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SELF-ASSESSMENT REPORT  
AND INSTITUTIONAL DEVELOPMENT PLAN 

 
 
2. Self-assessment report for the previous 4 years  
 
2.1. Administrative structure diagram of the institution  
The diagram will include the management structure, the scientific council, the various 
departments, research labs or groups, as well as the technical or auxiliary support structures.  
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2.2. General activity report of the institution  
 
The largest R&D institute in Romania – in terms of assets and personnel, 'Horia Hulubei' National 
Institute of Physics and Nuclear Engineering (IFIN-HH) covers almost 10% of the national scientific 
output.  The institute addresses a comprehensive spectrum of research and development activities in 
fundamental and applied Nuclear Physics and in related areas including Astrophysics, Particle 
Physics, Atomic Physics, Life and Environmental Physics, Theoretical Physics, Nuclear Techniques, 
and Advanced Communication Systems. Featuring a variety of facilities of national interest, including 
a Tandem Van de Graff accelerator, a Cyclotron, a Multipurpose Irradiation Facility Center, a 
Radioactive Waste Processing Plant, National Radioactive Waste Repository, the institute is an 
important part of the Romanian research infrastructure. IFIN-HH consists of 12 departments 
(http://www.nipne.ro/research/departments/) and 15 certified laboratories within these departments 
(http://www.nipne.ro/facilities/laboratories/). 
 
While focusing its mission on advanced investigations in atomic and sub-atomic Physics, IFIN-
HH was also committed to widening the positive impact of  the Nuclear   on industry, other 
business areas, as well as on the society at large, via a diversified offer of unique professional 
services. Various applications of nuclear physics and technology enable the institute to not only 
to play an active role as promoter of domestic progress and modernity, but also to bring a 
significant contribution to the public acceptance of the Nuclear.  
 
To turn its strength to the best account, the institute has concentrated its resources on two 
directions: (i) to steadily develop a sound in-house capability to get and stay in the forefront of 
the current nuclear science and technology; and (ii) to substantively participate in the European 
collaborative endeavors centered on Large Scale Facilities such as GSI-Darmstadt (Germany), 
GANIL-Caen (France), CERN (Geneva), JINR (Dubna). This was and is still believed to be a 
common-sense and mitigative strategy meant to harmonize limited domestic resources with the 
tall orders of the contemporary, top-level nuclear physics research, and the imperative need for 
Continental co-operation and integration. Along these lines, IFIN has successfully participated 
over the past 4 years in more than 200 national projects and in more than 20 international projects 
of the European Commission's Framework Programmes 6 and 7.  
 
It is worth mentioning that during 2010, notwithstanding the international economic crisis, 
Romania, through IFIN-HH, succeeded to fulfill three most outstanding research projects: joining 
as founding members the FAIR and ELI pan-european projects and becoming a candidate for 
acception as CERN member-country. 
 
There are several major achievements in the last four years: 

- Excellent research at international level (over 300 articles per year in international 
journals) 

- increasing the share of applied research and turning the results to good account via 
certified services (15 new laboratories, RHODOS, Kit for emergency planning and 
decision making, etc) 

- starting the decommisioning process of the nuclear research reactor and forming a 
competent team in the field. 

- efficient, substantial participation in the major nuclear and subnuclear physics projects 
going on at Europe’s main experimental facilities, both under EU Framework Programs 
and other international collaborations 

- attaining symmetric mobility and reciprocity in academic exchanges with other countries 
- improving the status of the IFIN-HH facilities of national relevance and integrating them 

in the emerging structure of Small-Scale European Facilities 

http://www.nipne.ro/research/departments/�
http://www.nipne.ro/facilities/laboratories/�
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- improving the contribution at the activities of the European academic structures 
(NuPECC, APECC, EPS, IUPAP) 

- ellaborating the Strategy of the institute (2007) and the Strategy of Nuclear Physics in 
Romania (2011) 

 
The investements in the last four years can be grouped in four categories: 

- Renewing the general infrastructure (utilities, buildings)  
- substantially improving the research infrastructure including 15 new certified laboratories 

for nuclear activities, the Tandem van de Graaff accelerator, Radioactive Waste 
Processing Plant and National Repository  

- New laboratories dedicated to collaborations with FAIR (NUSTAR and CBM) and to 
radiological environmental studies 

- New accelerators dedicated to applications of nuclear techniques (1 MV Tandetron 
dedicated to Accelerator Mass Spectrometry, 3 MV Tandetron dedicated to Ion Beam 
Analysis and 19 MeV Cyclotron dedicated to radiopharmaceutical studies). 

 
Securing a solid and competitive pool of research staff has been the main objective followed by 
the management of the institute during the whole period of time. In this respect, the operative 
Human Resources Policy and Recruitment activities have been built on two major components: 

1. Constantly employing of college graduates on research assistants positions and 
encouraging them, even from the beginning, to follow the PhD programmes. The graduates have 
been offered concrete and unique possibilities by the institute, such as: entering into PhD 
programmes under the direct coordination of the senior scientists working in the institute and 
being members of research teams conducting research projects including the PhD thesis thematic; 
participating at national and international collaboration and being part of inter/ multidisciplinary 
teams of scientific research, benefiting from the scientific expertise, knowledge and infrastructure 
of the institute; social and financial support (such as housing facilities, scholarships). The annual 
number of research assistants has been kept in the same range (80-100) through the whole period 
2007-2011 due to the fact that the ones obtaining the PhD thesis and promoting in the positions of 
junior researchers were constantly being replaced by at least the same number of graduates.  

2. Organizing several recruitment competitions per year for junior and senior researchers as a 
method through which two important accomplishments are being achieved: promoting the 
existing staff to higher research positions and attracting research staff from abroad, mainly 
Romanian researchers who have completed specific training programmes in various fields of 
research related to the research directions of the institute. During 2007-2011, a number of 21 
competitions for experienced research staff have been organized and successfully finalized (10 
for junior researchers, eight for senior researchers, seven for junior engineers of technological 
development and six for senior engineers. In this context, a number of 116 positions of junior and 
senior researchers have been occupied during 2007-2011 as a result of the competitions, 
including both the promotion of the existing research staff and the employment of new 
researchers from abroad, the latter consisting mainly of Romanian researchers returning to 
Romania after the completion of various forms of specific training (such as doctoral and 
postdoctoral fellowships) or after finalizing their work in different fields of scientific expertise. 

An important component which has been developed during this time is the one related to the 
new type of positions introduced by the relatively recent law regulating the statutes of the 
research personnel: technological development Engineers and Technicians. Due to the lack of an 
appropriate law in establishing specific requirements and skills for these positions, special efforts 
have been allocated to elaborate a set of regulations comprising selection and evaluation criteria 
in hiring and promoting these types of personnel. Starting with the existing practices and needs 
and taking advantage of having inside the institute a recognized and experienced Training Center, 
the competition rules for hiring and promoting both types of personnel have been already 
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demonstrated its efficiency in practice (13 finalized competitions for engineering staff and 10 
ongoing competitions for technicians). 

Another important accomplishment in the field of attracting and recruitment scientific staff is 
the one related to the return of junior researchers of the institute after the completion of specific 
trainings abroad lasting at least one year, as a result of the attractiveness of the research 
environment established in IFIN-HH due to the improvement of the research infrastructure 
(equipments, facilities, offices etc.) and also to the competitive remuneration established in 
accordance with the involvement in R&D projects. 
 
The technology transfer activity was carried out both independently and together with other 
related tasks such as dissemination of information, PR and through the library department). The 
Center of Technology Transfer and Marketing was established since mid-2011. 
 
- Assistance for technology transfer and marketing 

Market research studies;  
Promoting certain products or services belonging to the Institute; 
Counseling about the advertising of such products or services; 
Access to means of promotion and advertising such as trade fairs, exhibitions, etc. 

 
- Activities for promoting the image of the Institute: 

Developing promotional materials (brochure of the Institute, leaflets, posters, data sheets 
and video presentations for products and services based on discussions held with 
researchers); 

Updating the web page with information on accredited laboratories and rendered services; 
 Achieving the necessary material presentation of the research Institute in the White 

Paper; 
Drawing up the database processed and structured by the designer and IT specialists in 

order to obtain attractive presentations. 
 
- Participation in fairs and exhibitions:  

Organizing  the IFIN-HH booth; 
Product training presentations, according to each specific exhibitions;  
Meetings and discussions with potential domestic and foreign clients, meetings with 

officials. 
 
Attended exhibitions:  
Internationally: Hannover Messe Industrial Fair International (2008, 2010, 2011), 

Germany, Research Fair in Paris (2008), France, Prentice Hall in Geneva (2011), 
Switzerland salon in Brussels (2011), Belgium. During these exhibitions, Romanian 
inventors of the Institute have received many awards and medals, as well as some high 
praise from the foreign officials.  

Domestic: Attending annual national shows such as “Research Fair”, 2007-2011; 
Participating to Bacau Research Salon 2011; Organizing CERN’s 2011exhibition in 
Bucharest. 

 
-  Preparing a set of procedures (undergoing) aimed at putting the base for an efficient technology 
transfer with rules and regulations for the products and services’ listing and potential users’ 
identification.  
 
IFIN-HH is regularly organizing scientific events of national and international level – 
conferences, workshops, seminars a.s.o. - covering the main research themes in its domains of 
expertise (http://www.nipne.ro/events/conferences/), highlighting its involvement in the major 

http://www.nipne.ro/events/conferences/�
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contemporary international collaborations and illustrating the wide spectrum of activities pursued 
in Nuclear Physics and related areas, from fundamental research to specific applications of 
societal interest. As examples we may quote the March 2011 ELI-NP Workshop “The Way 
Ahead”, with the participation of most of the outstanding personalities in laser- and nuclear 
physics, aand also in the same year, the July R2D2P, organized jointly with the International 
Atomic Energy Agency, Vienna, the meetings of the European Committee for Future 
Accelerators, organized jointly with CERN (July) and the Meeting on Tritium Accidents - 
EMRAS II - Approaches for Assessing Emergency Situations Working Group 7 (September). 
Also during September 2011, the CERN-JINR European School of High-Energy Physics was 
held at Cheile Gradistei and the CERN Exhibition was organized by IFIN-HH in Bucharest. 
 
It is worth mentioning that IFIN-HH is also hosting and fully supporting the activities of the 
National Physics Library and the editorial offices of the physics journals Romanian Reports in 
Physics and Romanian Journal of Physics (ISI Impact Factor 0,494 and 0,340, respectively), thus 
playing a major role as promotor of both scientific information for as well as of the achievements 
of the Romanian physics community as a whole.  
 
Committed to its role as science communicator, IFIN-HH hosted the live broadcasting of the 
LHC inauguration (October 2008) and was an important source of information (results and 
estimates on its site) during the 2011 Fukushima Earthquake and Nuclear Accident. Also since 
2010 it developed various communication activities related to the ELI-NP project, the Romanian 
participation to the CERN research program at LHC and to other major research infrastructures 
and collaborations (FAIR, SPIRAL2, JINR a.o.).  
 
During 2007-2011, IFIN-HH was an active presence in TV and Radio programs: TVR, ProTV 
and Antena 1, Realitatea TV and Radio Romania (Actualitati, Cultural, Bucuresti FM). 
 
At the initiative of IFIN-HH, three events (in 2007, 2008 and 2010) were organized at the 
Romanian Parliament under the title “FAPT - Physics, Business, Politics, Technology”, offering 
the possibility to meeting together of the most important  factors defining science research and 
applications in any country: members of the scientific, political, business and high technology 
communities. 
 
IFIN-HH has organized every year since 2009 a Science Fest  (usually in the frame of the 
European event “Researchers Night”), attended by thousands of visitors, thus offering the general 
public  the opportunity to watch and participate directly in live science experiments. It has also 
been the co-organizer (2008 and 2010) of two meetings with the Romanian scientific diaspora. In 
2011 IFIN-HH organized together with the Bucharest Central University Library the first 
presence in Romania of the CERN Exhibition. It hosted regularly documentary visits of faculty 
and school students. 
 
IFIN-HH has initiated and produced during 2007-2011 a wealth of promotional activities  - 
documentary films, brochures, posters, exhibitions -  presenting the activity and the most 
important results of its Departments as well the milestones of the more than 60 years of Physics 
history at Magurele. 
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2.3. Activity report by team  
 
2.3.1. E-1: Dynamics of Open Nuclear Systems Team  
Activity Report (2007-2011) 
 
2.3.1.1. Introduction 
 
 One of the most active fields of the modern nuclear physics is the investigation of exotic 
nuclear systems, like proton/neutron rich nuclei by using radioactive beams and fission, or 
superheavy elements through fusion, α-decay, proton or two-proton emission processes. An 
intense research activity of exotic nuclei is performed in many international laboratories 
(GANIL-Caen, GSI-Darmstadt, JINR-Dubna). Most of these nuclei are weakly bound systems of 
few nucleons, coupled to a relatively more stable core. Proton-neutron pairing interaction was 
also intensively investigated, but still the interplay between isovector and isoscalar pairing was 
nor clarified. Nuclear reactions were studied in the last decade. One of the most intriguing aspects 
is the connection between the nuclear dynamics and the statistical regime. Therefore, concepts as 
friction or thermalization were introduced in this field. In the low energy domain, where the 
velocity of the nucleons in the mean field are much greater than the velocities for the 
modifications of the generalized coordinates, the quantum statistic must intervene. Up to now, a 
clear response was not given to the modality in which the dissipation energy intervenes in a 
quantum assembly. The first step to be overcome is to write down of some time dependent 
equations for the intrinsic variables. To do that, the variational principle can be used or the 
Heinsenberg form of the equations of motion. 
 
2.3.1.2. Present status of experimental research, theoretical understanding 
 
 I. The α-particle, as the lightest shell structure, has enough large binding energy to 
“survive” as a correlated cluster in various nuclei [1]. Nuclear matter calculations revealed that α-
particles can exist only at densities below 10% of the nuclear equilibrium density. Thus, α-
particles can appear only at small densities in the nuclear surface region.   
 - Hindrance factors corresponding to α decay from two quasiparticle isomeric high K 
states were evaluated in superheavy nuclei [2]. We found that the hindrance factors are very 
sensitive to the deformations and, therefore, they may constitute a powerful tool to extract 
spectroscopic information in these nuclei. The hindrance factors turn out to be very large, 
specially for nonaligned configurations. This indicates that if one of such states is reached the 
parent nucleus may become isomeric.  
 - The analysis of experimental reduced widths evidenced a clear dependence upon the 
difference between the Coulomb barrier and Q-value. Such a relation was derived by supposing 
an α-cluster, described by a Gaussian on the nuclear surface [3]. We have shown that it is fulfilled 
by all emission processes (proton emission, alpha and cluster decay). 
 - In a recent paper [4] there were evidenced in 212Po exotic non-natural parity states:  4-, 
6-, 8-, connected to the usual natural parity states 4+, 6+, 8+ by strong E1 transitions. Moreover, 
the intra-band E2 transitions predicted by shell model calculations are by one order of magnitude 
lower than experimental values. Thus, an important α-cluster component should exist on the 
surface of  heavy nuclei and theoretical investigations are necessary.  
 - Proton-neutron (p-n) correlations above the Z=50 shell closure were investigated with 
the aim of understanding the behavior of the 2+ and 4+ states in Te and Xe isotopes, which remain 
at a rather constant energy as one approaches the shell closure at N=50 [5]. Our calculations 
reveal that standard QRPA calculations, involving quadrupole-quadrupole (QQ) interaction with 
constant strengths, cannot explain this feature. It turns out that an increased p-n QQ interaction 
increases the collectivity (i.e., B(E2) values) when approaching the N=50 region, whereas an 
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increased p-n pairing interaction decreases the collectivity. Thus the ratio between the B(E2) 
value and 2+ energy is a “fingerprint” of p-n collectivity and it should be determined in future 
experiments concerning light Te isotopes. Based on this criterion, we concluded that the available 
experimental data indicate an enhanced p-n pairing interaction by approaching doubly magic 
Z=N=20 and Z=N=28 regions. 
 II. In principle, the time dependent Hartree-Fock approximation treats the residual 
interactions exactly only if the mean field is allowed to break all symmetries. Such approximation 
leads to huge computational difficulties. To solve this problem, in general, two dynamical 
approaches are used. On one hand, the generator coordinate method assumes that the internal 
structure of the evolving systems is equilibrated at each step of the collective motion. Some 
attempts were realized to extend the time dependent Hartree-Fock method to include collision 
terms. These approximations were developed and lead to the extended mean field and to the 
stochastic time dependent Hartree-Fock equations.  In this context, we can mention results: 
 - The fine structure in the fission cross section was explained with dynamical single 
particle effects, without appealing to the triple humped barrier. An excellent agreement with 
experimental data was obtained in the Th region [6]. 
 - The time dependent pairing equations were generalized by including the Landau-Zener 
effect. A new time dependent system of coupled channel equations for mixing seniority one 
configurations was deduced. It is demonstrated that The Landau-Zener equation for systems 
without residual equations and the time dependent pairing equations (generically named also time 
dependent Hartree Fock Bogoliubov equations) are two particular cases of the new system. The 
formalism is valid for anty kind of mean field approximation that includes a monopole pairing 
field. The new equations give the possibility that the system reaches the ground state after the 
disintegration for seniority one nuclear systems [7].  
 - Realization of the superasymmetric versions of the two-center shell model based on 
modified oscillators and Woods –Saxon potentials. The first version of the two center model was 
made by developing the Nilsson model. It was proved able to treat extreme mass asymmetries 
compatible to cluster decay as superasymmetric fission [8,9,10] 
 - A new dynamical pair breaking effect that explains the odd-even effect in cold fission 
was evidenced. This new effect take into account the rearrangement of the nuclear levels during 
the large amplitude deformation of the nucleus. The interaction in the avoided crossing regions 
produces the pair breaking, as in the case of the level slippage phenomenon [11]. 
 
2.3.1.1 D.S. Delion, Theory of particle and cluster emission, Springer-Verlag, Berlin (2010). 
2.3.1.2 D.S. Delion, R.J. Liotta, R. Wyss, Physical Review C 76, 044301 (2007). 
2.3.1.3 D.S. Delion, Physical Review C 80, 024310 (2009). 
2.3.1.4 A. Astier, P. Petkov, M.-G. Porquet, D.S. Delion, P.Schuck, Phys. Rev. Lett. 104, 042701 
(2010) 
2.3.1.5 D.S. Delion, R. Wyss, R.J. Liotta, Bo Cederwall, A. Johnson, and M. Sandelius,  Physical 
Review C 82, 024307/1-8 (2010). 
2.3.1.6 M. Mirea, et al., Physical Review C 76, 064608 (2007) 
2.3.1.7 M. Mirea, Physical Review C 78,  044618 (2008) 
2.3.1.8 M. Mirea, D. S. Delion and A. Sandulescu, EPL 85, 12001 (2009) 
2.3.1.9 M. Mirea, D.S. Delion and A. Sandulescu, Physical Review C 81, 044317 (2010) 
2.3.1.10 M. Mirea, A. Sandulescu, and D.S. Delion, Nuclear Physics A 870-871, 23 (2011) 
2.3.1.11 M. Mirea, Physics Letters B  680, 316 (2009) 
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2.3.2. E-2: apoma Laboratory of Condensed Matter and Theoretical Physics  
Activity Report (2007-2011) 
 
2.3.2.1. Presentation 
 
 Team #2 DTP-IPNE (Department of Theoretical Physics-Institute for Physics and Nuclear 
Engineering) consists at present  of  two retired 1st class researchers (N. Angelescu, M. Bundaru), 
one 1st class part-time researcher (F. Buzatu, age 54, 2 hours per day), one 3rd class researcher (L. 
Cune, age 40) and the team leader M. Apostol (MA, 1st class researcher, age 62). The main 
activity lies in Theoretical Physics, Condensed Matter Physics and Multidisciplinary Physics, 
together with collaborators from other Institutes of Research at Magurele-Bucahrest  (E. 
Preoteasa, G. Vaman – IPNE, M. Ganciu – Institute of  Materials, M. Nedelcu – retired, O. 
Dobrescu – University of Bucharest, etc). The activity of team #2  can be found at 
http://www.theory.nipne.ro/CMP/  and http://www.theory.nipne.ro/~apoma/ 
 
2.3.2.2. Quantitative activity 
 
 During 2007-2011 MA has published 19 papers in international ISI (Institute for 
Scientific Information, Thomson-Reuters) journals and 10 papers in Romanian journals, a few of 
them with his collaborators (see above). MA has also published cca 40 papers in his own  J. 
Theor. Phys. (“non-accredited”, free at  http://www.theory.nipne.ro/CMP/jtp.html), a few with 
the same collaborators, and 11 books in his own (“non-accredited”) publishing house apoma 
(http://www.theory.nipne.ro/CMP/books.html). During 2007-2011 MA has given 8 talks at the 
General Seminar of the IPNE and Institute for Atomic Physics at Magurele-Bucharest.  In line 
with his capacity of Professor of Theoretical Physics, MA continues to hold, for those interested, 
a General Seminar (since 1985) and a Special Seminar (since 1994) within the (“non-accredited”) 
apoma Laboratory of Condensed Matter and Theoretical Physics at Magurele-Bucharest.  
L. Cune is the author of an original, published theory of matter aggregation, accounting for the 
formation of nanostructures and large supra-molecular aggregates. This is the only consistent 
theory for nanostructures, being a great achievement of the Condensed Matter theory. F. Buzatu 
is co-author (with international co-authors) of a theoretical description of phase transitions in 
latticial liquids. N. Angelescu and M. Bundaru deal with specific problems in Mathematical 
Physics (usually with international co-authors). These members of the team add another 5 
publications in  international ISI journals during 2007-2011. The collaboration within the team 
proceeds by discussions, seminars, cross-checking of the results, etc.  
 
2.3.2.3. Qualitative activity 
 
 The main achievements of team #2 DTP-IPNE (MA): 
1 explanation of the van der Waals isotherms, a famous subject of classical physics (2.3.2.2) 
2 quantum transitions in non-inertial motion, explanation of the impossibility of 
 quantizing the gravitation (not the gravitational waves) (2.3.2.4,5) 
3 explanation and derivation of the correct quanta of conductance (2.3.2.6) 
4 the new concept of densitons in liquids, explaining spectroscopic anomalies in light 
 scattering (2.3.2.14,16) 
5 a new concept of pulsed thermoelectricity, with great potential practical applications 
 (2.3.2.11,24) 
6 a new phase transition in polarizable matter, due to quantum phases, explaining formation 
 of new entities called coherence domains (to be seen, 2.3.2.15)) 
7 a new method in classical electromagnetism, by which the polariton dynamics has 
 been explained (reflection, refraction, surface plasmons and plasmon-polaritons,  light 

http://www.theory.nipne.ro/CMP/�
http://www.theory.nipne.ro/~apoma/�
http://www.theory.nipne.ro/CMP/jtp.html�
http://www.theory.nipne.ro/CMP/books.html�
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 scattering on small particles, nano-plasmonics), as well as the molecular forces (van der 
 Waals-London-Casimir) (2.3.18-2.3.23, 2.3.2.24,26) 
8 the new concept of pulsed polariton in electron acceleration by high-intensity laser 
 beams; the impossibility of nuclear gamma laser; X-  and gamma coherent rays from 
Compton backscatering by the pulsed polariton; explanation and description of electron-positron 
pairs created from vacuum (the later being a famous, unsolved until now, subject in Quantum 
Electrodynamics) (2.3.2.27-20).  
 The last four points under #8 have been done in connection with the envisaged Extreme 
Light Infrastructure project of research to be developed at Magurele-Bucharest. One of these 
achievements has been highlighted by the Editors of the J. Appl. Phys. (http://jap.aip.org/, 
highlights  January 2011). 
 
2.3.2.4. Dynamics of research and research subjects, evolution of resources   
 
 Some of the research subjects approached by the team are 'hot” subjects, of great, current 
interest, amenable to the methods of the Theoretical Physics. However, the main thrust is 
directed, especially by MA, toward more basic subjects, of a larger breath and relevance. Very 
likely, the activity will diminish in quantitative terms in the next years, by natural causes. During 
2007-2011 the team has not have any funded research project. MA failed recently to get by 
competition a research project, since the international referees of the  funding body of the 
Romanian Government  found MA's scientific activity not very visible internationally. In the 
vision of these referees, endorsed by the Romanian Government, the international visibility 
consists in the presence of foreign co-authors on publications. The human resources will get more 
scarce in the next future, not in the least because of the, comparatively, high professional 
standards imposed by the team leader, standards which the Romanian research authorities 
disavow. A young member-to-be of the team, with an American doctorate, has been removed 
recently from the institute, being jobless now, due to lack of activity. Similarly, a young research 
assistant, member-to-be of the team, has also been removed recently from the institute. The team 
has no notable international collaboration, due, mainly, to the team leader who preferred to try 
and develop his own important research subjects.  
 
2.3.2.5. Others 
 
MA is the recipient of the Institute Annual Award for Achievement (2008) and the Institute for 
Atomic Physics' Honor Award and Medal (2009). 
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2.3.2.27 Coherent polarization driven by external electromagnetic fields, M Apostol and M 
Ganciu, Phys. Lett. A374 4848 (2010) 
2.3.2.28 Polaritonic pulse and coherent X- and gamma rays from Compton (Thomson) 
backscattering, M Apostol and M Ganciu, J. Appl. Phys. 109 013307 (2011) 
2.3.2.20 Dynamics of electron-positron pairs in a vacuum polarized by an external, radiation 
field, M Apostol, J. Mod. Optics. 57 611 (2011) 
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2.3.3. E-3: Nonlinear dynamical systems, integrability and applications 
Activity Report (2007-2011) 
 
 
2.3.3.1. Introduction 

The research in our team is foscused on  nonlinear mathematical physics and applications. We are 
interested in the followingt main topics: 

1. THEORY: 

 a) discrete and ultradiscrete nonlinear dynamical systems, singularity analysis  using               
methods from algebraic geometry. 

  b) symmetries and integrability of continuous dynamical systems on curved spaces; methods 
from differential geometry and group theory . 

  c) study of homotopy algebras and applications to M-theory using theory of categories and 
algebraic geometry. 

2. APPLICATIONS: 

  a) nonlinear dynamics of gene regulatory networks, cancer dynamics and virus dynamics. 

  b) deterministic and stochastic soliton dynamics in various models of fluids, plasmas and 
lattices.    

