI: 10.1051/epn/2023503

 [Column] 
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CURRENT DEVELOPMENTS IN 
LNGS UNDERGROUND PHYSICS
 l A. Formicola1, A. Ianni2, G. Imbriani3, M. Laubenstein2, S. Pirro4 and E. Previtali4  
 l 1 INFN, Sezione di Roma, Italy

 l 2 INFN, Laboratori Nazionali del Gran Sasso (LNGS)

 l 3 INFN, Sezione di Napoli and Università degli Studi di Napoli Federico II,Italy 

 l 4 INFN, Laboratori Nazionali del Gran Sasso (LNGS) and Università degli Studi di Milano Bicocca, Italy

 l DOI: https://doi.org/10.1051/epn/2023504

The Gran Sasso National Laboratory in Italy (LNGS) is at present the largest deep underground 
laboratory in the world. LNGS has been in operation for 35 years. It has a rock overburden 
of 1.4 km which reduces the muon flux from cosmic rays by a factor of one million. 

T
he core purpose of LNGS [1] is frontier 
research in the domains of Astroparticle 
Physics: low energy solar neutrinos, neutrino-
less double-beta decay, dark matter searches, 

rare nuclear decays, and of Nuclear Astrophysics. LNGS 
is operated as a research infrastructure open to inter-
national users. The laboratory is equipped with several 

laboratories and facilities to support the experimental ac-
tivities, in this contribution we have selected four of them.

STELLA a laboratory for large-scale-
state-of-the-art-material screening
The study of rare events with a specific experiment 
requires a very low level of radioactivity in all 

▲ Bellotti Ion Beam 
Facility of LNGS, a 
3.5 MV Singletron 
machine (courtesy 
of M. Junker (LNGS)

https://doi.org/10.1051/epn/2023402
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detector components to disentangle the signal 
from the background. Therefore, in addition to locating 
the experiment deep underground, radio-purity assay  
of used materials is essential. The activity is carried out 
in dedicated facilities. For this purpose STELLA (Fig.1) 
was built at LNGS [2]. STELLA is equipped with 15 
high-purity germanium (HPGe) detectors, which allow 
very sensitive measurements by means of gamma-ray 
spectrometry. Four of these HPGe detectors are cus-
tom-made ultra-low background detectors built by the 
Max-Planck Institut für Kernphysik (MPI-K) in collab-
oration with LNGS. They can reach a world record sen-
sitivity of the order of 10 μBq kg-1 on natural radioactive 
isotopes. In addition, STELLA also hosts four detectors 
for alpha spectrometry as well as two liquid scintillator 
counters. The main task of STELLA is to offer a profes-
sional and unique laboratory for material selection to all 
experiments installed at LNGS, and to provide support to 
research activities carried out in other underground lab-
oratories. The radio-purity assay is performed in synergy 
with the Chemistry laboratory at LNGS, which uses in-
ductively coupled plasma mass spectrometry (ICP-MS). 
To clearly identify the various contributions to the source 
of materials background they are divided into three cate-
gories: primordial radionuclides and natural decay chains 
(40K, 232Th, 235U, 238U, 87Rb …); cosmogenic radionuclides, 
produced through interaction of secondary and tertiary 
cosmic-rays with matter (3H, 14C, 7Be, 11C, 57Co, 39Ar…); 
and anthropogenic radionuclides, artificially produced 
mainly through nuclear reactions (60Co, 85Kr, 137Cs, …). 
A complete radio-purity assay requires the use of dif-
ferent complementary techniques, which are working 
in synergy. Primarily, these techniques are gamma-ray 
spectrometry, ICP-MS, alpha/beta spectrometry, and 
Radon emanation measurements [3]. In STELLA on av-
erage the analysis throughput is 100 samples per year. At 

present, an important upgrade for STELLA is ongoing. It 
aims at making available underground laboratory space 
surrounded by neutron shielding and 5 cm of steel for 
background reduction purposes. It is expected that this, 
together with other small modifications on the HPGe 
detectors themselves, will further decrease the environ-
mental natural background of detectors in order to reach 
enhanced sensitivities needed for next-generation exper-
iments for rare events.

The NOA innovative low background 
infrastructure
NOA is a new infrastructure of the outside laboratories of 
LNGS. NOA which is funded in the framework of PON 
Ricerca e Innovazione 2014-2020 and RESTART CIPE 
n. 49/2016, is a unique facility worldwide. worldwide. It 
comprises a 421 m2 ISO 6 clean room (Fig.2) which can 
be operated in virtually Radon-free mode using a Radon 
abatement system. For this reason, it was built with stain-
less steel walls, ceiling and floor to reduce possible emana-
tion or diffusion of Radon. In addition, the air ventilation 
system is engineered to reduce Radon emanation. The 
design is similar to that of other Radon-free clean rooms 
operated underground at LNGS [4]. NOA is equipped 
with a custom-made Radon detector with 1 mBq m-3 
sensitivity for monitoring the activity concentration. A 
Radon-free clean room is crucial for dark matter exper-
iments to avoid plate-out of 210Pb on surfaces during the 
assembly of crucial parts of the detectors. NOA is divided 
into two main volumes: one with 3.0 m in height and 
353 m2 dedicated to testing and packaging of photodetec-
tors based on SiPMs; another with 5.8 m in height and 68 
m2 area for large volume detector assembly. The two main 
volumes can be operated separately both in normal and 
Radon-free mode. The packaging area is equipped with 
a flip chip bonder, a wire bonder, a dicer, and a cryoprobe 
to test SiPMs at liquid nitrogen temperature where their 
intrinsic noise is strongly reduced. The activity is crucial 
for next-generation cryogenic experiments where SiPMs 
will be commonly used. Right now, NOA will be used for 
the mass production of photosensors for DarkSide-20k. 

The Bellotti Ion beam Facility
The Bellotti Ion beam facility is a new 3.5MV accelerator 
devoted to nuclear astrophysics and applied physics. It is 
the result of the synergy between the LUNA (Laboratory 
for Underground Nuclear Astrophysics) collaboration1 
and the LNGS, thorough a funding of the Italian Ministry 
of Research2. The Bellotti Ion beam facility is equipped 
with a 3.5 MV Singletron machine [5] manufactured by 
High Voltage Engineering Europe (HVEE). The machine 
can deliver intense proton, helium, and carbon beams 
(about 1, 0.5 and 0.15 mA respectively) with excellent 
energy resolution and stability, optimal for precision nu-
clear astrophysics measurements. The new accelerator is 

▼  FIG. 1: Stella  
Laboratory equipped 

with 15 HPGe 
detectors (courtesy 

of Massimiliano 
De Deo (LNGS))
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1 https://luna.lngs.infn.it
2 Progetto Premiale 2012 and 2013

currently installed in the hall B of the underground labora-
tory (see full page picture). A key research area of this facility 
is the experimental Nuclear Astrophysics studies, the explo-
ration of low energy nuclear reactions related to various 
stages of stellar evolution and nucleosynthesis. The LUNA 
collaboration was the first to propose a new approach to 
nuclear astrophysics, by exploiting the extremely low back-
ground inside the LNGS. A pioneering experiment was pro-
posed 1992 to LNGS and a 50 kV accelerator (LUNA-50kV) 
was installed underground. A 400 kV Singletron accelerator 
- LUNA-400kV – is in operation since 2000 and still plays 
a fundamental role for experimental nuclear astrophysics. 
The LUNA experiments have established underground nu-
clear physics as a powerful tool for determining nuclear re-
action rates at Gamow peak energies, which represents the 
energies where most of the reactions take place in the inte-
rior of a star at a given temperature. Thanks to the presence 
of the two accelerators with complementary energies and 
taking advantage of the many years of LUNA collaboration 
in managing experiments with underground accelerators, 
the new Bellotti Ion Beam facility, which has a Program 
Advisory Committee to select and monitor the experiments, 
will open new frontiers in astrophysics nuclear power and 
nuclear physics research. 

Ieti, the low noise - low radioactivity 
milliKelvin cryostat for Qubits 
characterisation 
An increasing number of experimental evidence is suggest-
ing that environmental radioactivity could be a limiting 
factor for the performance of future quantum comput-
ers based on the technology of superconducting circuits. 
Cosmic rays, as well as the decay products of radioactive 
isotopes naturally present in the laboratory environment, 
can interact with the chip hosting the quantum proces-
sor (Qubit). Such an interaction would limit the 

▲  FIG. 2: A detail of the SiPM packaging facility in NOA equipped with a flip 
chip bonder, a wire bonder, a dicer, and a cryoprobe, which can be operated at 
77 Kelvin. 

ADVERTORIAL

Beside the classic analogue 0-10 V output, their digital 
interfaces RS485, EtherCAT and PROFINET allow intelligent 
connection to PLCs. The RS485 and the PROFINET interface 
also provide all necessary parameters to support predictive 
maintenance. Users can check the degree of sensor wear 
and corrosion, the time of the last adjustment, as well as 
operation hours. Thereby, service intervals can be better 
planned, possible spare parts ordered in time and systems 
run times optimized. Naturally, all parameters can also be 
accessed with Thyracont’s VacuGraph™-Software. 

Transducer VSL has been developed especially for 
loadlocks. The metal sealed gauge uses a multi- sensor 
technology and combines piezo-electric pressure 
sensors with a Pirani sensor. The VSL transducer measures 
absolute pressure in the range of 1200 to 1e-4 mbar as 
well as relative pressure in relation to the environment in 
the range of -1060 to +340 mbar. 
 
The two piezo diaphragm sensors monitor chamber 
pump-downs and vent-ups. The Pirani sensor measures 
down to 10-4 mbar and thereby controls the low-pressure 
transfer between the loadlock and the process chamber 
minimizing particle events. Its differential pressure output 
precisely triggers door-open functions. The VSL measures 
independently of gas type above 20 mbar and stands for 
stable readings with high accuracy.  n

For more information, contact:
Thyracont Vacuum Instruments
https://thyracont-vacuum.com/en
Phone: +49 851 95986-0

SmartlineTM Vacuum 
Transducers for Loadlocks 
The Thyracont SmartlineTM digital transducers 
established a basis for industry 4.0. The gauges are 
characterized by particularly efficient micro controllers. 
Their modern combination sensors measure with 
high precision in a range from 1200 to 5e-10 mbar  
(900 to 5e-10 Torr). 

https://thyracont-vacuum.com/en
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development of beyond-state-of-the-art instrumentation, 
combined with the implementation of novel and original 
approaches will provide a unique support for future ad-
vanced experiments in fundamental physics researches. n
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coherence of the quantum system, i.e., the time 
in which it retains its quantum behaviour. Moreover, it 
would induce simultaneous errors on multiple Qubits 
deposited on the same chip, spoiling the protocols for 
quantum error corrections.

The Ieti facility3 is the first cryogenic platform enabling 
the test of superconducting qubits in an ultra-low radio-
activity environment (Fig.3). Ieti offers the ideal environ-
ment to test novel qubit prototypes with an experimental 
volume of 5500 cm3, a dual magnetic shield to prevent dis-
turbances in quantum processors caused by fluctuations 
of the magnetic field, and a lead/copper shield system to 
reduce significantly the influence of environmental radi-
oactivity inside the laboratory. In 2021 the facility hosted 
the first underground measurement showing the impact 
of radioactivity on a quantum circuit [6]. In 2022 Ieti was 
used to benchmark a Qubit fabricated with a new mate-
rial (Granular Aluminum) by the Karlsruhe Institute of 
Technology [7]. The Ieti facility is presently hosting mem-
bers of the SQMS (Superconducting Quantum Materials 
and Systems) Center, led by Fermilab, to develop a novel 
quantum processor. Thanks to Ieti, it will be possible to 
test the SQMS prototypes in an extreme “low noise – ul-
tra-low radioactivity” environment and push their per-
formance to new limits.

