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1. Introduction 

 
In 1912, after Rutherford’s experiment that revealed the presence of a tiny dense nucleus 

at the centre of atoms, it took two decades for nuclear physics to take off: the time for 

quantum mechanics to mature (it was accepted in its current form at the 1927 Solvay 

conference), for particle accelerators to replace radioactive sources (Cockroft-Walton 

1929, Van de Graaff 1932, Lawrence’s cyclotron 1934), for particle detectors to replace 

zinc sulfide screens (Wilson chamber 1923, Geiger-Müller tube 1928) and for Chadwick 

to discover the neutron (1932). Then, it went very fast. By 1949, all important properties 

of nuclear structure had been understood (α-clusters, Wheeler 1937; fission, Hahn 1938; 

liquid drop model, Bohr 1939; shell model, Wigner, Göppert-Meyer, Hansen 1949). By 

1960, in the wake of the BCS model of superconductivity, Hartree-Fock’s mean field and 

Bogoliubov’s equations had given theoretical nuclear physics its tools, still in use today.  

By the end of the fifties, when physicists of my generation were entering the field, 

our main motivation was to unveil the mysteries of the strong force –the nuclear force as 

we then called it. Both east and west, “atoms for peace” was the motto of these times, as 

advocated in a famous speech of President Eisenhower to the United Nations in 1953, 

after which IAEA was created in 1957, in the hope to exorcise the evil of Hiroshima and 

Nagasaki (1945) and to give the planet the energy it needed for its peaceful development: 

in the wake of Fermi’s “pile” in Chicago (1942) electricity had been produced at Argonne 

(USA, 1951), Obninsk (SU, 1954) and Harwell (UK, 1956).  

Today, more than half a century later, the motivations for the study of nuclear 

physics are very different from what they were at that time. Particle physics has revealed 

the nature of the strong force (Politzer, Wilczek, Gross, Gell Mann, Fritzsch, Leutwyler, 

QCD 1973) and nuclear physics can no longer hope for playing a role in this context; the 

applications of nuclear science and technology have become ubiquitous in our modern 

societies, well beyond what could be imagined at that time; at the same time, an irrational 

fear of nuclear radiations, which we have failed to fight efficiently, has become so strong 

that it significantly hampers the smooth development of nuclear power plants in the 

world; the nuclear accidents of Three Mile Island (1979), Chernobyl (1986) and 

Fukushima (2011) have become emblematic of this evolution. The main motivation today 

for the study of nuclear physics is the training of scientists, engineers and technicians 

having the ability to master its numerous applications in a safe and effective way. Yet, 

two important science motivations survive: the availability of radioactive ion beams 

exploring the structure of nuclear matter and its equation of state far from stability and 

the rapid development of astrophysics where stars, both during their lifetime and at their 

death, offer unique laboratories to nuclear physics with conditions of temperature and 

density that cannot be reproduced on Earth. 

 

 

 



2. The science 

 

2.1 Fundamental puzzles 

 
A global picture of the current state of modern physics is sketched in the Vietamese hat 

diagram of Figure 1. The sides of the hat correspond to the product mass×size =1 (the 

fundamental constants ħ, c and G are taken as units) and to the ratio mass/size=1. On the 

first of these sides, corresponding to the quantum limit given by Heisenberg’s uncertainty 

relations, one finds elementary particles such as protons, quarks, leptons, (taking the 

Compton wavelength as defining the size); on the second side, corresponding to the 

gravity limit given by the Schwarzschild metric, one finds black holes but also, 

interestingly, the Universe itself. The basis of the hat is a line of constant density, the 

density of today’s Universe, dominated by dark energy: its value is measured by the 

cosmological constant, Λ~10
−120

, fixing the scale of the hat. Curiously, the lightest 

known fermion, the neutrino, sits on this line. The main puzzles of modern physics have 

their seats at the tip of the hat and at its basis. At the tip, called the Planck scale, 

corresponding to the Big Bang and its neighborhood (Grand Unification and Inflation) 

the incompatibility of quantum physics and gravity feeds most of current theoretical work 

with the ideas of Kaluza-Klein extra dimensions and of superstrings. The basis is 

properly described by a cosmological constant that accounts for the observed amount of 

dark energy contained in the Universe, but the underlying physics remains an enigma.  

 

 
Figure 1. A diagram displaying the main issues of current physics (see text). 