 
2.3.3.2. The main theoretical results of the team 
 
The main results obtained so far in the theoretical topics can be summarised as follows: 
 
a) Deautonomisation  and integrability of some nonlinear discrete systems (non-QRT type) using 
singularity confinement. We have got very important results about these type of systems and 
specially those obtained by reduction of nonlinear integrable partial discrete equations. [A1] 
Then we obtained a simple from of the elliptic Painleve equation. This is the master equation of 
all discrete integrable systems and special functions.[A3] 
Again in the topic of delay  equations we were able to give the bilinear formulation of all the 
delay painleve equations known to date. This will allow construction of special solutions using 
determinants and we hope that this results will open a completely new topic of special functions 
described by delay equations (combining derivatives and finite shifts) [A7] 
Another results is about classification of integrable mappings on rational elliptic surfaces . We 
have  given a classification of two dimensional integrable mappings by studying the 
corresponding rational elliptic surfaces obtained by blowing-ups. The  action of the mapping on 
the singular fibers of elliptic surfaces is extremely important. This classification  provides a 
method to compute the invariants from the singularity structure of the two dimensional mapping 
obeying the singularity confinement criterion.  

b) Here the main results are related to the algebraic structure of symmetries on various curved 
spaces. The role of Killing and Killing Yano tensors is crucial and it provides not only connection 
with Lax formalism (on which relies the whole theory of integrability) but also with presence of 
fermions on curved background. The main contributions are in [A14].  
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c)  On this direction the first result describes extended gradings of open topological field theories 
in two dimensions in terms of skew categories, proving a result which alows one to translate 
between the formalism of graded open 2d TFTs and equivariant cyclic categories. As an 
application of this formalism,  it is described the open 2d TFT of graded D-branes in Landau-
Ginzburg models in terms of an equivariant cyclic structure on the triangulated category of 
'graded matrix factorizations' introduced by Orlov. This leads to a specific conjecture for the 
Serre functor on the latter, which generalizes results known from the minimal and Calabi-Yau 
cases. It is also given a description of the open 2d TFT of such models which manifestly displays 
full grading induced by the vector-axial R-symmetry group.[A10] 

Also it is studied extended Berezin and Berezin-Toeplitz quantization for compact Kahler 
manifolds, two related quantization procedures which provide a general framework for 
approaching the construction of fuzzy compact Kahler geometries. Using this framework, we 
showed that a particular version of generalized Berezin quantization, which we baptize "Berezin-
Bergman quantization", reproduces recent proposals for the construction of fuzzy Kahler spaces. 
We also discussed how fuzzy laplacians can be defined in our general framework and study a few 
explicit examples. Finally, we used this approach to propose a general explicit definition of fuzzy 
scalar field theory on compact Kahler manifolds [A11] 

2.3.3.3. The main results on the applications 
 

The protein production for a gene regulatory network model with activation-repression 
links (cascade) is analysed In these networks this production depends on how proteins induce or 
repress the genes. Experiments show that networks of inducers or repressors exhibit bistability or 
oscillatory behaviour of protein production Here we report a completely novel aspect, namely for 
different promoter activity functions. protein production initially localised on a certain number of 
genes can propagate to the others in a "solitonic" way. In particular, the chemical rate equation 
for the cascade can be solved exactly and in the case of big number of operator sites the 
proteomic signal along the gene network is given by a superposition of perturbed dark solitons of 
defocusing semidiscrete modified Korteweg de Vries equation [C1,A2] 

Another results is about modular network cascade with general activation/repression 
coupling. It is shown that in certain conditions (the Hill coefficient is unity) it is equivalent to a 
cascade made of the same type of gene, and moreover the dynamics is linearisable. The protein 
production is shown to be a travelling kink wave on the cascade showing a successive gene 
expression along it. Also a cellular automaton description for both open and closed (plasmid) 
cascades is provided. [A6] 

The next result is related to a simple model for a vascularized non-necrotic tumor  
combining the ideas presented by Byrne and Chaplain several years ago. The steady state solution 
is found in the case of spherical symmetry and in the presence of an inhibitor. For an inhibitor 
free model the linear stability of the steady state is discussed and a general formula for the 
increment of the I-harmonic is obtained 

The last important result is related to modulational instability (MI) in the class of NLS 
equations using a statistical approach (SAMI). A kinetic equation for the two-point correlation 
function is studied in a linear approximation, and an integral stability equation is found. The 
modulational instability is associated with a positive imaginary part of the frequency. The integral 
equation is solved for different types of initial distributions (delta-function, Lorentzian) and the 
results are compared with those obtained using a deterministic approach (DAMI). The differences 
between MI of the normal NLS equation and derivative NLS equations is emphasized. 
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Next Directions: 
 

1. Algebraic geometric description of discrete Nahm equations (this will open a new 
direction on the algebraic geometry of integrable systems 

2. Delay equations, isomonodromic deformations. 
3. Ultradiscrete solitons and singularity analysis using tropical elliptic curves 
4. Categorial approach to isomonodromic deformations. We intend to generalize the results 

of Joyce and Bridgeland related to stability conditions on abelian categories.   
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2.3.4. E-4: Binary Nuclear Systems. Synthesis and Decay)  
Activity Report (2007-2011) 
 
 
2.3.4.1. Decay modes of superheavy nuclei 
 
            Calculations of half-lives of superheavy nuclei (SH) show [5.1] an unexpected result: for 
some of them heavy particle radioactivity (HPR) dominates over alpha decay --- the main decay 
mode of the majority of recently discovered SHs.  The result is important for theory [5.2] and 
future experiments producing heavier SHs with a substantial amount of funding.  The standard 
identification technique by alpha decay chains will be impossible for these cases.  HPR [5.3] had 
been predicted in 1980 (see http://www.britannica.com/EBchecked/topic/465998/ ).  All 
measured half-lives on 14C, 20O, 23F, 22,24-26Ne, 28,30Mg, 32,34Si radioactivities are in agreement 
with predicted values within our analytical superasymmetric fission model.  Recently we changed 
the concept of HPR to allow emitted particles with atomic numbers Ze > 28 from parents with Z > 
110 and daughter around 208Pb.  Calculations for superheavy (SH) nuclei with Z=104-124 are 
showing a trend toward shorter half-lives and larger branching ratio relative to alpha decay for 
heavier SHs.  New type of universal curve was developed [5.4] allowing to plot on the same line 
all kinds of HPR and alpha decay.  
 
 
2.3.4.2. Two center and three center shell models 
 
              A formula describing the proton density dependence on macroscopic deformation energy 
for different fusion like shape configurations was derived.  A smooth necking region between 
fission fragments was obtained [5.5] by rolling a sphere around the symmetry axis of the nuclear 
shape formed by two intersected spheroids.  Also a microscopic potential was derived [5.6] in 
correlation with the necking region within the fission -like shape on the basis of potential theory.  
The whole microscopic potential is of the two-center type, yielding the evolution of proton and 
neutron level schemes from one parent to two completely separated fragment nuclei.  Original 
aspects were elaborated by using potential theory and differential geometry leading to the 
adopted neck potential.  Also a new concept is introduced by defining matching potential surfaces 
as regions of continuity in the multidimensional space of deformation.  It was employed to study 
fusion channels producing SH nuclei.  True ternary fission of superheavy nuclei was studied by 
developing a three-center shell model [5.7].  The three-center shell model is used to compute the 
transition toward three equal fragment partition.  The levels are used to compute the shell 
corrections with the Strutinsky method.  The liquid drop part is calculated using the Yukawa-
plus-exponential model.  The total deformation energy is then minimized over a 
multidimensional space of deformation.  The dynamics is completed with the Werner–Wheeler 
tensor of inertia calculation, and cluster emission paths for binary and ternary splitting are 
obtained for Z=120 isotopes. 
 
2.3.4.3. Atomic clusters deposited on a surface  and fission of metallic clusters 
 
            The main idea of the program performed in cooperation with the Theoretical 
MesoBioNano Science Group at Frankfurt Institute for Advanced Studies, was to advance 
significantly the understanding of mechanisms of growth of atomic clusters deposited on planar 
surfaces, potentially applicable in nanotechnology, microelectronics or medicine.  The electronic 
shell structure in monovalent free-electron metal clusters has shown a strong analogy with the 
single-particle states of atomic nuclei.  The delocalized electrons of a metallic cluster may be 

http://www.britannica.com/EBchecked/topic/465998/�
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considered to form a Fermi liquid like the atomic nucleus.  Consequently several theories and 
computation techniques from nuclear physics could be adapted to atomic clusters.   
             By using scanning probe microscopy it is possible to observe the shapes of deposited 
clusters.  The final shape of some of them may be approximated by a hemispheroid, giving us a 
motivation to develop a suitable shell model. The simplest shape we considered first was the 
hemispheroid, for which we calculated the deformation-dependent surface and curvature liquid 
drop model (LDM) energies [5.8].  We also studied the short and long spheroidal cap shapes.  A 
new single-particle shell model of a three-dimensional harmonic oscillator with equipotential 
surfaces of the same shape was developed [5.9]. The energy levels of this model have been used 
as input data for shell and pairing corrections [5.10].  We have derived analytical relationships for 
the surface and curvature energies of oblate and prolate hemispheroidal atomic clusters and for 
the energy levels of the first version of the shell model as well.  In the next steps we simulated 
better the experiments by considering more complex shapes, a term proportional to the square of 
angular momentum in the Hamiltonian, a variable surface tension, etc. 
            We obtained very interesting results concerning the stability of atomic cluster shapes 
deposited on a surface both in the liquid-drop model and after including the shell corrections.  
The single-particle shell model we developed is an original contribution to the quantum 
mechanics of new kinds of potential wells.   
            The neutron reach 264Fm is an ideal cold fissioning nucleus leading to two identical 
doubly magic fragments 132Sn.  It poses a unique property having a deep minimum of shell 
correction energy at the same mass asymmetry h=0 with the minimum of the LDM deformation 
energy.  On the other side, it was experimentally proven that the most important yield in fission 
of charged metallic atomic clusters is usually obtained when the light fragment is a singly 
charged trimer (the analog of an alpha particle with magic number of delocalized electrons ne=2).  
Our calculations for the fission of Ag2+

12, as well as for fission of various Cs clusters are showing 
that in this case both the shell corrections and the LDM deformation energy have minima at the 
same mass asymmetry which corresponds to the trimer emission.  Charged metallic clusters are 
ideal emitters of singly ionized trimers because both LDM and shell correction are reaching a 
minimum for the same mass asymmetry corresponding to the emission of a charged particle with 
two delocalized electrons. Calculations of Q2-values for Cs, Na, Au, and Cu atomic clusters 
multiply ionized (z=2, 4, 6, 8, 10) and spheroidally deformed prove that large dissociation energy 
is obtained for metallic clusters with high surface tension and low Wigner-Seitz radius (transition 
metals) [5.11]. 
            The multidisciplinar character of our research comes both from the theoretical method 
which was previously used in nuclear physics, and from the possible applications in chemistry, 
nanotechnology, microelectronics, biophysics or medicine. 
 
2.3.4.5. No-core shell model calculations and duble-beta decay mode 
 
            The first no-core shell model results for 48Ca, 48Sc and 48Ti with derived and modified 
two-body Hamiltonians have been reported [5.12].  An oscillator basis with a limited range and a 
limited model space was used.  It was found that the charge dependence of the bulk binding 
energy of eight A = 48 nuclei is reasonably well described with an effective Hamiltonian derived 
from the CD–Bonn interaction while there is an overall underbinding by about 0.4 MeV/nucleon.  
However, the resulting spectra exhibit deficiencies that are anticipated due to (1) basis space 
limitations and/or the absence of effective many-body interactions and (2) the absence of genuine 
three-nucleon interactions.  Then an additive isospin-dependent central terms plus a tensor force 
was used to the Hamiltonian to achieve accurate binding energies and reasonable spectra for all 
three nuclei.  The resulting no-core shell model opens a path for applications to the double-beta  
decay process [5.13,5.14].   
            In a next step the no-core shell model was applied to the nuclear structure of odd-mass 
nuclei straddling 48Ca [5.15].  Starting with the NN interaction, that fits two-body scattering and 
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bound state data, the nuclear properties of A = 47 and A = 49 nuclei were evaluated while 
preserving all the underlying symmetries.  Due to model space limitations and the absence of 
three-body interactions, phenomenological interaction terms were incorporated determined by fits 
to A = 48 nuclei.  The modified Hamiltonian produces reasonable spectra for these odd-mass 
nuclei.  In addition to the differences in single-particle basis states, the absence of a single-
particle Hamiltonian in our no-core approach complicates comparisons with valence effective NN 
interactions.  Purely off-diagonal two-body matrix elements were considered since they are not 
affected by ambiguities in the different roles for one-body potentials and we compare selected 
sets of fp-shell matrix elements of initial and modified Hamiltonians in the harmonic oscillator 
basis with those of a recent model fp-shell interaction, the GXPF1 interaction of Honma et al.  
While some significant differences emerge from these comparisons, there is an overall reasonably 
good correlation between the off-diagonal matrix elements and those of GXPF1. 
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2.3.5. E-5: [Nuclear Structure, double beta decay and atomic clusters]  
Activity Report (2007-2011) 
 
2.3.5.1 Introduction 

Nuclear structure development is reflected in the large number of  proposed formalisms 
and the huge amount of accumulated data.  In our group many interesting results concerning the 
collective properties in  nuclei have been obtained over the last four years. The coherent state 
model proposed by the group leader in the beginning of 80’s, has been substantially improved by 
adding the octupole degrees of freedom.  The resulting formalism was further improved in order 
to describe the positive and negative parity bands in even-odd nuclei. We looked for signatures of 
static octupole deformation in even-even and chiral symmetry in odd-even nuclei.  

2.3.5.2 Phase transitions in finite complex nuclei 
The critical point of the transition SU(5)SU(3) is described by the X(5) symmetry 

defined by the Schrödinger equation associated to the liquid drop Hamiltonian considered in the 
intrinsic frame, suplemented with   an infinite square well  for the β potential and an oscillator 
potential for  the γ potential. Using a set of approximations for the rotational term, the differential 
equation is separable, each of the resulting equation being exactly solvable. Note that this model 
has two main drawbacks: i) the wave function in γ  is not periodic  and ii) the final Hamiltonian is 
not Hermitian with respect to the measure |sin 3 γ|dγ.  Our group proposed a solution where the 
mentioned weak points are removed. The potential in β is replaced with sextic oscillator plus a 
centrifugal term, while the differential equation in γ is that of a spheroidal function. The results 
have been applied to several nuclei suspected to satisfy the criteria for a critical point of the phase 
transition mentioned above. Another transition considered is that from an oblate to a prolate 
shape with the critical point achieved in a triaxial shape. For this case the liquid drop Hamiltonian 
was expanded around  γ0 =π/6 
 and then some approximations were adopted in order that the two variables are decoupled. The 
resulting equation was supplemented with a sextic potential in β plus a centrifugal term. The 
equation in γ was reduced to the differential equation of the Mathieu function. The theory has 
been applied with positive results for six nuclei. Excitation energies in the ground, β and γ bands 
as well interband and intraband E2 transition probabilities have been calculated. Another phase 
transition which was recently investigated was that from a superfluid to a normal phase leading to 
the so called backbending phenomena. A set of deformed particles correlated by pairing interact 
with a deformed core. This Hamiltonian was diagonalized in an angular momentum projected 
basis from two product states: a deformed BCS state and a deformed  quadrupole coherent state 
and 2qp deformed state and the mentioned deformed collective state. The yrast energies have 
been used to plot the moment of inertia versus the angular frequency squared. The experimental 
situation for 
some isotones with N=90-94 has been nicely described. The phase transition is also reflected in 
the discontinuity in the behavior of the gyromagnetic factor. 

 
 
 
 
 
Fig. 1 For illustration we give the backbending 
of the moment of inertia for 166Hf, obtained 
within our formalism. 
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2.3.5.3 New results obtained with the coherent state model            
Recently, the CSM formalism has been used for describing the excitation energies in g, β 

and γ  bands as well as the related BE(2) values in those nuclei which are suspected to exhibit the 
features of  X(5) “symmetry” and triaxial nuclei.  The agreement with the experimental data is 
very good. These results encouraged us to extend the CSM descriptions to other 
symmetries/nuclear phases  and critical points. To make the task easier we obtained first compact 
formulas for energies and E2 transition probabilities for near vibrational and well deformed 
nuclei, respectively. These were successfully applied for 44 nuclei belonging to various 
symmetries. We obtained an overall good agreement with the available experimental data. 

Another issue considered by our group was the extension of the CSM  by adding the 
octupole degrees of freedom.  Finally, the model is able to describe with a resonable small 
number of free parameters, eight rotational bands, four of positive and four of negative parity. 
Besides the E2  we also calculated the E3 and E1 transition probabilities. Calculating the first and 
second order energy displacement functions we searched for signatures for setling a static 
octupole deformation in the ground as well as in the excited bands, by depicting the zeros of the 
mentioned functions. It was found out that from a critical value of the total angular momentum 
the angle between the angular momenta carried by quadrupole and octupole bosons, respectively 
are orthogonal. Also studying the electric and magnetic properties of the dipole bands we 
concluded that the band 1+ is of magnetic nature while for the 1- band, the electric properties 
prevail over the magnetic ones. To a phenomenological core described by the extended CSM we 
added a set of particles which interact with the core by qQ and jJ interactions. For the even-odd 
system we described 6 rotational bands with Kπ=1/2+,1/2-,3/2+,3/2-,5/2+,5/2-  . The last bands 
seem to exhibit chiral symmetry, i.e. the angular momentum carried by the odd nucleon is 
perpendicular to the plane of the orthogonal angular momenta carried by the quadrupole and 
octupole bosons respectively. 

Recently, by a semiclassical treatment of CSM we derived through the quatization of the 
classical equations of motion for the variables β and γ, the differential equations which are 
specific to SMA (sextic and Mathieu approach) 

2.3.5.4 Nuclear multifragmentation 
A method for identifying statistical equilibrium stages in dynamical multifragmentation 

path as provided by transport models, already successfuly tested for the reaction 129Xe+119Sn at 
32 Mev/nucleon is applied here to a higher energy reaction, 129Xe+119Sn at 50 Mev/nucleon. 
The method evaluates the equilibrium from the point of view of the microcanonical 
multifragmentation model (MMM) and reactions are simulated by means of the stochastic mean 
field model (SMF). A unique solution, corresponding to the maximum population of the system 
phase space, was 
identified suggesting that a huge part of the available phase space is occupied even in the case of 
the 50MeV/nucleon reaction, in presence of a considerable amount of radial collective flow. The 
specific equilibrium time and volume are identified and differences between the two systems are 
discussed. 

The results from ten statistical multifragmentation models have been compared with each 
other using selected experimental observables. Even though details in any single observable may 
differ, the general trends among models are similar. Thus these models and smilar ones are very 
good in providing important physics insight especially for general properties of the primary 
fragments and the multifragmentation process. Mean values and ratios of observables are also 
sensitive to individual differences in the models. In addition to multifragmentation models, we 
have compared results from five commonly used evaporation codes. The fluctuations in isotope 
yield ratios are found to be a good indicator to evaluate the sequential decay implementation in 
the code. The systems and the observables studied here can be used as benchmarks for the 
development of statistical multifragmentation models and evaporation codes. 
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2.3.5.5 New features of the 2nbb decay 
A many body Hamiltonian involving the mean field for a projected spherical single 

particle basis, the pairing interactions for alike nucleons, a repulsive  dipole-dipole proton-
neutron interaction in the particle-hole (ph) channel  and an attractive dipole-pairing interaction is 
treated by a gauge restored and fully renormalized proton-neutron quasiparticle random phase 
approximation (GRFRpnQRPA) formalism. The resulting wave functions and energies for the 
mother and the daughter nuclei are used to calculate the 2νββ decay rate and the process half life 
for the emitters: 48Ca, 7Ge, 82Se, 96Zr, 100Mo, 104Ru, 110Pd,   116Cd,  128,130Te, 
148,150Nd, 154Sm, and 160Gd. Also the  strengths distribution for the single β- and β+ 
transitions of the mother and daughter nuclei respectively, have been calculated. The log ft values 
for  the single beta transitions of the intermediate odd-odd nuclei towards the mother and 
daughter nuclei respectively were evaluated. Results are compared with the available 
experimental data as well as with those provided by other theoretical methods. The Ikeda sum 
rule (ISR) is obeyed.  

2.3.5.6 Collective properties of deformed atomic clusters. 
Some properties of small and medium sodium clusters are described within the RPA 

approach using a projected spherical single particle basis. The oscillator strengths calculated with 
a Schiff-like dipole transition operator and folded with Lorentzian functions are used to calculate 
the photoabsorbtion cross section spectra.  Agreement with the corresponding experimental data 
is very good for both the surface and volume plasmons. The results are further employed to 
establish the dependence of the plasmon frequency on the number of cluster components. Static 
electric polarizabilities of the clusters excited in an RPA dipole state are also calculated. 
Comparison of our results with the corresponding experimental data show an overall good 
agreement. 

The energy weighted sum rule for an electric dipole transition operator of a Schiff type 
differs from the Thomas-Reiche-Kuhn sum rule by several corrective terms which depend on the 
number of system components, N . For illustration the formalsim was applied to the case of Na 
clusters. One concludes that the RPA results for Na clusters obey the modified TRK  sum rule.  

2.3.5.7 Semiclassical description of some boson Hamiltonians. 
Using the time dependent variational princtiple of minimum action for a quadratic 

quadrupole boson Hamiltonian, classical equations of motion are found for two pairs of conjugate 
phase space variables.  The third component of angular momentum corresponding to the intrinsic 
coordinates is a constant of motion. Quantizing the classical Hamiltonian in the reduced space 
one obtains a Scrödinger equation for the polar coordinate with the potential  consisting of two 
terms, one armonic term and a centrifugal term. This is known in the literature as the Davidson 
potential. The potential depends also on the angular momentum of the system in the laboratory 
frame.  The solution of the mentioned equations provides a very compact expression for energy 
as function of angular momentum which generalizes the Holmber-Lipas formula. This has been 
used for excitation energies in the ground state band with J going up to high and very high values 
(40+). Application for 44 nuclei belonging to different symmetries shows a very good agreement 
with the data. 

The procedure has been extended to the fourth, sixth and eight order boson Hamiltonians 
which are exactly solvable. 
 
 
 



20 
 

2.3.6. E-6: Quantum Information and Nonlinear Mesoscopic Systems  
Activity Report (2007-2011) 
 
 
2.3.6.1. Introduction 
 
          The scientific objectives of the present team are connected with the understanding of the 
physical implications of the search of information carriers at the quantum level (opening the way 
toward the quantum computing), the understanding of efficient carrier vectors of the information 
transmission, and the development of specific tools for efficient and reliable processing of the 
digitized information occurring in the study of complex physical systems. 
Quantum entanglement (inseparability or correlation) has been for the first time recognized by 
Einstein, Podolsky and Rosen, and by Schroedinger, as one of the most shocking characteristics 
of the quantum formalism, which after more than 70 years remains still fascinating, both 
theoretically and experimentally. In theory, inseparability producing nonclassical phenomena is 
typical for pure entangled (correlated) states. However, in laboratory, due to the uncontrollable 
interaction with the environment, there appear mixed states, rather than pure states. It is therefore 
very important to characterize the mixed states capable to produce quantum effects by their 
inseparability.  Entanglement is considered a new fundamental physical resource in the theory of 
quantum information. It is crucial in the description, in a manner unknown to the classical 
physics, of the quantum information processing and transmission tasks, such as cryptography, 
teleportation, quantum computation, which will produce unpredictable changes in the present 
civilization. Understanding the way in which quantum information differs from the classical one 
implies the study of properties, implications and manipulation of the quantum entanglement and 
one of the most interesting aspects of the entangled states is that these states manifest correlations 
which do not have a classical analogue. By exploiting the uncertainty principle, entanglement and 
the inherent parallelism of quantum physics, physics of quantum information provides exciting 
capabilities for information processing and communication that cannot be achieved through non-
quantum methods. 

2.3.6.2 Quantum correlations in open systems  
 
          In the recent years there has been an increased interest to the study of Gaussian states of 
continuous variable systems used in quantum information processing and communication. Due to 
the decoherence phenomenon which takes place during the interaction of the system with its 
environment, the states describing the evolution of the system cannot preserve their purity and 
become mixed. The consistent description of the evolution of open systems was given in the 
framework of the theory based on completely positive quantum dynamical semigroups, which 
provides the only quantum theory satisfying all the fundamental properties of the density operator 
- positivity, trace preservation, hermiticity. We have described the time evolution of quantum 
entanglement and quantum discord for Gaussian states in open systems. The investigation of 
quantum correlations in open systems was done in order to clarify the role of the interaction 
between a system and its environment in the transmission of the information, in the context in 
which the quantum decoherence, determined by this interaction, leads to quantum information 
loss. We described the time evolution of quantum entanglement and quantum discord of two 
independent harmonic oscillators interacting with a common environment, characterized by 
diffusion and dissipation coefficients, and by temperature [7.1,7.2]. In certain circumstances, the 
environment enhances the entanglement and in others it suppresses it and the state describing the 
open system becomes separable. The structure of the environment may be such that not only the 
state of the open system become entangled, but also such that the entanglement is maintained for 
a definite time or a certain amount of entanglement survives in the asymptotic long-time regime. 
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2.3.6.3 Few-optical-cycle solitons 
 
          There have been performed numerous theoretical studies in the area of nonlinear optics and 
photonics: i) spatiotemporal effects in nonlinear optical media (spatiotemporal optical solitons in 
both conservative and dissipative physical settings), ii) vortex solitons in optics and in Bose-
Einstein condensates, and iii) few-cycle optical solitons (including ultrashort light bullets) beyond 
the slowly varying envelope approximation [7.3,7.4]. These theoretical studies predicted the 
existence of stable three-dimensional spatiotemporal solitons and vortices supported by two-
dimensional photonic lattices; it was found that the Hamiltonian-versus-soliton norm diagram 
exhibits a two-cusp structure and, correspondingly, a swallow-tail shape (a unique "swallow-tail" 
bifurcation), which is a rare physical phenomenon. This unique feature is a generic one: it has 
been also found in radially symmetric Bessel lattices, a result suggesting a promising approach to 
generate stable "light bullets" in optics and stable three-dimensional solitons in attractive Bose-
Einstein condensates. The recent work was concentrated on the adequate description of vector 
few-optical-cycle solitons beyond the slowly varying envelope approximation, in order to exploit 
the vectorial nature of the electric field and to put forward unique polarization effects and the 
generic decay scenarios of unstable vector solitons. This work is currently performed in 
collaboration with scientists from France. Note that in recognition of his contributions in 
nonlinear optics and photonics, the International Commission for Optics (ICO) granted Prof. 
Dumitru Mihalache the 2009 Galileo Galilei Award "for his achievements in the field of 
theoretical nonlinear optics".  
 
2.3.6.4 Nonlinear dynamics of Bose-Einstein condensates 
 
          It was investigated the formation of surface waves in parametrically driven Bose-Einstein 
condensates, by introducing: i) an accurate, effectively one-dimensional treatment of high-density 
cigar-shaped condensates and ii) a variational recipe that reduces the dynamics of the condensate 
(namely, the collective modes of the bulk and the emergence of the surface wave) to the level of a 
few ordinary differential equations [7.5]. 
 
2.3.6.5 Efficient processing of the digitized information 
 
          Typical illustrations are the investigations of the two-band two-dimensional Hubbard 
model of the high-temperature superconductivity in cuprates and the Bayesian automatic adaptive 
quadrature. The Hubbard model is spanned by an intricate Clifford algebra involving both 
fermionic (single particle) and bosonic (singlet) Hubbard operators. Significant steps have been 
made toward a model formulation yielding energy spectra overall consistent with the expected 
doping dependence of the various cuprate families. Rigorous mathematical solution of the 
generalized mean field approximation (GMFA) of the 4x4 Green function matrix of the model 
has been obtained [7.6]. The statistical correlations following from this solution show that the 
Anderson’s conjecture concerning the spin-charge separation in cuprates is embedded in the 
model predictions. The cuprate symmetries were shown to damp out the potential energy 
correlations such that the exchange mechanism of the superconductivity in cuprates originates in 
the kinetic correlations of the singlet hopping conduction with the surrounding charge 
distribution. These four-particle charge-charge correlations have been rigorously proved to be 
equivalent to an effective Cooper pair correlation. Finally, the GMFA spectrum of the 
superconducting phase points to an overall spectrum displacement toward lower energies, in 
agreement with very precise optical measurements. The achieved progress opens the door to 
precise numerical evaluations and to adequate formulation of the Dyson equation of the model to 
unveil the kinematical correlations in the strong coupling limit. 
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2.3.6.6 Global analysis of bound and resonant states 
 
          The analytical properties of the S-matrix provide a comprehensive method for investigating 
the problem of quantum scattering. Due to their close connection to the bound and resonant states 
the distribution of the poles for various potentials as a function of potential strength was 
extensively investigated by choosing a particular path in the complex plane and calculating the 
corresponding trajectory of the S-matrix poles. A global method for all S-matrix poles analysis, 
named Riemann surface approach to bound and resonant states has been applied to various 
complex potentials. The Riemann surface approach to bound and resonant states has been 
generalized to the case of a two-channel model [7.7].  
 
2.3.6.7 Numerical and analytical approximation methods 
 
          The central idea is to describe the behaviour of some realistic physical systems through 
realistic numerical or analytical approximations. This approach is justified by the fact that, in 
spite of their great conceptual interest, the exactly solvable models can describe only a small part 
of the physically interesting phenomena. In physics of low-dimensional systems, which present a 
special interest due to their ability to characterize heterojunctions, quantum wells, wires and dots, 
there is a large number of Monte Carlo simulations, but few analytic results. At the same time, 
some problems of nanophysics can be satisfactorily approached as simple quantum mechanical 
problems, whose solving requires however a high precision. A large number of interesting results 
have been obtained in quantum mechanics, for instance the exact solution of the Schroedinger 
equations for coupled channels, the efficient evaluation of the Airy propagator, the analytic 
approximation of the quartic oscillator in external field. In problems of statistical mechanics or 
many-body physics, analytical results for thermal phase transitions in 2D systems and quantum 
phase transitions in 1D systems have been obtained [7.8,7.9]. Prof. Liviu Ixaru, a pioneer of 
research in computational physics in Romania, is the winner of the prestigious High Performance 
Computing Prize (2006). 
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2.3.7. E-7: Structure and Dynamics of Nuclei and Neutron Stars: Activity 
Report (2007-2011)  
 
2.3.7.1. Introduction  
The research of our group is focused on the developing of theoretical models aimed to describe 
the properties of atomic nuclei and neutron stars. It includes nuclear structure studies as well as 
dynamics of collective mode and heavy ions collisions in a wide range of energies. The research 
topics and our   most recent contributions to the field are listed below.           
 