Some new improved facilities were realised during the 
last few years at LNGS aiming at the improvement of ex-
perimental sensitivities for Astroparticle physics experi-
ments and to explore new fields of research. At LNGS the 

3 https://ieti.sites.lngs.infn.it/index.html

▶  FIG. 3: Leti 
cryostat hosting a 
Superconducting 

Qubit. The Qubit is 
framed inside the 
second magnetic 

shield just below the 
inner Lead shield 

of the cryostat.

https://www.docenti.unina.it/gianluca.imbriani
https://www.docenti.unina.it/gianluca.imbriani
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STUDYING STARS FROM THE 
DEEP UNDERGROUND: THE 
LUNA EXPERIMENT AND THE 
CASE OF 13C(α,n)16O REACTION
 l László Csedreki1 and Giovanni Francesco Ciani2 – DOI: https://doi.org/10.1051/epn/2023505

 l 1 HUN-REN Institute for Nuclear Research (ATOMKI), Debrecen, Hungary

 l 2 INFN- Bari, Italy.

Understanding the stellar evolution and the origin of chemical elements are the main 
goals of Nuclear Astrophysics. In the last century, many collaborations worked to develop 
experiments and accelerators to study in Earth laboratories the main nuclear processes 
taking place in stars at their relevant temperature. As an example, we present the 
measurement of the 13C(α,n)16O reaction performed by the LUNA collaboration.

the Coulomb barrier, the reaction cross section becomes 
extremely low. Of course, neutral particles, as neutrons, 
are not affected by repulsive Coulomb forces. According 
to recent knowledge, heavy element synthesis is based 
on neutron capture processes. There are s(slow)- and 
r(rapid)- processes. If the produced radioactive nuclei 
can decay before the next neutron capture, it is a slow 
process. In general, it takes place in an environment with 
a low neutron density in AGB stars. On the other side, if 
a daughter nucleus can capture more than one neutron 
before decaying, it is a rapid process that takes place in 
a stellar environment with high neutron density such as 
stellar neutron mergers. In Fig. 1 nuclides synthetised by 
r- and s process are indicated with blue and green curves, 
respectively. Only a minority of nuclei beyond iron is syn-
thetized by the so-called p-process that involves a proton 
capture (red dots in Fig. 1). 

Production of chemical elements 
in the Universe
Everything around us, from our body to the entire 
Universe, is made by all the chemical elements of the 
periodic table. Their abundance, the percentage of pres-
ence of different nuclei, varies by several orders of mag-
nitude. For example, in Fig. 1 the abundance of chemical 
elements is shown, normalised with respect to the silicon, 
as a function of atomic number in the Solar System. Light 
elements are the most abundant (Hydrogen and Helium 
are the 98% of the Solar System) and their dependence is 
almost a decreasing exponential, with 13 orders of mag-
nitude difference for the heaviest elements.

Elements are synthetised in astrophysical environ-
ments: the lightest and most abundant elements, hydrogen 
and Helium, are created in the Big Bang Nucleosynthesis 
(BBN). The valley for Li, Be and B comes mainly in cos-
mic-ray induced nuclear reactions in the interstellar me-
dium.  All other nuclei, from carbon to uranium, were 
born inside Stars at the different stages of Stellar evolu-
tion. Moving from carbon to heavier elements along the 
abundance curve, a reduction can be observed, with ex-
ception of an evident peak around iron. These elements 
are produced in a sequence of fusion reactions towards 
higher atomic numbers [1]. Above the isotopes of the 
iron group, nucleosynthesis cannot occur by fusion re-
actions between charged particles for two reasons. Firstly, 
the reactions become endothermic and that means that 
they cannot happen spontaneously. Moreover, with the 
increasing atomic number, the electric repulsion in-
creases, thus at typical stellar temperature, well below 

◀ FIG. 1:  
Abundance of 
chemical elements in 
our Solar System (the 
contributions of the 
different processes 
of heavy element 
nucleosynthesis are 
labeled separately).

https://doi.org/10.1051/epn/2023402
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captured by the s-process nuclides. Therefore, knowledge of 
the 13C(α,n)16O cross section at the relevant energy region 
(Gamow-window, see box) allows for a better understand-
ing of the synthesis of heavy elements.

In the last decades, several experiments have been per-
formed in surface laboratories all around the world, but all 
of them were limited by the neutron background coming 
from secondary cosmic rays. It caused high uncertainties 
that did not allow for extrapolating data towards low en-
ergy and reaching the requested precision for stellar models. 

The LUNA experiment at Gran Sasso 
National Laboratory  
In 2015, the LUNA (Laboratory for Underground Nuclear 
Astrophysics) collaboration decided to run the race to-
wards the 13C(α,n)16O measurement, taking advantage 
from the intense alpha beam provided by the LUNA400 
accelerator, from the neutron background reduction by 
three orders of magnitude of LNGS with respect to surface 
laboratories. The participation of LNGS to an international 
network allowed for building synergies with surface lab-
oratories all over the world, such as ATOMKI (Debrecen, 
Hungary) and HZDR (Dresden, Germany) to collect ex-
perience in all the fields necessary to keep under control 
all the critical aspects of the measurement: the target pro-
duction, the design and characterisation of the detection 
setup, data taking, data analysis for R-matrix extrapolation 
to lower energies and research for possible astrophysical 
consequence. All the steps are summarised in Fig. 3.

 The four main aspects, which basically determine the 
available precision of the cross-section measurements are 
the intensity of the ion beam, the target properties, the 
detection efficiency of the neutrons and neutron back-
ground of the experimental apparatus. In particular, the 
ideal situation demands to have, together with the very in-
tense alpha beam provided by the LUNA400 accelerator, 
targets with a very high density of 13C nuclei. Therefore, 
targets were produced at ATOMKI by evaporation of 99% 
enriched 13C powder on tantalum disks. The composition 
of the target was periodically checked using dedicated 

The study of the neutron sources and 
the origin of astrophysical s-processes
As mentioned before, we know that elements beyond iron 
are produced in the slow and rapid processes. Where do 
neutrons come from? For the s-process, it is well known 
that they are emitted from charge particle fusion reactions 
taking place during complex convective motion in stars 
of the Asymptotic Giant Branch which are stars in an ad-
vanced stage of their life. In Fig. 2. the internal structure of 
an AGB star is shown. Helium-burning takes place in the 
He burning shell covering the carbon-oxygen core of AGB 
stars. The helium is reproduced continuously in the hy-
drogen-burning phase in a separated shell and at a critical 
density the helium-burning is ignited. The energy released 
in this process causes the expansion of the star. When the 
helium runs out, the star contracts and the hydrogen-burn-
ing phase continues. The timescale of such an event is a 
couple of decades, which is repeated after some thousands 
of years. The material of the AGB star is mixed during the 
expansion (labeled as Dredge-up in the Figure) and the 
hydrogen from the convective envelope transported in 
deeper layers is captured on 12C nuclides, which produce 
13N. Finally, the beta-decay of 13N leads to 13C nuclides 
forming the so-called 13C-pocket. With the subsequent 
dredge up phase, Helium enters in the pocket that causes 
the 13C(α,n)16O reaction emitting neutrons that later are 

GAMOW-WINDOW 
The main challenge of nuclear astrophysics is to provide precise infor-
mation of nuclear reactions mainly in a relevant energy region: the so-
called Gamow-window, where the fusion most likely occurs. Its value 
(blue area) depends on the stellar temperature and the interacting par-
ticle. This comes from the convolution of two functions: the Maxwell-
Boltzmann distribution (green line) that model the energy distribution 
of stellar gas, and the probability to overcome the Coulomb barrier 
(black curve). For the 13C(α,n)16O in an environment of T=0.9GK, the 
Gamow window is between 130 and 240 keV and the LUNA experi-
ment successfully reached this energy range for the first time ever in 
the measurement described here.

▲  FIG. 2: Temporal 
evolution of the 
different layers 

during the thermally 
pulsing AGB phase. 

The convective 
regions generated 

by two subsequent 
thermal pulses 

are also shown. 
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◀  FIG. 3:  
Flow-chart of the 
13C(α,n)16O reaction 
measurement 
represents the 
complexity of an 
Nuclear Astrophysics 
experiment.

nuclei 60Fe and 205Pb, as well as 152Gd [4]. The unprece-
dented results obtained by the LUNA collaboration have 
been confirmed by another measurement performed at 
China Jinping Underground Laboratory by the JUNA 
collaboration [5]. Although the community recognised 
the importance of this results, there is still a lot to do to 
improve the knowledge of s-process. Future prospect is 
to perform measurements in a wide energy range with 
angular distribution measurements completed with mul-
ti-channel R-matrix calculations considering the other 
reaction channels of 13C+α. Stay tuned!

About the authors
László Csedreki is a Senior Research 
Fellow of the HUN-REN Institute for 
Nuclear Research (ATOMKI), Hungary. 
He studies low-energy nuclear astrophys-
ics reactions at particle accelerators. He 
spent 4 years as a Postdoc at the LNGS 
laboratory, Italy. csedreki@atomki.hu
Giovanni Francesco Ciani is a Staff 
Technologist at INFN- Bari, Italy. His 
main research topics are low-energy 
nuclear astrophysics and detector de-
velopment. giovanni.ciani@ba.infn.it

 
References 

[1] José et al., Europhysics News 47/4, 15 (2016)

[2] Ciani et al., Eur. Phys. J. A 56, 75 (2020) 

[3] Csedreki et al., Nucl. Instr. and Meth. A 994, 165081 (2021)

[4] Ciani et al., Phys. Rev. Letters 127, 152701 (2021)

[5] Gao et al. , Phys. Rev. Letters 129, 132701 (2022)

techniques, that we do not describe here but those inter-
ested can find it in [2].  A huge work was done also for the 
research of the best setup to use in terms of material and 
design. 3He counters have been used because of their in-
trinsic high detection efficiency. In order to maximise the 
geometrical efficiency, 18 counters have been arranged 
in two concentric rings (6 and 12 in the inner outer ring, 
respectively) in order to cover a 4π angle around the tar-
get. Another peculiarity was that the LUNA collaboration 
chose stainless steel counters instead of typical alumi-
num ones to reduce the radioactivity of the material in 
the setup and consequently its intrinsic background. A 
devoted paper on the setup construction was published 
in 2021 [3]. Because 3He counters are sensitive to slow 
neutrons (En = 25 neV) and neutrons emitted by the re-
action have energy En > 2.5 MeV, counters were inserted 
in a polyethylene moderator that slowed down neutrons. 
The detection efficiency in these conditions was estimated 
around 35% thanks to complementary measurements 
at particle accelerator of ATOMKI and neutron source 
measurement at University of Naples, Italy. Combining 
the background reduction of LNGS, the intense alpha 
beam provided by LUNA-400 accelerator and the exper-
imental efforts mentioned above, in a three year experi-
mental campaign, the LUNA collaboration measured the 
13C(α,n)16O cross section directly inside their s-process 
Gamow window for the first time, reaching an overall 
uncertainties lower than 20%. Based on the calculated 
reaction rate from the theoretical extrapolation of the 
measured cross-section data, the astrophysical impact 
has been also estimated. Sizeable variations of some iso-
topes were found, whose production is influenced by the 
activation of close-by branching points that are sensitive 
to the neutron density, in particular, the two radioactive 
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I
t is summer at CERN, the European Organization 
for Nuclear Research, close to Geneva. Many young 
people from all over the world are talking and laugh-
ing around the tables on the cafeteria terrace in the 

warmth of an evening. After a pause due to Covid-19, 
the summer students are back! CERN’s yearly summer 
internship programme attracts more than 300 students 
from over 100 countries spreading a joyful atmosphere 
around the site. After all, one of the core missions of 
CERN is to train young people, and to promote peace and 
international collaboration through scientific research.