 

Obviously, nuclear physics cannot be expected to contribute significant wisdom 

to the solution of such major puzzles. However, before denying it any hope for a 

fundamental contribution, a point must be made. The apparent perfection of QCD is 

tarnished by two features, which might make us think that it did not reveal all its secrets 

and has still something to tell us: the absence of a CP violating phase (with no Peccei-

Quinn axion having been discovered) and the inability to perform exact calculations at 



large distances (even if lattice calculations, introduced by Wilson in 1974, have made 

very significant progress). One might then hope for some light coming from 

experimentation. However, the best bet in this case seems to be relativistic heavy ion 

collisions as realized at Brookhaven (RHIC) and at CERN (LHC/ALICE). Indeed, an 

important fraction of the nuclear physics community has migrated to this new field, in the 

hope that some light might come from the study of the quark-gluon plasma. Progress is 

significant, with notable successes such as the strong evidence for the quark-gluon 

plasma to behave as a nearly perfect liquid.  Closing this parenthesis, we are left with two 

domains in which nuclear physics contributes to fundamental science: the physics of 

radioactive ion beams (RIBs) and nuclear astrophysics. 

 

2.2 Radioactive ion beams 

 
RIBs have opened to investigation a host of nuclear reactions that were previously 

inaccessible to stable beams. The point is not simply to complete a catalogue, which was 

only very partially filled, but to study nuclear matter and its equation of state far from 

stability, in a domain where new dynamical conditions can be explored and new 

phenomena, such as halo nuclei or new islands of stability, can be discovered. The 

success of this branch of physics is well illustrated by the large facilities that exist around 

the world, most of which have ambitious upgrade programs: MSU and TRIUMF in North 

America, GSI, GANIL and ISOLDE in Europe and RIKEN in Japan, currently the world 

leader of the field (Figure 2). In addition to major upgrades, new facilities are being 

planned in Europe (SPES at Legnaro, Italy; MYRRHA in Belgium; EURISOL in Europe) 

while China with CARIF and Korea with Koria are joining the club in Asia. Progress in 

particle detection and separation has been spectacular.  

 

 
Figure 2. Left: the radioactive ion beam facility at RIKEN. Right: isotope separation 

achieved by RIKEN’s separator (BIG RIPS). 

 

 The dynamism displayed by RIB physics is not the only factor that may explain 

the strong interest and support that it enjoys from funding authorities; their applications 

are also numerous and attractive in both industry and medicine. In industry, they make it 

possible to implant radioactive sources of short lifetimes, for example for hardening 

purpose, or to implant radioactive markers, for example to study wearing mechanisms or 

to improve the performance of material science probes such as using 
57

Mn rather than 
57

Co in Mössbauer spectroscopy. In medicine, they offer possibilities of combining 

therapeutic and monitoring actions, for example by using a mixture of different 



Lanthanide isotopes, or, in cancer therapy, to couple the conventional destructive action 

at the end of the Bragg curve with the slower action of radioactivity, for example using 
9
C, which β-decays to 

9
B, which itself decays to α particles.  

 

2.3 Nuclear astrophysics 

 
The second science motivation for the study of nuclear physics is its ubiquitous presence 

in astrophysics. Nuclear astrophysics has developed very rapidly in the past decades and 

plays an essential role in our understanding of the Universe. It starts a few minutes after 

the Big Bang, when the first nuclei were formed during the short time interval when the 

conditions of temperature and density necessary for nucleogenesis to occur were realized 

in the expanding Universe. The brevity of this time window, and the instability of 
8
Be, 

leaving insufficient time to jump over it and to synthesize carbon and oxygen, were 

determinant in deciding the primordial elemental composition. The detailed 

understanding of the nuclear reactions that took place during these few minutes is a major 

contribution to the Big Bang theory.  

 Stars burn hydrogen into helium during their life time (or deuterium into helium 

for the lighter specimens, at the brown dwarf limit). This takes place via catalytic chains 

of nuclear reactions and weak decays such as the p-p or CNO cycles, the latter implying 

the preliminary presence of such nuclei inside the star. Elements other than hydrogen and 

helium are essentially created when stars die, either gently, as our Sun will do, or 

violently in the form of Supernovae. In both cases, the outer envelope of the star expands 

as a red giant while its core contracts to ultimately become a white dwarf in the first case 

and a neutron star (or black hole) in the second. In the first case, before dissolving in the 

interstellar medium as a planetary nebula, the expanding envelope is the seat of nuclear 

reactions producing carbon, oxygen, etc., as well as other light elements (up to iron) via 

neutron capture (the s-process). In the second case, the envelope dissolves in the 

interstellar medium as a supernova remnant, after having produced during the explosion 

and shortly thereafter, elements of all masses via the r-process. The entire world around 

us, and indeed ourselves, is made of star dust. 