2.3.7.2. Pairing correlations in nuclei.  
 The most known pairing phenomenon is the superconductivity of electrons in metals,  described 
by the BCS theory.  Compared to electronic systems, nuclear systems present special features 
because they involve two kinds of fermions, neutrons and protons. Therefore  in nuclear systems  
one can have not only Cooper pairs of like fermions, such as neutron-neutron and proton-proton  
pairs , but also two types of proton-neutron  pairs, i.e.,  isovector (isospin T=1) and isoscalar 
(isospin T=0) pairs.   One of the most debated topic in nuclear physics, stimulated by the recent 
advances in the radioactive beams facilities,  it is the competition between the isoscalar and 
isovector proton-neutron superfludity in  nuclei .  Thus, fingerprints of isoscalar proton-neutron 
superfluidity are currently investigated in the ground state of self-conjugate (N=Z)  nuclei and in 
the response of nuclei to the rotation.  On theoretical side, the most common formalism to treat 
the competition between T=1 and T=0 pairing is the generalized HFB approach. The drawback of 
HFB is that it does  not conserve exactly the  particle number and the total isospin of  the nucleus. 
Related to these issues we have performed the following studies: a)   We have analyzed the 
performance of  particle number restoration BCS  (PBCS) approximations  in exactly solvable 
models [8.4,8.5].  We have shown that the PBC approximations , when applied in a limited 
window of the Fermi level,  are very accurate for the pairing among like-particles but not for the 
proton-neutron pairing ;  b) We have  made a systematic study of the competition between the 
isovector and isoscalar pairing based on a simplified shell model  Hamiltonian, which includes 
T=1 and T=0 pairing as well as the quadrupole degrees of freedom, and we have shown that the 
isoscalar pairing has a small influence on the excitation spectra  of pf-shell nuclei [8.1]; c)  We 
have shown that  the isovector  pairing interaction can be accurately described by a condensate of 
alpha-type quartets formed by two neutrons and two protons coupled to the total isospin T=0 and 
total spin S=0 [8.10]. In addition, in the last years we have also studied the spatial localization of 
pairing correlations in nuclei [8.3,8.7]. Through these studies we have shown that in nuclei the 
pairing coherence length  is much smaller than it was generally believed.       
 
2.3.7.3. Density matrix renormalization group (DMRG) applied to nuclear structure. 
 The majority of DMRG calculations in nuclear structure have been done in the m-scheme, which 
breaks the rotation symmetry. Our contribution was to develop a DMRG calculation scheme in  
which the rotation symmetry is exactly preserved. We have shown that the DMRG is able to give 
accurate description of  nuclear properties in small spaces compared to shell model calculations 
[8.6]. 
    
 2.3.7.4. Neutron Stars Studies.  
Our contribution to this field consist in a microscopic calculation of superfluid and thermal 
properties of the inner crust baryonic matter of neutron stars. Thus, we have studied the influence 
of pairing on the structure [8.9] and on the thermalisation process of the inner crust [8.2, 8.8].  
We have shown that the crust thermalisation time, in the case of a fast cooling scenario, depends 
significantly on the intensity of pairing correlations [8.2]. 
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2.3.7.5. Nuclear dynamics from Coulomb to ultra-relativistic energies 
1. Fusion dynamics, excitation of collective modes during the pre-equilibrium stage of heavy ions 
collisions at low and intermediate energies within microscopic transport models. Based on 
microscopic transport models fusion dynamics and giant dipole modes were investigated in a 
self-consistent manner. The research stimulated experimental investigations that validated some 
of the predictions. As a result, we were invited in international  collaborations to substantiate 
theoretically the experimental findings, see Refs.  [8.12],[8.14],[8.16], [8.17],[8.24]. 

2. The dynamics of nuclear multifragmentation, the kinetics of phase transition and the role of 
instabilities in asymmetric nuclear matter. We described for the first time within microscopic 
transport models, both analytically and numerically, the spinodal decomposition mechanism in 
binary systems as asymmetric nuclear matter. The model was applied to characterize nuclear 
multifragmentation at Fermi energies, see ref. [8.19]. 

3. New fragmentation modes in semi-peripheral collisions at Fermi energies. Was described the 
neck fragmentation mechanism within Stochastic Mean-Field Model. The predictions stimulated 
experimental investigations within CHIMERA collaborations in which we were involved on the 
theoretical side. The results have been published  in Physical Review C, Nuclear Physics A, Int. 
Jour. of Modern Phys. E, see Refs. [8.12],[8.20]. 

4. The role of the symmetry energy and isospin  dynamics in reactions with exotic nuclei. Various 
mechanisms and processes were studied in connection with the symmetry energy dependence 
both in non-relativistic and relativistic regimes (Refs. [8.15] and [8.21], a topical review) 

5. The role of chiral symmetry breaking on Quark-Gluon Plasma (QGP) collective properties. 
Within a relativistic microscopic transport approach we studied the collective features of the 
expanding QGP in realistic conditions associated with RHIC experiments. Results were published 
recently in Physics Letters B and Journal of Physics: Conference series see the Refs. [8.18] and 
[8.23]. The phase diagram including the QGP phase transition was studied within various models 
in papers published in Physical Review C, Progress in Particle and Nuclear Physics, see Refs. 
[8.15],[8.21],[8.22]. 
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2.3.8.  E-8: High Energy and Mathematical Physics  
Activity Report (2007-2011) 
 

2.3.8.1. Introduction 
 

 The start of LHC represents a milestone in the recent history of High Energy Physics. 
With the data collected within only a couple of years it will be possible to confirm or refute the 
existence of the Higgs bosson, the only missing piece of the Standard Model (SM) of Particle 
Physics. With more data collected, further precision tests of the SM are envisaged and also signs 
of new physics are expected to appear. Other experiments (for example dark matter or neutrino 
experiments) are expected to collect data which will have a direct impact on the SM or on the 
models of physics beyond the standard model (BSM). Therefore the field of High Energy Physics 
will experience very dynamic developments in the next period and in this context, theoretical 
high energy physics is expected to play a key role. The High Energy and Mathematical Physics 
group at IFIN-HH has expertise and will focus in the following research directions 

1. Standard Model Physics (perturbative and nonperturbative methods, precision predictions) 

2. Physics Beyond the Sandard Model and String Theory (phenomenology, model building, 
extra dimensions, non-perturbative effects in string theory) 

3. Mathematical Physics (geometric and combinatorial methods in quantum mechanics, field 
theory and quantum gravity)  

2.3.8.2. Standard Model Physics 
 

 The Standard Model of Particle Physics was tested with high accuracy. Now, in the LHC 
era, even better precision is needed in order to have correct interpretations of the data provided by 
the experiments. Our group focuses on precision tests of the SM as well as flavour physics.  
 One direction of research concerns the investigation of low-energy properties of the SM, 
in particular of its Goldstone bosons, the pi mesons, using Chiral Perturbation Theory, dispersive 
methods and numerical simulations on lattice. The study performed in [9.1] reveals the pitfalls of 
the analytic continuation of the pion-pion amplitude, in connection with the precise determination 
of the mass and width of the lowest resonance of QCD, the σ meson. In the framework of 
perturbative QCD,  a set of new expansion functions were defined and the formalism was applied 
to the Adler function in massless QCD, allowing a precise determination of the strong coupling 
from the hadronic decays of the τ lepton [9.2]. We also worked on improving the knowledge of 
the electromagnetic and weak form factors of special interest in flavour physics [9.3,9.4]. Using 
perturbative and nonperturbative QCD, stringent model independent constraints were derived for 
the shape of the semileptonic form factors, allowing in particular a precise determination of the 
element  Vub of the CKM matrix [9.3]. Among the future interests of the group we mention 
studies in perturbative QCD, accurate determination of the CKM matrix elements and of other 
flavour physics parameters, and the transition between the soft and the hard regimes of QCD. 
 

2.3.8.3. Physics Beyond the Standard Model and String Theory 
 

 Although the Standard Model of particle physics has so far been extremely successful, it 
is agreed that it leaves too many open questions to be considered an "ultimate theory". For this 
reason, the study of models of physics beyond the SM is of great interest. Such models, like non-
commutative field theory, supersymmetry, large extra dimensions or string models, can provide a 
better understanding of the fundamental theory.  
 A possible fundamental extension of the SM is to consider that in the regime of short 
distance physics, the  space time becomes non-commutative. The first implementation of this idea 
was quantum field theory (QFT) on the noncommutative Moyal space. This implies, on a 
combinatorial level, building QFT with ribbon graphs and is in direct relation with matrix models 
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and thus with two-dimensional quantum gravity. Renormalizability of these QFTs is higly non-
trivial, because of the appearance of a new type of divergence with respect to commutative QFTs, 
the (in)famous UV-IR mixing. An important result in the field was obtained in [9.5], where a 
scalar model with a modified propagator on the Moyal space was proposed and proved 
renormalizable at any order in perturbation theory. A future research direction is represented by 
the generalization of these matrix models to the three- and four-dimensional case - random tensor 
models.  
 We also studied effective Lagrangians for noncommutative mechanics, depending also on 
accelerations, which result from integrating over the momentum in the Feynman path integral 
[9.6]. Classical and quantum noncommutative mechanics, in the case of nonconstant symplectic 
form and the phase space collapse was also investigated. In [9.7] we analysed  field theories on 
noncommutative spaces and the discretization induced in some cases by the representation of 
position operators, wave propagation and  finiteness of the classical theory. We also studied 
causality in classical and quantum noncommutative field theories, which is a controversial issue 
due to the nonlocality of such theories [9.7]. 
 Supersymmetry provides a solution to the hierarchy problem and a popular  extension of 
the SM. In [9.8] we tested the idea of supersymmetry as a solution of the hierarchy problem in the 
minimal supersymmetric standard model (MSSM) by evaluating the electroweak scale fine  
tuning, at two-loop level. The possible signals for supersymmetry that favour low fine-tuning 
were identified in the context of the LHC first run. We showed that minimal fine-tuning and dark 
matter consistency predicts a Higgs mass near the LEPII bound. A particular problem of the SM 
and the MSSM is the Higgs sector and the mass of the  lightest Higgs boson. The implications of  
physics beyond the SM or the MSSM on the Higgs sector were studied in detail in [9.9], using an 
effective operators approach. Operators of dimensions d=5 and d=6 were considered and their 
implications for phenomenology were investigated. Finally, a consequence of supersymmetry 
breaking is the presence of goldstino and its superpartner sgoldstino. In [9.10] we studied in 
detail the couplings of the goldstino superfield to the MSSM fields, together with the implications 
for phenomenology.  
 In the context of string phenomenology one problem is the issue of moduli stabilisaton. 
An important result in this direction was the possibility to obtain fully stabilised Minkowski 
vacua in type II string compactifications on manifolds with SU(3) structure [9.11]. New fluxes, 
which are important for moduli stabilisation, often make their presence via string dualities. In 
[9.12], new features in the heterotic – type IIA dualities with fluxes were discovered and it turned 
out that for certain types of fluxes one needed to go to M-theory, or even F-theory, rather than 
type IIA, in order to find the dual setup. Another rather important aspect in string phenomenology 
is understanding non-perturbative effects in D-brane models. Euclidean branes can generate new 
couplings (Majorana masses for neutrinos, μ terms, new superpotential terms, terms which break 
supersymmetry, fermion masses) which are perturbatively forbidden. We studied stringy 
instantons which generate corrections to the superpotential [9.13] and explicit models with 
nonperturbative linear or mass terms [9.14]. In future our group will continue to focus on string 
phenomenology,  M and F theory models,  as well as cosmology in string inspired models.  
 

2.3.8.4. Mathematical Physics 
 

 Mathematical physics is of central importance in theoretical physics due to its role of 
laying on rigorous mathematical basis various developments in physics. In connection with the 
very dynamical field of high energy physics, the significance of mathematical physics is much 
increased. 
 One interest of our group was the study of coherent states and the Jacobi group. We 
defined coherent states related to the Jacobi group based on the associated homogeneous spaces, 
Siegel-Jacobi domains. Among the most important results we mention: the realisation of the 
Jacobi algebra on differential opperators defined on Siegel-Jacobi domains; the determination of 
the Kähler two-form on the Siegel-Jacobi disc and on the upper half-plane Siegel-Jacobi. We 
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determined the space of holomorphic functions on which the scalar product is defined; we studied 
the basis of functions on which the reproducing kernel is expanded; we studied squeezed states 
using the Jacobi group [9.15]; we constructed the discrete holomorphic series for the Jacobi 
group and the representations on coherent states based on Jacobi-Siegel domains. These 
representations admit explicit bosonic realizations for nuclear models of Bohr-Mottelson type. 
 An important aspect when looking for new theories is to find consistent couplings at 
quantum level. In [9.16] we have investigated the consistent interactions between tensor fields 
and gravity and found that there can be such couplins for tensors with mixed symmetry (2,2) and 
(3,1).  
 Recently our group also focused on a new approach - based on the Epstein–Glaser causal  
formalism - to perturbative quantum field theory. We showed in this way that minimal 
supersymmetry leads to anomalies [9.17] and proved that massive gravity can be consistently 
quantised using cohomological methods. However in the classical limit the resulting theory 
differs from general relativity [9.18]. In [9.19], a rigorous approach to some aspects of the theory 
of quantum strings was formulated. In future, we will continue the study of Yang-Mills theories 
and quantum gravity in the causal approach at higher orders of perturbation theory. 
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2.3.9. E-9: [Theoretical, computational and experimental methods in the 
analysis of exotic and rare nuclei] Activity Report (2007-2011) 
 
 
 
2.3.9.1. Introduction 
The last twenty years witnessed an increasing effort in understanding the nuclear dynamics under 
extreme conditions. Both theoreticians and experimentalists focused on the investigation of light 
exotic or superheavy nuclei produced in laboratories, or the highly exotic nuclear matter present 
in the interior of neutron stars and the explosive stage of supernovae. From theoretical point of 
view the accomplishment of such an ambitious task requires the improvement of the nuclear 
structure and reactions models, previously designed to describe stable nuclei. The nuclear 
structure models, such as the shell model required modifications in order to deal with nuclei 
possessing spatially extended neutron/proton halos or have so many protons (superheavies) that 
the traditional magic numbers are substantially changed. On the reaction model side there is a 
strong demand for new optical potentials to be used for generating distorted waves in the DWBA 
description of peripheral transfer reactions. They are necessary over a very wide range of 
projectile and target masses, and there are many compilations in the literature providing the real 
and imaginary components of the potential for some light projectiles (e.g. alpha) and heavier 
target (with A > 40). The hindrance to fusion at low energy phenomenon, discovered a decade 
ago, is also pointing to a modification of the traditional optical potential mainly in the interior of 
the Coulomb barrier. The putative existence of exotic nuclear matter in stellar environment 
prompted many theoreticians to take a fresh look to the properties of finite and infinite systems of 
alpha or heavier clusters in a neutron rich environment. In view of the complexity of such a 
many-body problem, new models should be designed or even just borrowed and adapted from 
other fields such as condensed matter physics. The experimental signatures of clustering and 
"fine structure"  far from stability  are supported by data from selective excitation in nucleon and 
α-transfer reactions, α-decay, heavy cluster decay, and by rotationally spaced energy levels, 
enhanced transition strengths and intensities, and appreciable emission width for the resonant 
states above the decay threshold.  Last but not the least the theoretical and experimental 
developments mentioned above require a tremendous amount of computational effort.  

2.3.9.2. Experimental analysis and theoretical interpretation of nuclear reactions involving 
exotic nuclei (F. Carstoiu and L. Trache)  

The ground state of the proton-rich nucleus 23Al has been studied by one-proton removal on a 
carbon target  the EXOGAM + SPEG experimental setup at GANIL[10.1]. We confirm the 
ground state spin and parity of 23Al as Jπ=5/2+. The production of 22Na in ONe novae can be 
influenced by the 22Mg(p,γ)23Al reaction[10.2]. To investigate this reaction rate at stellar 
energies, we have determined the asymptotic normalization coefficient (ANC) for 22Mg+p→23Al 
through measurements of the ANCs in the mirror nuclear system 22Ne+n→23Ne. Optical model 
parameters for use in the DWBA calculations were obtained from measurements of the elastic 
scatterings 22Ne+13C and 22Ne+12C. The cross section of the radiative proton capture reaction on 
the drip line nucleus 12N was investigated using the asymptotic normalization coefficient (ANC) 
method [10.3]. We have used the 14N(12N,13O)13C proton transfer reaction to extract the ANC for 
13O→12N+p and calculate from it the direct component of the astrophysical S factor of the 
12N(p,γ)13O reaction. The 12N(p,γ)13O reaction was investigated in relation to the evolution of 
hydrogen-rich massive Population III stars, for the role that it may play in the hot pp-chain 
nuclear burning processes. 
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2.3.9.3. Fusion Reactions at extremely low energies (S. Misicu and F. Carstoiu) 

In 2007, in collaboration with H. Esbensen from Argonne National Lab., S. Misicu extended a 
study that explained the steep falloff in the fusion cross section at energies far below the 
Coulomb barrier for the symmetric dinuclear system 64 Ni+64 Ni to another symmetric system, 58 

Ni+58 Ni, and the asymmetric system 64 Ni+100 Mo[10.4].  Within the coupled-channels method, 
including couplings to the low-lying 2+and 3- states in both target and projectile as well as mutual 
and two-phonon excitations of these states, we calculated and compared with the experimental 
data the fusion cross sections, S factors, and logarithmic derivatives for the above-mentioned 
systems and found good agreement with the data even at the lowest energies. Next, we analyzed 
the fusion data for 16O+208Pb [10.5]. Recent fusion reaction data for the systems 36S + 48Ca, 48Ca 
+ 48Ca, and 96Zr + 48Ca were analyzed by us in [10.6].  We also analyzed the astrophysical 
relevant reactions 12C+ 12C, 12C+ 16O, 16O+ 16O [10.7]  

2.3.9.4. Exotic Nuclear Matter in stellar environment (S. Misicu, F. Carstoiu, M. Rizea) 

The ground state energy of ideal α-matter at T=0 was analyzed within the framework of 
variational theory of Bose quantum liquids [10.8,10.9]. The energy per particle of α matter was 
evaluated in the cluster expansion formalism up to four-body diagrams, and using the HNC/0 and 
HNC/4 approximation for a Bose liquid. Double folding alpha-alpha potentials were constrained 
to reproduce the l=0 resonance in 8Be.We showed that under such assumptions we achieve a 
rapid convergence in the cluster expansion, the four-body contributions to the energy being 
smaller than the two-body and three-body contributions by at least an order of magnitude. In 
[10.10] we focused on the continuum-mechanical treatment of the oscillatory behavior of a 
viscoelastic solid globe. The efficiency of this method has been demonstrated for astrophysical 
models like degenerate compact stars (dwarfs, pulsars). 

2.3.9.5. Numerical methods in nuclear reactions (M. Rizea, F. Carstoiu, I. Silisteanu, S. 
Misicu) 
An important issue investigated by our team concerns the possibilities to increase the accuracy of 
the numerical solution of the one-dimensional TDSE [10.11]. In particular, a higher order Crank–
Nicolson method based on an exponential fitting Numerov formula and transparent boundary 
conditions have been developed. In [10.12] we considered bi-dimensional axially symmetric 
nuclear shapes, allowing the treatment of both spherical and deformed nuclei. The solution of 
TDSE in two spatial dimensions was obtained by a grid-based method, using a discretization of 
the Hamiltonian by special finite difference approximations of the derivatives. The main 
computational challenges were the solution of algebraic eigenvalue problems and of linear 
systems with large sparse matrices, for which we have employed appropriate procedures.  We 
also proposed an accurate computation of the eigensolutions of systems of coupled channel 
Schrodinger equations as they appear in studies of real physical phenomena [10.13]. We used a 
specific technique to compute the solution near the singularity in the origin, while on the rest of 
the interval the solution was propagated using a piecewise perturbation method. Such a method 
allowed us to take large steps even for high energy-values.  The eigenvalues are determined by a 
shooting technique.     
 
2.3.9.6. Neutron emission in scission and proton decay (M. Rizea and N. Carjan) 
The investigation of scission neutrons plays an important role both for the fundamental 
understanding of the last fission stage and for various applications. The shape, structure and 
dynamics of fissile nuclei at scission are essential in determining many fission properties: the 
total kinetic energy of the fission fragments, their masses and their excitation energies, the rate of 
emission of ternary particles (like scission nucleons and alpha particles) etc. In ref. [10.14-10.15] 
we were concerned to assess the influence of the change of the nuclear shape on the nucleonic 
motion. We evaluated numerically physical quantities, like the number of emitted neutrons per 
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scission event and the primary fragments' excitation energy. For proton emission, the most 
important calculable quantities are: the tunneling probability and the decay rate. We revealed the 
influence of the deformation on the decay rate [10.16].   

                                

2.3.9.7. Structure and decay of superheavy nuclei (I. Silisteanu and A. I. Budaca) 
The systematics of decay half-lives of super heavy nuclei with Z=102-120 and N=150-180 vs 
decay energy or number of valence nucleons was investigated in several approximation schemes 
in ref. [10.17]. Half-lives given by self-consistent models for the clustering and resonance 
scattering are compared with empirical estimates. The very small widths of resonances observed 
experimentally in fusion-evaporation reactions, are interpreted as resonance levels of radioactive 
products, and such a correlation contributes directly to the study of the nuclear structure on the 
basis of decay data. From the ratio between experimental and theoretical results we can obtain 
preformation factors.  
 
2.3.9.8. Exotic Modes of Neutron-rich nuclei (S. Misicu) 

Within the nuclear core-layer model, the macroscopic excitation mechanism of the electric 
pygmy dipole resonance (PDR) was considered [10.18].The estimates for the PDR energy 
centroid  and the total excitation probability throughout the nuclear chart are in good agreement 
to the data. 
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2.3.10. E-10: Nanophysics and Emerging Materials Team Activity Report 
(2007-2011) 
 
 

2.3.10.1. Introduction 

Nanophysics is a relatively recent development in scientific research embracing 
fundamental physics and a large range of applications and technological developments from 
electronics to medicine. Its interdisciplinary connection to materials science became clear from 
the beginning of 80-s with the invention of scanning tunneling microscope and discovery of 
fullerenes. The main reason nanophysics and its interdisciplinary connections hold a great 
potential for the future is that when things get small, quantum and finite-size effects start to show 
up and this opens completely new areas of physical phenomena to investigate and unprecedented 
possibilities for applications. Feynman’s foresight that “there is plenty of room at the bottom” is 
overwhelmingly confirmed.  

Novel materials and structures, modern superconducting devices, ultra-sensitive detectors, 
nanomagnetism & spintronics are just a few prospective areas [11.1].  

A major challenge is also posed to theory and requires new approaches and methods to 
achieve understanding of the new phenomena at the nanoscale. 

 
2.3.10.2. Present status of experimental research, theoretical understanding 
 

One of the important consequences of device miniaturization is that their properties differ 
significantly from those of the bulk systems. For instance, in magnetic nanostructures (particles, 
clusters, wires etc.) size reduction can be beneficial for magnetism due to the decrease of 
demagnetization field and suppression of domain wall formation. At the nanoscale these factors 
can outweigh the destructive impact of fluctuations which is generally known to increase with 
smaller size or dimensionality. At the same time, nano-composite materials show magnetic 
behavior at odds with a long-standing theory. Thus, experimental research has shown that the 
famous Bloch law of magnetization is not valid for ferromagnetic clusters and nano-particles and 
one usually has to resort to a phenomenological formula instead. Moreover, recent experiments 
reported a sudden increase of magnetization at relatively high temperatures in Fe and Co 
nanoparticles which was interpreted as a BEC phenomenon, raising a great deal of controversy.  

In addition to quantum effects, small size brings about strong particle correlation effects, 
as has become clear from the studies of other kind of novel materials with low-dimensionality 
which support high-temperature superconductivity (e.g. cuprates and pnictides). High critical 
temperatures Tc (presently over 135 K at ambient pressure in Hg0.2Tl0.8Ca2Ba2Cu3O8), magnetic 
fields (dozens of Tesla) and supported electric currents (1011 A/m2), as well as the quantum 
coherent nature of the superconducting state, are at the origin of their multiple applications. 
Among many of their unusual properties, experiments have revealed their intrinsic 
inhomogeneity (Cooper pairs, lattice, magnetic, charge density etc.) with a typical modulation in 
the nanoscale range. The key reason behind this and other puzzling properties, not described by 
conventional BCS or Fermi liquid theories, is the presence of strong electron correlations, 
pervading even the “normal” state: existence of pseudogap in the single-particle spectrum, the 
resistivity which is proportional to the temperature, temperature dependent Hall coefficient, non-
Korringa nuclear-spin relaxation rate, anomalous doping-dependent isotope shift, violation of 
standard sum rules (e.g. the Luttinger theorem), unexplained doping dependent accumulation of a 
large optical spectral weight in the “intra-gap”, anomalous softening of some phonon modes, 
unaccounted by ab-initio LDA calculations, presence of kinks in the electronic dispersion etc. 
The underlying mechanism of pairing remains a puzzle and a comprehensive theory of high-Tc 
continues to be a “hot topic” of condensed matter physics.  
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 Due to the strong confinement, the quasiparticles and excitations in nanoscopic objects 
and nano-devices undergo changes of dimensionality as the temperature decreases, typically in a 
temperature range of the order of 1 K or below. These changes of dimensionality produce in 
general dramatic changes in the thermal and transport properties of these objects which maybe 
used with success in applications in many different areas, like the construction of ultra-sensitive 
nano-devices [11.2-4], q-bits for quantum computing, nano-resonators, etc. Moreover, the 
quasiparticles do not obey anymore the typical boson and fermion exchange symmetries, but a 
more general anyon symmetry [11.5-6]. Similarly, the Pauli Exclusion Principle turns into the 
more flexible fractional exclusion statistics [11.7]. 
 
2.3.10.3. Recent results 
 
 Starting from an original approach to finite discrete systems, a consistent quantum 
microscopic theory of magnon gas in ferromagnetic nanoparticles has revealed a different 
generalized form of the Bloch law [11.8] which contrasts the present phenomenological 
description of experimentally observed behavior and explains the observed behavior. This 
approach will be developed further to address the new experimental results on magnetic and 
lattice properties of nanoparticles and nanocomposite materials. 
 To account for the correlation effects on the nanoscale in the emerging materials with 
high Tc we have proposed and studied a semi-phenomenological model which takes into account 
electron interaction with phonons and other excitations [11.9-10]. This has revealed the existence 
of unexpected connections between apparently unrelated anomalies such as low and high energy 
kinks and the “waterfall” structure of the angle resolved photoemission, large softening of some 
phonon modes seen by inelastic neutron and X-ray scattering, large unexplained peak in the mid-
infrared region of optical absorption and Raman scattering. We have developed a theoretical basis 
for the implementation of phonons as a momentum resolved probe of electronic density 
excitations in these materials. The utility of this probe is that it covers the energy down from 
infrared, inaccessible by existing probes. An interesting open issue the study of newly discovered, 
but having challenging similarities, pnictide superconductors, as well as the class of electron 
doped cuprates where magnetic excitations seem to play a crucial role. 
 We studied also the physical properties and performances of ultra-sensitive nanoscopic 
detectors, designed for space-born astrophysical observations [11.11-13]. We observed a change 
in the dimensionality of the phonon gas distribution in these devices, which occurs below 1 K, 
and which has a strong influence on the thermal properties, the heat transport, the interaction of 
phonons with other quasiparticles and defects. All these findings determine the design of the 
detectors.  