  
Building together
It has been nearly 70 years since CERN’s foundations were 
laid in a European landscape marked by the experience of 
World War II. CERN was founded to provide world-leading 
research infrastructures, which no European State could 
afford by itself, through an intergovernmental scientific 
organisation; to promote scientific collaboration among 
countries who were at war less than 10 years earlier; and 

to stop the scientific brain drain. Discussions among the 
proponents of big science and traditionalists, youngsters and 
establishment, experimentalists and engineers and theorists 
spanned over two years before the CERN Convention was 
ratified and a first research programme established. The 
stakes were high to build such a laboratory from scratch, on 
a green-field site, and the outcome was quite uncertain - it 
was even difficult to find a Director-General ready to take 
on the task. Large research infrastructures are at the heart 
of the CERN model: from the Synchrocyclotron in 1957 
and the Proton-Synchrotron in 1959 to the first hadron 
collider ISR in 1971, followed by the first proton-antiproton 
collider Spp–S, the Large Electron-Positron collider LEP, and 
now the Large Hadron Collider LHC. CERN’s track record 
is filled with pioneering instruments: from construction 
to operation and the final physics results, working on the 
common goal to unravel the world of the subatomic parti-
cles has motivated many physicists, engineers and techni-
cians to engage with CERN and to develop the necessary 
ground-breaking technologies. As an international treaty 

CERN: EUROPE’S VOYAGE  
TO THE INFINITELY SMALL
 l Ursula Bassler – Institut National de Physique Nucléaire et de Physique des Particules IN2P3 – CNRS

 l DOI: https://doi.org/10.1051/epn/2023506

Over the nearly 70 years of its existence as an intergovernmental scientific organisation, CERN 
has become a landmark of scientific research in particle physics. In a changing geopolitical and 
societal context, CERN is shaping its future program where large research infrastructures are 
the necessary cornerstones to continue to investigate the infinitesimally small.

▲ CERN Science 
Gateway.

https://doi.org/10.1051/epn/2023401
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▲ FIG. 1: “I don’t 
know if we were 
particularly lucky, 
but I really enjoyed 
every aspect of the 
summer student 
program: work, 
lectures and social 
life (a lot!).” CERN 
Summer Students 
2023. © CERN

of CERN: if major contributions came from outside the 
CERN budget, such contributors would certainly expect 
to have a closer involvement in CERN’s governance. Are 
the Member States ready to invest to maintain European 
leadership in particle physics? Or should CERN become 
a “global” laboratory?

“All men by nature desire to know”, said Aristotle. It is this 
desire that motivates us to study the intimate properties of 
matter and their behaviour in the earliest moments of the 
Universe. The question is: do we still have this desire to know 
in the societies of today? National science policy often extols 
the virtues of targeted research as a means of strengthening 
economies and addressing societal challenges. Physicists are 
as eager as anyone else to contribute to the challenges which 
lie ahead, but if we still want to explore unchartered territory, 
we need to build the necessary research infrastructures, and 
to continue to collaborate all over the world. n
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organisation, CERN has established a robust framework 
for scientific cooperation, including financial stability, that 
has allowed major investments over many years.

Spreading International collaboration
The CERN model has inspired the creation of sister organ-
isations such as ESA, ESO and EMBL, further strength-
ening the collaboration among the European countries 
in various areas. The Joint Institute for Nuclear Research, 
JINR, in Dubna (Russia), was the first international organ-
isation to follow the CERN model in 1955, facilitating by 
then collaboration between East and West. The latest ex-
ample is SESAME, the Synchrotron-light for Experimental 
Science and Applications in the Middle East, which has 
eight member states and operates a common infrastruc-
ture in Jordan since 2017. Starting with twelve founding 
nations, CERN’s membership expanded rapidly in the 
1990s towards the Eastern European Countries, and later 
to Israel. Today, CERN has twenty-three Member States, 
some 10 Associate Member States, including non-Euro-
pean countries such as India and Pakistan, and close to 50 
international cooperation agreements with non-Member 
States. Nearly 12 000 users with 100 different nationali-
ties are currently registered as CERN. About a third of the 
users are affiliated with institutes in non-Member States, 
North America accounting for the largest fraction. Yet, the 
geopolitical context has changed. For the first time in its 
history, CERN revoked the Observer Status of the Russian 
Federation and JINR in 2022 following the Russian inva-
sion of Ukraine, one of CERN’s Associate Member States. 

Preparing the Future
Since the 2013 update of the European Strategy for Particle 
Physics, CERN has been working on the concept of a 100-
km collider. This “Future Circular Collider” (FCC) could 
follow a similar development path as LEP and LHC, host-
ing an electron-positron collider first, FCC-ee, and later a 
hadron collider, FCC-hh, in an underground tunnel more 
than three times longer than the LHC tunnel. An accel-
erator R&D roadmap, coordinated by Europe’s largest 
particle physics laboratories, has emerged as the vehicle 
for new technologies for the FCC and other accelerator 
concepts to be investigated. National laboratories in the 
United States, such as FNAL, BNL and SLAC, as well as 
KEK in Japan, are also involved in these R&D endeavours. 
China has started studies of a similar machine, the Chinese 
electron-positron Collider, or CEPC, if approved slated to 
start construction in the late 2020s. 

Beyond Europe
Even though the LHC attracts scientists from all over the 
world, the facility was essentially constructed and oper-
ated with European funds. Since the FCC-ee will be about 
twice as expensive as the LHC, discussions about possible 
financial scenarios have started among the Member States 

▼ FIG. 2:  
A scematic view 
of the possible 
implementation of 
the nearly 100 km 
FCC tunnel. © CERN
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▼ FIG. 1:   
The invariant mass 

from pairs of photons 
(y) selected in the 

Higgs to γγ analysis, 
as shown at the 

seminar at CERN 
on 4 July 2012. The 

excess of events 
over the background 

prediction around 
125 GeV is consistent 

with predictions for 
the Standard Model 

Higgs boson.  (Credit: 
ATLAS Collaboration)

Prologue
It is 6 am on Wednesday, 4th of July 2012: A long, steadily 
growing queue has formed outside CERN’s main audito-
rium, winding through the foyer, down the staircase, into 
the adjacent restaurant. Many of the younger researchers 
gathered here have camped outside the auditorium doors 
to make sure to get a seat for the announced scientific 
seminar. Rumour has it that two of the large experimental 
collaborations here at CERN will announce the discov-
ery of a new particle that appears to be the long-sought-
after Higgs boson, postulated by Peter Higgs, Francois 
Englert, and Robert Brout some 50 years ago to explain 
how elementary particles acquire mass. Peter Higgs and 
Francois Englert, who will be awarded the 2013 Nobel 
Prize for Physics, are greeted by the crowds like rockstars.

The Higgs boson discovery is one of the great achieve-
ments of the thousands of particle physicists, computer 
scientists, engineers, and technicians at CERN who de-
signed, constructed, and now operate the Large Hadron 
Collider accelerator complex and its experiments; who 
engineered the world-wide LHC Computing Grid used 

to process petabytes of detector data; who designed the 
algorithms to reconstruct the raw data, to filter out the 
rare collision events that would indicate the production 
and subsequent decay of the Higgs boson.

 
CERN’s scientific profile
The discovery of the Higgs boson was not the first scien-
tific breakthrough in the 70-year long history of CERN. 
From its early beginnings, the scientific activities at CERN 
have been driven by the desire to uncover the fundamen-
tal constituents of nature and their interactions, and to 
understand how they shape the evolution of our universe. 
When CERN was founded in 1954, only a fraction of the 
elementary particles we know today had been discovered. 
CERN made vital contributions to the understanding of 
the particles and interactions described in what today 
is known as the Standard Model of Particle Physics, the 
theory that describes all known elementary particles and 
three of the four forces of nature. A major breakthrough 
in the development of the Standard Model was the real-
isation that the weak force, which governs, for example, 
radioactive decays, and the electromagnetic force are in 
fact two aspects of a unified electroweak interaction.

Discovery of the neutral current
It was a discovery made at CERN that provided crucial 
experimental support for this new electroweak theory. 
In 1973, data from the Gargamelle bubble chamber pro-
vided the first direct evidence of weak neutral currents 
predicted by the new theory in events in which a neutrino 
scattered off a proton or neutron without turning into a 
muon, a process in which no electric charge is exchanged. 
Such reactions are the result of an exchange of a neutral 
vector boson, Z, which mediates the weak interaction to-
gether with the charged bosons, W±. It would, however, 
take another decade before these particles would be ob-
served in experiments - again at CERN.

SHEDDING LIGHT ON THE BUILDING 
BLOCKS OF MATTER AND  
THE EARLY UNIVERSE AT CERN
 l Katharina Behr – Deutsches Elektronen-Synchrotron DESY, Hamburg, Germany – DOI: https://doi.org/10.1051/epn/2023507

From its early beginnings, the scientific activities at CERN have been driven by the desire 
to uncover the fundamental constituents of nature and their interactions, and to understand 
how they shape the evolution of our universe. This article provides an overview of past 
and current research at CERN.

https://doi.org/10.1051/epn/2023401
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Discovery of the W and Z bosons
The high masses of the W and Z bosons of roughly 80 and 90 
times the proton mass, respectively, meant that highly ener-
getic particle collisions would be required to produce them. 
These were achieved at the proton-antiproton collider Spp–S, 
an accelerator specifically adapted for this purpose under the 
direction of particle physicist Carlo Rubbia. The discovery 
of the W boson was presented to a packed CERN audito-
rium in January 1983, much as would be that of the Higgs 
boson 30 years later. The Z boson discovery was announced 
in June of the same year. Both discoveries would not have 
been possible without significant advancements in the field 
of accelerator technology, most notable the technique of  
“stochastic cooling”, which reduces the energy spread and 
angular divergence of the antiproton beam, a prerequisite 
for the intense particle collisions needed to produce W and 
Z bosons at measurable rates. It was developed by CERN 
physicist Simon van de Meer who shared the 1984 Nobel 
Prize with Carlo Rubbia.

The LEP precision era and the WWW
The properties of the newly discovered bosons were stud-
ied with unprecedented precision at the Large Electron-
Positron Collider (LEP), which operated between 1989 
and 2000 in the same tunnel that would later house the 
LHC. This precision machine allowed researchers to put 
the theory of electroweak interactions to rigorous tests. 
The experimental measurements were found to be in excel-
lent agreement with the Standard Model predictions. The 
increasing size and internationality of CERN’s collabora-
tions - around 1,500 physicists were involved in the LEP 
experiments alone - made it necessary to share information 
fast and efficiently across borders. It was this international 
research environment that prompted CERN fellow Tim 
Berners-Lee to develop the World Wide Web (WWW), a 
network browsable by hypertext links, made available to 
the public in 1991.

▲ FIG. 2: A neutral current event recorded at Gargamelle in which 
the interaction of the neutrino coming from the left produces 
three hadrons. No muon is produced. (Credit: CERN)
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interactions, to which the experiments would previously 
have been insensitive.

Not just the LHC
The research programme at CERN has never been lim-
ited to large-scale colliders but comprises a diverse set 
of experiments covering a wide range of topics such 
as the study of exotic isotopes, cosmic rays, antimatter, 
and the search for dark matter. Notably, in 2000, ex-
periments in which a highly energetic heavy-ion beam 
was shot into a fixed target, revealed the existence of a 
new state of matter known as a “quark-gluon plasma”, a 
state of matter that existed about 10 microseconds after 
the Big Bang. It was also at CERN that the first antihy-
drogen atom was created in 1995 at the Low Energy 
Antiproton Ring (LEAR). In 2011, CERN broke fur-
ther records when scientists at the ALPHA experiment 
succeeded in trapping antihydrogen atoms for over 16 
minutes, a prerequisite for precision measurements of 
antimatter atoms.

Dark matter searches at the LHC are complemented 
by the on-going CAST and OSQAR experiments, which 
are sensitive to hypothetical light particles called axions 
in a mass range not accessible at the LHC.