 A precise understanding of what happens during the life cycle of a star, recycling 

after its death new heavy elements into space that will be used to produce new stars, 

requires a host of nuclear data, many of which are only accessible to RIBs. At the same 

time, stars offer nuclear physics a unique laboratory with conditions of temperature and 

density that are impossible to realize on Earth.      

    

3. Applications 

 

3.1 Nuclear power plants 
 

One usually estimates at a level of about 15% the yearly increase of the Vietnamese 

needs in terms of energy consumption. To match such needs, the country has decided to 

invest in a nuclear power plant programme, meant to be efficient, safe and CO2 free, but 

requiring a highly competent management for the operation, maintenance and 

exploitation of the reactors. However, the perception, which nuclear power plants enjoy 

in the public is dramatically different today from what it used to be sixty years ago. 



Whether we like it or not, this is an important factor that needs to be taken in due account 

in the form and substance of the training of future scientists, engineers and technicians 

working in the field. Here is a tentative list of the main differences.  

 a) nuclear power plants generate irrational fear and have to face opposition from a 

politically very strong movement; the perception in the public of the 2011 Japanese 

earthquake is emblematic in this respect, with confusion between the ~20 000 casualties 

caused by the tsunami proper and the nuclear accident, which has not caused any direct 

casualty and will have only a very limited impact on public health due to the massive 

evacuation programme that had been implemented. Yet, it was the Fukushima event that 

led Chancellor Angela Merkel to terminate the German nuclear power programme.  

Nuclear scientists, engineers and technicians must be given an objective and factual 

training leaving no room for personal or emotional opinions. They should not take as a 

dogma the statement recently published by the World Nuclear Association (February, 

2015) that “the evidence over six decades shows that nuclear power is a safe means of 

generating electricity. The risk of accidents in nuclear power plants is low and declining. 

The consequences of an accident or terrorist attack are minimal compared with other 

commonly accepted risks. Radiological effects on people of any radioactive releases can 

be avoided.” They should be able to defend these views when they have solid arguments 

to do so and to possibly moderate them when the views of nuclear opponents are 

touching on points that are worth consideration. 

 b) the question of waste storage and treatment is still pending; progress in finding 

solutions has been significant but hampered by insufficient support to R&D initiatives, in 

particular on breeders and particle accelerator waste treatment. 

c) cost increases in mining, in decommissioning, in safety measures are more 

significant than anticipated.  

d) ore reserves are not infinite, as implicitly assumed sixty years ago; Japan has 

been investing in research aimed at extracting uranium from sea water. 

e) with increased geopolitical instability and terrorism threat, proliferation and 

dissemination are more serious concerns than anticipated. 

f) transfer to private industry, with the danger of financial interests becoming 

dominant, is not without problem; the recent fiasco of the French Areva with the EPR 

plant in Flamanville illustrates well this point. 

With the recent decision to adopt Rosatom’s AES-2006 (1.2 GWe) design for the 

first Ninh Tuan nuclear power plant, to be built between 2017 and 2023, and over 300 

undergraduate and graduate students and 150 or so engineers studying in Russia and 

being trained on Rostov’s VVER-1000 reactors, Viet Nam must prepare to secure 

adequate follow up at home with a major training effort at national scale. 

  The information that Rosatom and Vinatom are jointly setting up a Centre for 

Nuclear Energy Science & Technology (CNEST), which will become the main 

coordinating body for nuclear research and development in Vietnam, is excellent news in 

this respect. It means a long awaited phase transition in the attention given by the country 

to the training of scientists, engineers and technicians in nuclear science and technology. 

 

 

 

 



3.2 Radionuclides and particle accelerators 

 
Radioactive sources and particle accelerators are used in a growing number of sectors of 

human activity. Viet Nam is no exception. 

Radionuclides are used as non-destructive probes and as tracers: in medicine, to 

diagnose diseases and follow evolution of treatment, in archaeology for dating 

(comparison with natural radioactivity), in geology to locate and evaluate underground 

flow patterns, to measure friction wear, etc. They are used in radiography : in medicine, 

for imaging (PET), in agriculture for soil moisture gauges, in industry and mining, to 

check welds and to spot cracks, to measure thicknesses, densities, etc. of various 

materials (smoke detectors). They are used as sources of radiation: in medicine, to kill 

tumors and to sterilize tissues for grafting and transplants, in food industry to sterilize 

food, in agriculture to induce mutations in plant cells and to sterilize male insects, in 

medicine and industry to sterilize instruments and other devices, to identify elements by 

inducing characteristic gamma ray emission (cement, mineral and coal industry). 