Many nano-devices are made of amorphous materials, obtained by atomic layer 
deposition on a substrate. Such materials have dynamic defects, which are described as two-level 
systems. Nevertheless, the standard models, developed for macroscopic amorphous materials are 
not suitable for the description of nanoscopic objects. In Ref. [11.14-15] we developed a new 
model for the description of the two-level systems, with general applicability, and we employed it 
for the heat transport calculations in nano-devices [11.10]. Beside that, the model was applied to 
explain the anisotropic glassy properties of disordered crystals [11.16-18], a phenomenon that has 
not been explained for more than two decades.  
 We studied also the fractional exclusion statistics (FES), which is an extension of the 
typical Pauli exclusion principle. We showed that the FES formalism was incomplete [11.19-20] 
and we proposed a revision of this theory [11.21] 18 years from its formulation by F.D. M. 
Haldane [11.7]. This reformulation opened completely new areas for application of FES [11.22-
27] which have not been envisioned before.  
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2.3.11. E-11: Nuclear structure studies using gamma and particle spectroscopy 
 

Studies on Nuclear Structure are traditionally one of the most important and productive 
fields of research of the NPD. During the last five years new and important results were obtained, 
most of them already published in mainstream journals. These experimental activities can be 
formally split into those accomplished at the IFIN-HH Tandem accelerator and those performed 
at large European facilities (GANIL, GSI, CERN-ISOLDE, INFN, etc). An appropriate balance 
was kept between these two research components, with the in-house activity benefiting of a 
strong development of the experimental infrastructure and ingeniously exploiting niches in the 
nuclear structure knowledge that provide very interesting case studies, and the later addressing 
top nuclear structure problems, especially concerning the structure of nuclei far from stability and 
often even near drip lines, accessible at these facilities. 
 
2.3.11.1. Nuclear structure studies at the Bucharest Tandem van de Graaff accelerator 

NPD has as main research infrastructure a 9 MV Tandem van de Graaff accelerator. The 
accelerator was completely refurbished during the recent years, and delivers now, in reliable and 
reproducible conditions, a large variety of ion beams from protons to medium mass (~60) nuclei 
(including 4He). The beams can be also pulsed with either a nanosecond pulsing system, or an 
electrostatic chopper in the range from millisecond to hundreds of seconds. The main nuclear 
structure activity is based on in-beam γ-ray spectroscopy. During the last 5 years a mixed array of 
hyper-pure Germanium  (HPGe) and LaBr3:Ce fast scintillator detectors has been installed. At 
present it comprises 8-12 detectors of each of the two types, additional neutron and/or particle 
detectors being added as needed for different in-beam measurements. Until the end of 2012 a 25 
HPGe (of average relative efficiency of 55%) array (ball) will be installed, which can also 
accommodate up to about 20 LaBr3:Ce detectors, thus reaching an absolute efficiency of around 
1% with the HPGe and up to 2% with the fast detectors. Another important experimental 
development during the last 5 years has been a modern recoil-distance (plunger) apparatus, with 
piezoelectric computer-controlled movement. The development of the experimental infrastructure 
immediately triggered the interest of the international nuclear physics community and now the 
TANDEM Laboratory of IFIN-HH is one of the important experimental centres for the study of 
nuclear structure in Europe. The research directions pursued with this modernized infrastructure 
contributed with new results and insights for nuclear structure for many nuclei that could be 
reached with the available beams. Significant results are as follows.  

Determination of lifetimes of excited nuclear states. The most important recent 
achievement of the NPD is an original development of the in-beam fast-timing method that can be 
used in in-beam measurements, and exploits the full capacity of the mixed γ-ray array, basically 
employing an off-line procedure for precisely aligning the time signals from the fast LaBr3:Ce 
detectors. The range of this method was shown to cover half-lives from about 40 ps to several 
nanoseconds, which is not accessible to large HPGe-only detector arrays, and hardly accessible to 
other methods, but it is very important because most of the important structure changes are 
associated with increased lifetimes of the excited states that often fall within this interval. With 
the actual efficiency and sensitivity of our array, even weak reaction channels with fusion-
evaporation or transfer reactions could be approached down to about 5% from the total cross 
section. Being the only permanent in-beam fast-timing device available at present in the world, 
the mixed HPGe-LaBr3:Ce was intensively used in the last years in many successful experiments 
proposed by Romanian and international groups. Results were already published that validate the 
single-particle character of low-lying states in 103,105,107Cd and 199Tl [2.3.12.1-2], and there is a 
wealth of results concerning many other nuclei and structure phenomena, a few examples being: 
the properties of intruder states in 34P (a nucleus close to an island of inversion) and in the 
neutron-rich 67Cu nucleus. A very sensitive method has recently been developed to analyze 
Doppler broadened gamma-ray lineshapes measured with the low-recoil, non-selective (α,n) 
reaction, and applied to determine a large number of lifetimes in the sub-picosecond range in 
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118,120,122Te [2.3.12.3]. With the new plunger device, the differential plunger method was used to 
determine the half-life of the 3- state in the N=Z nucleus 44Ti (of interest to determine the isospin 
breaking by measuring the interdicted E1 transition from this state), and of some levels in 85Sr.  

Measurements of nuclear level scheme characteristics. The existing array allowed to bring 
important additions to level schemes of different nuclei, such as high-spin and isomeric states in 
85,86Y [2.3.12.4], characterization of shape coexistence in 72As, low-spin states assessing E(5) 
symmetry properties in 64Zn and 124Te, or the observation, for the first time, of excited states of 
the odd-odd nucleus 150Pm.  

Measurements of reaction cross-sections. A target stack activation technique was 
developed, based on γ-ray activity measurements with a setup of ~50% absolute efficiency, in 
order to measure cross-sections for the (α,γ) reaction on the 115,116,117Sn nuclei in an energy range 
of astrophysical interest; other similar measurements are envisaged for this reaction or the (p,γ) 
reaction.   
 
2.3.11.2. Structure of nuclei far from stability studied experimentally at large facilities 
The members of NPD actively participate in international collaborations. Results obtained in 
some of these, involving large-scale European facilities such as GANIL (Caen), GSI (Darmstadt) 
(the Rising and PRESPEC collaborations), ISOLDE (CERN), INFN (Legnaro), and JINR 
(Dubna) will be briefly summarized. 

Using the GANIL accelerating complex, SISSI and ALPHA fragment separators and 
SPEG spectrometer combined with the Chateau de Crystal gamma multidetector, the method of 
double fragmentation [2.3.12.7] was used to obtain spectroscopic information on far from 
stability nuclei. Thus, the N=28 42Si nucleus was produced and studied [2.3.12.8]. It was found 
that, contrary to previous information indicating it as a spherical, near magical nucleus, its 21

+ 
state is rather low (Ex = 780 keV), making this nucleus a good candidate for a group of nuclei 
called generically “the second island of inversion” around N=28, where, due to the large neutron 
excess, the magicity of the neutron number breaks down. In similar experiments the proton rich 
36Ca showed however that the proton magic number N=20 is preserved even at high neutron 
excess (its 21

+ at Ex = 3036 keV). Other experiments were devoted to the gamma and conversion 
electron spectroscopy of far from stability nuclei. In 44S the second 0+ state was detected at 1365 
keV having a predominant spherical structure, while the ground state is deformed, a behavior 
typical for a nucleus from the second island of inversion [2.3.12.9]. The beta decay of 34Al 
revealed the existence of an isomeric 02

+ state in 34Si at 2.7 MeV with an oblate deformation 
while the g.s. is spherical (clear signs of closeness to the first island of inversion around N=20) 
and a 1+ β-isomer (26 ms) of intruder type in 34Al that populates a similar isomeric state in 34Si; 
the spectroscopy of  26F (similar in structure to the magic 24O) for which an excited 2+ state has 
been assigned for the first time. Another research line was the study of two proton decay of the 
few existing candidates using a very performing experimental device: a time projection chamber 
(TPC) that can visualize (measure) the parameters of the two emitted protons [2.3.12.10]. Three 
nuclei were measured: 45Fe, 54Zn and 43Cr. The data, clearly indicating a symmetric energy 
partition between the two protons, were successfully corroborated with a sophisticated three body 
theoretical model [2.3.12.11]. An interesting finding is the situation in 43Cr in which beta delayed 
three proton emission could be clearly observed together with one and two proton decay. Elastic 
scattering of 17Ne on protons in inverse kinematics at zero degrees allowed the determination of a 
number of resonances in the unbound nucleus of astrophysical interest 18Ne, that changed the 
expectation for observing galactic gamma rays coming from the 18F(p,α)15O reaction in the sense 
of drasticaly decreasing such probability [2.3.12.12]. 

Within the Rising campains at GSI-Darmstadt relativistic beams obtained with the 
fragment separator (FRS) were used to perform spectroscopic measurements of exotic nuclei. 
Spin alingnment was observed for the first time in nuclei produced in fission and fragmentation 
reactions, both at relativistic beam energies, and used to measure g-factors of isomeric states in 
126,127,128Sn and 192Pb (the g-Rising project at GSI). Beta-delayed and isomer spectroscopy was 
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performed for neutron-rich Ta and W nuclei produced also in relativistic energy fragmentation of 
a 208Pb beam, leading to the observation of a possible subshell effect at A≈190. 

A variety of nuclear spectroscopy studies has been performed at INFN-Legnaro, mainly 
with the CLARA γ-ray array + PRISMA spectrometer setups, and recently with the AGATA 
demonstrator. The isospin mixing was investigated for the mirror nuclei 35Ar – 35Cl and 67As – 
67Se [2.3.13.5]; the former case, for example, revealed striking assymetries between the analogue 
states of the two level schemes, that could be explained by large-scale shell model calculations as 
due to multiple Coulomb and and relativistic electromagnetic spin-orbit interactions. By 
bombarding 238U with the neutron-rich beams like 64Ni or 48Ca, a number of exotic neutron-rich 
nuclei could be populated by multinucleon transfer reactions and studied. The very neutron-rich 
nucleus 96Kr nucleus was populated in the fission of 238U induced by a 136Xe beam, and its 21

+ 
state was assigned [2.3.12.6], thus allowing for the first time to follow the evolution of the 
collectivity of the Kr isotopes up to N=60, that reveals a relatively sudden onset of deformation 
similar to that in the Zr and Sr chains. Other results concern the level schemes of neutron-rich 
nuclei 40,41S, 51Ca, 52Sc, and 168,170Dy, and measurements of isomeric states in 125,127,129Sn nuclei.  

At ISOLDE/CERN our researchers have recently started to participate at experiments with 
radioactive beams, such as Coulomb excitation measurements of neutron-rich Kr isotopes, and 
lifetime determinations with the fast timing method in beta-gamma coincidences. The experience 
gained in Bucharest concerning the use of LaBr3:Ce γ-ray detectors is being used to increase the 
sensitivity and efficiency of such measurements at ISOLDE. Several very interesting physics 
results were obtained in the last two years using the "fast timing" technique by the Romanian 
group involved in the ISOLDE collaboration, good examples in this sense being the 
determination of new level half-lives and isomeric states in very neutron-rich nuclei around 81Ga 
and 66Fe. 

The collaboration with spectroscopy groups from JINR-Dubna, employing a γ-ray array 
and the Vassilissa  recoil spectrometer led to the detailed study of level schemes of  heavy nuclei 
in the trans-Fermium region, such as 253No and its daughters. Such improved and reliable level 
scheme are important in order to validate and constrain nuclear models in this region. 

One should also mention that the NPD has started, during this time period, activities 
related to the preparation and testing of detector and different other spectrosopy  measuring 
setups within the frame of our participation at FAIR (GSI-Darmstadt). In this respect the studies 
performed in IFIN-HH about the new fast scintillators has also proved of interest for future 
detector developments within the NUSTAR collaboration at FAIR. 
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2.3.12. E-12: Astroparticles Physics Activity Report  
 
2.3.12.1. Introduction 
 
 Astroparticle Physics (AP) is a new multidisciplinary field of research studying the particles 
coming from the Universe, where nuclear and particle physics, astronomy, astrophysics and 
cosmology converge. AP seeks to answer to fundamental questions: where do cosmic rays come 
from, what is the view of the sky at extreme energies, what is the role of neutrinos in cosmic 
evolution. 
 In 2007 a network ROASTROPART (ROmanian ASTROPARTicles) for collaborative 
experimental and theoretical studies in the field of Astroparticle Physics in Romania was 
established between IFIN-HH Bucharest-Magurele, (Institute of Physics and Nuclear 
Engineering), ISS Bucharest-Magurele (Institute of space Science), UB (University of Bucharest) 
and UPB (University Polytechnica Bucharest) Based on the experience accumulated by the above 
partners in the field of astroparticle physics, Romania was accepted as partner in ASPERA FP7 
project and as observer in ApPEC (Astroparticle Physics European Coordination). 
 
2.3.12.2. Investigation of HECR with participation in the large international experiments 
 
 One of the prime objectives of the vast majority of cosmic ray studies is to measure their 
energy and to establish the mass distribution of the primary particles in the cosmic radiation. This 
kind of information can probe numerous theories on the origin of high energy particles and 
production mechanisms, acceleration and propagation mechanisms and high energy hadronic 
interaction models.  
 The energy spectrum of the cosmic rays has monotonous E-γ dependence, interrupted by 
several discontinuities, which have to be clarified. The first one, called “knee”, (due to the 
resemblance in shape with a bent human leg), has been found at around 1015 eV due to the CR 
light component decrease. Around 1017 eV, another discontinuity, “knee”, (due to the heavy 
component), appears and around (1019 -1020) eV, the spectrum flattens in the region called “ankle. 
The very high energetic primary cosmic ray is interacting with the nuclei of Earth's atmosphere 
and secondary particles are produced developing EAS, (Extensive Air Shower), which arrive at 
the ground distributed over a large area, and can be signaled by complex detectors spread on 
large surface. Thus, the effects of the cosmic radiation in the Earth's atmosphere, are obtained by 
investigating EAS (avalanches of particles), using the atmosphere as the detector 
medium[2.3.13.1].  
 The reconstruction of the primary cosmic rays spectrum via the EAS observation, is based 
on the simulations of the development of the particle cascades in the atmosphere[2.3.13.2], where 
the most known program is CORSIKA code, setup in KIT, Karlsruhe, Germany[2.3.13.3].  
 The experiment KASCADE-Grande, built in the Karlsruhe Institute of Technology, (KIT), 
Germany, area 700x700 m2, with an international collaboration between Germany, Italy, Poland 
and Romania (IFIN-HH and UB), is designed to measure EAS initiated by primaries with 
energies in the 1014 -1018 eV range for the investigations of the  ''knees'' range[2.3.13.4, 2.3.13.5]. 
This objective is directly linked to the hottest topics in modern astrophysics and cosmic ray 
physics for the proposed energy range: interpreting spectral features (i.e. the second knee or the 
ankle) and identifying transition effects in order to understand the origin of cosmic rays 
(galactic/extragalactic), the production and acceleration mechanisms[2.3.13.6]. 
 At the KASCADE-Grande experiment, the Romanian partner has brought fundamental 
contributions by developing a new and independent reconstruction technique of the energy and 
the mass of the primary cosmic particle from the information of charged particles density in air 
showers[2.3.13.7].   
 Based on a successful Romanian-German co-operation in the experiments KASCADE-
Grande si LOPES, since March 2011 Romania (with the participation of IFIN-HH, UPB and UB) 
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is accepted as Associate Country with Germany in Pierre Auger Observatory, the largest air 
showers hybrid detector in the world, placed in the Mendoza province, Argentina, with over 1600 
detector stations spread over an area of 3000 km2.. The experiment is being operated by an 
international collaboration whose members come from universities and institutes in 19 countries. 
The Romanian partner will use its expertise in the cosmic ray studies using radiotechnique and 
will contribute to the investigation of cosmic rays by analyzing the experimentally recorded EAS 
data, in order to reconstruct relevant observables of the cosmic radiation. The novelty of our 
investigation lays in the use of data from the two above experiments whose optimal energy 
detection ranges overlap and cover together the two spectral features of interest.  
 
2.3.12.3. Studies of the flux and of the charge ratio of the atmospheric muons (local 
infrastructure) 
 
 The muons are the most important EAS component, as they are deep penetrating long living 
particles, which can inform about the primary cosmic particle. In IFIN-HH Bucharest a detector 
WILLI has been set up in collaboration with KIT, Germany, to measure and to study the flux and 
the charge ratio (the ratio of the positive to negative muons) of the atmospheric muons with 
energy less than 1GeV. We use a new improved method to determine the muon charge ratio by 
measuring the lifetime of the muons stopped in the matter. The measurements with rotatable 
WILLI, inclined on 45◦ direction show a pronounced East-West effect (under the influence of the 
Earth's magnetic field) in good agreement with simulations data (DPMJET model) and with the 
East-West effect found in neutrino measurements[2.3.13.8].  
The detector is extended to WILLI-EAS by a mini - array of scintillation detectors for studies of 
the muon charge ratio in EAS, being the unique system in the world to provide data on the muon 
charge ratio in EAS. Such measurements are expected to provide information about the influence 
of the geomagnetic field on the atmospheric muons, about hadronic interactions governing the air 
shower development and about primary mass composition for showers with energies between 
(1013 – 1015 )eV[2.313.9]. 
 The primary cosmic flux can be influenced by the solar activity and this modulation is 
reflected in the muon flux observed at ground level. Using WILLI detector, the influence of the 
solar activity on the muon flux will be investigated by measuring the diurnal or unexpected 
variation of the muon flux[2.3.13.10].  
 
2.3.12.4. Investigation of astroparticles with radio antennas 
 
 For the investigation of CR a new experimental technique is developed, the radiodetection 
of EAS, based on the direct measurement of the electromagnetic pulse created during the passage 
of the shower through the detector media. 
 A LOPES experiment, with international participation, (Germany, Holland, Italy, Poland, 
Romania), is built as an array of radio antennas, in co-location to the KASCADE-Grande setup. It 
is meant to observe the radio emission from atmospheric showers by an array of antennas 
operated in coincidence with the scintillation detectors. The production mechanism is 
investigated by looking at correlations between the radio signal and several shower parameters, 
inferred from the Grande particle detectors that gather data in coincidence with the 
radioantennas[2.3.13.11, 2.3.13.12, 2.3.13.13]. In the latest configuration LOPES-3D, the 
antennas are sensitive to all of the three components of the polarization. Our studies provide a 
starting point for studies and experimental test for other configuration in Pierre Auger 
Observatory.  
 
 The underground site from Slanic Prahova, with an ultra-low radiation background is a 
suitable site for high-energy neutrino investigations based on radiodetection. We will investigate 
the possibility to detect high-energy neutrinos using radio-antenna in the salt mine, an experiment 
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unique in Europe. Neutrinos cannot be directly detected, but they can be indirectly observed 
through their interactions with ordinary matter. We consider a detection strategy based on 
coherent radio Cherenkov emission from neutrino-induced electromagnetic showers. In the 
underground site at Slanic Prahova the experiment would be carried on in salt. The detector 
should be able to reconstruct the energy and direction of the primary particle based on the 
measured properties of the electrical field generated by the initial neutrino. 
 
2.3.12.5. Muon detection with Multi Pixel Photon Counter 
 
 We will investigate high energy cosmic muons at the ground level and in the underground 
using a Multi Pixel Photon Counter, (MPPC) Muon Detector representing the next generation of 
detectors for the cosmic radiation. Such detector, based on a new technology using photodiode 
SiPM and fast readout electronic allows a better identification of the cosmic particle. It has a 
compact form, permits to measure the muon flux and the angle of incidence of the muons and it is 
suitable for cosmic rays observation at ground, in the underground and in the space.  
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2.3.13. E-13: Nuclear Reaction Mechanisms at Low and Medium Energies  
 

The description of nuclear reactions represents an important test for both the 
appropriateness of reaction mechanism models and evaluation of nuclear data requested for 
applications. The following activities have been carried on in this respect at the IFIN-HH/DFN. 
 
2.3.13.1. Measurement of reaction cross-sections 

Gamma-ray measurements have been used to determine reaction cross sections [2.3.14.1-
2]. A setup and a method were developed, by which small reaction cross-sections can be 
measured, especially at energies close to the Coulomb barrier, where, for many nuclei, such data 
are of astrophysical interest. The method is that of the target stack activation: a stack of targets is 
irradiated to produce the radioactive species whose activities are measured after the irradiation 
has stopped. Accurate and reliable measurements have been achieved by precise determinations 
of the target foil thicknesses, real time recording of the beam intensity during the irradiation, and 
detection of the γ-rays with a close geometry setup with accurately determined efficiency (with 
summing effects taken into account). An example of such measurements is shown in Fig. 
2.3.14.1, where cross-sections for several reactions (α,n) and (α,γ) were determined by activating 
stacks of 116Sn and (116Sn + 115Sn) targets [2.3.14.2]. Both experimental determinations and 
consistent theoretical descriptions of cross sections of reactions induced by light projectiles have 
been performed.  

During the last eight years, in close collaboration with teams from EC-JRC-IRMM-Geel 
and other research institutes (e.g. IRES Strasbourg France) a considerable amount of high quality 
nuclear data of interest for energy applications has been produced. Among them, should be 
mentioned the accurate, high resolution neutron inelastic scattering cross section measurements 
on various materials of interest for the development of Generation IV fission reactors. The 
Romanian physicists had an important contribution in the development of experimental devices 
(e.g. GAINS array of Ge detectors) [2.3.14.3], the related data analysis, and results inclusion in 
nuclear databases. They take an active part in a number of European research programs like 
EUFRAT, ANDES and ERINDA. Further, the so-called surrogate method that tries to infer 
neutron induced cross sections based on the investigation of particle-induced reactions is 
currently under investigation. Thus, a certain nucleus is excited through two different reactions 
(α,n) and (n,n') leading to the same compound nucleus, making possible a comparison of the γ-
production cross sections while level cross sections and the reaction cross sections are determined 
with high accuracy. 
 
2.3.13.2. Consistent direct, pre-equilibrium emission and statistical model analyses 

Basic problems are still present in neutron data evaluations even in the advanced nuclear 
reaction models presently involved within, e.g., the Joint Evaluated Fission and Fusion File 
(JEFF) evaluated nuclear data project. The nuclear data topic is considered a critical task for 
selecting and validating the best materials for constructing fusion power reactors, so that it is a 
priority of the EC domestic agency Fusion for Energy (F4E) related to the 

 

International 

 
Fig. 2.3.14.1. Cross-sections for 
(α,n) and (α,γ) reactions 
measured with the stack foil 
activation technique and 
compared to statistical plus 
preequilibrium model 
calculations (curves) [2.3.14.2]. 

http://www.oecd-nea.org/dbdata/jeff/�
http://fusionforenergy.europa.eu/�
http://www.iter.org/�


42 
 

Thermonuclear Experimental Reactor (ITER) and International Fusion Material Irradiation 
Facility (IFMIF) fusion programmes. 

Overall, the theoretical description of the neutron interactions with nuclei needs 
significant improvements that could be validated by suitable description of experimental data, 
e.g. [2.3.14.4], within also the F4E Framework Partnership Agreement No. F4E-FPA-168 (2011-
2014). At the same time, following our local results as well as in order to additionally check 
them, connection of computational studies and further measurements is planned. It is thus 
concerned participation to proposal and performance of further experiments at n_TOF/CERN and 
NFS/SPIRAL-2 facilities. 

A particular case is that of the deuteron-induced reactions since, due to the weak binding 
energy of the deuteron, B=2.224 MeV, there is a variety of reactions initiated by the neutrons and 
protons coming from deuteron breakup. Simultaneous analysis of deuteron elastic scattering and 
induced activation appears essential for a consistent input of nuclear model assessment, for 
further estimation of deuteron interaction data. Third, usually neglected or very poorly taken into 
account, the stripping (d,p) and (d,n) and the pick-up (d,t) reactions description is still an open 
question. The IFIN-HH group aims to deeper understanding of all above-mentioned problems of 
deuteron interactions, e.g. [2.3.14.5-6], also through the IAEA Research Agreement No. 14996 
(2008-2012) within Fusion Evaluated Nuclear Data Library (FENDL-3) project of IAEA Nuclear 
Data Section. 

A simultaneous analysis of the α-particle elastic scattering and induced activation has 
been also essential for a consistent input of nuclear model assessment for the α-particle OMP 
[2.3.14.7-11] that led to a recommended segment of the Reference Input Parameter Library 
(RIPL-3) project. 
 
2.3.13.3. Clusterized nuclear structures: from nuclei to supernovae and neutron stars  

 (a) Under different circumstances, nuclear matter ceases to be uniform and gets 
clusterized. In the case of infinite, homogeneous, neutral matter clusterization occurs when the 
system enters into the spinodal instability region predicted by mean field models. The 
phenomenon is thought to be visible under laboratory conditions in the multifragmenting nuclei.  

(b) In the baryonic matter constituting the main ingredient of supernovae and neutron 
stars, clusterization stems from the quenching of phase coexistence because of the long-range 
Coulomb interactions.  

(c) Symmetric dilute matter suffers α-particle condensation in order to minimize its 
energy. 
The following results have been obtained within the above-mentioned fields of real actual 
interest. 

(a) Following a research line started in the middle of the '90s, our group investigated the 
possibility to access the asymmetry term of the nuclear equation of state out of isoscaling and 
isotopic yield widths. Though the answer is positive, the interpretation of experimental data rests 
far from being trivial, as conservation effects significantly blur the signals [2.3.14.12-16]. 

(b) The expertise in statistical models with cluster degrees of freedom allowed us to 
propose a phenomenological model for the homogeneous-inhomogeneous baryonic component of 
stellar matter, characterize the crust-core transition as a continuous (2nd order) one and plot the 
equations of state over broad ranges of density, temperature and proton fraction [2.3.14.17]. 

(c) Finally, collaboration with IPN-Orsay allowed us to study from the experimental 
perspective the existence of alpha-particle condensates in finite nuclei. Complete kinematical 
characterization of individual decay events reveals that 7.5% of the particle decays of the Hoyle 
state correspond to direct decays in three equal-energy alpha particles. This is the first 
experimental evidence of alpha-condensation in nuclei [2.3.14.18]. 

Measurements performed at GANIL by means of positive sensitive detectors coupled to 
the 4pi INDRA array, in experiments to which we participated, have brought new probes into 
superheavy element stability. In cooperation with LPC, we have developed new semiconductor 
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(diamond and silicon) detectors. A special attention was paid to the description of the current 
pulses induced by heavy ions in n-TD silicon ones, to be used for the reaction product 
identification in the framework of the FAZIA collaboration [2.3.14.20]. 
 
2.3.13.4. Threshold phenomena in nuclear reactions and nuclear structure 
 The nuclear threshold states are located both above (low energy resonances) and below 
(weakly bound states) breaking threshold. They have peculiar properties determined by the 
nearby threshold: spatial extension and threshold renormalization of spectroscopic factors. The 
problem of interplay between threshold phenomena and spectroscopic factors is a priority result 
of our researchers (C. Hategan, 1971, 1978) [2.3.14.21] and now it becomes a topical problem in 
the study of exotic weakly bound nuclei (Gamow shell model).  

The very low energy resonances relevant for nuclear reactions in stars do exhibit 
threshold properties as renormalization of reduced widths and Thomas-Ehrman shift of analogue 
states. The study of astrophysical threshold states has to consider such "threshold effects" on 
nuclear states, e.g. 23Mg and 27Si proton threshold states involved in Ne-Na and Mg-Al stellar 
cycles. These cycles are not important as source of energy but rather in nucleosynthesis of 
elements between 20Ne and 27Al as well as for understanding of isotopic anomalies. 

We realized a detailed theoretical study of the radiative capture reaction 22Na(p,γ)23Mg at 
stellar temperature using the experimental information on the mirror states in 23Na [2.3.14.22]. 
We are studying now the reaction 26Al(p,γ) 27Si relevant for the cosmic abundance of 26Al as 
determined by COMPTEL gamma ray telescope and the 26Mg/27Al anomaly discovered in 
Allende meteorite.  

We applied our expertise in threshold effects also to the description of Borromean nuclei 
[2.3.14.23] and atomic systems [2.3.14.24]. 
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2.3.14. E-14: Nuclear techniques for environment and materials investigation  
 
 
2.3.14.1. Introduction 

 During the last years, due to the impressive development of technology, more and 
more specific techniques designed to help the industry have been developed or improved in IFIN-
HH. For materials characterization, in our institute is a sustained research activity by using Ion 
Beam Analysis (IBA), Rutherford Backscattering Spectrometry (RBS), Elastic Recoil Detection 
Analysis (ERDA) and Non-Rutherford Backscattering Spectrometry (NRBS) techniques. For 
biomedical studies of human diseases Proton Induced X-Ray Emission (PIXE) applications are 
intensive used [2.3.15.1]. 

Determination of major, minor, and trace elemental concentrations in environmental 
samples (soil, sediment, water, tree leaves, and vegetables) are performed by atomic and nuclear 
techniques, with the scope of anthropogenic pollution control. Improvement of the air quality in 
urban areas is one of the main purposes of the European environmental policy. Certain plant 
species are highly sensitive to particular air pollutants and show specific responses to pollution 
effects. Assessment of accumulation of anthropogenically emitted heavy metals and other toxic 
elements by different vascular plants in order to select species able to accumulate the elements in 
excessive amounts being tolerant to them was carried out in urban ecosystems of 7 European 
towns, including Bucharest (BSEC project) [2.3.15.2]. 

