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Gérard Mourou has remarkable merits in initiating the realization of ELI (Extreme Light 

Infrastructure) whose three pillars  have been under establishment in Romania, Czech 

Republic and Hungary. Under his leadership and with the guidance of an international 

Steering Committee the White Book which is a comprehensive description of ELI’s 

technical design concept and scientific case was published as of the end of 2010.

In 2018 the Nobel Prize in Physics 

was shared between Gérard Mourou

(École Polytechnique, France), 

Donna Strickland (University of 

Waterloo, Canada) and Arthur 

Ashkin (Bell Laboratories, USA). 

The work of the first two winners, 

who were awarded half the prize, 

consisted of the invention of the 

Chirped Pulse Amplification (CPA) 

technique in the mid-1980s, which 

enabled increasing the power of 

ultrashort lasers to previously 

unattainable levels.
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Lectures program on research topics of 

Extreme Light Infrastructure - Nuclear Physics (ELI-NP) 

(the Magurele laser)
Purpose To help young people and high school students increase their understanding and appreciation of scientific activity and 

interest in pursuing careers in science or technology. 

People willing to learn and know the current problems of science and scientific research.

Participate The program is open for any person with high school mathematics and physics knowledges, to any science enthusiast, high 

school students, students in science or technology with basic STEM (Science, Technology, Engineering, Mathematics) 

knowledges, eager to learn and understand current scientific research issues directly from specialists involved in the field.

There may also participate parents and teachers involved in STEM education for young people.

Registration By filling in the registration form online at http://…

A unique email address is required to complete the registration.

Participants will be registered 

between 10 July - 10 September (for the autumn session: 15 September - 15 December) and 

between 10 January - 10 March (for the spring session: 15 March - 15 June).
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http://…


Participants and Lessons Presentation
Calendar 10 July: Registration opens (online )

10 September:    Accepted student notifications will be emailed to you upon receipt if you 

have entered a valid email address

15 September:    Start the autumn 2019 session

Location The classes are held in the Conference Hall of the .....

Program info Lectures are held on Saturday mornings from 10:00 and last for two hours, with a 10-minute break, for twelve

consecutive weeks.

Sessions during the 2019-20 academic year will begin 15 Sept. 2019 and 15 March 2020.

Each twelve-week session covers the same general topics

Instructors ELI-NP and IFIN-HH scientists and engineers serve as volunteer instructors. 

Sometimes will be invited scientists from Romania or abroad

Audio-video 

recording

The lectures will be recorded on a systematic basis and will be posted on the web page of the "Saturday Morning 

Physics at ELI-NP" program and also on Youtube channel and Facebook

Recognition Students who attend and complete classes of the twelve-week course will be awarded a Certificate of Accomplishment.

The certificate is handed over at a closing ceremony.

The certificate can not be used as a professional graduation document, but some faculties can give credits for those who 

attended all lectures.
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Subject Speaker Affiliation

1. Introduction to ELI Physics

2. Light as Electromagnetic Wave (Equations of Light)

3. Special Relativity

4. Quantum mechanics - the theory of subatomic processes

5. Particle fields

6. Electromagnetic field and field quantization 

7. Symmetry and Antimatter

8. Building blocks of the Universe - leptons

9. Fundamental Forces and their strengths – bosons

10. ELI-NP Experiments

11. Combined Experiments - laser and gamma beams at ELI-NP

12. Gamma and electron production at ELI-NP
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It consists of four large-scale laser facilities, each targeting a different area of research. 

• The ELI Beamlines facility, built in the Czech Republic (http://go.nature.com/MZq7ar), will provide ultrashort laser pulses 

of a few femtoseconds (10–15 fs) duration and performances up to 10 PW. 

• The lasers in the second pillar will produce even shorter radiation pulses, in the attosecond range. The ELI Attosecond Light

Pulse Source (ELI-ALPS; http://www.eli-hu.hu/) is currently under construction in an old Soviet military base in Hungary

and its central aim will be the study of ultrafast electron dynamics in atoms, molecules, plasmas and solids. 