The future
In parallel, scientists at CERN are pursuing advanced 
accelerator research for possible future colliders such 
as the FCC, which would initially operate as an elec-
tron-positron collider, covering an energy range similar 
to that of the LHC while providing a much cleaner ex-
perimental environment. This would allow researchers 
to study exotic or rare interactions of the Higgs boson, 
which itself could be a portal to dark matter, and other 
particles at much higher precision than achievable at the 
LHC. Such a precision machine could provide sensitiv-
ity to new phenomena beyond the energy reach of the 
LHC, which would manifest themselves as minute devia-
tions from the predicted interactions of known particles 
at lower energy scales, allowing researchers to address 
open questions of particle physics beyond the reach of 
current experiments. n
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The Higgs boson - ten years later
The Higgs boson discovery in 2012 marked the begin-
ning of a new era of research at CERN with attention 
shifting to precise measurements of the properties of 
this new particle to understand whether it really was the 
Standard Model Higgs boson or a more exotic sibling. In 
the over ten years following the momentous discovery, 
tremendous progress has been made in measuring the 
properties of the Higgs boson, all of which so far are 
in excellent agreement with the Standard Model pre-
dictions. A key missing piece in our understanding of 
the Higgs mechanism is the question how Higgs bos-
ons interact with each other. Higgs-Higgs interactions 
are extremely rare but have crucial implications for the 
evolution of our universe. Their observation is one of 
the main goals of the upcoming High-Luminosity LHC 
phase (2028-2038) when the LHC will operate at un-
precedented beam intensities, thus producing a dataset 
an order of magnitude larger than the dataset that will 
be available at the end of its current third period of op-
eration (2022-2025).

The puzzles that remain
The Higgs boson discovery answered the long-stand-
ing question of how elementary particles acquire mass 
but many others remain: What is the particle nature of 
dark matter, which makes up 85% of all matter in our 
universe? Why is there significantly more matter than 
antimatter in the universe, an imbalance crucial to our 
existence? The Standard Model fails to address these and 
other questions. Physicists continue to seek answers at 
the energy frontier during the on-going LHC run, using 
ever more sophisticated analysis techniques, which now-
adays commonly rely on machine learning, for example 
to better suppress background noise. Additionally, recent 
and planned detector upgrades as well as a new forward 
detector, which started taking data in 2022, open up new 
possibilities to search for very light or weakly interact-
ing particles, associated for example with dark-matter 

▲ FIG. 3:  
View of the LHC 

(Credit: CERN)
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T
he laser systems of ELI [1] are used to study 
the fundamentals of interaction between mat-
ter and high-intensity, ultra-fast light pulses, 
including plasma physics and relativistic ac-

celeration of electrons and protons; or drive secondary 
sources of ultra-fast (down to attosecond pulses), high-in-
tensity beams of light, or particles, including ions, elec-
trons and neutrons which are used for imaging, diffraction 

and fast spectroscopic studies of materials and biological 
systems. Such technology is also developed to explore 
potential applications in laser-driven compact acceler-
ators that could provide alternatives to current central 
facilities for synchrotron radiation and neutron beams 
on a scale that could be located more readily in univer-
sity departments, industrial laboratories or hospitals. ELI 
operates as a single multi-site organisation with 

OPENING UP HIGH-
PERFORMANCE LASER 
SCIENCE TO THE WORLD 
AT THE EXTREME LIGHT 
INFRASTRUCTURE (ELI)
 l Andrew Harrison1, Victor Malka2, Daniele Margarone3 and Katalin Varjú4,  
 l 1 The Extreme Light Infrastructure ERIC, Dolní Břežany, Czech Republic

 l 2 ELI Nuclear Physics Facility, Măgurele, Ilfov, Romania

 l 3 ELI Beamlines Facility, The Extreme Light Infrastructure ERIC, Dolní Břežany, Czech Republic

 l 4 ELI ALPS Facility, The Extreme Light Infrastructure ERIC, Szeged, Hungary

 l DOI: https://doi.org/10.1051/epn/2023508

The Extreme Light Infrastructure (ELI) is a research facility that provides for a wide 
range of scientists access to the largest and most diverse set of high-performance laser 
systems in the world. 

▲ ELI ALPS building.

https://doi.org/10.1051/epn/2023402
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few cycle pulses. The laser combination drives nonlinear 
frequency conversion and acceleration processes in twelve 
different secondary sources. The attosecond secondary 
sources are based on advanced techniques of high-order 
harmonic generation in optically ionised gases or oscil-
lating surface plasmas. Other secondary sources provide 
THz radiation via optical rectification or electron beams 
via laser wakefield acceleration for spectroscopic and 
structural studies, plasma physics or radiobiology. End-
stations enable investigation techniques to be applied for 
the study of various samples: e.g. a reaction microscope 
enables the measurement of momenta of photo-frag-
mented molecules in coincidence; the NanoESCA char-
acterises photoelectrons from surfaces in real and k-space, 
and spin. Furthermore, high-field physics experiments 
with the PW laser, particle irradiation of radiobiological 
samples, photochemical studies or time resolved nanosci-
ence are enabled in advanced setups. Thus at ELI ALPS 
a uniquely broad spectral range of the highest average 
and peak power and shortest light pulses with specialised 
end-stations and a wide portfolio of diagnostics devices 
becomes available for the study of dynamic processes on 
the attosecond and femtosecond timescale in atoms, mol-
ecules, condensed matter and plasmas.

     
ELI Beamlines
The combination of high repetition rate capability and 
high energy in a single pulse of the laser systems at the ELI 
Beamlines facility2 is a unique feature which allows users 
to explore the interaction of light with matter (plasma) at 
relativistic and ultra-relativistic intensities and simulta-
neously sustain unprecedently high repetition rate oper-
ations of about 1023 W/cm2 at 1 shot/min,  about 1022 W/
cm2 at 10 Hz, and more than 5×1018 W/cm2 at 1 kHz. Such 
cutting-edge technologies enable pioneering research in 
plasma physics, nuclear fusion, strong-field physics, and 
laboratory astrophysics. Experiments on nonlinear quan-
tum electrodynamics, positron, muon and gamma-ray 
beam generation, and planetary science are conducted 
by users or planned in the near future. Furthermore, laser 
driven particle accelerators have gained interest in recent 
years thanks to their versatility and innovative features, 
which has pushed forward the development of beamlines 

complimentary facilities: (i) the ELI Attosecond 
Light Pulse Source (ALPS) facility in Szeged, Hungary  for 
the exploration of ultra-fast processes with uniquely high 
time resolution; (ii) the high-energy ELI Beamlines facil-
ity in Dolní Břežany near Prague in the Czech Republic, 
with a particular emphasis on high peak intensity; and 
(iii) the Nuclear Physics (NP) facility in Măgurele near 
Bucharest in Romania for the combination of ultra-in-
tense lasers with brilliant gamma beams. A particular fea-
ture and potential strength of ELI is the complementarity 
of the facilities, allowing for the support of a particularly 
wide range of multi-disciplinary science and enabling 
the co-development of new, enabling technology – for 
example in laser optics, diagnostics or targets for second-
ary sources. The three ELI Facilities have been available 
to user access on the basis of peer-reviewed excellence 
through open calls for proposals since 2022.  To date the 
ELI facilities have attracted scientists across 27 countries 
requesting access to 30 different instruments.

ELI ALPS
The ELI ALPS Facility1 is dedicated to the study of ex-
tremely fast dynamics. The parallel existence of state-of-
the art lasers with secondary sources and end-stations, 
offers unique time-resolved investigation possibilities 
for nonrelativistic and relativistic interaction of light. 
Installation of research technology started in 2017, when 
the specially engineered buildings were completed, includ-
ing 4,000 m2 cleanroom facilities with vibration isolation, 
thermal and humidity control and radiation protection. In 
2023, the main construction phase of ELI-ALPS is being 
concluded. The priority focus is shifting from installa-
tion to commissioning and user offers. ELI ALPS provides 
beamtime as well as technical and scientific support for 
the experiments. To support a wide variety of laser based 
fundamental and applied research in physical, biological, 
chemical, medical and materials sciences, the facility hosts 
a combination of eight specialised primary lasers, operat-
ing in NIR and MIR regimes, from 10 Hz to 100 kHz in 

▲ FIG. 1: Selected 
laser and target areas 

currently offered to 
ELI ALPS users (from 
left to right): the HR 
(100kHz, 1 mJ) laser 
in combination with 

NanoESCA endstation, 
the Mid Infrared laser 

(100 kHz, 0.15mJ) 
with experimental 

platform (centre) 
and the SYLOS (1 

kHz, 30mJ) driven 
beamline for 

attosecond science. 

1 https://www.eli-alps.hu
2 https://eli-beams.eu
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intense beam of electrons accelerated to relativistic ve-
locities for high sensitivity nuclear physics studies; the 
second one related to the high-power laser system for 
Ultra-High Field science studies aims at the exploration 
of relativistic laser-matter interaction in a range of ex-
treme laser power and intensity; here new phenomena 
become significant dominated by the radiation pressure 
such as the acceleration of the extreme thin foil that al-
lows for the production of a quasi mono energetic ion 
beam or by the radiation reaction force that affects the dy-
namics of charged particles and its efficient conversion to 
γ photons. In the last week of October 2023, a symposium 
was held to celebrate the 10 years of ELI-NP that is now 
delivering the most powerful laser beams in the world 
with two arms of 10 PW each that are reaching intensities 
of more than 1023W/cm2. The different modi operandi of 
the laser system allow users to propose a large diversity 
of experiments. The commissioning of the laser experi-
mental areas was carried out through several experimen-
tal campaigns by the ELI-NP teams with the support of 
expert users from institutions abroad. Many challenges 
have been successfully tackled resulting in the delivery 
of multi-GeV electron beams, proton beams with en-
ergy over one hundred MeV, and bright gamma beams. n

where users can exploit the unique parameters such as 
ultrashort bunch duration and ultrahigh dose rate of la-
ser-driven particle (ion and electron) and radiation (XUV 
to gamma-ray) sources for a wide range of applications in 
material science, AMO (atomic, molecular and optical) 
science, chemistry, biology, medicine, and pump-probe 
capabilities for high energy density physics. User experi-
ments on probing ultrafast relaxation dynamics of atoms, 
irradiation of cancer cells, mimicking space radiation for 
testing electronics, and non-destructive surface analysis 
techniques for cultural heritage are conducted at the facil-
ity. The potential combination of optical, X-ray, and parti-
cle beams is also offered to users to conduct experiments 
related to inertial confinement fusion and shock physics 
thanks to the availability of a unique kJ-class, nanosecond 
laser beam operating at unprecedented repetition rate of 
about 1 shot/min and having temporal shaping capability 
and narrow/broad band options. A range of advanced 
target delivery solutions and diagnostics in operation 
under extreme laser-plasma conditions and unprece-
dented repetition rates is in continuous development and 
is provided to ELI Beamlines users.

ELI NP
The focus of the ELI-NP research infrastructure3 is on 
research activities of laser- and gamma-ray driven nu-
clear physics and ultra-high intensity laser interaction 
and related applications. The facility aims to deliver sec-
ondary high energy radiation and particle beams with 
unprecedented brightness suitable for studying fun-
damental processes of relevance for domains such as 
high-energy-density physics, light sources such as beta-
tron, Compton and FEL (Free Electron Laser), and nu-
clear physics. ELI-NP consists of two major divisions with 
state-of-the-art equipment: one related to the gamma 
beam system in which the radiation source is generated 
from Compton backscattering of laser light on a very 

▼ FIG. 2:  
(Top) Selected lasers 
currently offered 
to ELI Beamlines 
users in connecting 
experimental areas: 
the L1 5TW (1kHz) 
laser, the L3 1PW 
(10Hz) laser (centre), 
and the L4n kJ (ns) 
laser. (Bottom) The 
laser bay at ELI-NP 
housing lasers 
capable of delivering 
up to 10 PW.