The environmental pollution by industrial activities presents a significant health risk to 
human beings. Soil pollution is one of the most serious problems in the world, with long term 
consequences on human life. One of the possible pathways of pollutants from the environment to 
human organisms is the consumption of foodstuffs polluted via air and soil by industrial 
activities. (PNII Tipsarmer project). 

Other techniques, like neutron analysis methods, are among the most important tools for 
studying the structure and dynamics of matter on a wide range of scales from atomic through 
mesoscopic to macroscopic [2.3.15.3]. Neutron scattering refers to a family of techniques in 
which neutrons are used as probes to determine structural and dynamic properties of materials by 
measuring their change in direction and energy after interacting with a sample. The use of 
neutron techniques in combination with traditional characterisation techniques used in condensed 
matter science can provide a unique insight into novel materials, providing the knowledge to 
develop new formulations [2.3.15.4]. 

Muons comprise an important contribution of the natural radiation dose in air (approx. 30 
nSv/h of a total dose rate of 65–130 nSv/h), as well as in underground sites even when the flux 
and relative contribution are significantly reduced. The flux of muons observed underground can 
be used as an estimator for the depth in mwe (meter water equivalent) of the underground site. 
The water equivalent depth is important information to devise physics experiments feasible for a 
specific site [2.3.15.5]. 

 
2.3.14.2. Present status of experimental research, theoretical understanding, ... 
 Here is international access to a 9 MV Van de Graaff Tandem accelerator, dedicated 
reaction chambers for measurements using IBA techniques, detectors for charged particle 
spectroscopy, a ΔE-E detector telescope (ionization chamber-silicon detector), programs for 
data analysis. Among the various micro analytical techniques used today to investigate the 
physical properties of solid surfaces, microanalysis using a MeV charged particle beam is a tool, 
particularly well suited to study physical and chemical phenomena taking place in the near-
surface region of solids. Rutherford backscattering of charged particles (RBS), mainly 1H and 
4He ions, permits the determination and depth profiling, with a depth resolution of l00 - 300 Å 
in regions of a solid up to 1 μm. As this method is essentially non-destructive, it has been 
frequently used to determine the stoicheometry and thickness of thin films (e.g. SBN thin films 
growth by RF plasma beam assisted pulsed laser deposition, sol-gel PZT films  and 

http://apps.isiknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=2&SID=1Dd8li6B825DBFMimnG&page=1&doc=21&colname=WOS�
http://apps.isiknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=2&SID=1Dd8li6B825DBFMimnG&page=1&doc=16&colname=WOS�
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YBa2Cu3O7-x films obtained by pulsed laser deposition). A severe disadvantage of conventional 
RBS is low sensitivity for light elements. The Rutherford scattering cross section is proportional 
to the square of the nuclear charge of the target nucleus.  Therefore, the scattering peaks from 
light elements such as C, N and O are superimposed on a relatively high background due to 
backscattering from heavy elements in the sample. In recent years, backscattering using 4He 
ions with energies higher than 2 MeV has been extensively used in materials analysis to enhance 
the sensitivity for light elements. Advantages associated with the use of higher energy 4He 
beams are: improved mass resolution, increased probing depth and improved accuracy in 
measured stoicheometric ratios. For example, the Non-Rutherford Backscattering Spectrometry 
(NRBS) technique has been used to determine the stoicheometry and thickness of SiC layers on 
silicon. When high energy 4He ion backscattering is used for quantitative analysis of light 
elements the elastic cross sections for these elements should be known. There exists a 
complement to RBS which allows unambiguous particle identification and which is also 
quantitative: elastic recoil detection analysis (ERDA). ERDA is based on the detection of low–
mass target elements, which are ejected by a heavier projectile; the depth distribution is derived 
from the energy spectrum of the recoils.  Since the detected particle is the recoil, it is possible to 
discriminate between different elements by their nuclear charge or mass. Different detection 
techniques have been used to achieve this separation. Based on the method mentioned above a 
collaboration with CSNSM-Orsay (France) has been established. The main object of this 
collaboration is the study of the modifications, induced by He and Ar ions implantation and 
thermal treatments, of zirconia, spinel and SiC, using IBA methods and other advanced 
techniques. In the last years the activity of the collaboration was devoted to the investigation of 
the unusual behaviour upon thermal annealing of the disorder induced into spinel,zirconia and 
SiC crystals by implantation of noble gases (particularly He and Ar).  The rather unusual 
evolution of the disorder profiles extracted from Rutherford backscattering spectra registered in 
channeling conditions (RBS/C) by using the McChasy Monte-Carlo simulation code was further 
investigated. Increase of damage was observed in annealed samples of spinel (and also in 
zirconia) but not in SiC. In order to further investigate the reasons of this particular behaviour, 
our activity was concentrated on the study of the microstructural modifications. 
  Knowing the distribution of trace elements in biological systems (tissue, blood etc.) is 
useful in understanding the pathophysiology of human diseases. These goals are achieved by 
using the PIXE method. In the frame of this theme, in collaboration with Carol Davila 
University, there were obtained experimental results concerning the involvement of 
oligoelements, enzymatic activity and free radicals in cutaneous cancer and other human 
diseases. In the last 4 years, the following issues were addressed:  
     - correlation between tissue and blood concentrations of trace elements in patients with 
cancerdisease;  
     - comparative study of the involvement of trace elements and metallo-enzymes in the 
molecular mechanisms associated with skin tumor disease; the antioxidant status in patients with 
skin cancer;  
     - the transitional metals – important factors in malignant transformation. 
 Neutron scattering analysis is in fact a combination of methods like QENS (Quasi Elastic 
Neutron Scattering), SANS (Small Angle Neutron Scattering) and INS (Inelastic Neutron 
Scattering). The recent studies are focused on: 
     - the study of sodium alginate–heavy water molecular dynamics behavior by INS and QENS; 
    - the study of structure and physical properties of elastomers filled with tiny ferroparticles by 
SANS: 
    - developing theoretical models for small-angle scattering (SAS) intensity from nano/micro 
fractals using a deterministic fractal framework. 
 For muon detection a mobile detector for performing measurements of the muon flux was 
developed in IFIN-HH, Bucharest. Consisting of two scintillator plates (approx. 1 m2) that 
measure in coincidence, the detector is installed on a van that facilitates measurements at 
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different locations at the surface or underground. The muon flux measurements could be used for 
geological studies, e.g. to explore variations in the rock density above the observation level. The 
mobility of the detector implies a considerable practical flexibility of using this procedure of 
measuring muon flux differences for various purposes. 
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2.3.15. E-15: Exotic Atoms and Atomic Interaction Processes 

2.3.15.1. Introduction 
The aim of our research team is to study manifestations of the atomic interactions in 

different ways, in an energy region which span from several eV (the energies involved in 
ionization and charge exchange processes in a ECR plasma) up to 1010 eV, testing of Quantum 
Chromodynamics (QCD) at low momentum transfer by using hadronic-atoms, like π+π- or πK . 
There are also investigations in understanding the physics underlying the operation of 
experimental devices, such as the ECR ion source or diamond detectors for heavy ions. 

In 2004 the DIRAC Collaboration [2.3.16.1,2,3,4,5,6] at CERN, with IFIN-HH as founding 
member, has proposed an experiment to test some predictions of nonperturbative Quantum 
Chromodynamics (QCD) with hadronic atoms. According to the MEMORANDUM OF 
UNDERSTANDING, IFIN-HH group has to design, construct and operate a Preshower Detector 
(PSh) for pion and electron signal separation, respectively for real and background events. The 
Preshower Detector was realized and installed in East Hall, along with DIRAC setup (see 
Fig.1,2), and now are taking experimental data for lifetime measurement of π+π- and πK hadronic 
atoms.  

  
Figure 1. The new DIRAC setup  with Preshower 

Detector (pointed by blue arrows). 
Figure 2. Mounting Preshower Detector at CERN – 

East Hall 

2.3.15.2. Present status of experimental research, theoretical understanding, and future 
challenges 

Quantum Chromodynamics (QCD) has successfully been tested only in the perturbative 
region of high momentum transfer (Q >1 GeV) or equally, at short relative distance Δr ≈ ħc/Q  
(Δr ≤ 0.2 fm). In this region, the constituent quarks behave as weakly interacting (asymptotic 
freedom), nearly massless particles. As any gauge theory with massless fermions, QCD presents 
chiral symmetry. In the nonperturbative region of low momentum transfer Q < 100 MeV/c, or at 
large distance Δr > 2 fm, asymptotic freedom is absent, and quark confinement with massive 
quarks takes place. Therefore, the chiral symmetry of QCD is spontaneously broken. Due to the 
fact that hadronic interactions at large distance (Δr > 2 fm) are described by pionic degrees of 
freedom, the Chiral Perturbation Theory (ChPT) [2.3.16.7] as the non-perturbative QCD theory, 
is replacing the QCD quark degrees of  freedom (see Fig. 3a) by pion degrees of  freedom (see 
Fig. 3d).  

 

Figure 3. Quark 
transition from 
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behavior 
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We are searching for π+π- and πK hadronic atoms. Due to the presence of strong interaction, 
their energy levels are shifted. The real part of the energy shift: Re(∆En) gives the real energy 
level shift and the imaginary part: -2 Im(∆En) = Γn  gives the decay width (Γn=1/τn). 
There is a connection between π+π-- or πK bound states and their asymptotical counterpart of free 
particle scattering at zero energy [2.3.16.8]. The π+π-- or πK scattering are evaluated by scattering 
amplitudes, which at low energies are usually expressed in terms of scattering lengths. They can 
be tested experimentally by measuring the lifetime (decay width) and energy level shifts for the 
π+π- and πK hadronic atoms, directly connected with the s-wave scattering lengths [2.3.16.9].  
 

The main contributions and responsabilities of the Romanian group 
a) Study of shower development and particle discrimination for the DIRAC experiment. 
b) Monte Carlo simulation of the new PSh Detector. 
c) Design, construction and operation of the Preshower Detector along with DIRAC setup. 
d) Determination of the PSh Detector characteristics and performances. 
e) Design of experimental works with the PSh Detector in the DIRAC – CERN framework 
f) Processing and analysis of the PSh signal distributions (electron and pion spectra). 
g) Participation in acquisition, analysis and interpretation of the experimental data 
h) Elaborate scientific papers on construction and use of PSh and on testing nonperturbative 

QCD. 
 
The future challenges:

In p-Be interaction π+π- atoms in ns states are 
produced. Interacting with Be-atoms they will 
be excited (Fig. 4). The main 2p-state decay 
is a 2p → 1s transition with a subsequent 
decay of 1s-state into π0 π0. The lifetime of 
the π+π- hadronic atom in the 2p-state is 
determined by its energy level. The

 Observation of the 
long-lived π+π- atom and energy level shifts 
measurement. 

( )l
AN Be  

excited π+ π- atoms will fly and breakup into 
the Pt foil (1-2µm), providing an additional 
number of atomic pairs l

An  (see Fig. 4). The 
separation of atomic pairs produced in the Be target Be

An  and in the Pt foil l
An  is done by a 

magnetic field. The lifetime measurement of the excited π+ π- atom states is done similarly to that 
for the ground state. 

2.3.15.3. Atomic interaction studies  
During 2007-2011, the excitation of the X-rays in ion - atom collisions has been studied. 

Many measurements of different light and heavy-ions, in the range of MeV/u energies of the 
Tandem accelerator, like12C, 16O, 32S, 48Ti, 56Fe, and 59Co on Pt and other targets, have been 
conducted. Their goal was to test theoretical approaches of inner (K and L) shell vacancy 
production and sharing, as well as to build a database of inner shell ionization cross sections for 
applications, like particle induced X-ray emission (PIXE).  

X-ray spectra induced by collisions of heavy ions with any kind of targets show, apart 
from the characteristic lines of projectile and target, a number of continuum x-rays: 
bremsstrahlung, molecular-orbital x-rays and radiative electron capture (REC). REC may serve to 
obtain information on the projectile electron binding energies inside the target, as well as about 

 
Figure 4. Method for observing the long-lived 

(metastable) π+π- atoms 
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its inverse, the photoelectric effect. During 2007-2011, studies of REC in 0.5-2.5 MeV/u 32S and 
35Cl on thin Cu targets at Tandem accelerator have been performed.  

Results of these studies have been reported and partially published [2.3.16.10].  
In the frame of Stored Particles Atomic Physics Research Collaboration (SPARC, FAIR), 

in collaboration with GSI, Darmstadt, a study of diamond detectors for heavy ions, in order to 
build a new type of particle detector with significant radiation hardness properties, began. 
Starting in 2006 until the end of 2008 diamond sensors of different characteristics (thickness, 
producer, metallization) were tested at GSI LINAC and SIS accelerators at MeV and GeV 
regimes with heavy ions (Xe, U, Pb). The main investigated feature was the charge collection 
efficiency and its dependence of material and irradiation parameters [2.3.16.11].  

2.3.15.4. Non-conventional methods for improving the production of highly charged ions 
by ECRIS 

The main goal of the FP6 Project ISIBHI and PF7 Programme ENSAR - Project ARIS is 
the significant improvement of performances of the large accelerators facilities in Europe for 
nuclear physics, in terms of variety of the delivered beam, its energy, intensity and stability.  

The best possibility to fulfill this charge is the use of ECR ion sources, which deliver high 
intensities of high charge state (q) ions of a large variety of ions, taking into acount that the 
energy is proportional with q2 for the cyclic accelerators and with q for the linear or sincrotron 
accelerator facilities. 

In this context the necessity for a better knowledge of the physical processes that occur in 
the ECR plasma and especially of the ionization processes is very important. Our ECR team was 
involved with significant contribution in clarifying some basic physical processes, with direct 
impact on enhancement of production of highly charged ions. This activity of R&D was 
presented at many international conferences in the field and in published papers [2.3.16.12 - 
2.3.16.17].  
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2.3.16. E-16: Nuclear Structure and Dynamics - Activity Report (2007-2011) 
 
 
2.3.16.1. Introduction 
The effort of the theoretical nuclear physics community is focused on providing nuclear physics 
infrastructures with modern theoretical tools. Such tools allow describing in a unified and 
comprehensive way the results of experiments conducted at the infrastructures. Making full use 
of the sophisticated experimental tools at the infrastructures requires concerted theoretical effort 
towards constructing reliable approaches and obtaining robust predictions.  Our projects fit nicely 
into this development and attack a front-end subject of research, the structure and dynamics of 
exotic medium mass nuclei. A reliable description of those nuclei is not only improving our 
knowledge of the nuclear many-body problem considerably but also provides support and 
guidance for experiments at the new radioactive beam facilities. Especially SPIRAL2 at GANIL, 
France,  NUSTAR at FAIR/GSI, Germany, FRIB at MSU, USA, and RIKEN in Japan  offer the 
possibility to investigate nuclei under extreme conditions of isospin, spin and temperature. The 
new experimental data are expected to allow a better understanding of the nature of the in-
medium nucleon-nucleon interaction, to test the validity of different theoretical approximations, 
to guide us towards integrating nuclear structure with nuclear reaction theories, and, last but not 
least, to lead us into new, unexplored regions of the nuclear chart. The understanding of the 
properties of exotic nuclei is also essential for nuclear astrophysics. The characteristics of nuclei 
close to the drip lines have relevance for nucleosynthesis and significance for the astrophysical 
simulations concerning the rp-process and the r-process path. 
 
2.3.16.2. Scientific context and motivation, achievements 
 
The exploration of nuclei in yet unknown regions far off stability  reveal combinations of neutron 
and proton orbitals at the Fermi surface rather different from those accessible before, which may 
lead to considerable modifications of the traditional nuclear shell structure and to rather exotic 
nuclear shapes. Extreme N/Z ratios near the proton drip line offer new insights into the isospin 
structure of nuclei and medium mass A~70 nuclei with almost equal proton and neutron number  
provide some laboratory to study the effects of proton-neutron pairing correlations. The increased 
interest for the investigation of the neutron-rich nuclei in the A~100 region is determined by the 
drastic changes in structure with the evolution of the number of nucleons, which require beyond 
mean field approaches and realistic effective interactions in large model spaces. These nuclei are 
relevant for the rapid neutron-capture astrophysical process.   
Our investigations are based on the Vampir-Monster models representing approaches to the 
configuration-mixing shell model trying to extract the relevant degrees of freedom directly from 
the nuclear Hamiltonian by variational procedures. In the last years we successfully investigated 
the structure of nuclei in the A~70 mass region. The results revealed that shape coexistence and 
shape transition phenomena dominate the structure of the nuclei in this region [1-7]. We 
addressed essential questions concerning the structure and dynamics of exotic nuclei and tests of 
fundamental interactions and symmetries based on variational approaches with symmetry 
projection before variation of the Vampir-Monster model family. Large model spaces and 
realistic effective interactions are used. The considered nuclei display a rich variety of bands 
being based on differently deformed prolate as well as oblate intrinsic structures coexisting in the 
same nucleus and in many cases even strongly mixing with each other. This coexistence of bands 
being built on rather different intrinsic shapes as well as the mixing of these bands causing rather 
complex decay patterns was predicted by the calculations and, in many cases, also confirmed 
experimentally [5-7].  
Proton drip line and N~Z nuclei in the A~70 mass region have been investigated within the 
Vampir models as they are the micro-laboratory for high-precision tests of the Standard Model 
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providing sensitive tests of the conserved vector current (CVC) hypothesis and the unitarity of the 
Cabibbo-Kobayashi-Maskawa (CKM) matrix [3]. 
The isospin symmetry breaking is also responsible for the mirror energy differences, but the 
anomalies experimentally identified in the A~70 mass region are connected with shape 
coexistence and mixing as it was  demonstrated in the frame of the complex Excited Vampir 
approach [5]. 
Extensive successful investigations included the self-consistent description of the Gamow-Teller 
strengths for the astrophysical rp-process waiting point nuclei in the A~70 region [1,2,4,6]. The 
Gamow-Teller strength distributions for the beta decay of the ground state as well as the lowest 
excited states of waiting point nuclei  have been obtained within the  complex Excited Vampir 
variational approach using different realistic effective interactions and different model spaces. 
The influence of the shape mixing accounted by the different effective interactions and model 
spaces used and comparison with the available data have been presented. The influence of the 
decay of the lowest excited states of the parent nuclei in the astrophysical environment of X-ray 
bursts was discussed and possible astrophysical scenarios presented for the first time in the 
literature.   
 
2.3.16.3. Ongoing investigations on self-consistent  description of structure and dynamics of 
exotic nuclei 
 
The study of the structure and dynamics of exotic nuclei both theoretically and experimentally is 
nowadays one of the most active fields of research in nuclear physics. The nuclei with unusual 
N/Z ratios are proper candidates to get insight into the fundamental interactions and symmetries. 
These nuclei have relevance for nucleosynthesis and significance  for astrophysical scenarios 
concerning the rp-process and the r-process path.  The proton-rich nuclei in the A~70 mass region 
and the neutron-rich nuclei in the A~100 region manifest shape coexistence and mixing.  A self-
consistent description of their structure and decay requires theoretical methods going beyond the 
mean field approaches as well as realistic effective interactions and large model spaces. Within 
our projects microscopic many-body approaches belonging to the Vampir-Monster model family 
are used to address essential questions concerning the structure and dynamics of exotic nuclei and 
tests of fundamental interactions and symmetries. An essential step on the way to achieve a 
realistic description of exotic nuclei is the systematic derivation of suitable effective nucleon-
nucleon interactions for particular mass regions and their extrapolations to proton- and neutron-
drip lines. These investigations are important for the science program at the existing and future 
Radioactive Isotope Beams facilities, such us SPIRAL2 at GANIL, NUSTAR at FAIR/GSI, 
FRIB at MSU, RIKEN in Japan. 
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2.3.17. E-17: Physics of Strongly Interacting Matter   
Activity Report(2007-2011) 

 

2.3.17.1 Introduction 

   In the last decades, detailed experimental results based on versatile experimental 
devices at various colliding energies, from pp (ppbar) to heavy ion collisions, led to a tremendous 
progress in the understanding of the main mechanisms of collision processes and the properties of 
the new form of matter produced in such collisions, based on strongly interacting constituents, 
starting from nuclear state at zero temperature all the way to a deconfined matter of quarks and 
gluons. Based on a joint effort of theory and experiment, the phenomenology of the different 
regions of the phase diagram of strongly interacting matter started to be coherently interpreted 
and reveals first signatures of a phase transition from a quantum liquid to a hadron gas at 
intermediate energies and from hadronic matter to a deconfined matter of quarks and gluons at 
ultra-relativistic energies. As far as the new states of matter are obtained in laboratory using 
heavy ion collisions, it is mandatory to have under control the influence of the finite size and 
dynamical aspects on the measured observables i. e. the dynamical evolution of the transient 
piece of matter produced in heavy ion collisions characterized by collective pattern. The strong 
coupling allows for effective multiple interactions of particles even in small systems and on very 
short time scales, which makes collective behaviour an important characteristic of medium- and 
high-energy nuclear reactions. On the “macroscopic” level the properties of an interaction are 
reflected by the equation of state of the produced matter.  

  Understanding baryonic matter at high energy density constitutes a formidable challenge 
for strong interaction theory.  At very high temperatures, a transition to a system of free and 
massless quarks and gluons, coined as quark-gluon plasma (QGP), is expected. This state of 
matter should have existed in the very early universe, a few µs after the Big Bang, when 
temperatures were extremely high. The QGP phase transition is probably the only phase 
transition of the early universe that can be studied experimentally. The QGP should also exist in 
the core of dense neutron stars, where the net baryon density is very high. Detailed information 
on the corresponding equation of state would help understanding the behaviour of these 
astrophysical objects. The investigation of the phases of strongly interacting matter addresses 
some of the most important open questions of fundamental physics today. These include: What 
are the fundamental properties of matter interacting via the strong interaction as a function of 
temperature and density?; What are the microscopic mechanisms responsible for the properties of 
high density strongly interacting matter?; How do hadrons acquire mass?;  How is mass modified 
by the medium it moves in?; What is the structure of nuclei when observed at the smallest scales, 
i.e. with the highest resolution?. 

We are now on the verge of a significant new revolution in the field, owing to the recent 
and future availability of very high energy nuclear beams at the LHC (at CERN) and very high 
intensity beams at FAIR (at GSI), respectively. These two central facilities, which are at the 
forefront of the European research arena, will pave the way to the exploration of completely 
unexplored regimes of the strong interaction.  
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2.3.17.2 Present status of experimental research, theoretical understanding, and future 
challenges 
 

   Strong evidence for collective expansion in heavy ion collisions is derived from the 
observation of the anisotropy in particle momentum distributions correlated with the reaction 
plane. One of the most striking manifestations of collective phenomena is the so-called elliptic 
flow, evidenced in mid-central heavy ion collisions. The elliptic flow is characterized by the 
second Fourier coefficient (v2) of the azimuthal momentum-space anisotropy.  We performed 
detailed analysis of the collective expansion azimuthal distributions at mid-rapidity, different 
impact parameters and incident energies at SIS energies within FOPI Collaboration. The main 
results consisted of: experimental evidence and theoretical interpretation of collective expansion 
of nuclear matter   produced in highly central collisions of heavy ions at intermediate and 
relativistic energies [18.1]; evidence of transition energy and its multi-dimentional studies [18.2];  
experimental and theoretical study of azimuthal distribution of collective expansion in mid-
central  heavy ion collisions and their implication in extracting information on the dynamics of 
expansion   process and on the EoS [18.3].  The calculations with the soft EoS reproduce the 
overall trends of the experiment. These results support the conclusion that the equation of state of 
baryonic matter at densities of about two times normal density (2ρ0) and temperatures of about 
50-70 MeV is soft.   Hadron spectra provide complementary information on the medium 
evolution. The shape of the spectra of most hadrons at low transverse momentum is consistent 
with thermal emission of a collectively expanding source. While the shape alone does not 
demand a thermal description, the evidence from elliptic flow and the consistency with the 
hadron abundances make an interpretation of spectra in terms of models inspired by 
hydrodynamics meaningful. The particle yield as a function of transverse momentum reveals the 
properties of the system at the kinetic freeze-out, where interactions of hadrons cease. In the 
simplified version of such models, hadron spectra can be effectively characterized by two 
parameters: the kinetic freeze-out temperature Tkin and the average transverse flow velocity vt.  
A detailed analysis of particle spectra in heavy ion collisions has shown that at a given collision 
energy there is a common set of parameters (Tkin,vt), which describe measured low-momentum 
spectra of most hadrons simultaneously. The parameters indicate collective radial expansion, 
which increases with the collision energy. Deviations from this behaviour, which are observed for 
particular hadron species at some collision energies, can be explained by e.g. smaller hadronic 
cross sections or in-medium modifications. One of the goals of future heavy-ion collision 
experiments at relativistic beam energies is the precise scanning of the QCD phase diagram in the 
region of high net-baryon densities.  

  Such experiments address fundamental physics questions: What are the properties of 
very dense nuclear matter? Is there a first order phase transition between hadronic and partonic 
matter? Is there a critical or a triple point, and, if so, where are these points located? Is there a 
chiral phase transition, and, if so, does it coincides with the deconfinement phase transition? Are 
there new QCD phases? Based on the experimental and theoretical results at lower incident 
energies, at higher centre-of-mass energy in proton-proton and nucleus-nucleus collisions, the 
initial phase of the the matter produced is expected to be denser, to equilibrate faster and at a 
higher initial temperature, characterized by a larger volume of space-time. All these are premises 
for development of collective phenomena and therefore a tool to study macroscopic properties of 
hot and dense QCD matter. Detailed studies of p + p and heavy ion collisions at the LHC will 
facilitate a detailed characterization of QCD matter at high-temperature phase. Calculations of 
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lattice-regularised QCD provide indications that characteristic properties of the QCD high-
temperature phase, such as its interaction  or its bulk viscosity, undergo qualitative changes if the 
temperature is raised well above the QGP transition. These changes are regarded as signals of the 
onset of a transition of the quark gluon plasma to more and more gas-like properties at higher 
temperatures. 

ALICE experiment at LHC is well set to constrain our understanding of QCD 
thermodynamics and transport theory in the QCD high temperature phase. Within the LHC 
baseline programme of p+p and Pb+Pb collisions, this includes the measurement of abundances, 
spectra and collective flow in terms of their dependence on particle species, transverse 
momentum, rapidity, collision centrality, etc. It is necessary to better constrain the initial 
conditions of the collective phenomena, since they are currently a major source of uncertainty in 
determining properties of hot matter. The dependence of collective flow on the centre-of-mass 
energy of the collision allows to scan the dependence of properties of matter on the initial 
temperature and density attained in the collision. 

 
2.3.17.3 Results 
 

- Studies of the collective expansion in ultra-relativistic heavy ion collisions based on   
hydrodynamical  inspired models coupled with non-extensive statistical equilibrium [18.4]. 

- Contribution to the ALICE experimental set-up, ALICE-GRID, TRD calibration, first 
experiments and first physics using p + p and Pb+Pb collisions [18.5] 

- The team, deeply involved in realization of 24% of the ALICE-TRD chambers in our  
Hadron Physics Department, contributed to the mounting of the TRD detector (Fig. 18.1) in the 
ALICE experiment. 

- The team contributed to seting up NIHAM Data Center, which was continously 
maintained as one of the most efficient sites of ALICE GRID (Fig. 18.2). 

                                                        
 
 
 

                                          Figure   Figure 18.1                                                            Figure 18.2 
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2.3.18. E-18: New detection and identification methods  
and Associated Front-End Electronics - Activity Report (2007-2011) 

 
2.3.18.1. Introduction 

 
Forefront experiments in nuclear physics in general require innovative instrumentation. 

Therefore,  better performing accelerators, detectors, data acquisition and the associated highly 
sophisticated electronics are of continuous demand.  

Next generation particle detectors have to be operated at extremely high counting rates 
and track densities. At the same time, these detectors have to provide excellent time and position 
resolution, as well as a low material budget to reduce multiple scattering and background. 
Evolving detector technologies with a rich R&D program include advanced diamond detectors, 
frontier photon detectors based on nanotechnology, inorganic scintillation fibers, or on silicon 
photo multipliers, large-area low-mass gas counters, fast compact Cherenkov counters for particle 
identification, ultra-light and large-area tracking systems based on GEM or Micromegas 
technology, ultra-light tracking and high-resolution vertex detection systems based on silicon 
sensors. The future CBM experiment at FAIR will be confronted with the selection of rare probes 
in high multiplicity environment at collision rates of up to 107 events/sec. Therefore fast, large 
granularity and radiation hard detectors for electron as well as hadron identification, high 
resolution secondary vertex determination and a high speed event-selection and data acquisition 
system have to be developed. The ongoing R&D activities along these lines have to be continued 
in order to exploit the high intensity beams envisaged at the future FAIR facility by the CBM 
experiment. 