• The third facility will focus on nuclear physics. Built in Romania, the ELI Nuclear Physics (ELI-NP) facility will host two 

10 PW lasers, coherently added to deliver intensities of the order of 1023–1024 W cm−2and an intense source of gamma 

radiation (www.eli-np.ro). Among others, it is expected to have a significant impact on nuclear waste processing, radio-

medicine and isotope production.

• Finally, the Ultrahigh Field Facility will be tailored for the study of relativistic physics and is expected to be the most 

expensive and challenging of the facilities, providing the highest peak power (100 PW) and intensities beyond 1025 W cm−2. 

Such values approach the Schwinger intensity range, above which vacuum breaks down and light is materialized into pairs 

of electrons and positrons (http://go.nature.com/Wdpocq). These ultra-intense lasers will not only provide high 

electromagnetic fields but will also make possible the generation of ultrashort and ultrahigh energy beams of particles and 

radiations up to the TeV range. As such, they are expected to primarily impact on:

The Extreme Light Infrastructure (ELI) project is dedicated to the investigation of light–matter interactions at high laser intensities and on short time scales.

The first operational laser, built in 1960 at the Hughes Research Laboratory was only capable of emitting a series of irregular spikes within each pump pulse. Lasers 

have come a long way since then. The method of chirped-pulse amplification (CPA) in the mid-80s managed to drive lasers from terawatt to petawatt powers (D. 

Strickland & G. Mourou Opt. Commun. 56, 219–221; 1985). A number of facilities around the world are hosting this class of powerful lasers: notably, the Petawatt 

Aquitaine Laser (PETAL) at the Laser Megajoule facility in France (1.2 PW; http://go.nature.com/TufsxS) and the Laser for Fast Ignition Experiments (LFEX) at 

Osaka University in Japan (2 PW peak power with picosecond pulses; http://go.nature.com/Pvy1dn). However, most of the current facilities are at the low multi-

petawatts level with repetition rates — with some exceptions — significantly below 1 Hz. The ELI project is expected to push those limits even further. 

• fundamental physics; Gérard Mourou, initiator of ELI and coordinator of the preparatory phase, comments that these facilities will permit studies of cosmos 

acceleration, vacuum nonlinearities, dark matter and dark energy, nonlinear quantum electrodynamic and chromodynamic fields, and radiation physics in the 

vicinity of the Schwinger field (http://go.nature.com/v7GyTg). However, ELI is expected to affect other disciplines, including 

• materials research (for example, the dynamics of reactions such as protein activity and protein folding, radiolysis, monitoring of chemical bonds and catalysis 

processes, as well as the investigation of defect creation and materials aging in nuclear reactors) and 

• medical applications such as, the production of new medical isotopes relevant to cancer radio and chemotherapy. https://www.nature.com/articles/nmat4533

http://go.nature.com/MZq7ar
http://www.eli-hu.hu/
http://www.eli-np.ro/
http://go.nature.com/Wdpocq
http://go.nature.com/TufsxS
http://go.nature.com/Pvy1dn
http://go.nature.com/v7GyTg
https://www.nature.com/articles/nmat4533
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In order to understand light, we first need to have an understanding of: 

• Electric fields and magnetic fields.

• Electromagnetic waves

 wave propagation equation

• Mathematical description of the fields: 

 scalars, vectors, tensors

 field operators: gradient, divergence, rotor

 covariant and contravariant 4-vectors

• Variable electric and magnetic fields:

 Maxwell Equations for fields and potentials

 Electromagnetic wave properties

• Covariant Maxwell equations

In spite of theoretical and experimental advances in the first half of the 19th century that established the wave properties of 

light, the nature of light was not yet revealed - the identity of the wave oscillations remained a mystery. This situation 

dramatically changed in the 1860s when the Scottish physicist James Clerk Maxwell, in a watershed theoretical treatment, 

unified the fields of electricity, magnetism, and optics. In his formulation, a changing magnetic field can make an electric 

field, then a changing electric field should make a magnetic field. A consequence of this is that changing electric and 

magnetic fields should trigger each other and these changing fields should move at a speed equal to the speed of light. 

Maxwell described light as a propagating wave of electric and magnetic fields.
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• Michelson–Morley experiment – constant speed of light 

• Time dilation

• Length contraction

• Relativistic mass

• Lorentz transformations of coordinate and time

• Spacetime interval – relativistic invariants

• Relativistic Energy and Momentum: E = mc2

As the rocket accelerates:

- its length contracts,

- its mass increases,

- time is slower.