The scientific breakthroughs on which ELI’s transformative tech-
nology is based have now been recognized by two recent Nobel 
Prizes in Physics: in 2018 to Mourou and Strickland for Chirped 
Pulse Amplification, and in 2023 to Agostini, Krausz and L’Huillier 
for experimental methods generating attosecond pulses.
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and Visiting Scholar at Queen’s University Belfast (UK).
Katalin Varjú is the Science Director 
of ELI ALPS, responsible for the imple-
mentation and operation of the facility. 
She has been engaged with the ELI pro-
gramme since 2008. Katalin also holds 

an associate professorship at the University of Szeged. Her 
main research interests are in optical, atomic physics and 
attosecond science.
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High-intensity laser-plasma interactions
Mihail Cernaianu, ELI-NP

The extraordinarily high power of the lasers and asso-
ciated equipment at the ELI-NP Facility offers excep-
tional opportunities to explore the fundamentals of laser 
plasma interactions for ion acceleration and applications.  
Energies up to hundreds of Joules, delivered in pulses of 
the order of tens of femtoseconds and focused down to 
a few microns provide intensities of more than 1022 W/
cm2. However, reaching clean and controllable  interac-
tion conditions with a dense target at such intensities is 

very challenging due to the difficulty of achieving high 
temporal contrast, in which the intense peak in intensity 
has minimal pre-peak intensity that might stimulate un-
desirable phenomena. Understanding how this influences 
the laser-plasma interaction and finding means to control 
it is crucial to achieving efficient laser – plasma coupling, 
and will ultimately unlock the potential of high power 
lasers for applications such as cancer therapy involving 
tumour irradiation. A particular area of research into la-
ser-plasma interactions is the production and exploita-
tion of beams with a helicoidal phase structure – so called 
Laguerre - Gaussian beams. The helicity of such beams 
could influence and perhaps even control aspects of laser 
– plasma interactions [1], and nuclear physics, for exam-
ple by conferring some aspects of the helicity to beams 
produced. Here the need to have a “clean” temporal con-
trast profile over many orders of magnitude in intensity 

OPPORTUNITIES  
FOR NEW SCIENCE AT ELI
 lA. Arefiev1, Mihail Cernaianu2, Florian Condamine3 and Balázs Major4 – DOI: https://doi.org/10.1051/epn/2023509  

 l 1 UC San Diego, Mechanical and Aerospace Engineering, USA

 l 2 ELI Nuclear Physics Facility, Măgurele, Ilfov, Romania

 l 3 ELI Beamlines Facility, The Extreme Light Infrastructure ERIC, Dolní Břežany, Czech Republic

 l 4 ELI ALPS Facility, The Extreme Light Infrastructure ERIC, Szeged, Hungary

The technology that ELI provides and is developing at a very rapid pace, so the opportunities 
to study new phenomena in a wide range of scientific areas are also advancing very quickly4.

4 Scientific publications at http://www.eli-np.ro/scientific_ 
papers.php

https://doi.org/10.1051/epn/2023402
http://www.eli-np.ro/scientific_papers.php
http://www.eli-np.ro/scientific_papers.php
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◀ FIG. 1: Measurement of a laser pulse wavefront that is compressed down 
to 25 fs (FWHM) pulse duration. The laser pulse possesses a helical wavefront 
with topological charge 3 (i.e. three twists in one wavelength), generated 
by the novel technique at ELI-NP. 

Study of gamma-ray generation  
in multi-PW laser-plasma interactions
Florian Condamine and Alex Alefiev

The development of high-power lasers and pulsed 
power devices has advanced experimental plasma 
physics research into regimes relevant to astrophysics. 
Among many topics, the direct creation of matter and 
antimatter from light remains elusive in laboratory re-
search [2] This process is crucial for various phenom-
ena, from filling the magnetosphere of a pulsar with 
plasma to determining the opacity of our universe. To 
achieve this process, a high photon density of at least 
multi-MeV energy (known as gamma-rays) is needed. 
The most suitable mechanism involves deflecting ul-
tra-relativistic electrons (E > 100 MeV) with a strong 
static magnetic field, leading to the emission of MeV 
photons. The advent of ultra-high intensity (UHI) la-
sers offers a promising approach. By driving a strong 
magnetic field in a dense, laser-irradiated plasma, an 
optical laser with a peak intensity of 5.1022 W.cm-2 can 
induce the generation of tens of MeV photons. The field 
is generated through a high electron current density 
|j| within the plasma through relativistically induced 
transparency a regime, accessible by UHI lasers. Figure 
2 illustrates a 3D Particle-In-Cell (PIC) simulation of 
a plasma penetrated by a the beam and the resultant 
strong current and magnetic field.

In such magnetic fields, electrons are radially con-
fined and accelerated after being injected into the the 
laser beam from the ambient plasma. This process, called 
Direct Laser Acceleration (DLA) assisted by the plasma 
magnetic field leads to the emission of synchrotron ra-
diation with typical critical energies in the order of sev-
eral MeVs. Considering the high density of gamma-rays 
generated, the two-photon process for pair production 
becomes achievable and measurable at state-of-the-art 
UHI facilities such as ELI Beamlines. Indeed, the 

is even more acute, to help distinguish between the in-
fluence of the helicity of the beam on the laser-plasma 
interactions and potential effects due to deviations from 
a clean profile. 

ELI-NP provided the right facilities and environment 
to perform such high-risk, high-gain experiments. A 
novel approach to produce helical laser light that could 
be used for multi-PW ultra-short pulse laser beams was 
first tested with simulations and then experimentally 
with some of the very first shots of the ELI-NP lasers. 
This work also took advantage of the very diverse skills 
and experience of staff and collaborators at the facility, 
bringing together scientists from a wide range of physical 
and engineering sciences, stimulated by the prospect of 
playing a role in ground-breaking research. The complex 
measurements require the support of large teams with 
complementary knowledge for designing and building 
optical setups, plasma diagnosis, detectors, controlling 
laser parameters, analysing data or performing simu-
lations to understand the underlying physics and opti-
mize the experiments. This exciting period was rewarded 
after four years of research with vindication of theoretical 
work and simulation of the nature of Gaussian-Laguerre 
beams on laser-plasma interactions and pointed to fur-
ther improvements to experimental set-ups to control 
and improve the laser contrast to better understand and 
improve the laser – target interaction. It also became ap-
parent that helical beams could also be used to provide 
further control of the parameters of the accelerated par-
ticles produced in plasmas. In addition to the significance 
of this fundamental science, the research also has impor-
tant applications based on the improvements it could 
make to the technology of laser accelerated particles or 
secondary radiation (X-rays) for biomedical research (e.g. 
cell irradiation or hadron therapy) or applications such 
as X-ray imaging. 

◀ FIG. 2:  
3D PIC simulation of a 
UHI laser propagating 
through a plasma-
filled channel (a) 
driving a strong 
current and (b) 
generating a static 
magnetic field.
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▲ FIG. 3: Schematic illustration of an attosecond experiment: two intense 
attosecond pulse trains (white) interact with an atom, resulting in the 
emission of three electrons (yellow); during this process four photons (blue) 
are absorbed. 

as the much lighter electrons move considerably faster. 
Understanding their motion is critical to understand-
ing the reaction paths molecules are taking and key to 
answering important open questions in attochemistry.

Attosecond pump –probe measurements nowadays 
allow one to study directly what happens when one or 
more electrons are removed from an atom through the 
absorption of extreme ultraviolet photons. First a train 
of attosecond pulses – the pump – excites the material, 
while the second train of pulses, each with a short, var-
iable delay compared to the initial pulses – the probe 
– provides information about the resulting processes 
through changes in their spectral content. Such experi-
ments have recently been carried out that even revealed 
multi-electron multi-photon dynamics  ( Figure 3) [3]. 
Of course, the world surrounding us does not only 
consist of gas-phase atoms or molecules. We should 
not forget about condensed phase materials, in which 
although different bonds are making the connection 
in between atomic elements, the cohesive force is also 
formed by the electronic cloud. Since the velocity with 
which particles travel is strongly correlated with their 
mass, the mechanisms through which condensed mat-
ter reacts to its environment happens on a time scale 
defined by the electron motion. As a result, the same 
“cameras” can be used to gain new insights in surface 
science or nanophysics.

A common feature of all the above is quantum phe-
nomena. With the faster and faster measurements, one 
may observe the dynamics of yet smaller physical enti-
ties. The dynamics of these are inherently governed by 
quantum physics, and a brand new direction of science 

L3-HAPLS (1 PW, 3.3 Hz repetition rate) and L4-
ATON (10 PW, 1/min repetition rate) offer ultra-high 
intensity levels on target, up to 1023 W.cm-2, while their 
repetition rates enable significantly increased statis-
tics. This is an entire change of paradigm compared to 
what high-power lasers were able to provide before. But, 
many experimental challenges must be solved in order 
to generate gamma-ray beams in a reliable and repro-
ducible way. First, the higher repetition rate necessitates 
mass production of targets. Very low density solid tar-
gets are required, leading to the use of complex foams 
to ensure known interaction parameters. While these 
targets reduce the number of shots per experiment, 
ELI Beamlines also offers a multi-beams configuration 
where the L3 laser is coupled with the L4 ns-kJ class 
laser. In this setup, the ns-kJ pulse creates a low-den-
sity plasma, into which the PW laser pulse is shot with 
adjusted delays to scan various densities and plasma 
sizes. Also, implementing active gamma-ray diagnos-
tics in highly constrained environments (e.g., EMPs, 
radiations) presents challenges. One solution involves 
using scintillators coupled with a CCD camera to cap-
ture the light emitted by gamma-rays upon interaction 
with the scintillators. Utilising different layers and types 
of scintillators, it is possible to deduce the MeV photon 
spectrum through unfolding techniques.

In conclusion, cutting-edge, ultra-high-intensity 
laser sources pave the way for studying physics phe-
nomena encountered in the most extreme environments 
in the universe, such as pulsars and the gamma-ray in-
duced pair creation mentioned here. Many challenges 
have to be solved to use the full-potential of such lasers. 
In the next decade, combining sophisticated 3D PIC 
simulations and complex engineering, these technolo-
gies will undoubtedly usher in a new era for laser-matter 
interaction studies.

Selected directions in current 
attosecond science
Balázs Major, ELI ALPS

The use of laser pulses to capture snapshots of superfast 
processes is the underlying principle of the technique 
of pump-probe spectroscopy at  femtosecond (10-15s) 
timescale,  and was recognised with a Nobel prize in 
1999. ELI ALPS aims to push the limits and applications 
of this method up to three orders of magnitude further 
– into the attosecond (10-18s)  regime – and make it ac-
cessible to users from around the world. This will take 
dynamic studies of materials well beyond following the 
nuclear motion that occurs in a chemical reactions as 
the atoms rearrange within molecules. Rather, it will 
allow scientists to follow the reorganisation of the elec-
trons associated with the atoms during such processes, 
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starts to blossom as the quantum aspects of attoscience 
begin to be unraveled. While one of the first quantum 
optical signatures in a strong laser pulse after interaction 
with semiconductors were measured in a user experiment 
at ELI ALPS, most recent experiments are working with 
non–classical light states, like squeezed light, having im-
portant potential applications in quantum information 
science or detection of gravitational waves. It is generally 
true - independent of the research field - that underlying 
technologies always limit what can be measured, achieved 
or resolved. By pushing the frontiers of ultrafast laser sci-
ence ELI also extends the parameter range in which its 
secondary sources – such as femtosecond-laser driven 
attosecond beamlines – can operate. Substantial work is 
also put into improving the capabilities of existing atto-
second beamlines at ELI ALPS and providing access to 
so far unobservable dynamical phenomena in all types of 
matter regardless of whether it is organic or inorganic. And 
as a user facility ELI is particularly distinctive in offering 
advances in cutting-edge tools for attosecond science to 
researchers around the world, whether they are expert in 
such techniques or not.
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T
he concept of NFFA (see page 32) has been 
to offer project-based access to the ensemble 
of sample preparation, theoretical simula-
tion, microscopic characterisation, and ad-

vanced spectroscopies based on synchrotron radiation, 
free-electron lasers, and neutron sources.  The concept 
has expanded including co-location with large laser and 
electron microscopy facilities as well as access to aca-
demic laboratories offering unique complementary ex-
perimental and theoretical methods.  24 calls for access 
(4 per year) have yielded insofar 2400 laboratory sessions 
(8h) to be exploited by about 500 accepted integrated pro-
posals. NEP (NFFA-Europe PILOT H2020) is the current 
consortium of 23 members, and a MoU among partners 
has been signed by 11 of them setting the foundations 
for long term sustainability. Advanced research projects 
have been run by young scientists who, based on their 
own talent and scientifically appealing proposals, could 
carry out competitive research entirely, or substantially, 
based on access to NFFA.