At the same time, the ALICE upgrade program will enhance the present discovery 
potential and make use of the high luminosity of LHC. Recent developments in integrated circuits 
technology and advances in computing and networking power significantly improved the 
performance of all experiments in nuclear physics.  Field-programmable gate arrays, including 
more than one million logic gates, are used in fast trigger- , pattern recognition-, real-time 
tracking and position-determination circuits and event builders. Upgrades of present experimental 
devices and design of future ones will take advantage of these developments and advances in fast 
digitizers. Optical fiber and transceiver performance, with transfer rates of 5–10 Gbits/s/link is 
now available off-the-shelf. Therefore, event building and recording rates of up to 1 Gbytes/s is at 
reach.  

 

2.3.18.2. Present status of R&D research 
 
 A very important part of the activities that take place in the Detector Laboratory of 

Hadron Physics Department is represented by R&D activities for new type of detectors and the 
associated front-end electronics.  
 The members of this team designed and built High Counting Rate TRDs which conserve their 
performance in terms of electron-pion rejection and position resolution  at counting rates up to 
250 kHz. Taking this into consideration, the architecture of TRD prototypes developed by us is a 
serious candidate to be implemented in the CBM experiment at FAIR, GSI-Darmstadt. 
  At the same time, we developed high counting rate and high granularity Resistive Plate 
Counters (RPC) with time resolution better than 50 ps and two dimension position information 
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based on low resistivity glass electrodes and strip architecture proposed and realized by us. New, 
multistrip, multigap, symmetric RPC architecture was proposed and developed by our group 
[19.1,19.2]. The TOF-RPC  array of FOPI was realized based on such geometry [19.3]. 

Members of our team were also involved in developing a start detector from a single 
crystal Chemical Vapor Deposition Diamond Detector (CVD-DD) with a time resolution better 
than 100 ps and a large efficiency for minimum ionizing particles.  

The actual performance of any detector is very closely connected with the performance of 
the associated front-end electronics. That is why it is a good strategy to have a very strong 
collaboration between the people designing and building the detector and the people designing 
the front-end electronics. This allows extensive tests and adjustments to be done in all the phases 
of the design. Our group has been following this strategy for a long time: a member of our group 
had an essential contribution in designing the analogical part (Preamplifier Shaper - PASA) of the 
ALICE TRD "multichip module" (MCM). This Preamplifier Shaper is designed and build in the 
ASIC using CMOS 0.35 m technology.  
We have acquired and installed the CADENCE environment, used for designing ASIC 
microcircuits necessary for the front-end electronics associated with radiation detectors. The 
OrCAD environment, used for designing Printed Circuit Boards (PCB) is also available in the 
HPD. Using these high performance tools, front-end electronics chips are continuously designed 
and tested in our group.  

We are proud to mention that in our team was designed the first analogic CHIP in 
Romania, it was implemented on a mother board designed also by members of our group and 
successfully used in testing the TRD prototypes mentioned above. 

  
2.3.18.3. Results 

 
- Contribution to the ALICE experimental set-up by using the Detector Laboratory in Hadron 
Phys ics Department (Fig. 19.1). 
- Proposed and realized new RPC architectures with strip read-out electrodes based on  which 
future  TOF experimental devices  will be realized ( CBM) . 
- Proposed and realized new architectures of transition radiation detectors with high  efficiency 
and  electron/pion rejection factor better than 1% for high counting rates [19.4]. 
- Tests of the various types of detectors with radioactive sources and beams (Figs 19.2, 19.3). 

 
 
 
 
 
 
 
 
 
 
 

   
                              Figure 19.1 Detector Laboratory of Hadron Physics Department 
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                             Figure 19.2 In-beam tests of the RPC prototypes  

                         
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    Figure 19.3  In-beam tests of the TRD prototypes and associated front-end electronics 
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2.3.19. E-19: ATLAS Experiment at the LHC - Activity Report (2007-2011) 
 
2.3.19.1. Scientific context 
 Particle physics is a central component of the physical sciences, focused on the fundamental 
nature of matter and energy, and of space and time. Discoveries in this field, often called high-energy 
physics, will change our basic understanding of nature. Particle physics has been very successful in 
creating a major synthesis, the Standard Model (SM). The Standard Model of particle physics 
provides a remarkably accurate description of elementary particles and their interactions.  
 At successive generations of particle accelerators physicists have used high-energy collisions 
to discover many new particles. By studying these particles they have uncovered both new principles 
of nature and many unsuspected features of the universe, resulting in a detailed and comprehensive 
picture of the workings of the universe.  
 Revolutionary discoveries have shown that this Standard Model, while it represents a good 
approximation at the energies of existing accelerators, is incomplete. They strongly suggest that new 
physics discoveries beyond the Standard Model await us at the ultrahigh energies of the Terascale.  
 The Large Hadron Collider (LHC) will provide a first look at this uncharted territory of 
ultrahigh energy. The Large Hadron Collider accelerates beams of protons in opposite directions 
around giant circular rings at nearly the speed of light, producing millions of high-energy collisions 
per second. LHC experiments will address key questions about the physical nature of the universe: 
the origin of particle masses, the existence of new symmetries of nature, the existence of extra 
dimensions of space, and the nature of dark matter. LHC represents a unique opportunity to search for 
new particles predicted by models beyond the Standard Model (BSM). LHC may produce new 
particles and gain direct access to new phenomena of the Terascale. 
 
2.3.19.2. ATLAS experiment overview 
 The ATLAS experiment is a general-purpose detector for the LHC, whose design was guided 
by the need to accommodate the wide spectrum of possible physics signatures. The major remit of the 
ATLAS experiment is the exploration of the TeV mass scale where groundbreaking discoveries are 
expected. In the focus is the investigation of the electroweak symmetry breaking and linked to this the 
search for the Higgs boson as well as the search for Physics beyond the Standard Model. The main 
goals of the ATLAS programme include precise measurements of the Standard Model parameters, but 
also search for new phenomena. The nucleus-nucleus collisions at the LHC energy will provide a 
useful opportunity to study the properties of strongly interacting matter at extreme energy density, 
including the possible phase transition to a colour deconfined state, the quark gluon plasma.   
 The discovery of Higgs boson has been used as a benchmark to establish the performance of 
the ATLAS detector. Until now, in the studies dedicated to the SM Higgs boson discovery, based on 
about 1fb-1 data recorded by ATLAS, no significant excess was found in the mass range of 110 – 600 
GeV but the ATLAS experiment will continue with high priority the search for SM Higgs boson.  By 
the end of 2012, a conclusive answer concerning the SM Higgs boson existence should be obtained. 
 The jet production in proton-proton collisions at 7 TeV, representing the dominant high 
transverse momentum process, is extensively studied by ATLAS. The most important result until 
now is the validation the of the perturbative QCD theory in the new kinematic regime open by LHC. 
Systematic studies of top quark production and properties as well as complex studies of B physics 
including comparison of the data with SM predictions are also important in the Atlas physics 
programme.  
 The search for new particles, superparteners of the already known particles is another 
important objective of the ATLAS physics programme. Supersymmetry, the only presently known 
mechanism for incorporating gravity in the quantum theory of particle interactions, postulates the 
existence of a high number of new particles, superparteners for all the presently observed particles. 
There are predictions about the bosonic superparteners of fermions - squarks and sleptons - and the 
fermionic superparteners of bosons gluinos and gauginos - and ATLAS will search them. 
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 ATLAS is also searching for new quark and lepton families as well as for new heavy gauge 
bosons with masses much higher than the masses of W and Z bosons. LHC allows searching for 
signatures characterizing quark compositness, a fundamental question. New models propose the 
existence of extra dimensions leading to a characteristic energy scale of quantum gravity in the TeV 
region. Thus, there are predictions about the emission of gravitons which escape into extra 
dimensions generating high missing transverse energy or Kaluza-Klein excitations manifesting as Z-
like resonances with ~ TeV separations in mass and ATLAS will search for them. 
 The ATLAS detector covers almost the entire solid angle around the nominal interaction point 
and comprises the following sub-components: 
• An inner tracking system: operating inside an axial magnetic field of 2T, it is based on three types of 
tracking devices. These are an outer tracker using straw tubes with particle identification capabilities 
based on transition radiation (Transition Radiation Tracker, TRT), a silicon strip detector 
(SemiConductor Tracker, SCT) and an innermost silicon pixel detector.  

• A hybrid calorimeter system: for the electromagnetic portion, the hadronic end-cap and the forward 
calorimeter a liquid argon technology with different types of absorber materials is used. The central 
hadronic calorimeter (Tile) is a sampling calorimeter with steel as the absorber material and 
scintillator as the active medium. The electromagnetic sections use an accordion geometry to ensure 
fast and uniform response. A presampler detector, to correct for energy losses in the upstream 
material, is installed in front of the EM calorimeter in the range |η| < 1.8 

• A large muon spectrometer: an air-core toroid system generates an average field of 0.5 T (1 T), in 
the barrel (end-cap) region of this spectrometer, resulting in a bending power between 2.0 and 7.5 
Tm. Over most of the η-range, tracks are measured by Monitored Drift Tubes; in the high-regime 
the closest of four wheels to the interaction region is instrumented with Cathode Strip Chambers. 
Trigger information is provided by Thin Gap Chambers in the end-cap and Resistive Plate 
Chambers in the barrel. 

• Specialized detectors in the forward region: two dedicated forward detectors, the LUCID Cherenkov 
counter and the Zero Degree Calorimeter. In addition the BPTX, an electrostatic beam-pickup which 
monitors the timing of the beam near ATLAS and two scintillator wheels were mounted in front of 
the electromagnetic end-caps to provide trigger signals with minimum bias. 

 The Romanian group was involved in ATLAS well before the official signature, in 1998, of 
the MoU. The IFIN-HH physicists and engineers were involved in the project R&D-34 (construction 
of a prototype of iron-scintillator sampling calorimeter) and R&D-13 (dedicated to scalable Data 
Taking System). As a consequence, in the MoU for Construction of ATLAS Detector, the 
participation of the Romanian group is mentioned related to: a) the construction of Tile calorimeter 
(Tilecal) and b) development of the Trigger and Data Acquisition System (TDAQ). The construction 
of the support structure for the large barrel of Tilecal (64 support girders, 6 m long, and the link 
elements between modules) was the main Romanian contribution to the hardware construction of 
ATLAS detector. The construction of the girders and the link elements has been performed at Cluj.  
The engineers from ATLAS Romanian group were involved in the quality control of girders, module 
assembly, cabling, inserting of fibers inside modules, optical instrumentation, tests of the Front End 
electronics.  
 The ATLAS detector was thoroughly commissioned and initial calibration and performance 
studies were done using cosmic ray data recorded during 2008 and 2009. Performance close to design 
goals was obtained for the different detector components. The excellent performances of the LHC, 
mainly the rapidly increasing luminosity, and the high quality data obtained until now by the ATLAS 
detector allow us to continue accomplishing the Atlas Collaboration scientific programme. 
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2.3.19.3. Scientific and technical contribution of the research team 
 The physicists were involved in Tilecal test beam activities (data taking, calibration, offline 
analysis of data to determine the calorimeter performances) as well as in the Tilecal commissioning 
with cosmics and single LHC beams. After the LHC startup, a high priority was given to the Tilecal 
operation as well as to monitoring of calorimeter functionality and data quality. Software tools were 
developed for data quality monitoring and time evolutions of errors. The jet identification and the 
missing transverse energy reconstruction in simulated and experimental events were two directions of 
most interest and useful in the study of top anti-top pair production in p-p collisions at 7TeV. Another 
study was the jet energy calibration using the in-situ technique of the transverse momentum balance in 
photon-jet events produced in proton-proton collisions at s =7 TeV.  
 The Romanian TDAQ group contributed to the development of Online Software components 
(software to configure, control and monitor the TDAQ system), the TDAQ software releases 
management and testing and the development of a set of tools to evaluate the DAQ efficiency. The 
activity was related mainly to two Online Software components, the Message Reporting System and 
the Integrated Graphical User Interface. The contribution to the TDAQ software releases was related to 
the development of the policies and tools which are used by software developers and librarians in order 
to develop, release, deploy and maintain the TDAQ software. The Bucharest group contributed also to 
the release testing, as a remote test bed. After the data taking start, a set of tools for DAQ efficiency 
evaluation has been developed. The set includes applications to read from online databases information 
about the stable beams, active runs, data taking rates, dead time sources and also to display this 
information as web pages. The results obtained by a group of engineers from University Politechnica 
Bucharest in the TDAQ system are related to their participation and their contributions to the choice 
and deployment of the network management solution of the TDAQ system. 
 In this period we continued to develop the ATLAS Group Analysis Facility, composed of Tier2 
Grid facility RO-02-NIPNE and our local batch/interactive computing cluster for simulations and data 
analysis. A new data centre infrastructure, housing our analysis facility, was developed and it is based 
on a 160kW UPS system and a chilled water topology cooling system. New network infrastructure was 
deployed based on an Unified Fabric Solution for data centres, handling LAN/SAN traffic of 10 
Gigabit / 1 Gigabit Ethernet, iSCSI, Fibre Channel and Fibre Channel over Ethernet. As well our up-
link connection was upgraded to 10 Gbit/s.  RO-02-NIPNE Grid facility has a computing power of 400 
CPU cores with more than 2 GB/core RAM and a storage capacity of 200 TB. The local computing 
cluster used for simulations and PROOF analysis is composed of 44 cores, 1 GB/core RAM, with a 
storage area of 7 TB. The main activities consisted of maintenance, operation and development of the 
Group Analysis Facility according to ATLAS Collaboration requirements. 
 Concerning ATLAS experiment upgrade, the participation of ATLAS Romanian group is 
mentioned in the following document: ’’TileCal phase II upgrade R&D proposal’’, related to tasks 
regarding the functionality, prototyping and testing of the phase II electronics, both on detector and off 
detector, including the required links. 
 Physics studies were mainly devoted to phenomenology and prospects for new phenomena 
discovery potential. An important component of our research was dedicated to comparative analysis 
between LHC data and the theoretical predictions based on Monte Carlo simulations. Study of jet 
production, general topological search for new physics, search for supersymmetry in single lepton and 
multi-lepton final states, search for charged heavy leptons production, search for excited quarks, Monte 
Carlo generators validation using tt data and phenomenological studies on particle production and 
decay were considered. Under the supervision of our ATLAS group senior scientists students were 
elaborating diplomas, Master dissertations and PhD thesis on many of the subjects mentioned before. 
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2.3.20. E-20: FCAL Activity Report (2007-2011) 
 
 
2.3.20.1. Introduction 

ILC (International Linear Collider [1]) and CLIC (Compact Linear Collider [2]) are two 
future projects of linear accelerators which will collide electrons and positrons. They will be able to 
complement the physics program of LHC by taking advantage of the cleaner background 
environment. LHC is a discovery machine; its main goal is to prove the existence of the last 
ingredient of the Standard model of particles, the Higgs boson, and to search for signals which 
may point to physics Beyond the Standard Model. If new signals are being discovered, there 
comes the need to know their properties, their way of interacting and where they come from. The 
scientific community has reached the agreement that an electron-positron collider with center of 
mass energies between 500 GeV and 3 TeV, coupled with very high luminosities, is the next best 
choice to fulfill the tasks outlined. Such a machine is either ILC or CLIC. 

The two proposed future projects are currently being developed in parallel, although they 
are at different stages of development. In 2005 the ILC community has completed a baseline design 
for ILC and based on it a more detailed Reference Design Report, RDR, was published in 2007 
including more technical aspects and a cost estimate. Presently the ILC is in the engineering design 
phase preparing to produce a Technical Design Report, TDR, which will be the final step towards 
the approval and eventual construction of this accelerator. In comparison, the CLIC research 
community is working on preparing the Conceptual Design Report, CDR, by the end of 2011. 
 
2.3.20.2. Present status of experimental research, theoretical understanding, ... 

As both accelerators are still at the proposal-phase level, tests are being assiduously 
conducted in order to establish the best technologies which are going to be pursued, the materials 
which are going to perform best in the given conditions and, not last, the cost effective choices. 
Prototypes of sub-detectors or sensitive materials and electronic devices are being tested in beam-
test facilities to investigate performances and to develop new technologies, if needed, to withstand 
the extreme conditions of a powerful future linear collider. 

The basic outline of the detectors proposed for the two accelerators is common as the 
CLIC community decided to have as starting point the detectors validated for ILC and then 
continue adapting and optimizing them for CLIC environment. 

Four detector concepts were proposed in the ILC RDR. The need to extract the maximum 
information from ILC/CLIC events dictates a few design characteristics common to all detector 
concepts. All concepts make use of similar pixel vertex detectors, for high precision vertex 
reconstruction and serving as powerful tracking detectors, they all include sophisticated tracking 
systems, optimized for high track reconstruction efficiency and excellent momentum resolution. 
Also, all concepts are designed to accommodate the calorimeters inside a magnetic coil, since much 
of the physics relies on high quality calorimetry. High field solenoids, ranging between 3 and 5 
Tesla, have been proposed, to ensure excellent momentum resolution and help disperse charged 
energy in the calorimeters. [3] 

The initial four detector designs were SiD (Silicon Detector), LDC (Large Detector 
Concept), GLD and the 4'th Concept. LDC and GLD joint efforts and a new combined design 
emerged, the International Large Detector, ILD. Only ILD and SiD were approved to enter the 
new development stage and prepare the Detailed Baseline Designs (DBDs). 

The great challenge of the ILC/CLIC detectors consists in improving measurements on 
observables determined through a large experimental program designed to explain the mass 
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generation mechanism and electroweak symmetry breaking. For this purposes, new limits on jet 
energy resolution, momentum and vertex impact parameter have to be reached. Investigations 
regarding multi-jets and supersymmertry require highly hermetic detectors and large solid angle 
coverage. Particularly, the vertex detector and very forward calorimetry must survive in a high 
background of e+e- pairs produced by the beamstrahlung radiation of the colliding beams. The high 
level of radiation and fast bunch crossings (once every 300 ns) pose great challenges over the 
design of the very forward detectors. [4] 

Three calorimeters are planned in the very forward region of a detector concept proposed 
for ILC and CLIC. BeamCal, adjacent to the beam pipe, LumiCal covering larger polar angles, are 
electromagnetic calorimeters and GamCal located at 100 m from the interaction point with the role 
of aiding beam tuning. There is also LHCAL, a hadron calorimeter covering almost the same polar 
range as LumiCal, which shields the inner detector, and a position monitor placed in front of 
BeamCal. Also, the last quadrupole magnet, QD0, of the Beam Delivery System (BDS) extends 
into the very forward region. Its role is to transport and de-magnify the beams in order to bring 
them into collision and then carry out the spent beams.[5] 

Even so, prior to any prototyping, preliminary studies are needed in order to determine the 
energy scale of the phenomena involved, to better understand the physics phenomena at the tera-
scale as well as to establish the conditions in which the detectors are required to perform in order to 
reach the proposed physics goals. All these tasks are performed through complex simulation 
software able to describe in great detail the detectors, the primary collisions, interactions of 
particles with the detector’s materials and the response of the detectors. 

 
2.3.20.3. Investigation of electromagnetic and neutron showers in BeamCal and QD0 

One of our group’s contributions consists in the optimization of the detector simulation 
algorithm. Two components have been investigated, BeamCal at ILC and QD0 at CLIC. 

BeamCal must shield the Inner Detector against backscattering from beamstrahlung pairs 
while efficiently detecting single high energetic particles at lowest polar angles. The identification 
of high energy electrons at small polar angles is necessary to veto two photon events. The latter are a 
serious background in many new particle search channels and produce very high levels of ionizing 
dose in which the sensors used for BeamCal have to survive. On the other hand, the distribution of 
energy depositions coming from background allows for a fast determination of bunch parameters. 

Consequently, the background electromagnetic shower shape has been investigated and the 
radiation levels have been estimated for one year of operation at ILC accelerator as well as bunch-
by-bunch fluctuations of energy depositions. 

The electromagnetic radiation dose and neutron fluxes have been estimated using two 
different simulation algorithms, a stand alone simulation of BeamCal, BeCaS, and the general 
software framework which describes the whole ILD detector concept, Mokka. It was found that the 
results given by the two detector simulation algorithms are comparable. With BeCaS, a radiation 
dose of ~0.5 MGy/yr is found in the ring of cells placed right around the beam pipe (~20 individual 
cells) and a maximum dose of ~0.2×106 Gy/yr is estimated with Mokka for a single individual cell. 

Also, radiation doses and neutron fluxes in BeamCal have been evaluated using different 
configurations of magnetic fields e.g. a simple 3.5 T solenoid field, a detailed 2D combination of 
solenoid and local dipole correction, anti-DID, etc. A factor 1.5 to 2 between energy depositions 
in simple solenoid magnetic field and 2D solenoid field map with anti-DID has been observed. A 
radiation dose of ~0.21 MGy/cell/yr for a 2D solenoid field map with anti-DID and ~0.42 
MGy/cell/yr in simple solenoid magnetic field is determined. 

In what concerns neutrons, almost 2 times more neutrons are produced in the simple 
solenoid magnetic field than in the solenoid corrected with the anti-DID and a neutron fluence of 
~2.6×1011 n/mm2/yr (FieldX03) and ~4.6×1011 n/mm2/yr (SField01) is estimated. The results are 
in good agreement with the results obtained previously using the stand-alone BeCaS simulation 
algorithm for BeamCal. [6] 
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Results related to BeamCal simulation studies are published in two ISI journals, JINST 5 
P12002 [7], 2010 and Rom. J. Phys , vol. 55, no. 7-8, (2010)687-707 [6], in the Proceedings of the 
18th FCAL Collaboration Workshop, 2011, ISBN: 978-973-0-11117-0, pp 70-74 [8] and presented in 
many collaboration meetings and international workshops. 

Background levels expected at CLIC represent one of the main issues to be considered for 
the design of the detectors proposed at this future linear collider. There are two main background 
sources, one due to interactions occurring in the beam (parallel muons produced in the beam halo 
or neutrons from the spent beam) and another due to beam-beam interactions such as e+e- pair 
production and hadron production in gamma-gamma processes. Beam dynamics near the 
interaction point also puts constraints on the detector design while the strength of the interaction 
between the beams and the solenoidal magnetic field of the detector limits the intensity of the 
magnetic field which can be used. 

A detailed but simplified model of the final focus quadrupole magnet (QD0) was 
implemented in a Geant4 application, Mokka. With this model the electromagnetic and neutron 
doses in different components of QD0 were estimated. 

It was found that the dose decreases rapidly in beam direction (away from the IP). The 
electromagnetic dose is highest in a part of the permanent magnet assembly, and is found to be 
less than 270 kGy/yr for the incoherent pairs. The dose induced by neutrons in the same region is 
less than 50 Gy/yr and the neutron flux is found to be up to 5×1012 neutrons/mm2/yr. 

The electromagnetic dose in the yoke and copper coils of QD0 is much smaller. The 
highest dose in the yoke is 20 kGy/yr in the parts closest to the outgoing beam-pipe, and much 
less further away from it. In the coil the maximum dose is about 3 kGy/yr. 

The results related to QD0 studies are included in the CERN-LCD Note, LCD-2010-013: 
“Radiation Dose to the QD0 Quadrupole in the CLIC Interaction Region” [9] and presented at 
FCAL collaboration meetings, workshops or CERN summer school. 
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2.3.21. E-21: Computational Physics & Information Technologies – CPIT (2007-
2011) 
The team conducts studies on numerical modeling and simulations of physical phenomena, algorithm 
developments, computing optimization, and the investigation of topics of current interest in physics. 
CPIT is one of the 11 strategic directions in physics research that were recently identified at the 
national level by the ESFRO project (http://www.ifa-mg.ro/esfro). Due to the interdisciplinary 
character of the field, the team involves specialists with different professional backgrounds, such as 
physicists, computer scientists, engineers in various specialties, and programmers. 107 ISI papers 
were published in the research areas presented below. 

2.3.21.1. Mathematical modeling and numerical methods for physics 
The mathematical modeling, the development of numerical methods, algorithms, and computer codes 
are steps toward the derivation of essential tools for the theoretical investigation of complex physical 
systems and the planning and realization of large-scale experimental projects. A number of 
remarkable results were derived along these lines in IFIN-HH. During 2007-2011, the team 
contributed to the development of new numerical methods and to the modeling of systems of current 
interest in condensed mater research, publishing 23 ISI papers and one book chapter. 
New piecewise analytical perturbation methods were devised for solving linear or radial time-
independent Schrödinger equation, with an efficiency gain of several orders of magnitude [2.3.23.1, 
2]. In particular, the constant-based perturbation methods are particularly attractive, being directly 
suitable for parallelization and therefore recommended for large scale applications. The perturbative 
approach was further extended to the two-dimensional Schrödinger equation [2.3.23.3], the 
multidimensional case, which is the next target, being of current interest for ab-initio computations. 
The consistent development of the exponential fitting method was pursued for a large class of 
approximation methods which require the use of a mixed reprezentation basis (power polynomial and 
trigonometric), in order to solve ordinary differential or integral equations [2.3.23.4]; also, a new 
efficient way for computation of the Airy functions was found [2.3.23.5]. 
A Bayesian approach to the automatic adaptive quadrature for the numerical evaluation of the 
observables which are expressed in terms of Riemann integrals has been developed [2.3.23.6]. A 
hierarchically ordered consistent set of well-conditioning criteria has been derived. This allowed 
integrand adapted mesh generations resulting in reliable and efficient solutions. 
A noticeable aspect of the modeling activities concerned the development of numerically stable and 
mathematically self-consistent models on hard topics in condensed matter physics, such as the 
strongly correlated systems and nanostructures. 
The rigorous solution of the GMFA equation of motion of the Green matrix of the two-band 
Hubbard model of the high-Tc superconducting phase transitions in cuprates allowed the proof 
of the spin-charge separation conjecture and evidenced the charge-charge nature of the exchange 
mechanism of the phase transition [2.3.23.7].  
Numerical and quasi-analytical investigations of trapped Bose-Einstein condensates subject to 
time-modulated perturbations were performed in collaboration with the theoretical physics 
department and benefiting from the contacts with the Institute of Physics Belgrade in the framework 
of the FP7 HP-SEE project (http://www.hp-see.eu/)  [2.3.23.8]. 
Ab-initio studies of the effect of intrinsic and extrinsic defects on the charge transport properties in 
AlN nanowires were conducted in collaboration with the R&D Centre for Materials, Electronic and 
Optoelectronic Devices at the Physics Faculty of the Bucharest University [2.3.23.9]. 

2.3.21.2. Grid computing 
IFIN-HH hosts today the highest concentration of Grid resources in the country that provides the 
computing support for various national and international collaborations. The IT professionals of the 
CPIT team are experienced in Grid technology and distributed computing, participated during the 
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reporting period in various national R&D projects on Grid technology, in the European EGEE and 
SEE-GRID projects, and collaborated with groups from EU, USA and JINR-Dubna. 
Grid support for large-scale international collaborations 
The CPIT team administrates, develops and operates the IT infrastructure necessary for the 
computing support of many international collaborations, of which the Worldwide LHC Grid 
Computing collaboration (WLCG) has a leading role, being built around the Grid that ensures the 
coherent storage and processing of data for the main LHC experiments. Since 2006, the CPIT team 
coordinates the Romanian Tier-2 Federation RO-LCG consortium composed of the five national 
institutions that contribute with 9 Grid centres to the support of the ALICE, ATLAS and LHCb 
experiments. According to the Grid accounting data published by the EGI portal 
(http://www3.egee.cesga.es), during the last 12 months the RO-LCG share covered 1,72 % of the 
total number of jobs processed by all the Tier-2 centres worldwide, ranking 11th out of 34 countries 
in the WLCG collaboration. During the same period, 47,5% of the national Grid production was 
provided by the Grid centre developed and operated by the CPIT team. 
The CPIT team also developed the central monitoring and accounting system of the resources and 
services provided by RO-LCG. 
Grid support for national scientific collaborations 
Starting with 2010, the CPIT team has implemented the core of the National Grid for Physics and 
Related Domains (GriNFiC), with co-funding from the European Regional Development Fund, that is 
dedicated to the exclusive support of the national scientific collaborations (http://grid.ifin.ro). 
GriNFiC provides the access of the scientific community to services of parallel and distributed 
computing, data storage services, and software libraries, through its own virtual organization, gridifin, 
whose activity during the last 12 months represented more than 99% of the global activity of the 
national virtual organizations (http://www3.egee.cesga.es). 
Quantum Encryption: The CPTI team designed and implemented the first quantum encrypted 
optical link in Romania. The team designed and provided quantum security protocols (BB84), 
proprietary RPC links (hopping-port socket technology, C++ class SXV4) and Advanced Encryption 
Standard proprietary code (C++ class AXV4) [2.3.23.10]. 