At the speed of light:

- its length becomes zero,

- its mass becomes infinite,

- time stops.

In physics, special relativity is the generally accepted and experimentally well-confirmed physical theory regarding the relationship between 

space and time. In Albert Einstein's original treatment, it is based on two postulates:

- the laws of physics are invariant (i.e. identical) in all inertial systems (i.e. non-accelerating frames of reference); and

- the speed of light in vacuum is the same for all observers, regardless of the motion of the light source.

Special relativity was originally proposed by Albert Einstein in a paper published 26 September 1905 titled "On the Electrodynamics of Moving 

Bodies". 

The inconsistency of Newtonian mechanics with Maxwell's equations of electromagnetism and the lack of experimental confirmation for a 

hypothesized luminiferous aether led to the development of special relativity, which corrects mechanics to handle situations involving all motions 

and especially those at a significant fraction of the speed of light (known as relativistic velocities). 

Special relativity implies a wide range of consequences, which have been experimentally verified, including length contraction, time dilation, 

relativistic mass, mass–energy equivalence, a universal speed limit, the speed of causality and relativity of simultaneity. It has replaced the 

conventional notion of an absolute universal time with the notion of a time that is dependent on reference frame and spatial position. Rather than 

an invariant time interval between two events, there is an invariant spacetime interval. Combined with other laws of physics, the two postulates of 

special relativity predict the equivalence of mass and energy, as expressed in the mass–energy equivalence formula E = mc2, where c is the speed 

of light in a vacuum. https://en.wikipedia.org/wiki/Special_relativity

https://en.wikipedia.org/wiki/Special_relativity
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• Quantum mechanics:

 Description of physical behavior on subatomic scale

 Impossibility of simultaneous measurement of conjugate physical quantities

• Wave-particle duality:

 The relationships of de Broglie and Planck

 Heisenberg’s Uncertainty Principle

 Schrödinger equation

• From Classical Mechanics to Quantum Mechanics and Quantum Fields

• I-st quantization: classical physical quantities → differential operators

• II-nd quantization: classical fields → field operators

• Applications: The harmonic oscillator – main tool of quantum physics

Quantum mechanics differs from classical physics in that energy, momentum, angular momentum and 

other quantities of a bound system are restricted to discrete values (quantization); objects have 

characteristics of both particles and waves (wave-particle duality); and there are limits to the precision 

with which quantities can be measured (uncertainty principle).

Quantum mechanics gradually arose from theories to explain observations which could not be reconciled 

with classical physics, such as Max Planck's solution in 1900 to the black-body radiation problem, and 

from the correspondence between energy and frequency in Albert Einstein's 1905 paper which explained 

the photoelectric effect. Early quantum theory was profoundly re-conceived in the mid-1920s by Erwin 

Schrödinger, Werner Heisenberg, Max Born and others. The modern theory is formulated in various 

specially developed mathematical formalisms. In one of them, a mathematical function (wave function), 

provides information about the probability amplitude of position, momentum, and other physical 

properties of a particle. https://en.wikipedia.org/wiki/Quantum_mechanics

Double slit experiment 

https://en.wikipedia.org/wiki/Quantum_mechanics
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http://universe-review.ca/R15-25-DiracEq06a.htm

• 1-st quantization (from particle to wave function) the classical picture of an 

electron circulating around the nucleus (as in the hydrogen atom) is replaced by 

wave function which is a function of r (position). In this particular case, there are 

two maxima (n=2, l=0) in the function corresponding to the darker brown and 

green colors. The averaged circular path is indicated by the circle in blue. The 

absolute square of the wave function is interpreted as the probability of finding 

the electron at that point. The interacting medium is the longitudinal component 

of the electromagnetic field. It is static and by its nature non-relativistic. Such 

formulation is more suitable for calculating structures in bound state, e.g., in 

molecules, atoms, etc.

• 2-nd quantization (from field function to particle) the classical field description 

(field function), here an electron Dirac field, is replaced with particle description 

by field operators. In this example of Compton scattering, which describes the 

interaction of the electron with a photon, both of them are treated as particle states 

(energy-momentum p, E respective k, ω) that change in the interaction process. 