NFFA-Europe/NEP is a unique infrastructure for 
integrated nano-material science and physical analy-
sis through combined access to over 180 methods and 
650 instruments belonging to unique state of the art ac-
ademic laboratories as well as to dedicated large scale 
facilities1. The cross-linked expertise of the access pro-
viders optimizes the research workflow for the users and 
provides FAIR data commons. About 800 integrated 
multi-method proposals have been submitted to NFFA-
Europe, and about 2500 eight-hour laboratory sessions 
have been delivered leading to scientific publications on 
quantum matter, novel nano-material growth protocols, 
innovative methods, and practices for interoperability 
of instruments and data. Nanoscience defines the do-
main of physical phenomena that occur in matter when 

the lateral dimensions of the sample are reduced to the 
nanometric scale in one or all dimensions.  Solid matter 
with nanometric extension displays peculiar properties 
that modify all order parameters present in semi-in-
finite solids and the associated quasi-particles display 
full quantum behaviour due to geometric confinement.  
The study of the electronic properties of solids based 
on band-theory has expanded first to the low dimen-
sionality of surfaces and surface modified layers, inter-
faces, patterned ultrathin films, then nanoparticles and 
nano-domains of low-dimensional matter where topol-
ogy, highly anisotropic bonding configurations, surface 
terminations and reconstructions, bonding to organic 
overlayers, display peculiar ground states and excitation 
properties of interest in the general quest of low-energy 
switchable order parameters, potentially exploitable for 
functionalities. Fine analysis methods are currently avail-
able to probe electron energy states at sub meV resolu-
tion and to address transient phenomena down to the 
fs / sub-fs time scale.  Concerning sample/nanoparticle 
synthesis and growth, the atomic control is reached either 
in ultrathin films by epitaxy methods or laser-ablation 
deposition, or in the single quantum dot by advanced 
lithography, self-aggregation or single atom manipula-
tion by tips. Concerning computational theory, the suc-
cessful implementation and continuous enrichment of 
codes based on Density Functional Theory has also cre-
ated powerful means for integrating experimental data 
and simulated data at the relevant level of energy, mo-
mentum, and spin resolutions to guide the researchers 
to robust analysis and interpretation of fine analysis data.  
Multiscale/multiphysics approaches support the analysis 
of the crossover between nano e meso scale. The men-
tioned resources and facilities are developed and operated 
nowadays by the ensemble of advanced academic 

RESEARCH INFRASTRUCTURE 
FOR NANO FOUNDRIES  
AND FINE ANALYSIS
 l Giorgio Rossi – Università degli Studi di Milano, Italy – DOI: https://doi.org/10.1051/epn/2023510

The research infrastructure for Nano Foundries and Fine Analysis (NFFA) was 
designed under FP7 to become a European research infrastructure on nanoscience 
based on integrated access of co-located foundry-type nanoscience laboratories 
and large-scale facilities for fine analysis. Those facilities are generally not mutually 
integrated nor run by the same organisations, albeit co-located in key European 
science campuses.  

1 www.NFFA.eu

https://doi.org/10.1051/epn/2023403


EPN 54/5

Nano Foundries and Fine Analysis FEATURES

34

laboratories: electron beams from meV to MeV en-
ergies, scanning probes and electron microscopy with pm 
resolution, laser sources for pump-probe optical magne-
to-optical and Raman spectroscopies.  Large scale sources 
for fine analysis provide pulsed X-ray beams and neu-
tron beams and highly specialized beamline instruments.  
Lithography, nanopatterning and growth are also avail-
able in academic laboratories and nanofabrication tech-
nologies in academic clean-rooms.  Not all the above 
resources are designed or operated by their owners to 
provide users access.  Nevertheless all of those have capac-
ity for allowing significant amount of user access, under 
proper conditions and rules, warranting scientifically ex-
cellent usage and realizing optimal return on investment. 
NFFA has added to the landscape of European users’ fa-
cility for physics of matter and nano-materials science 
an integrated research infrastructure service organization 
that enables European researchers to formulate compre-
hensive integrated proposals seeking combined access 
to all the required methods and instruments needed for 
carrying out their research programme.

Science enabled by NFFA
Scientific highlights examples that prove the unique value 
of NFFA users integrated proposals are: 
1) the experimental evidence of dynamic covalent 
chemistry in 2D frameworks by combining in-situ vari-
able-temperature scanning tunnelling microscopy (IOM-
CNR) and X-ray photoelectron spectroscopy (ALBA) at 
near ambient pressure [1].
2) the fabrication of 3D superconducting nano-helices 
using H+ focused beam induced deposition by means of 
the Orion NanoFAB He+ microscope, the Omniprobe 
multi-gas injection system and electron microscopy at 
the Center de Nanosciences et de Nanotechnolgies of 
CNRS [2].
3) generation of optical Schrodinger cat states in in-
tense laser-matter interactions through theoretical and 
experimental study: an international team of research-
ers  (from ICFO/ICREA-Spain, Technion-China, MBI-
Germany, ELI-ALPS-Hungary, and FORTH-Greece) led 
by Maciej Lewenstein (ICFO -Spain) and Paraskevas 
Tzallas (FORTH-Greece), demonstrates the generation of 

optical Schrödinger cat states using intense laser–matter 
interactions using the attosecond science and technology 
laboratory at FORTH, Heraklion, Greece [3].

The overall yield of impactful publications exceeds 
50% of performed proposals, with a standard time delay 
distribution after completion of access.

Perspectives
At this time new aggregations of facilities are being ex-
plored, mostly based on methodology and technology 
commons as the LEAPS for accelerator-based photon 
sources, e-Dreams for electron microscopy, LENS for 
neutron scattering, RADIATE for ion sources.  These 
aggregations may lead to common strategies in the up-
grades of the services to users, but remain confined in 
their own, very relevant indeed, methodology/technology 
paradigm. NFFA is foreseeing a long-term structured re-
search Integrated Distributed Research Infrastructure on 
Nanoscience (IDRIN) aiming to support nano-science 
in all its main aspects, with important intersections with 
the large scale facilities, but no redundancy with those 
as the proposals considered by NFFA are only integrated 
research projects requiring multiple methods and tech-
niques at the forefront of European capabilities. The ra-
tionale is that a large part of the research community 
does not have sufficient in-house resources to complete 
advanced nano-science research project just with own 
methods and the competitive access to e.g. a synchrotron 
beamline.  The integrated access offer of NFFA is con-
venient because it optimizes the exploitation of the most 
appropriate research resources in a time effective work-
flow including methods and instruments that cannot be 
otherwise reached unless in the framework of a scientific 
collaboration with the owners.  From the point of view of 
efficient use of the LSF one can note that access through 
NFFA warrants high quality preparation and broad com-
plementary information on samples and physical prop-
erties enhancing the overall outcome of the beamtime. 
The creation of a FAIR open repository of nanoscience 
data, protocols and research workflows is also an objective 
of NFFA aiming to increase reproducibility, data quality 
and robustness of the insights obtained through the in-
frastructure.  This will spread the FAIR data culture also 
to the academic world. A memorandum of understand-
ing has been signed by 11 partners of the NFFA-Europe/
NEP consortium aiming to expand the action of NFFA 
beyond the time and scope of the EC Pilot project, due 
to end in 2026.  The interest of the research performing 
organizations (mostly large RPOs from 7 EU Member 
States plus CH) is to consolidate the model of a research 
infrastructure that complements the activity of their own 
research laboratories realizing their full productivity po-
tential and enlarging through external usage the science 
return on investment. There are clear advantages of aca-
demic research laboratories in providing a quota of access 

▲  FIG. 1: Lithium 
induces the 

reorientation of 
few-layer MoS2 films. 

Measurements at 
the BACH beamline 

of CNR at the Elettra 
synchrotron facility 
in Italy attest to the 
presence of lithium 

in interstitial sites 
in Li-MoS2 films 

prepared by a new 
approach. Copyright 

under CC-BY 4.0
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(20-50%) to science selected external projects that combine 
the distributed resources of NFFA.  The advantages are in 
the full exploitation of the resources with well-prepared ac-
cess, in the continuous benchmarking of those facilities by 
the users that can help orienting the upgrade strategy and 
new investments, as well as in the possibility of science col-
laboration on novel research lines brought in by the users. 
There is therefore a two-way gain for the European research 
system: a unique integrated offer to users, only based on ex-
cellent science criteria, and a broad community feedback to 
the participating RPOs, as well as the push to make overall 
coherent investments to the advantage of the ERA. The most 
adopted legal statutes of distributed research infrastruc-
tures are of the European Consortium type, i.e. ERIC, or 
of the international association type, under a MS national 
law as the Belgian AISBL.  In spite of a clear indication of 
the European Parliament there is not yet an operational in-
strument for a non-profit European Association, an existing 
status is the European Grouping of Territorial Cooperation 
(EGTC) but this has not yet been adopted by fully European 
RIs.  The ERIC consortium implies the responsibility of the 
participating Governments and medium-term support en-
gagements.  The Association, or EGTC, on the other hand 
are participated by RPOs according to a statute and could be 
a more flexible model for adding new associates, including 
from the private sector.  

Work is in progress for establishing a long-term sustaina-
ble NFFA-type service research infrastructure for advanced 
nano-science. n
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in understanding the role of the electron spins, topology, 
and unconventional forms of transport in mediating a 
particular behaviour of the charges. To do this, I use pho-
toelectron spectroscopies: X-rays shines on a surface and 
the electrons which reside in the material can be emit-
ted. This process exploits the photoelectric effect, which 
was introduced by Einstein in 1905 and reason for 

▼  FIG. 1:  
Author at work.

U
nderstanding such symmetries is a goal of 
paramount importance because it can help us 
in discovering new hidden physical parame-
ters and to use these for targeted applications.

My current research focuses on uncovering the deep-
est relationship between symmetries and electronic prop-
erties of quantum systems. In particular, I am interested 

DECENTRALISING SCIENCE: 
A MORAL DUTY AND A HUGE 
OPPORTUNITY
 l Federico Mazzola – University of Venice Ca' Foscari and iom-CNR, Italy – DOI: https://doi.org/10.1051/epn/2023511

Symmetries have always been important in the description of natural phenomena. 
From the structure of various materials and the ordered fashion of the atoms, many 
properties can take place and many others can be modulated. In particular, the 
electronic properties of a certain system are tightly connected to the system’s crystal 
structure. Hence, magnetism, transport of carriers, and the intertwining between these  
effects strongly rely on the underlying symmetries of a material. 

https://doi.org/10.1051/epn/2023403
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which Einstein won the Nobel prize in 1921. The main 
idea is to take “snapshot” of the electron states and to 
decode the information that such photographs contain. 
As a matter of fact, the electrons in a lattice can interact 
with each others, can couple to lattice vibrations (called 
phonons), can couple to magnetically induced spin-waves 
(called magnons), can scatter against the material’s impu-
rities and defects. All these interactions are responsible 
for a very complex picture which deviates from the be-
haviour described by standard textbooks. We are specta-
tors of a many-body problem, which from the one hand 
complicates the understanding of certain phenomena, 
from the other hand it paths the way to discover new 
physical quantities. NFFA has been a beneficial tool to 
develop this kind of research, helping me with resources 
and infrastructures to perform high quality scientific re-
search. This was particular important in the context of 
infrastructures: I used NFFA to access synchrotron ra-
diation, which compared to standard laboratory has the 
enormous advantage of being focused, variable in en-
ergy, and variable in polarisation. These are all necessary 
elements for the research I am carrying out, which, as 
mentioned above, is aimed at understanding the role of 
symmetries in mediating the electronic (and magnetic) 
properties of quantum materials.