2.3.21.3. High performance computing 
During the reported period, the CPIT team has built the high performance computing (HPC) 
infrastructure of IFIN-HH, which consists of parallel clusters in Gigabit Ethernet, Myrinet and 
Infiniband technologies. Two of these clusters (of 256 and 704 cores respectively), participate in 
international collaborations. The team has experience with HPC technologies, cluster architectures 
and cluster optimization, hybrid clusters, MPI over Grid implementation, and development of parallel 
applications. It collaborates with the Laboratory of Information Technologies (LIT) from JINR-
Dubna, and leads the Romanian consortium that participates to the FP7-RI-261499 project High-
Performance Computing Infrastructure for South East Europe’s Research Communities (HP-SEE, 
2010-2013), in the framework of which it coordinates the Computational Physics Virtual Research 
Community and the WP4 activity -Virtual Research Communities support. 
Comparative studies on assessment of the performance of multicore clusters, relevant for cluster 
optimization, were performed in collaboration with LIT-JINR, Dubna. [2.3.23.11] 
Modeling and simulation of complex systems 
Contribution to the investigation of the generation, simulation, visualization and reconstruction of the 
seismic events in Vrancea region [2.3.23.12] 
Computing environment and numerical simulations for the investigation of complex biomolecular 
systems on HPC clusters through standard parallel molecular dynamics (MD) codes, such as NAMD, 
with focus on the modeling of G Protein-Coupled Receptors were done. In particular, an integrated 
software platform for remote analysis of the results of parallel MD simulation of large biomolecular 
systems was recently developed by the team in the framework of the HP-SEE project (ISyMAB - 
Integrated System for Modeling and data Analysis of complex Biomolecules, http://wiki.hp-
see.eu/index.php/ISyMAB ). 
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2.3.21.4. Numerical algorithms and simulations for particle physics 
The CPIT team participates in international collaborations built around large experimental facilities 
for particle physics built at the LHC CERN, takes active part in the modeling and simulation of the 
main features of the experimental installations, the Monte Carlo simulations of the expected results of 
new experiments, the processing of experimental data taking into account the new features of the 
detectors, the correlations effects induced by the interactions inside the detectors, and the possibilities 
of consistent parametrization of the expected interactions. 
A measure of the 2007-2011 activity is given by the number of ISI publications co-authored by the 
members of the CPIT team in various experiments: ATLAS (58), LHCb (6), DIRAC (3), NA50 (3). 
In addition to this, a special interest was dedicated to the following topics. 
Design and application of flash algorithms for highly CPU-demanding data processing (needed due 
to the very high occupancies at high luminosity in the new generation particle physics experiments) 
and novel data reconstruction algorithms for data sifting [2.3.23.13]. 
Neutrino physics: Investigation of the properties of neutrinos by using large detectors. Study of 
neutrino interaction mechanisms with various media, using Monte Carlo event generators. Simulation 
of the response of underground detectors by means of Geant4. 
Study of the muon-induced physical processes, which represent the background in the neutrino beam 
experiment, making use of the dedicated computer codes MUSIC (MUon SImulation Code) and 
MUSUN (MUon Simulation Underground) in connection with the FP7 LAGUNA project. 
Neutron Noise Analysis for Reactor Safety: collaboration with the Frank Laboratoy (JINR-Dubna) 
on IBR-2 reactor data. Design of statistical information theory methods for the extraction of known 
reactivity modulatory influences from neutron noise spectra. Design of neural algorithms for 
characterisation of the sifted spectra in determining anomalous functioning regimes. 
Neutron Detector design: simulations for the design of 6Li solid state detectors. Macroscopic cross-
section optimization for two technology options: MBE deposited LiF vs. sol-gel deposited Li4SiO4 
(lithium nesosilicate). 
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2.3.22. E-22: LHCb Activity Report (2007-2011) 
 
2.3.22.1. General view - CERN and the LHCb experiment 
    After a long preparation and commissioning period, LHC started to run at the end of 2009 
passing smoothly from commissioning to delivering data at injection energy, and, shortly after in 
the first months of 2010, to colliding the beams at the largest collision energy reached so far in 
the world, 7 TeV. The luminosity has increased gradually since then and new physics results are 
continuously released. The smooth start-up of the LHC experiments is the result of years of work 
invested by the particle physics researchers to the detector design and construction, in trigger and 
software preparation, on the detailed feasibility studies for the physics analyses. The Romanian 
participation in the LHCb collaboration was initiated in 1996 and regulated later, by the MoU for 
the construction of the detector [2.3.24.1] and the MoU for maintenance and operation [2.3.24.2]. 
By the MoU LCG [2.3.24.3] additional obligations were assumed regarding the development, 
maintenance and exploitation of the local GRID clusters in the Tier 2 Romanian Federation. Given 
the long time involvement of a Romanian group in the LHCb experiment, it was a normal 
development that after contributing to the construction of the detector, the on-line software, and 
detector calibration the group will further contribute in years 2007-2011 to the calibration and 
commissioning of the detector, to service tasks and data taking, exploiting in parallel the physics 
potential of the LHCb experiment towards publishable physics results. The LHCb experiment at 
LHC is designed to look for New Physics (NP) through precise measurements of CP violation 
and rare decays in the beauty and charm sector. To exploit the large and kinematically correlated 
bb quark production in the forward region of pp interactions, the LHCb detector [2.3.24.4] is 
built as a forward single arm spectrometer with a maximum angular coverage of 10 to 300 mrad. 
The detector is operating with high efficiency from the first days. Adding to the 0.3 nb-1 at 0.9 
TeV and 100 nb-1 at 2.76 TeV, 1 fb-1 of pp data were recorded at 7 TeV only in the year 2011. 
Twelve articles and sixty conference notes resulted from the LHCb data analysis so far. To put in 
evidence the NP, measurements of the highly suppressed rare decay branching ratios as 
Bs→µ+µ−, the angular analysis of the B0→K*μ+μ- decay and a study of the ratio of the branching 
fractions of the radiative B decays Bd→K*0γ and Bs→φγ were performed. The measurements of φs 
through CP violation in Bs→ J/ψφ and Bs→ J/ψf0(980), and of the mixing yCP and CP violation 
parameter AΓ in the two body charm decays are only some of the other paths followed by LHCb 
in the quest for the NP. Also given the copious amount of the charm and beauty hadrons recorded 
by LHCb, studies of the production and the spectroscopy of the heavy quark hadrons are bound to 
provide interesting results. Good candidates for such kind of studies are the b-baryons, as they 
could not be produced at the b-factories and the measurements reported by the Tevatron 
experiments were based on very low statistics. The first measurements of the b-baryon lifetimes 
and masses were already published and more results will follow soon. Given its unique phase-
space coverage among the LHC experiments, LHCb provides an essential input for the light 
particle production models in a region of phase space where different model predictions diverge 
when they are extrapolated not only in energy but also in (pseudo)rapidity.  Other fields as 
electroweak physics and new particle searches are completing the very complex landscape of the 
LHCb physics, that will continue to be enriched in the years to come. R&D activities towards an 
LHCb upgrade are also taking place. A Letter of Intent for the LHCb Upgrade [2.3.24.5] was 
published this year. One aims towards an upgraded detector with a read out at 40 MHz and a 
much more flexible software-based trigger that will allow a large increase in data rate, trigger 
efficiencies and the number of physics channels that can be investigated.  

2.3.22.3. LHCb – Ro contributions 
     The Romanian LHCb Team (LHCb-Ro) was involved along the years in the following tasks: 
design, construction, commissioning, cosmic ray tests and calibration of the calorimeter modules; 
development of software for calorimeter, computing, and online projects; design, upgrade and 
maintenance of the tool used for the shift organisation (ShiftDB); hardware and software upgrade 
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and maintenance of the local GRID clusters; calibration of the RICH detector using data. We were 
also involved in the validation of the Monte Carlo (MC) simulation in 2008-2009 and 2011. During 
the 2008-2011, members of the Romanian LHCb team participated in data taking as data managers, 
and in 2011 we also contributed to data quality and production shifts. It is worth noticing that the 
period from 2007-2011 was a difficult one for the Romanian group in LHCb as the team structure 
and its programme undergone considerable changes due to the two successive changes of the team 
leader. From the beginning of 2011 the group has started under a new organization and programme.  
      Some of the physics studies pursued before 2011 followed two main directions: minimum 
bias physics (MB) that evolved from the studies for calibration of RICH sub-detector using 
Λ→πp and feasibility studies of algorithms for selecting various b-hadrons using kinematical and 
geometrical constraints. In year 2011, the physics effort of the group was increased and a further 
enriched physics program for the next four years has started. We implemented PYTHIA 6 tunes, 
checked the implementation of PYTHIA 8, improved the interface to the HEPMC and worked on 
RIVET integration, in the LHCb simulation framework. Specific RIVET subroutines were 
written to ensure that the LHCb MB results would be used for the validation and testing of the 
MC generators. Based on the contribution from one of us to the V0 ratio paper [2.3.24.7], we are 
in the process of implementing selections for the multistrange baryons measurements. In the next 
years we will continue measuring the production cross-sections of strange particles and their 
ratios. We are also committed to continue the tuning of the MC generators using the LHCb data, 
and implementing and testing the new generators in the LHCb software framework. On the b-
physics topics, work is going on to measure the Λb cross-section using the 2010 data. We hope for 
the release of this result before the end of the year. The study of the Λb differential cross-sections 
over the LHCb phase space will continue using the large 2011 data and those expected in 2012. 
Members of our group also contributed to the LHCb preliminary result on the radiative decays of 
the B mesons [2.3.24.8] and will follow this work until the publication. The way in which we can 
get involved in to the LHCb upgrade activities was also investigated. The Romanian group 
played visible roles in the LHCb collaboration. The team leader was acting during the 2011 as 
convener of the Hadronic Production and Spectroscopy working group of LHCb and represented 
LHCb in the LHC-Minimum Bias and Underlying Event working group. Well over ten talks were 
presented in the LHCb working groups in 2011. Two conference talks (one proceedings paper 
already published [2.3.24.9]) and one poster [2.3.24.10] were presented in conferences on behalf 
of LHCb in 2011, adding to the poster presented in 2008 [2.3.24.6]. We also contributed to the 
education of a new generation of physicists. Two physics Ph.D. theses will be completed in our 
group by the end of this year. Three members of our group participated as members of the 
organizing committee for “The European School of High-Energy Physics 2011”, while two of our 
students participated to the school, presenting one poster. Two students were hosted this Summer: 
a CERN student that elaborated a Ξ±  selection and a student in Bucharest that checked the 2.76 
TeV data. 
        From 2007 the Romanian LHCb group is involved in the development and maintenance of a 
web application called ShiftDB, a web-based application to manage the LHCb personnel 
participating in the data taking. The first version [2.3.24.11] was put in production in the autumn 
of 2008 when the LHC accelerator started. Subsequent interactions with the users and the glitches 
discovered during the stress of running in real-life conditions have lead to a series of 
improvements during 2009. From 2009 we started the development of a new version of the Shift 
DB (2.0), introducing a simpler and user-friendlier interface taking into account user feedback, 
while we kept offering support for the older version. To deal with all the issues regarding the shift 
assignments, its capabilities were extended. Key parts of the project such as data redundancy, 
centralized mailing lists etc. were completely redesigned. The transition between the two variants 
of the tool took place gradually during 2011. LHCb jobs run in IFIN-HH on RO-07-nipne (the 
multipurpose IFIN-HH GRID cluster), RO-15-nipne (manpower only) and RO-11-nipne 
(dedicated LHCb-Ro cluster). Regular updates of middleware certificates, software updates and 
hardware upgrades at the cluster nodes were made. To improve the efficiency of our data 
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analysis, we installed a user-interface that allows to build and to submit analysis jobs from RO-
11-nipne.   
       Members of the LHCb-Ro participated also in the outreach activities by advertising the 
student programs of CERN and our physics program in the University of Bucharest. We 
contributed to the CERN Romania exhibition in Bucharest in Summer 2011 by producing a 
poster and providing guides. We also participated in radio broadcasts. 
 
2.3.22.3. Project Impact  
The LHC experiments at CERN are challenging our present knowledge on the surrounding world 
by testing the Standard Model (SM) of particle physics and searching for physics beyond the 
Standard Model. The physics topics followed by our group are particularly interesting. Given the 
complementary phase space coverage of the LHCb detector compared to the other LHC detectors, 
studies of light particle production are bound to provide a unique input to the hadronisation 
models. The interest for these studies goes beyond the mere particle production. A thorough 
knowledge of the basic properties of inelastic pp-collisions is crucial to understand the 
background in all New Physics searches at LHC. The study of the b-baryon production and of 
their properties, is an almost virgin ground of the b-physics field of research, promising a 
plethora of exciting results. The radiative decays of the B mesons offers a unique opportunity for 
putting in evidence new particles and phenomena. The posters and the talks presented to 
conferences, schools, working group meetings and the outreach activities increased the visibility 
of the Romanian particle physics community in CERN and in other research centers in Romania 
and abroad. Our involvement in the software tasks and the future involvement in the LHCb 
upgrade effort will result in transferable skills and advanced technological knowledge that can be 
applied not only in the particle physics experiments of the future but also in other areas of science 
and technology. Bringing master and Ph.D. students into the group, encouraging them to 
participate in Summer Schools, and to present their results at conferences, participating as 
supervisors to the CERN Summer Students programme, and establishing contacts with the 
University of Bucharest facilitate the education of a new generation of particle physicists, highly 
qualified and well integrated in the international environment. 
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2.3.23. E-23: Exotic Atoms Activity Report 
 
 

2.3.23.1. Introduction 
An exotic atom is an atom in which the nucleus is made up of other particles besides protons and 
neutrons and the shell is made up of other particles besides electrons. Recent development of the 
particle accelerators has made the production and investigation of many exotic atoms (short-
lived) possible. It is possible to make artificial atoms in which one or both of the atomic 
components of hydrogen, the proton and the electron, are replaced by their corresponding 
antiparticles. Example of such exotic atoms are: positronium, muonium and antihydrogen. 
Particularly interesting for the study of nuclear forces is the physics of kaonic atoms. A kaonic 
atom is formed when a negative kaon enters an atomic target, for instance hydrogen or deuterium, 
looses its kinetic energy through ionization and excitation of the atoms and molecules of the 
medium and eventually is captured in an excited orbit, replacing an electron. Various collisional 
cascade processes and radiative transitions deexcite this kaonic atom to the ground state. When 
the kaon reaches low-n states with small angular momentum, it is absorbed through a strong 
interaction with the nucleus. This strong interaction causes a shift in the energies of the low lying 
levels from their purely electromagnetic values, while the finite lifetime of the state is evident in 
an increase in the observed level width. 
The shift ε and the width Γ of the 1s state of kaonic hydrogen are related in a fairly model-
independent way to the real and imaginary part of the complex s-wave scattering length, aK-p: 

   (1) 

(Deser-Trueman formula), where α is the fine structure constant and μ the reduced mass of the K-

p system. A similar relation applies to the case of kaonic deuterium and the corresponding 
scattering length, aK-d: 
  (2) 

These simple relations are known to hold quite accurately for these atoms, their corrections being 
smaller than 1%. The higher order corrections tend to cancel between the two sides of each 
expression, and the Coulomb correction is quite small in these charge-one systems. 
 
The observable scattering lengths aK-p and aK-d can be expressed in terms of the K N isospin 
dependent scattering lenghts a0 (I = 0) and a1 (I = 1). The kaonic hydrogen scattering lenght is 
simply the average of a0 and a0: 
   (3) 

The kaonic deuterium scattering lenght is related to a0 and a1 in the following way 
   (4) 

where 
   (5) 

coresponds to the (t-channel) isoscalar K N scattering length. The first term in equation (4) 
represent the lowest order impulse approximation - K- scattering from each (free) nucleon. The 
second term, C, includes all high order contributions, representing all other physics associated 
with K-d three-body interaction. The kinematic factor in the parentheses of equation (4) is due to 
the shift of the center of mass from the K N system to the K d system. Numerically, C is not 
negligible and, in fact, is larger than the first term. 
The determination of the K N scattering length requires the calculation of C. A three body 
problem is solvable by the use of Faddeev equations when the two body interactions among them 
are specified. The K-d three-body problem includes the further complication that the K-p and K-n 
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interaction involve significant inelastic channels. The K-p and K-n scattering lengths are thus 
complex with large magnitude of the imaginary part, and so is the K-d scattering length. 
Incorporating K N scattering data and its sub-threshold behavior, the two body potentials are 
determined in a formalism including both, elastic and inelastic channels. Three body Faddeev 
equation are then solved by the use of potentials, taking account of coupling among the multi-
channeled interactions. 
A measurement at the level of percent of kaonic hydrogen, together with the first measurement of 
kaonic deuterium will represent a dramatic step forward in the investigation of low-energy kaon-
nucleon interactions. 
2.3.23.2. Present status of experimental research 
Three measurements of kaonic hydrogen X rays were carried out at CERN and RAL about 30 
years ago[1, 2, 3], claming to observe a signal with positive energy shift and hence an attractive 
strong interaction between kaon and proton. This was in striking contradiction to results of low-
energy scattering data extrapolated down to threshold, which showed a repulsive contribution of 
the strong interaction: the so-called "kaonic hydrogen puzzle" was born. The shift and width are 
deduced from the spectroscopy of the K-series kaonic-hydrogen x rays. The first distinct peaks of 
the kaonic-hydrogen x rays were observed by the KEK-PS E228 group [4] following the 
absorption of a stopped K within a gaseous hydrogen target using Si(Li) detectors. The observed 
repulsive shift was consistent with the analysis of the low energy K N scattering data, resolving 
the long-standing sign discrepancy generated by old experiments. Better values were reported by 
the DEAR experiment [5], in which the errors were reduced by a factor of 2 when compared with 
those of E228. 
The most precise measurement of the K-series x rays of kaonic hydrogen atoms was performed 
by SIDDHARTA (Silicon Drift Detector for Hadronic Atom Research by Timing Application)[6] 
collaboration, using the microsecond timing and excellent energy resolution of large area silicon 
drift detectors (SDDs), at the DAΦNE electron-positron collider at the Laboratori Nazionali di 
Frascati of INFN. This was made possible by the use of new triggerable x-ray detectors, SDDs, 
developed in the framework of the SIDDHARTA project, which lead to a much improved energy 
and time resolution over the past experiments and much lower background in comparison with 
the DEAR experiment. 
The 1s-level shift 1s and width 1s of kaonic hydrogen were determined to be: 
ε1s = -283 ± 36(stat) ± 6(syst) eV 
Γ1s = 541 ± 89(stat) ± 22(syst) eV 
 
 

 
 
Figure 1: Comparison of experimental results for the strong-interaction 1s-energy-level shift and 

width of kaonic hydrogen, KEK-PS E228 [4], DEAR [5] and SIDDHARTA. The error bars 
correspond to quadratically added statistical and systematic errors. 
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2.3.23.3. Future perspectives 
The shift and width obtained in SIDDHARTA experiment does provide new constraints on 
theories, having reached a quality which will demand refined calculations of the low-energy K 
N interaction. For further study of the K N interaction, it is essential to measure the kaonic-
deuterium K-series x rays to disentangle the isoscalar and isovector scattering lengths. The 
present result combined with deuterium data to be collected in the SIDDHARTA-2 experiment 
will provide invaluable knowledge about the behavior of low-energy QCD in the strangeness 
sector. 
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2.3.24. E-24: Biophysics and Radiobiology Team Activity Report (2007-2011) 
 
 
2.3.24.1. Introduction 
 The Biophysics and Radiobiology Group has a multidisciplinary composition (structure), 
in accordance with the diversity of the (addressed) approached topic. Based on the acquired 
expertise in the study of the biological effects of ionizing radiation, the research activities were 
diversified towards connected domains as toxicity of nano-structured materials or cellular 
oxidative stress.  Biophysics and Radiobiology Group has expertise also in the field of molecular 
and cellular biophysics and benefits of high quality infrastructures as: specific experimental 
equipments for spectrometry and microscopy, cell cultures laboratory, animal housing, IT 
infrastructure, etc. In the last period the group was involved in projects related to peptides–model 
membrane/cell cultures interactions, oxidative stress in large impact diseases (diabetes, cardio-
pathologies), nuclear applications in cancer diagnosis and treatment. Accordingly, the ongoing 
activities in the group address basic research problems, applicative research domain and also 
provide some services in the frame of an authorized laboratory.  
 
2.3.24.2. Present status of experimental research, theoretical understanding, and future 
challenges 
At present, the on going basic research activities cover the following domains: 
1.  Cellular radiosensitivity in pathologies associated with oxidative stress and DNA repair 
impairment - multiple sclerosis, cancer.  
Chromosomal radiosensitivity and apoptosis induced by external gamma irradiation were studied 
in peripheral blood lymphocytes cultures obtained from patients with genital cancer and patients 
with secondary progressive multiple sclerosis. The results were discussed also in correlation with 
the level of oxidative stress biomarkers (carbonil contents in plasma proteins, antioxidant activity 
of plasma) associated with these pathologies. Part of the research was performed in collaboration 
with the University of Ghent, Belgium. 
2. Epigenetic, nontargeted effects induced by low dose and low dose rate irradiation: adaptive and 
bystander responses.  
Adaptive and bystander effects are studied in fibroblasts cell cultures (L929 and V79) after low 
dose gama irradiation, UV exposures and bleomycine treatment. Bleomycin and gamma 
irradiation induced bystander responses reflected in increased DNA damage. The bystander effect 
is independent of the cell type studied. The clonogenic survival is also decreased following 
bystander exposure to the chemotherapeutic agent. Further work will address the mechanisms 
involved in transmission of the toxic signal from treated to bystander cells. 
3. Oxidative stress biomarkers in large impact diseases (diabetes, cardiopathology). 
In collaboration with the University Hospital, Bucharest a follow up study was performed in the 
attempt to correlate the “supranormal” cardiac functions of athletes to their arterial and 
endothelial functions and also with  plasma oxidized proteins (carbonyl group content) level and 
antioxidant capacity [26.1]. In the same context an other experiment was performed blinded to 
patients’ histories and to allocated treatment in order to correlate the myeloperoxidase (MPO) 
plasma levels with the cardiac conditions. MPO were measured in plasma samples taken from 
patients at baseline (W0) and after 24 weeks (W24) of the follow-up period. 
In collaboration with the Faculty of Biology, Bucharest University, the oxidative stress alterations 
were studied on type I autoimmune diabetic mice. The effects at the level of neurons functionality 
have been investigated in primary neuronal cell cultures by intracellular calcium imaging 
technique.      
4. Protein-lipids interactions in membrane model (liposomes); interactions of membrane channels 
forming peptides with artificial lipid membranes modeling the mammalian and outer bacterial 
membranes. The mechanism of antimicrobial peptide and protein insertion in lipid bilayers with 
different compositions was addressed by fluorescence spectrometry techniques [26.2, 26.3, 26.4]. 
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Part of this work is done in collaboration with the Biomedical Research Institute at the University 
of Hasselt (Belgium) by means of a joint PhD program.   
5. Dynamics of water in living cells 
Study of density oscillations in a model of water and other similar liquids was performed and 
biological inferences in quantum biology were discussed [26.5, 26.6, 26.7].  
The on going applicative research performed in address the following problems: 
1. Development of immunochemical techniques RIA (Radioimmunoassay) and ELISA (Enzyme 
Linked Immunosorbent Assay) for detection of extremely low concentrations of substances in 
biological or environmental samples.  
Immunochemical techniques have been obtained for detection of the steroids nandrolone and 
trenbolone in biological samples and of the pesticide 3,6 dichloro-2-methoxybenzoic acid 
(dicamba) in alimentary and environmental samples. Kits with different chemical and 
immunochemical products and reagents were developed. The results of the research activity were 
published in two scientific papers [26.8] and eight national patents [26.9, 26.10]. Two of the 
patented inventions were awarded with gold medals at 39th International Exhibition of Inventions 
of Geneva 2011 and at 9th ARCA 2011 International Innovation Exhibition, Zagreb, Croatia. One 
of the patented inventions was awarded with silver medal at 39th International Exhibition of 
Inventions of Geneva 2011. 
 2. In vitro and in vivo toxicology type studies for radio-pharmaceuticals designed in the 
Department of Radioisotopes and Radiation Metrology (HH-NIPNE) for cancer diagnosis and 
cell targeted radiotherapy 
188Re radiolabeled DOTA-TATE and 188Re-anti-VEGF-Mab cytotoxicity (DNA damage 
observed by comet assay, apoptosis induction, cell viability) was tested at cellular or whole body 
level, on cell cultures and on rats. Bioaffinity of radiolabeled neurotensin and 99mTc dextran 
manose conjugate to specific receptors were studied in collaboration with our colleagues from 
DRRMD on cell cultures and on rats [26.11, 26.12].  
3. Toxicity of nano-structured materials  
In collaboration with the National Institute of Material Physics studies were conducted on 
comparative toxicity due to form modification in TiO2 monocrystallites or due to nanoparticle 
aggregation in self-assemblage processes. The induced cytotoxicity was tested on fibroblast 
cultures (V79), the end-points of interest being the cellular viability, the proliferation capacity 
and the chromosomal aberration induction. 
More recently we started a scientific collaboration with the National Institute for Lasers, Plasma 
and Radiation Physics on the biocompatibility of adherent or free-standing structures of hybrid 
polymers (ormosils) laser processed in view of tissue engineering applications [26.13].  
4. Atomic and nuclear surface analysis methods: A perspective for the characterization of dental 
composites, microelements distributions in dental composite materials and in normal/pathological 
bone tissues measured by nuclear methods. 
Particle induced X-ray emission (PIXE), proton m-PIXE and particle induced gamma-ray 
emission (PIGE) measurements were used in the study of microelements distributions in dental 
composite materials and in normal or pathological bone tissues. Complex changes were 
evidenced in composite materials throughout their use and in the study of normal and in vitro 
demineralized dental enamel [26.14, 26.15]. 
Services provided in the frame of an authorized laboratory: 
Biocompatibility Evaluation of Medical Materials and Devices Laboratory (BIOEVAL) is part of 
the  Biophysics and Radiobiology Group and has implemented a quality management system for 
testing laboratories according to SR EN ISO/CEI 17025 and ISO 10993 documents used in the 
evaluation of effects of medical materials and devices upon human body.  
BIOEVAL provides services in some of the specific test required to make the preclinical 
evaluation of biocompatibility of medical materials or devices: In vitro methods for testing 
cytotoxicity: (i) Evaluation of cell cultures by agar diffusion and (ii) Evaluation of cell cultures 
by elution test. The BIOEVAL Laboratory was accredited by the national accreditation 
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authorities (RENAR) in 2010. Companies from medical devices industry (textiles, wound 
dressing, and plastic materials) are our end-users for this type of services.  
The biocopatibility tests were used also in the research projects, especially in those involving the 
development of new materials: cytotoxicity of two types of wound dressings (with and without 
hydrocolloid, composed of triglycerides and ZnO nanoparticles doped with silver) was analyzed 
and the results are under publication. 
 