The quantum vacuum is now “boiling” with all kinds of virtual particles popping 

into existence briefly according to the uncertainty principle Δt ·ΔE > ħ. The 

interaction is now provided by the transverse component of the electromagnetic 

field A moving with the speed of light in the form of a particle (photon). Such 

formalism is relativistic and both the real and virtual particles are represented by 

harmonic oscillators in the form : 𝑒−𝑖(𝑘𝑥−𝜔𝑡), which is most suitable for 

describing traveling wave (v = dx/dt=ω/k). 

from particle to wave function

from field function to particle

6/22/2019

http://universe-review.ca/R15-25-DiracEq06a.htm
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• Classical fields

• Equations of the electromagnetic field by potentials

• Quantization of a classical system - the harmonic oscillator

• Quantization of the classical fields

• Energy quantization of the electromagnetic field

https://en.wikipedia.org/wiki/Quantum_harmonic_oscillator

https://commons.wikimedia.org/wiki/File:EM-Wave.gif

The electromagnetic radiation emitted by blackbodies could not be explained by classical 

physics, which postulated that matter could absorb or emit any quantity of 

electromagnetic radiation. 

Planck observed that matter actually absorbed or emitted energy only in whole-number 

multiples of the value hν, where h is Planck’s constant, 6.626∙10-34 J∙s, and ν is the 

frequency of the light absorbed or emitted. 

This was a shocking discovery, because it challenged the idea that energy was 

continuous, and could be transferred in any amount. The reality, which Planck 

discovered, is that energy is not continuous but quantized - meaning that it can only be 

transferred in individual “packets” (or particles) of the size hν. Each of these energy 

packets is known as a quantum.

https://en.wikipedia.org/wiki/Quantum_harmonic_oscillator
https://commons.wikimedia.org/wiki/File:EM-Wave.gif
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Everything that surrounds us, both on Earth and in outer space, is made up of matter. Antimatter is a mirror version of matter, made up of 

particles with opposite electric charges. At the Universe formation, the Big Bang should have created equal amounts of matter and antimatter in 

the early Universe. But today, everything we see from the smallest life forms on Earth to the largest stellar objects is made almost entirely of 

matter. One of the greatest challenges in physics is to figure out what happened to the antimatter, or why we see an asymmetry between matter 

and antimatter. In other words, how do we have something extra instead of nothing? What is Nature's preference for matter?

The world we live in is not perfectly symmetrical, due to microscopic differences, the existence of particles matter in addition to every 10 billion 

antimatter particles. Enough that our Universe can survive and so we exist. But how did this "symmetry breaking" appear to be a mystery.

All current physical theories appeal to the laws of nature's symmetry to 

make the description of the world of elementary particles. There are three 

such discrete symmetry transformations:

• Space symmetry (mirror), also called parity symmetry (P), shows that 

there is no difference between the properties of a particle and the ones 

described in the mirror. That is, there is no difference between left and 

right, being possible both the direct and mirror processes;

• The charge symmetry (C) shows that both particles and antiparticles 

have the same properties (except for charge) and they are described by 

the same mathematical relationships;

• The temporal symmetry (T) shows that the physical processes at the 

microscopic level are identical, that is, they are described by the same 

mathematical relationships, regardless the direction in time.
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https://en.wikipedia.org/wiki/Standard_Model

Everyday matter is composed of atoms, once presumed to be matter's elementary particles - atom meaning "unable 

to cut" in Greek. With the discovery of the electron by J. J. Thomson in 1897, and with the discovery of the atomic 

nucleus by Rutherford (1911), it was proposed an atomic model. Rutherford described the atom as a nucleus of 

positively charge protons, concentrated into a very small volume containing the bulk of the atomic mass, and an 

electron cloud. Most of the volume of an atom is empty space. The number of negatively charged electrons 

outside the nucleus is the same as the number of positively charge protons in the nucleus. Various experiments 

showed that mass of the nucleus is approximately twice than mass of the protons. The new particle, discovered in 

1932 by James Chadwick, called neutron, was responsible, along the protons, for the whole mass of the nucleus. 