In general, all crystals have some symmetries which 
are a reflection of the ordering of the atoms which form 
them. Examples are inversion symmetry, rotational sym-
metry, mirror symmetry, and combinations of these. If 
the system is non-magnetic it also has time-reversal sym-
metry.  When a symmetry is broken, physical phenom-
ena can occur. One example is the well-known Rashba 
effect: at the surface of a bulk material the inversion 
symmetry is broken and the electronic states lose the 
spin-degeneracy. Effectively, electrons redistribute by 
separating themselves according to their spins. If the 
system is non-magnetic, the time-reversal symmetry is 
preserved and the overall magnetisation is zero. Instead, 
when magnetism is turned on, the time-reversal symme-
try is broken and a net magnetisation can form. When 
symmetries break, there is an effect on the charges, on 
the electron spins, on the transport, and on the magnetic 
properties of a system. Identifying the hallmarks which 
describe a symmetry breaking is often very challenging. 
Sometimes, such a certain phenomenon is only local and 
macroscopically not observable. One can think that there 
are hidden parameters which are not easy to access with 
standard tools. Recently, we have developed a methodol-
ogy to tackle these ordered parameters, which combines 
the use of photoelectron spectroscopy and synchrotron 
radiation. Ultimately, the physics I am interested in re-
sides in many degrees of freedom which are sensible to 
small changes of the underlying symmetries: spins, orbit-
als, and many-body effects. In order to achieve informa-
tion from these degrees of freedom we need to develop 

strategies to measure them. To probe the orbital character, 
for example, I change the light polarisation vector which 
couples effectively to the parity of the orbitals of a mate-
rial. One project that was recently developed undertaken 
the NFFA project was aimed to tackle the spin-Berry cur-
vature in a family of kagome metals. The spin-Berry cur-
vature is a quantity which contains information about the 
topology of the system. In particular, the aim was to probe 
the topological nature of a spin-orbit induced gap which 
opens in the system between spin-degenerate bands. For 
the current work [1] we used circularly polarised light 
from the synchrotron to couple to the orbital and angular 
momentum of the material, Lz, and thought the use of a 
VLEED spin detector we were able to separate the single 
contributions from the electron spin.

The objective of this project was to check the robust-
ness of the topology in a charge-density wave material: 
the spin orbit coupling, which confers non-trivial na-
ture to the gap of this metal, is an adiabatic phenome-
non. It is a relativistic effect which couples the electron 
spin to the orbital motion. However, a lattice distortion 
occurs in the same system. Such a lattice distortion 
gives rise to the formation of a charge density wave. 
The question we wanted to address is: Will the charge 
density wave suppress the topological nature of the 
gap? Our study, which was only possible through the 
combination of infrastructures offered by NFFA, has 
demonstrated the robustness of the topology in this 
very emergent class of materials. NFFA, for me, offers 
a great opportunity to develop high-quality research 
projects also in the absence of large individual funding 
as it allows to integrate in situ capabilities of highly 
controlled thin film growth by pulsed laser ablation 
and molecular beam epitaxy, structural, morphologi-
cal  and electrical characterization, advanced sample 
preparation methods (e.g exfoliation in controlled at-
mosphere and UHV transfer), optical, opto-magnetic, 
Raman, photoelectron spectroscopy and spin-polar-
imetry also in time resolved mode (50-300 fs) and the 
possibility, as European user to access the full network 
of NFFA-Europe/NEP. I think that it is a great way of 
decentralising science and offering the opportunity to 
everyone to perform cutting edge research. n
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NON-LINEAR X-RAY SCIENCE
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The advent of the laser in the early 1960s represented a revolution in Optics and Spectroscopy 
that is still impacting our lives to this day. The availability of coherent and intense beams of laser 
light enabled the birth of non-linear optics as first demonstrated by the historic experiments 
in 1961 on second harmonic generation, and the first observation of two-photon absorption. 
The rapid discovery of diverse non-linear (NL) optical methods had a deep impact in Science 
that were recognised by Physics (1981, 2018) and Chemistry (1999) Nobel Prizes. 

T
hese developments were mainly under-
taken in the optical-domain (ultraviolet, 
visible, infrared and terahertz), and led to 
the birth of photonics and optoelectronics, 

along with a myriad of new analytical and imaging tech-
niques. [1] On the fundamental side, NL methods have 
boosted the spectroscopic study of atomic, molecular 
and condensed matter systems, but also of surfaces and 
interfaces, such as those exploiting the second-order 
susceptibility of the material, namely second harmonic 
generation and sum/difference frequency generation 
that are operative in non-centrosymmetric systems 

(Figure 1). In centrosymmetric systems, the third-order 
susceptibility becomes the lowest-order non-linearity, 
leading to phenomena such as third-harmonic gener-
ation and the so-called four-wave mixing techniques. 
These further enhance the above capabilities and allow, 
e.g., via transient grating spectroscopy, to probe trans-
port phenomena (heat, charge, magnetism, etc.) in ma-
terials and solutions. 

With the femtosecond (fs) and attosecond (as) dura-
tions reached by pulsed laser sources, NL methods have 
benefited from the higher and higher peak powers for 
driving NL phenomena. 

https://doi.org/10.1051/epn/2023304
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hard X-ray TPA in Germanium and later, in Zirconium, 
Iron and Copper foils.

Stimulated X-ray emission (XES) and X-ray Raman 
(XRS) spectroscopy provide information about the en-
ergy and dispersion of the elementary low-energy excita-
tions (vibronic, charge, magnon and orbital excitations). 
Stimulated EUV emission from a single X-ray fluo-
rescence line in a Neon gas was achieved, followed by 
demonstrations on different solids. In the hard X-ray 
regime, stimulated XES was demonstrated on copper. 
Kα, Kβ emission carry information about the electronic 
and spin structure of the system, while KVtC (valence-to-
core) additionally contains exquisite fingerprints of the 
chemical bond of the atom with its neighbours, and its 
oxidation state, covalency, etc. By externally stimulating 
these transitions, the sensitivity of emission experiments, 
which are inherently weak, was significantly enhanced 
(by > 105 over the conventional Kβ emission).

Resonant inelastic X-ray scattering (RIXS) is an ideal 
tool for populating electronic valence states that are inac-
cessible at optical wavelengths. Stimulated RIXS (SRIXS) 
was first achieved for atoms, and more recently in dia-
tomic molecules such as CO or NO. The use of attosecond 
X-ray pulses was shown to induce electronic population 
transfer via SRIXS exploiting their broad spectral band-
width. Both stimulated resonant elastic (SREXS) and in-
elastic (SRIXS) X-ray scattering were recently reported 
near the cobalt L3 edge in solid Co/Pd multilayer samples, 
with 4 to 5 orders of magnitude enhancement over the 
spontaneous RIXS signal. 

In the X-ray domain, sum- and difference-frequency 
generation (S/DFG) are akin to optically-modulated 
X-ray diffraction in which X-rays inelastically scatter 
from optically induced charge oscillations and therefore, 
they probe optically polarised charge. This additionally 

▶ FIG. 1: A sample of 
non-linear optical 
methods based on 

the second (top) 
and third (bottom) 

order susceptibility

In the past 10-15 years, the advent of Free Electron 
Lasers (FEL) providing intense, coherent, and ultrashort 
pulses of short-wavelength radiation in the extreme-ultra-
violet (≥10 eV, EUV) to the hard X-ray (≤20 keV) range, 
brought several orders of magnitude increase in photon 
flux per pulse (typ, 106) compared to the most commonly 
used X-ray sources that are synchrotrons, along with ul-
trashort (fs and as) pulse durations. This made FELs game 
changers for time-resolved EUV/X-ray spectroscopy and 
scattering methods. [2] Most significant, they are enabling 
the non-linear revolution in EUV/X-ray science, just as 
what occurred in the optical-domain lasers with the 1960s. 
The field of non-linear X-ray science is nascent, but the 
past ten to fifteen years have already brought a handful 
of results. The first FEL was FLASH at DESY (Hamburg, 
Germany) in 2005, which operates in the EUV to soft 
X-ray range. The first hard X-ray FEL, the Linac Coherent 
Light Source (LCLS), was launched in 2009 in Stanford, 
soon followed by the EUV/soft X-ray FEL FERMI in Italy 
(Trieste) and the hard XFEL SACLA in Hyogo (Japan). 
In 2017, three additional hard and soft XFELs went into 
operation: SwissFEL (Paul Scherrer Institut, Switzerland), 
European XFEL (Germany) and the Pohang Accelerator 
lab PAL (South Korea) XFEL.

It can be said that almost all the basic non-linear 
methods have been demonstrated in the EUV/X-ray 
range, as recently reviewed. [3] Two-photon absorption 
(TPA) accesses partially or fully dipole-forbidden transi-
tions, thus complementing information to that obtained 
using one-photon X-ray absorption. The first TPA stud-
ies were carried out in the EUV and in the soft X-ray 
regime on rare gas atoms, and the cross-sections were 
found to be 2-3 orders of magnitude larger than theoreti-
cally predicted and were attributed to contributions from 
near-resonant states. They were followed by reports on 
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▲ FIG. 2: a) split-and-
delay scheme for all 
EUV TG spectroscopy; 
b) Talbot effect to 
create a TG using hard 
X-rays; c) all EUV-TG 
signal of Silicon 
Nitride showing 
coherent acoustic 
modes; d) comparison 
of the EUV-TG signal 
of Silicon Nitride 
probed by an EUV 
pulse (black) and an 
optical one (blue). 
This reflects the fact 
that the refraction 
index changes at 
optical wavelengths 
are sensitive to 
electronic excitations 
in the conduction/
valence band, while 
at EUV wavelengths, 
they are sensitive to 
changes in the total 
electronic density, 
and are dominated by 
the lattice response.

allows the optically-induced microscopic field to be de-
termined as it is closely related to the induced charge. The 
experimental verification was achieved at XFELs com-
bining an optical with a hard X-ray pulse. 

In addition to being interface- and element-specific, 
S/DFG and and second harmonic generation (SHG) can 
be enhanced by resonance of the relevant photon ener-
gies with valence and/or core-level transitions. Extending 
SHG into the EUV/X-ray domain offers the additional 
advantage of element-selectivity. There are some impor-
tant differences with the optical-domain in that non-lin-
earities may be observed in centrosymmetric materials, 
provided a non-uniform electron density is present. These 
techniques also allow the monitoring of buried interfaces, 
in-operando catalytic processes and interfacial electron 
transfer, to name a few. 

Among the Four-wave mixing methods, Transient 
Grating (TG) spectroscopy is one of the most popular. 
It consists in crossing two identical incident beams on 
the sample, where they interfere and produce a grating 
of excitation (thermal, charges, magnetic, etc.) at t=0. The 
decay of the grating by relaxation, diffusion or other pro-
cesses, is then monitored by diffracting a third, probe 
beam on the grating (Figure 2). The grating period is 
determined by the wavelength and crossing angle of the 
two incident beams. Going from the visible to the hard 
X-ray range decreases it from microns to nanometers. 
This offers a unique approach to access the meso to nano-
scopic range of transport phenomena. This is of particu-
lar interest as with the miniaturization of optoelectronic 
devices, nanoscale transport phenomena need to be un-
derstood and described, and specifically the changes from 
ballistic to diffusive transport. The first demonstration 
of EUV-TG was achieved in 2015 and it used an optical 
probe pulse. The advantage of mesoscale periods is how-
ever cancelled by the use of optical probe pulses, therefore 
this first achievement was followed by an all-EUV TG ex-
periment (Figure 2a). [4] More recently, demonstration 
of hard X-ray TG was achieved exploiting the Talbot ef-
fect (Figure 2b), with promising perspectives to monitor 
nanoscale transport, especially when all hard X-ray TG 
will be demonstrated.

The above account gives a very succinct presentation 
of the capabilities and achievements in non-linear EUV/
X-ray science. Considering the diversity and flexibility 
of non-linear optics, these breakthrough experiments 
are heralding the birth of a new era. Just as in the op-
tical regime, non-linear EUV/X-ray science promises 
highly diverse and versatile applications in the study of 
interfaces/surfaces, transport phenomena, optoelectron-
ics, etc. While all the above-mentioned methods have a 
high potential for applications, the holy grail is to reach 
core-level multidimensional spectroscopy, [5] which will 
allow detecting the cross-talk between atoms in any type 
of system. n

M. Chergui C. Masciovecchio C. SvetinaM. Beye
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EPN 55th edition in 2024

E
very year in September the Editors of EPN together with the External 
Advisory Board select the focus topics for the year to come. This is 
our choice for 2024.