Particle accelerators serve essentially the same purposes as radionuclides but 

reach much higher intensities and energies. Of particular importance are synchrotron light 

sources, to reveal (crystallography) or modify (hardening) the structure of materials 

(metals, proteins, etc.), electron beams for machining, welding, surface treatment, etc., 

cyclotrons for the production of radionuclides, ion beams for cancer therapy, material 

analyses and implantation in semi-conductors for electronics industry. 

The needs for training that such ubiquitous use implies are enormous. In spite of 

major efforts deployed in several sectors, Viet Nam is still behind in comparison with 

what would be necessary for an effective and safe exploitation of nuclear radiation. The 

case of nuclear medicine, with high intensity sources and particle accelerators in use in 

several Vietnamese hospitals is a good illustration. In a recent report (Kathmandu, 

November 2013), Pr MD Mai Trong Khoa describes the current state of Vietnamese 

nuclear medicine, its notable achievements, but also the insufficient qualification of 

physicists and engineers and the lack of an adequate training programme. Recent 

experience with the 30 MeV proton cyclotron at Hospital 108 in Ha Noi is another 

illustration of the need for an important training effort for the safe and effective 

exploitation of particle accelerators in the country.   

 

 4. A plea for a major training effort 

 
It is urgent for Viet Nam to catch up with what is needed for the country to 

develop and progress in terms of training scientists, engineers and technicians in nuclear 

science and technology. Top priorities must be given to training them for a responsible 

and sustainable management of the nuclear power plant programme − construction, 

operation, maintenance and exploitation − and a responsible and sustainable management 

of nuclear applications to medicine and industry, including particle accelerators. We 

should never forget that we need to invest in brains before investing in equipment.  

Particular attention must be given to matters of safety, a domain in which a 

change of culture is necessary. The safe operation of nuclear power plants requires a very 

strict and rigorous adherence to basic safety rules, so does the handling and control of 

radionuclides, the prevention of orphan sources, so does also the safe utilization of 



particle accelerators. To implement such a change of culture, a major training effort is 

necessary. 

Topics to be covered include: basic nuclear and atomic physics; biological effects 

of radiation and radiation protection; basic neutronics, thermalization and transport; 

reactor concepts and design, moderators, fuel cycle, criticality, different types of reactors, 

introduction to Generation IV and breeders; uranium ore, mining, separation, enrichment, 

front end of the fuel cycle; storage of spent fuel, storage and treatment of wastes, 

decommissioning; nuclear safety, individual and environmental protection, education of 

the public, regulations; radionuclides, applications to medicine and industry, dangers of 

dissemination, safety and control; particle accelerators, basic acceleration methods and 

technology, use in medicine and industry; nuclear weapons, non-proliferation, nuclear 

security; the nuclear world, IAEA, Greens, Asian context. 

Universities lack the teaching workforce having the required competence in many 

of the issues to be addressed. A national centralized training effort is therefore mandatory, 

bringing together existing skills from both inside and outside the country. The 

competence and experience acquired with over thirty years of successful operation of the 

Da Lat reactor must be made optimal use of. Full support must be given to the CNEST 

initiative, including the Dong Nai Research Centre in the South and the Institute of 

Nuclear Technology connected with Hanoi University of Science & Technology in the 

North, in order to make sure that implementation proceeds without delay.  

In this context, the project to build a new 15 MW research reactor for operation from 

October 2018 is welcome.  

At the same time, progress must be encouraged at all levels by supporting 

exchanges of experts, seminars and workshops, internships and scholarships for attending 

courses, both in Viet Nam and abroad. 

Nuclear science and technology must be made attractive to the best students in the 

country, not only by offering proper material conditions but also by giving the positive 

image of a major project for the future of the nation, sustainable, well supported and well 

planned.  

Administrative barriers between institutions, ministries, etc… must be removed in 

order to foster common training initiatives. 

Finally, on the sole basis of excellence, support must also be given to teams active 

in fundamental nuclear physics research, in particular in the domains of radioactive ion 

beams and nuclear astrophysics. 

While all above comments are shared by many and are mostly common sense, the 

fact that I express them with strength and conviction does not mean that they are right. I 

take the full blame, and apologize, for what might be wrong. 