So, the matter was seen as made up of electrons, protons and neutrons, interacting to form atoms. Once the 

electron, proton and neutron have been observed, along with the photon, the particle of electromagnetic radiation, 

a new physics branch was open - Particle Physics. 

All elementary particles are - depending on their spin - either fermions or bosons. 

These are differentiated via the spin-statistics theorem of quantum statistics:

• Particles of half-integer spin exhibit Fermi-Dirac statistics and are fermions.

• Particles of integer spin, exhibit Bose-Einstein statistics and are bosons. 

Protons and neutrons were found to contain quarks: up quarks and down quarks.

Ordinary matter is composed entirely of I-st generation particles, namely the up and down 

quarks, plus the electron and its neutrino.

• The Standard Model of particle physics contains 12 flavors of elementary fermions, and 

their corresponding antiparticles, as well as 4 elementary bosons that mediate the forces.

The explanation that matter occupies space is a result of the phenomenon described in 

the Pauli exclusion principle, which applies to fermions. Two particular examples where 

the exclusion principle clearly relates matter to the occupation of space are white dwarf 

stars and neutron stars, discussed in the presentation. 

atom

10-10m

nucleus

10-14m

proton

10-15m

quark

10-18m

https://en.wikipedia.org/wiki/Standard_Model
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http://hyperphysics.phy-astr.gsu.edu/hbase/Forces/funfor.html#c5

All four of the fundamental forces involve the exchange of one 

or more particles. Such exchange forces may be either attractive 

or repulsive, but are limited in range by the nature of the 

exchange particle. The maximum range of an exchange force is 

dictated by the uncertainty principle: ΔE Δt ≈ mc2 Δt > ħ/2 →

Range ≈ c Δt ≈ ħ/(2mc)

The particles involved are created and exist only in the exchange 

process - they are called "virtual" particles. 

Since the protons and neutrons which make up the nucleus are 

themselves considered to be made up of quarks, and the quarks 

are considered to be held together by the color force, the strong 

force between nucleons may be considered to be a residual co-

lor force. In the standard model, therefore, the basic exchange 

particle is the gluon which mediates the forces between quarks. 

http://hyperphysics.phy-astr.gsu.edu/hbase/grav.html#grav
http://hyperphysics.phy-astr.gsu.edu/hbase/grav.html#grav
http://hyperphysics.phy-astr.gsu.edu/hbase/Forces/funfor.html#c4
http://hyperphysics.phy-astr.gsu.edu/hbase/Forces/funfor.html#c4
http://hyperphysics.phy-astr.gsu.edu/hbase/Forces/funfor.html#c3
http://hyperphysics.phy-astr.gsu.edu/hbase/Forces/funfor.html#c3
http://hyperphysics.phy-astr.gsu.edu/hbase/Forces/funfor.html#c2
http://hyperphysics.phy-astr.gsu.edu/hbase/Forces/funfor.html#c2
http://hyperphysics.phy-astr.gsu.edu/hbase/Forces/funfor.html#c5
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When an intense laser pulse strikes a plasma of electrons and positive ions, it shoves the lighter electrons forward, separating

the charges and creating a secondary electric field that pulls the ions along behind the light like water in the wake of a 

speedboat. This "laser wakefield acceleration" can accelerate charged particles to high energies in the space of a millimeter or 

two, compared with many meters for conventional accelerators. Electrons thus accelerated could be wiggled by magnets to 

create a so-called free-electron laser (FEL), which generates exceptionally bright and brief flashes of x-rays that can illuminate 

short-lived chemical and biological phenomena. A laser-powered FEL could be far more compact and cheaper than those 

powered by conventional accelerators.
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https://www.sciencemag.org/news/2018/01/physicists-are-planning-build-lasers-so-powerful-they-could-rip-apart-empty-space

Whereas classical physics insists that two light beams will pass right through each other untouched, some of the earliest 
predictions of QED stipulate that converging photons occasionally scatter off one another. 

https://www.sciencemag.org/news/2018/01/physicists-are-planning-build-lasers-so-powerful-they-could-rip-apart-empty-space
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Extreme Light Infrastructure - Nuclear Physics facility (ELI-NP) l consist of two components:

 A very high intensity laser system, with two 10 PW laser arms able to reach intensities of 1023 W/cm2 and electrical fields of 1015 V/m.