EPN 55/1
The first EPN issue in the year is dedicated to ‘Nobel prize physics’, notably the 
physics field that was awarded the prize in the preceding fall. Consequently, 
the focus of EPN 54/1 will be on ‘Attosecond Physics’. Already we have in-
vited a few experts in the field for their contribution.

EPN 55/2
For the second EPN issue to be published in April 2024, we have choosen 
‘Physics and Transportation’. A broad field with links to society, but also 
to chemistry. If interested to submit a contribution, please contact the EPN 
science editor (see colophon).

EPN 55/3
The third EPN issue will be published in June/July 2024. For this summer 
issue we selected the focus on ‘Active Matter’. 

EPN 55/4
In the September issue, we focus on ‘Graphene and 2D materials’. Are you 
the person who would like to share your knowledge and research in this at-
tractive ‘hard-core-physics’ field? Please, contact the Science Editor.

EPN 55/5
A special Issue about  ‘The Universe’ will contain contributions about as-
trophysics, telescopes, cosmology, gravitational wave…Early next year, we 
will meet with established physicists to discuss the contents of the issue. n

We wish you all a happy, healthy and safe 2024!
The EPN Editors

EPN 54/5
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EPS HISTORIC SITES

New EPS Historic Sites

Daniel Bernoulli's Physics Cabinet  
in Basel

On 22nd September, the former home of the Physics 
Cabinet of Daniel Bernoulli in Basel was inaugurated as 
an EPS Historic Site.
During his time at the University of Basel, Daniel Bernoulli 
assembled a large collection of demonstration experiments 
which he used for teaching and public lectures. These were 
housed in the Stachelschützenhaus ("house of the cross- 
bow men"). The building is still used by the university 
and is currently the centre for clinical virology. After the 
lectures, attendees walked to the Stachelschützenhaus, 
where they were introduced to the building's history. Anne 
Pawsey, EPS Secretary General, and Philipp Treutlein, 
Head of the Physics Department, officially distinguished 
the house as the 6th EPS Historic Site in Switzerland.

The Mansion of Misa Anastasijevic
Milutin Milankovic (1879-1958) was a doctor of civil 
engineering, climatologist, geophysicist, astronomer and 
promoter of science, who taught at the University of 
Belgrade rational mechanics, celestial mechanics and 
theoretical physics (1909-1955). He founded an astro- 
nomical theory of climate change on Earth and applied 
it to the problem of the ice ages. Milankovic developed 
his theory of climate change to solve the problem of the 
Earth's ice ages during his time at the Mansion of Misa 
Anastasijevic. He was the first to accurately compute the 
climate response to insolation forcing, providing con- 
vincing evidence that astronomical mechanisms giving 
rise to the changes of insolation are three: the secular 
variations of the eccentricity of the Earth’s orbit, the 
precession of the Earth’s axis of rotation, and the vari- 
ations of the obliquity of the rotation axis.

In 2023, the following EPS Historic Sites have been inaugurated:
19 April 2023 – Racah Institute, Jerusalem, Israel

22 May 2023 – Faculty of Physics at the Alexandru Ioan Cuza University of Iași, Romania
15 September 2023 - Milutin Milankovic's office at University of Belgrade, Belgrade, Serbia

22 September 2023 - Bernoulli's physics cabinet, Basel, Switzerland
13 October 2023 – Institut de Physique Nucléaire (IPN), Orsay, France

Faculty of Physics at the Alexandru Ioan Cuza University of Iași

On the 22nd May 2023, the Faculty of Physics of the Alexandru Ioan Cuza 
University of Iași (UAIC) has been named a “Historic Site” by the European 
Physical Society (EPS). The Faculty of Physics in Iasi is only the second Romanian 
institution to receive this honour, after the Magurele Physics Campus in 2017. 
The EPS distinction is a symbol to recognise that the city of Iași has been at the 
forefront of physics research in the region. Some of the scientific landmarks 
which shaped the world of physics are “the successful bone X-ray imaging 
and X-ray experiments (1896-1906) and the first scientific paper describing 
the effect of magnetic fields on chemical reactions (1894), both published by 
Dragomir Hurmuzescu.
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EPS awards and distinctions during the year 2023 
The EPS congratulates the 2023 laureates for EPS prizes and distinctions for their outstanding 
achievements in physics across Europe and around the world. The EPS is grateful to the physics 
community for submitting the truly excellent nominations received. The EPS highly appreciates  
the work by the EPS Divisions and Groups in identifying individuals and their research that contribute to 
the development of physics and our understanding of our world.

EPS Condensed Matter Division

The EPS Europhysics Prize was awarded to 
Claudia Felser (Max Planck Institute for 
Chemical Physics of Solids) and Andrei Bernevig 
(Professor of Physics at Princeton University 
and Visiting Ikerbasque Professor at Donostia 
International Physics Center), for 'seminal con-
tributions to the classification, prediction, and dis-
covery of novel topological quantum materials'.

EPS Physics Education Division

The EPS Physics Education Division Secondary 
Teacher Award was awarded to Sebastian 
Bauer (Humboldt-Gymnasium Vaterstetten), 
for ‘his work in developing the Humboldt 
Academy For Science and Technology'.

High Energy and Particle Physics Division

The EPS High Energy and Particle Physics 
Prize  2023 was attributed to Cecilia Jarlskog 
(Technical University of Lund), for ‘the discov-
ery of an invariant measure of CP violation in 
both quark and lepton sectors' and to Daya Bay 
Reno (KU Lueven), for ‘for the observation of 
short-baseline reactor electron-antineutrino dis-
appearance, providing the first determination 
of the neutrino mixing angle θ!"", which paves 
the way for the detection of CP violation in the 
lepton sector'.
The EPS Cocconi Prize 2023 was awarded to 
PSDSS/BOSS/eBOSS for ‘their outstanding 
contributions to observational cosmology, in-
cluding the development of the baryon-acoustic 
oscillation measurement into a prime cosmo-
logical tool.'
The EPS Gribov Medal 2023 was awarded to 
Netta Engelhardt (Harvard University), for ‘for 
her groundbreaking contributions to the under-
standing of quantum information in gravity and 
black hole physics'. 
The 2023 Young Experimental Physicist Prize 
was awarded to Valentina Cairo (CERN), for 
‘her outstanding contributions to the ATLAS 
experiment: from the construction of the inner 
tracker, to the development of novel track and 
vertex reconstruction algorithms and to searches 
for di-Higgs boson production'. 
The 2023 HEPP Outreach Prize was awarded to 
Jay Armas (University of Amsterdam), for ‘ his 
outstanding combination of activities on science 
communication, most notably for the “Science 
& Cocktails” event series'.

EPS Plasma Physics Division

The EPS Hannes Alfvén Prizes 2023 have been 
awarded to Pisin Chen (National Taiwan 
University),  James Benjamin Rosenzweig 

(University of California) and Chandrashekhar 
Janardan Joshi  (University of California) for 
‘proposing, demonstrating and conducting im-
pressive ground-breaking experiments on plasma 
wakefield accelerators driven by particle beams'. 
The 2023 EPS Plasma Physics Division PhD 
Research Award was awarded to Luis Gil 
(Instituto Superior Tecnico, Universidade de 
Lisboa) and Maurizio Giacomin (Swiss Plasma 
Center, EPLF).

EPS Quantum Electronics and Optics Division

The 2023 EPS Quantum Electronics Prize 
for Applied aspects was awarded to  Giulio 
Cerullo (Politecnico di Milano)  for 'pioneering 
and outstanding contributions to the generation 
of few-cycle light pulses and for their application 
to the study of primary photoinduced processes 
in (bio)molecules and nanostructures'. 
The 2023 EPS Quantum Electronics Prizes for 
fundamental aspect was awarded to Vahid  
Sandoghdar (Max Planck Institute for the 
Science of Light)  for 'ground-breaking research 
on the efficiency of light-matter interaction in 
quantum optics and biophysics, leading to sin-
gle-molecule strong coupling and label-free de-
tection of small proteins'. 
The EPS Fresnel Prize for fundamental aspects 
was awarded to  Xiaochun Gong (East China 
Normal University)  for 'outstanding contribu-
tions to the field of attosecond science and for 
developing attosecond coincidence metrology 
to ultrafast photonics'. 
The EPS Fresnel Prize for applied aspects was 
awarded to  Zuo Chao (Nanjing University of 
Science and Technology) for 'pioneering con-
tributions to computational phase imaging and 
metrology, particularly for noninterferometic 
quantitative phase imaging and high-speed 
3D optical metrology'.
The EPS QEOD - Thesis Prizes were awarded 
to Andrea Schirato (Politecnico di Milano),  
Shima Rajabali (EPFL, Lausanne), Gur  
Lubin (Weizmann Institute of Science) and 
Sebastian Ecker (Quantum Technology 
Laboratories GmbH).

ESPD - joint European Solar Physics Division

The 2023 ESPD Patricia Edwin PhD Thesis Prize 
was awarded to Yutto Bekki (Max Planck 
Institute for Solar System Research). 
The 2023 ESPD Giancarlo Noci Early Career 
Researcher (Postdoc) Prize was awarded to 
Jack Jenkins (Postdoctoral Researcher at  
KU Leuven). 
The 2023 ESPD Kees Zwaan Inspirational 
Community Prize was awarded to Martina 
Pavelková (Astronomical Institute of the 
Czech Academy of Science). 

EPS Statistical and Nonlinear Physics Division

The EPS Statistical and Nonlinear Physics 
Prize  2023 was awarded to Amnon Aharony 
(University of Tel Aviv) for 'his seminal contribu-
tions in the application of renormalization group 
theory to critical phenomena and classification 
of universality classes, fractals and percolation, 
and the theory of disordered magnetic systems' 
and to Amos Maritan (University of Padova) 
for ‘his seminal contributions in the understand-
ing the physical principles underlying collective 
behavior in biological systems, including protein 
folding, DNA organization, ecosystems, and river 
networks'. 
The early career prize is awarded to Patrick 
Pietzonka (Max Planck Institute for the Physics 
of Complex Systems) for ‘his outstanding contri-
bution the statistics of current fluctuations in ac-
tive systems and to thermodynamic uncertainty 
relations',  and to Ada Altieri (University Paris 
Cité) for ‘her outstanding contribution to theory 
of the jamming transition and to inter-discipli-
nary applications of statistical physics to spe-
cies-rich ecosystems'.

EPS Accelerator Group 

The 2023 Rolf Wideröe Prize was awarded 
to Katsunobu Oide (CERN / University of 
Geneva) for 'his many conceptual contributions 
to linear and circular particle colliders.' 
The 2023 Gersh Budker Prize was awarded 
to Mikhail Krasilnikov (DESY/Zeuthen) for 
'his achievements in the development of high 
brightness electron beams and a high power, 
tunable THz SASE free electron laser based on 
those beams, demonstrating lasing at the PITZ 
facility in 2022'. 
The 2023 Frank Sacherer Prize was awarded to 
Xingchen Xu (Fermilab) for 'his contributions 
in demonstrating the effectiveness of the inter-
nal oxidation method in Nb3Sn wires to strongly 
improve the performance of this superconductor 
by using artificial pinning centers, opening the 
way to the next generation of high field acceler-
ator magnets'. 
The 2023 Bruno Touschek Prize was awarded 
to Matthew  Signorelli (Fermilab) for 'his sig-
nificant contribution to the design of the Electron 
Storage Ring (ESR) which is part of the Electron-
Ion Collider (EIC). His work is aimed at a lattice 
design maintaining a high degree of beam po-
larization during collisions'.

EPS Gero Thomas Commemorative Medal

The 2023 EPS Gero Thomas Commemorative 
Medal was awarded to Christophe Rossel 
(IBM Research) for 'his inspired, effective and 
longterm commitment to the EPS'.
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Complete directory online at:
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