 A system with max. γ energy: 19.5 MeV with spectral density: 104 ph/s/eV and ~ 0.1 % bandwidth. Production method: light photons scattered on high energy electrons.

This infrastructure will create a new European laboratory with a broad range of science covering frontier fundamental physics, new nuclear physics and astrophysics as well as applications in 

nuclear materials, radioactive waste management, material science and life sciences. For the realization of ELI-NP we envisage the following two principles as guideline:

• a staged realization of ELI-NP

• a flexible design of the ELI-NP facility.

ELI-NP will allow either combined experiments between the high-power laser and the γ beam or stand-alone experiments.

The γ beam will have unique properties in world wide comparison and opens new possibilities for high resolution spectroscopy at higher nuclear excitation energies. They will lead to a better 

understanding of nuclear structure at higher excitation energies with many doorway states, their damping widths, and chaotic behaviour, but also new fluctuating properties in the time and energy 

domain. The detailed investigation of the pygmy dipole resonance above and below the particle threshold is very essential for nucleosynthesis in astrophysics. In ion acceleration high power laser 

allows to produce 1015 times more dense ion beams than achievable with classical acceleration. The cascaded fission-fusion reaction mechanism can then be used to produce very neutron-rich 

heavy nuclei for the first time. These nuclei allow to investigate the N = 126 waiting point of the r-process in nucleosynthesis. With this type of new laser acceleration mechanism very significant 

contributions to one of the fundamental problems of astrophysics, the production of the heavy elements beyond iron in the universe can be addressed. According to a recent report by the National 

Research Council of the National Academy of Science (USA), the origin of the heaviest elements remains one of the 11 greatest unanswered questions of modern physics. The γ beam also opens 

many new possibilities for applications. The γ beam itself can be used to map the isotope distributions of nuclear materials or radioactive waste remotely via Nuclear Resonance Fluorescence 

(NRF) measurements. At lower energies around 100 keV the high resolution of the beam is very important for protein structural analysis. In addition it will be produced low energy, brilliant, 

intense neutron beams and low energy, brilliant, intense positron beams, which open new fields in material science and life sciences. The possibility to study the same target with these very 

different brilliant beams will be unique and advance science much faster.

High power laser allows for intensities of up to 1024W/cm2. Here very interesting synergies are achievable with the γ beam and the brilliant high energy electron beam to study new fundamental 

processes in high field QED. The use of the very high intensity laser and the very brilliant, intense γ beam will achieve major progress in nuclear physics and its associated fields like the element 

synthesis in astrophysics and many new applications or even to observe in fundamental physics the first catalyzed pair creation from the quantum vacuum. In the field of basic nuclear physics, a 

better theoretical understanding of compound nuclear resonances in comparison with much improved experiments will also lead to better models for the element synthesis in astrophysics. 

Compared to former γ facilities, the much improved bandwidth is decisive for this new γ beam facility. Several experiments, like the parity violation experiment, only become possible due to this 

much better bandwidth. The large majority of γ beam experiments will profit proportionally from the better bandwidth, because the widths of the studied nuclear levels are significantly smaller 

than the width of the beam. Thus the ratio of “good” γ quanta within the nuclear linewidth compared to the “bad” γ quanta outside, which undergo Compton scattering and cause background in 

the detectors, will be significantly improved. Besides a wide range of fundamental physics projects also a variety of applied research will be enabled at ELI-NP. The project to develop techniques 

for remote characterization of nuclear materials or radioactive waste via NRF will gain large importance for society in Europe. It may even turn out that a detailed in-situ characterization of 

partially used reactor fuel elements may result in producing more usable energy in reactors for the same amount of radioactive waste. On the other hand also the new production schemes of 

medical isotopes via (γ,n) may also reach socio-economical relevance. The new types of neutron sources and positron sources may reach large importance in material and life sciences.

https://www.youtube.com/watch?v=kh84CJ5oOAA&feature=youtu.be

https://www.youtube.com/watch?v=kh84CJ5oOAA&feature=youtu.be