2.3.24.3. For the perspective 
In the field of basic research following issues are intended to continue: 
-The epigenetic, nontargeted effects produced by irradiation - mechanistic studies to understand 
the bystander response of cells in the context of their importance for risk assessment in 
radiotherapy.  
-The radiobiological studies will be oriented also towards the development of complex cellular 
systems (co-cultures of lymphocytes and endothelial cells or oligodendrocytes with neuronal 
cells) in order to be used as cell-cell interaction biological models, appropriate for the 
understanding of the low dose irradiation effects on circulatory and nervous systems. 
-The molecular and cellular biophysics research related to large impact diseases involving 
oxidative stress will be continued especially addressing issues as: exploiting stem cells as a tool 
providing solutions for new therapies, the peptide-biomimetic membranes interaction.  
-Quantum models in cellular biology: water structure studied by Raman spectrometry. 
In the field of applied research following issues are intended to continue: 
-Radiosensitivity and repair capacities of lymphocytes in cancer patient after radiotherapy 
exposure; 
-Toxicology (performed in vitro and in vivo) on radio-pharmaceuticals products developed in 
NIPNE and intended to be used in radio immunotherapy. 
-Homogenous ELISA technique based on nanoimmunosorbents (functionalized nanoparticles). 
-The cell response in interaction with different nanostructured materials will be extended in view 
of developing new biotechnological applications   
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2.3.25. E-25: Environmental Physics team Activity Report (2007-2011) 
 
 
2.3.25.1. Introduction 
Consistent with IFIN-HH mission and the DFVM commitments, the Environmental Physics 
Team seeks to secure, maintain and develop appropriate tools enabling it to perform 
comprehensive radiological assessments relating to nuclear facility siting, operations, and 
decommissioning; the management of radioactive sources and radiation devices; the occupational 
and public exposure; the environmental radioactivity monitoring of the Institute premises; the 
meteorological and radiological survey of the site; and the nuclear emergency planning, 
preparedness and response.On these lines of action the past four years have seen notable 
achievements in the development and implementation of expert systems to support decision 
making in the assessment of  nuclear accidents or radiological emergencies; the generation of 
original methods, models and computing codes in quantitative risk analysis and complex system 
vulnerability assessment focusing on critical infrastructures; and, given the fact that Nuclear 
Power in Romania relies on CANDU reactors, a special line of research was devoted to the 
assessment of radiological impact of tritium emissions featuring this reactor type. The team 
includes 6 senior researchers and two researchers, PhD degrees. 
 

2.3.25.2. Present status of research 
The reference European expert system RODOS (Real time on-line decision support) has been 
developed as a result of collaborative actions in the European Community Framework programmes. It is currently 
implemented in national or regional nuclear emergency centers, including the Romanian response system, providing 
coherent support at all stages of an accident (i. e., before, during and after a release) and also covering the long term 
management and restoration of contaminated areas. The main RODOS-related activities in Romania consisted in the 
customization and adaptation of RODOS to Romanian conditions (e.g. type of nuclear power units) and its 
installation in the Nuclear Accident and Radiological Emergency Centre (CANUR) of General Inspectorate of 
Emergency Situations (IGSU). A complementary major expert system is MOIRA, adapted to 
radioactive releases in surface waters, developed and applied to Danube’s river. The systems 
were made available to decision makers during the emergency exercises for CANDU-NPP 
(Romania) or Kozloduj – NPP (Bulgaria). A class of domestic, lighter-weight computer codes for 
the radiological assessment of the health and environmental impact of nuclear accidents, 
radiological emergencies and the normal operation of nuclear facilities was also developed, to 
consolidate the concept of hands-on training in emergency preparedness, and the Institute's 
resident capability to promptly and independently answer calls from the Governance system and 
the media in case of nuclear emergencies. This resource, including the platforms like Notepad, 
SAT, RAT, EDAT, QVA are designed to be generic in model assumptions and constitutive 
equations; provide for specificity by offering exemplary case-input libraries; offer flexible 
option-oriented interfaces for model choice and data as well as comprehensive and convenient in 
use GIS facilities operated as I/O (input/output) platforms. A notable validation in practice of this 
working concept was obtained during the Fukushima nuclear crisis, March-May 2011 
(http://www.nipne.ro/fukushima_2011/). The overall objective of the research performed was to 
enhance the operational capability of the expert systems to assist assessment and decision-making 
needs, thereby increasing their broader acceptance. Especially targeted was an improved 
applicability with respect to data network conditions; different categories of users; and a broader 
spectrum of release types and environmental conditions, [27.1]-[27.4], [27.20]. A naturally-
connected activity was to develop operational procedures for the NERIS Platform on nuclear and 
radiological emergency response and recovery preparedness. The NERIS facility is supported by 
EC within the 7th Framework Programme and our team is one substantive participant in the 
project. The environmental physics team had an important contribution in the 6th EC Framework 
Programme module EURANOS (European approach to nuclear and radiological emergency 
management and rehabilitation strategies) with a contract-appointed activity mainly consisting in 
testing and the customization of Decision Support Systems, also providing guidance to 

http://www.nipne.ro/fukushima_2011/�
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emergency management organizations and decision makers on the establishment of an 
appropriate emergency response strategies. The research activity of the Romanian team was 
appreciated by the project leaders and an opening for IFIN-HH participation in the next NERIS 
platform was secured. The interest for tritium and carbon-14 risk assessment was emphasized in 
the last years and the Nuclear Safety Commissions in Canada and France pursued special 
programs. The “Horia Hulubei National Institute for Physics and Nuclear Engineering” (IFIN-
HH) started a dedicated research program on tritium in the early 1990s and gradually increases its 
contribution at national and international scale up to the recent acceptation as a main contributor, 
[27.5]-[27.19]. A first tritium module was implemented in the past (2000) in the RODOS system 
of decision support and the full upgrade of the code started in the last years. Tritium is a “life 
radionuclide” and consequently, the dedicated research is based on an interdisciplinary approach 
combining Physics with Life Sciences. A complex dynamic model for 3H and 14C transfer in farm 
and laboratory animals, wild biota, and birds was developed and favorably tested with the 
available experimental data without any calibration with the specific data for 3H and 14C. The 
model for routine releases, recently upgraded, was incorporated in the technical documents and 
standards of the International Atomic Energy Agency. For aquatic releases of tritium, a complex 
dynamic model was developed and successfully tested with the experimental data (again, without 
any calibration), emphasizing the important role of Dissolved Organic Tritium (DOT) in thee 
aquatic environment. A robust and metabolically based model for human tritium dosimetry was 
developed and tested with human data, clarifying some important aspects in the debate of the so 
called “huge risk of tritium intake”. The coordination by IFIN-HH experts of the “Tritium 
Accidents” Working Group in the framework of IAEA’s EMRAS (Environmental Modelling for 
Radiation Safety) programme implied an international recognition of the scientific results 
obtained (see http://emras2011.nipne.ro). IFIN-HH contributes to many other aspects concerning 
tritium risk assessment. Its expertise is directly relevant to the needs of the national nuclear power 
generating capability (technology transfer), contributing to the revision of the derived release 
limits (DRL) for 3H and 14C emissions from CANDU reactors. The ongoing activity regarding 
Cernavoda NPP is devoted to tritium washout in the area. The visibility of tritium and carbon-14 
research was demonstrated by 16 ISI publications, 3 publications in Romanian Journals, 4 
chapters in books published by prestigious publishers and several participations to international 
conferences with invited or oral lectures. The topic dedicated to environmental modelling of 
tritium and carbon-14 transfer in ecosystems is of actual interest at the international scale; 
currently the topic is financed through the programme “IDEI 2011”. Radiological risk assessment 
implies an onsite meteorological and radiological survey system. The IFIN-HH system was 
developed following the experience of advanced nuclear institutes and operates non-attended in 
real time with reported processed information every 10 minute (see http://meteo.nipne.ro). As a 
research tool, the further development of the met tower will be linked to the atmospheric 
processes for non-homogenous conditions and the climate change influences on the nuclear 
safety. The scientific expertise of the team was employed in studies assessing the environmental 
impact of decommissioning IFIN-HH VVR-S research reactor. Notable is also the invited 
participation in the European project EURISOL, where a dedicated software platform was 
developed for the purpose of adapting Nuclear Power Safety knowledge tools to the health and 
environmental impact assessment of advanced particle accelerators handling radioactive ion 
beams. 
 
2.3.25.3. Research perspective 
The consolidated presence and visibility of the team in the literature and the international 
knowledge networks has recently determined a clearer internal organization in four Task Units: 
Task Unit 1: Implementation of European reference decision support systems for nuclear 
accidents and radiological emergencies. Task Unit 2: Modeling, Simulation and Visualization 
capabilities for health and environmental impact assessment of nuclear activities, threat and 
vulnerability analysis and risk assessment. Task Unit 3: Tritium Radio-ecology and the Onsite 
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Meteorological and Radiological Survey capability. Task Unit 4: The Onsite Environmental 
Radioactivity Monitoring capability. The essential lines of action envisaged for the forthcoming 3 
to 5 years are: (a) The upgrading and the IT&C revamping of IFIN-HH Environmental 
Radioactivity Monitoring capability. (b) The development of a real-time onsite survey system for 
meteorology and radiations, including dedicated data-interpretative software. (c) The further 
advancement of reference IT&C systems in Europe for which the Institute holds a license and 
acts as a scientific contributor (RODOS, MOIRA). (d) The design, development and 
implementation of an educationally-oriented, comprehensive, web-based, interactive, facility for 
hands-on physical and mathematical modeling, simulation and visualization of radiological and 
industrial emergencies involving pollutant discharge and migration into the environment. (e) The 
enhancement of the inventory of experimental methods in meteorology in conjunction with the 
dosimetry of environmental radioactivity and pollution; (f) Solutions and applications directly 
instrumental in pre-processing online, real-time-acquired data to input decision support systems 
(meteorology, GIS, enviromental radioactivity). (g) The IT&C integration of the relevant 
infrastructure onsite, primarily the environmental radioactivity monitoring capability and the 
meteorological tower, into the concept of an information facility on environmental radioactivity, 
radiological emergencies and related risks and the rapprochement of the later to the Institute’s 
Nuclear Training Centre and its curricular activities. (h) Adding-on new substantive features to 
the Institute’s computer and communications capabilities. (i) Opening new channels of co-
operation with academic institutions, public and private business enterprises and European 
vocational networks (NERIS etc.). 
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2.3.26.  E-26: Radiological Monitoring of Environment and Occupational 
Dosimetry (RMEOD) Team Activity Report (2007-2011) 

 
 
2.3.26.1. Introduction 
 

The activities of RMEOD team are held in four work units, respectively Environmental 
and Occupational Exposure Dosimetry (LDPM), Integrated Laboratory for α -, β -, and γ - 
Measurements in Environmental Samples and Materials (SALMROM), Whole Body Monitoring 
Laboratory (USCIR-CCU) and Laboratory of Radiochemistry for Environmental Samples 
(LRPM). Of the four units of the group, the first two (LDPM and SALMROM) are acredited by 
the Romanian Accreditation Association (RENAR) and the rest (USCIR-CCU and LRPM) are 
notified by the National Commission for Nuclear Activities Control (CNCAN).  
 
2.3.26.2. Present status of activity 
 

Based on the organizational framework presented above, the RMEOD team performs 
specialized activities covering the following four areas: (i) basic and applied research, (ii) current 
environmental monitoring, (iii) routine and special dosimetric control of occupational exposure to 
radiations, and (iv) a range of specific services offered to external partners (i.e. quantitative and 
qualitative analyses of radioactivity in different materials and environmental samples including 
also foodstuffs, reading of TL detectors and dosimetric films, repairing/reconditioning of 
radiation detectors for industrial use). 

In the period covered by this evaluation, part of the RMEOD team - working in LDPM - 
collaborated (together with other responsible departmens of the institute) to the action  
“Radiological characterization of environment in the area of influence associated to the nuclear 
objective IFIN-HH”. Participation has resulted in producing the reference document (Referential) 
entitled “Derived Emission Limits” (approved by the National Commission for Nuclear Activities 
Control, subjected to annual revision) as well as in monitoring the environmental radioactivity in 
the influence area of IFIN-HH and the radioactive emissions from the source. Another activity of 
LPDM members to be discussed for the period of evaluation includes the applied research on the 
use of passive TL dosimetric system (with thermoluminiscent detectors) and of the fotodosimetric 
system (with dosimetric film) for external dosimetry in occupational exposure to radiation. The 
results of this activity were materialized by obtaining the “Radiological Safety Assurance” 
certificate, based on the recognition of technical competence by the National Commission for 
Nuclear Activities Control (CNCAN notification) and by the Romanian Accreditation 
Association (RENAR accreditation), and also by a significant number of papers published in 
journals [28.1 – 28.7]. 

Another topic covered by the members of LPDM is related to (i) applied research in the 
field of soil erosion and sedimentation processes (by using 137Cs, 7Be and 210Pb as environmental 
tracers) [28.8], and (ii) basic research in the field of ultralow level measurements of radiation 
background [28.9 – 28.14] and that of astroparticle physics [28.15], conducted in the deep 
underground of “UNIREA” salt mine at Slanic Prahova-Romania. Regarding the topic (ii) basic 
research in the field of ultralow level measurements of radiation background, it is worth 
mentioning the participation of some members of the LPDM team to the international project 
entitled “Design of a pan-European Infrastructure for Large Apparatus studying Grand 
Unification – LAGUNA” (EC FP7 grant 212343), project carried out in the period 2008-2011.  
In 2009-2011 period, LDPM was partner in the research programme “Belgian assistance to 
eastern and central Europe and CIS-countries related to nuclear safety”, based on a MoU signed 
between the Belgian Nuclear Research Centre (SCK•CEN) and IFIN-HH, and covering two 
topics of current interest: (i) dosimetry in radiation protection, (ii) environmental toxicology 
associated with the exposures to mixtures of radionuclides and heavy metals. 
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The activity of  SALMROM is conducted according to standard EN/ISO 17025:2005 and covers 
(i) measurements of environmental samples with MPC 2000 α/β global system and OCTETE α 
spectrometric system [28.16], (ii) measurements for radon activity and of α radioactive gases, in 
situ and in environmental samples, by using PYLON AB 5 system and CIS-Rn-XX system 
[28.17], (iii) γ-spectrometry of environmental samples and radioactive materials (by using 
ORTEC spectrometric system equipped with HPGe detector) [28.18], and (iv) manufacturing and 
use of pressurized ionization chamber type detectors for industrial applications [28.19]. In 
addition to papers published in journal, the activity conducted by group’s members working in 
SALMROM also led to elaboration of four invention patents, one in the field of γ-spectrometry 
[28.20] and tthree other regarding detectors [28.21 – 28.23]. 

The activity of team’s members working in USCIR-CCU is focused on the installation 
and calibration of the new whole body counter equipment, based on hyperpure germanium and 
NaI(Tl) scintillation  detectors, for accurate in vivo assessment of the internal contamination with 
gamma emitting radionuclides retained in the whole body or in the thyroid. In the year 2008, 
USCIR-CCU obtained a new notification from the National Commission for the Control of the 
Nuclear Activities (CNCAN), in accordance with the WBML-specific quality assurance 
programme. The research activity performed in USCIR-CCU, is oriented towards the 
development of the monitoring methods, of data processing and of the calibration methods for the 
gamma spectrometric systems, applying numerical Monte Carlo codes. The results were 
published in national journals [28.24 – 24.26], international journals [28.27, 28.28], or presented 
at international conferences [28.29, 28.30]. The constant collaboration of USCIR-CCU with the 
European Dosimetry Organization, EURADOS, has made possible the implementation, in 
USCIR-CCU, of the new international standards in the field. (ICRP78, ISO20553, ISO11929, 
IDEAS Guidelines). 

Team members working in LRPM deal with radiochemical techniques, methods of 
analytical chemistry and liquid scintillation spectrometry used to determine the content of some 
β-emitting radionuclides (3H, 14C, 90Sr, 210Pb) and natural elements (U, Th, Fe) in a large range of 
environmental samples, for tracking their movement in different components of terrestrial, 
aquatic and aerial environments [28.11, 28.31, 28.32]. 
Regarding service activity of the whole team, addressed to external partners, has to be mentioned 
the number of beneficiaries exceeding 150, for whom the RMEOD team conducted annually over 
5,000 TLD readings,  10,000 dosimetric film readings and 500 whole body measurements.   
  
2.3.26.3. For the perspective 
 
Aiming to the future, the RMEOD team is considering the enforcement of the following plans:  
 Modernization and computerization of radiological monitoring system for for contributing to 

the development of a reliable database, accessible on-line to all those interested; 
 Participation to new (or already in progress) international research projects and other 

coordinated actions , as: 
 LAGUNA-LBNO—Design of a pan-European Infrastructure for Large Apparatus 

studying Grand Unification, Neutrino Astrophysics and Long Baseline Neutrino 
Oscillations (2011-2014); 

 Radiation background of Black Sea coastal environment - RACE, BLACK SEA 
ERA.NET - Pilot Joint Call (2011-2014); 

 On-line launch of expressions of interest for the realization of European partnerships for 
extending the tematic areas of the SALMROM; 

 Participation of the SALMROM in Proficiency Test – IAEA-TEL; 
 Developing to apply Monte Carlo methods in internal dosimetry, as a future research task 

for USCIR-CCU. 
Expanding the range of services offered to external partners. 
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2.3.27. E-27: Radionuclide Metrology Research Team.  
Activity Report (2007-2011) 
 
2.3.27.1. Introduction 
 

The first radioactivity standards were prepared by Marie Curie and Otto Hönigschmidt in 1911 by 
weighing very precisely small quantities of radium chloride and sealing them in Thuringian glass 
ampoules. Two pieces of the series were chosen as the BIPM in Sèvres and in the Institut fur 
Radiumforschung in Vienna as primary standards. All the others were compared with these 
standards. In 1934, Professor Hönigschmidt prepared other 21 samples, which constituted the first 
national radioactivity standards. 
They were approximately immuable (226Ra has T1/2 = 1600 years) and universal as at that time no 
artificial radioisotope was discovered. The activity unit “Curie” was established as the number of 
α particles emitted during one second by the radon in equilibrium with 1 g of radium, namely 3.7 
x 1010 s-1. In 1950, this activity unit was attributed to all the radioactive isotopes. Recently, the SI 
unit Becquerel, 1Bq=1 s-1 replaced it. 
The obtaining of the artificial radionuclides, changed the meaning of standards, as many of them 
had much shorter half-lives, and consequently the mass of substance was no more an activity 
measure, and the measurement of the activity had to be carried out by measuring the effects of the 
emitted radiations. These are very different from a radionuclide to another, what is usually 
accepted as having different disintegration schemes. Particular methods for the standardization of 
every radionuclide were developed. The new international system of radioactivity standards 
consisted from the international comparisons of the measurements made by the national 
laboratories. During the period 1955-1958 several comparisons were organized by the 
International Commission for Radiation Units (ICRU). Since 1963, this responsibility has been 
transferred to the BIPM. Our laboratory has participated constantly in these comparisons since 
1962. At present, it is recognized that such large-scale comparisons must be organized only for 
special situations (new radionuclides, new methods to be validated, etc). For gamma-ray emitting 
radionuclides, the “System International de Reference” (SIR) is used. Set up at BIPM-Sevres, 
establishes the degree of equivalence between the participating laboratories. Both types of such 
comparisons, relying only on primary (absolute) methods are recognized as key comparisons. 
At the national scale, the national metrology labs must assure the continuity of the traceability 
chain. They deal with the development of the most precise and adequate methods and equipment 
for standardization of radionuclides. The first step in assurance of the local traceability is the 
elaboration of the adequate types of radioactivity standards-solid, liquid, gas standards whose 
activity is certified with uncertainties of 0.1%-5% for a defined coverage factor k. Adequate 
methods for using the standards in special measurements are put into operation too, to be offered 
to the laboratories.  
In the last years, the radionuclide metrology experts were required to be implied in the study of the 
decay schemes of radionuclides, involving both the experimental determination of the  half life 
and emission intensity of radiations during the disintegration of radionuclides, and evaluation, 
based on statistics methods, of the published data. This is a concentrated international effort, and 
its solution is possible only within the frame of international projects. 
 
2.3.27.2. Present status of research  
 
The main directions of work are directed towards the following aspects: 
 
2.3.27.2.1. Creation of the experimental basis and  elaboration of new methods for absolute 
(primary) and relative standardization methods , aimed to enlarge the  number of radionuclides, 
their  physical state and improve the activity uncertainty. 
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On this purpose, the following new installations were put into operation during the reported 
period: 

- A new electronic set-up for the  traditional 4πβ-γ coincidence system; 
- A new detection block, consisting from a new optical chamber and a set of six channel 

photomultipliers was constructed for the liquid scintillation counter-triple to double 
coincidence ratio (LSC-TDCR) set up; 

- A new gamma-ray spectrometer, based on a high efficiency and resolution HPGe and PC-
analysis, having implemented softwares for processing of spectra; 

- The primary Romanian radon standard and a metrologigal traceability chain of the activity 
unit, from primary to secondary standards was constructed and the  method was 
elaborated; 

- The secondary system, well type ionization chamber, was improved by the use of a high 
quality  electrometer; 

- A gamma-gamma coincidence detection block was constructed and used; 
 
2.3.27.2.2. Validation of installations and primary standardization methods by participation in 
international  key -  and supplemetary comparisons, aimed to establish the international 
equivalence of the Romanian primary standards. On the other hand, the results obtained in these 
comparison are practically useful, within the frame of the CIPM-MRA for the approval and 
publication of the Calibration and Measurement Capabilities (CMCs) of the RML. 
 
2.3.27.2.3. Participation at international projects for the study of the decay data, measurement 
and evaluation. The studies were performed within the EURAMET (EUROMET), projects, prior 
to the initiation of the EURAMET- European Metrology Research Programme (EMRP) and 
within the  Decay Data Evaluation Project (DDEP) and IAEA dedicated CRP for actinides of 
interest in nuclear energy.  
 
2.3.27.2.4. Assurance of the national traceability of activity standards, by: developing new 
types of radioactive standards, elaboration of new methods for equipment calibration and 
organization of interlaboratory comparisons and proficiency tests. 
 
2.3.27.3. The future directions for research  
 
2.3.27.3.1. Development of the national standard system for the radionuclides to be used in 
nuclear medicine for diagnostic and targeted therapy 
 Two new projects are under development: 
- The Project PN-II-ID-PCE-2011-3-0070, entitled: “Absolute standardization and study of the 
decay parameters for positron emitters used in PET systems. Assurance of the metrological 
traceability” Ctr. 23/05.10.2011, financed by ANCS-CNCS-UEFISCDI, having as object the 
development of a primary activity standard for PET radionuclides produced and/or used in Romania 
and study of their decay scheme parameters. The radionuclides proposed to be studied are: 68Ga, 18F, 
67Cu and 124I.  
This new project will enlarge the basis of radionuclides to be absolutely standardized and their decay  
scheme studied, as for example 64Cu, studied within the ANCS – IFIN-HH contract no. 
37N/27.02.2009 
Project. PN  09 37 02 05 „Research  for the development for the Romania’s basis of standards in 
the domain of ionizing radiations for medical  and environmental  radioactivity applications”  
Phase 2/2011: Participation at the project EURAMET 1085: Absolute standardization of activity 
and study of gamma-ray emission intensities for the radionuclide 64Cu. 
-   The proposed Joint Research and Development Project within the General Accord for 
Cooperation for Scientific Research existent between the Institute of Atomic Physics (IFA), 
Romania and Commissariat a l’Energie Atomique (CEA), France, entitled: ”Creation of 
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national standards for some emerging pharmaceutical radionuclides to ensure the radioprotection 
of patients and medical staffs”. The proposed radionuclides are: 186Re, 177Lu, 82Sr-82Rb and 90Y. 
This project was submitted at IFA and is under evaluation. 
 
2.3.27.3.2. Continuation of the project regarding the assurance of the metrological traceability 
for radon standard. 
Construction of a radon chamber, to be used for the calibration of the equipment used for radon 
measurement. Funding Application for Joint Applied Research Projects PN-II-PT-PCCA-
2011-3. Project title: Realization of a Radon Chamber – Calibration Stand for the 
Equipment Used in the Measurement of Radon and Daughter Products Concentration in 
Air 
 This is the object of a Partnership Project, proposed to be accomplished in collaboration with the 
National R&D Institute for Cryogenic and Isotopic Technologies (ICSI) - Rm. Valcea and the 
University of Bucharest, Physics Faculty. 
 
2.3.27.3.3. Participation at international projects within the frame of the EURAMET-EMRP, 
A169. 
 RML is involved as participant in two projects, as follows: 
- Joint Research Project (JRP) – Contract: Metrology for new generation nuclear power 
plants. Metrofission, number ENG08. Coordinator – Dr.  Lena Johansson, NPL-UK. Start date: 
September 2010. Participation in WP8. 
 - JRP IND04 – Ionizing radiation Metrology for Metallurgical Industry. MetroMETAL, 
Coordinator:  Dr. Jose Maria Los Arcos, CIEMAT - Spain. Start date December 2011. 
  Participation in WP2, WP3 and WP5. 
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2.3.28. E-28: Radiopharmaceuticals Research Team. Activity Report (2007-
2011) 
 
2.3.28.1. Introduction 

Nuclear Medicine demands continuous developments in technology, radiopharma-
ceuticals, procecedures and patient care. Novel targets for imaging have emerged, such as 
labelled glucose for the imaging of cancer, labelled somatostatin tracers for the imaging of 
neuroendocrine diseases, beta CIT homing onto the dopamine transporter etc. Progress is coming 
in the imaging of Alzheimer`s disease, the imaging of atherosclerotic plaque and the imaging of 
angiogenesis and hypoxia. Sentinel lymph node detection has changed  the surgical management 
of patients with breast cancer. At the same time, all diagnostic procedures have benefited from 
major progress in instrumentation and in the last 5 years, the emergence of multimodality 
imaging has become routine: conventional gamma cameras have been linked to CT scanners 
SPECT/CT and modern PET scanners have been linked to multi-slice CT devices (PET/CT). 

Nuclear Medicine therapy has also been growing far beyond the established treatment of 
benign and malignant disease of thyroid. I-131 when linked to metaiobenzylguanidine is used in 
treatment of neuroendocrine malignancies, such as pheocromocytomas and neuroblastomas. 
Newer ligands targeting the SS2 receptor subtypes are emerging, labelled with Yttrium 90, 
Luthetium 177, Rhenium 188 and other radionuclides. Pain palliation in advanced metastatic and 
skeletal prostate and breast disease has become available with Strontium 89 chloride, Rhenium 
186 as etidronate, Samarium 153 as ethylene-diaminetetramethylene phosphonate. Several 
radiolabelled antibodies have been entered in clinical trials and some have now been approved as 
specific treatment options.  

 
2.3.28.2. Infrastructure 
 

Practical applications of nuclear techniques are more and more present in the IFIN-HH’s 
activity, having a history of over 30 years in the research and production of radiopharmaceuticals. 
The Radiopharmaceuticals Research Group benefits from an existing infrastructure, to be 
augmented in the next few months by the commissioning of the Research Center for 
Radiopharmaceuticals (CCR) - a state of the art facility. These includes: 
a) a cyclotron, compact type, completely automated and PC controlled, variable energy of 14-
19 MeV protons and 8-9 MeV deutrons (dual particle), 4 beam lines and up to 16 beams 
extractor, accelerated at the last ray; working simultaneously  in “dual beam” system; 
b) dedicated target chambers for short-life radioisotopes, such as 18F, 124I, 15O, 13N, 11C, 64Cu; 
c) ventilated hot cells with telepliers, for handling high activities; 
d) hot cells for smaller activities, ventilated and connected to water, compressed air, liquid 
radioactive waste and technical gases; 
e) radiochemistry automatic systems for radiopharmaceuticals synthesis in sterile environment; 
f) clean rooms, according to GMP requirements to be used in preclinical and clinical research; 
g) gamma camera for small animals (gamma-probe); 
h) tomography scanner for positrons emission used for small animals research –microPET. 
i) Radiochemistry laboratories and radiobiology laboratory; 
j) HPLC, with UV detection, radiodetection and fraction collector; sterile hoods, other 
radiochemistry/analytical equipments: FT-IR, GC-FID, AAS, IC, DLS.  
 
2.3.28.3. The research area; Present status of research 
 
The main directions of this interdisciplinary group are: 
I.  Design of novel radiopharmaceuticals for imaging (diagnosis and therapy follow-up) based 
on specific targets and biovectors; Radionuclide imaging modalities (positron emission 
tomography, PET; single photon emission computed tomography, SPECT) are diagnostic cross-
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sectional imaging techniques that map the location and concentration of radiotracers, in vivo. PET 
and SPECT are became molecular imaging modalities as they are based on radiotracers and 
molecular targets to image, map and measure target site activities (e.g. angiogenesis, metabolism, 
apoptosis and proliferation). Improvement of scintigraphic tumor imaging is extensively 
determined by the development of more tumor specific radiopharmaceuticals. Thus, the overall 
objective of the group is to design new functional radiopharmaceuticals aiming to improve the 
differential diagnosis, prognosis, planning and monitoring of cancer treatment. In this context, 
reliable molecular imaging assays that assess (1) cellular targets at low cost, (2) treatment 
response more rapidly, (3) differential diagnosis, (4) the prediction of therapeutic response, and 
(5) better radiation dosimetry for internal radiotherapy would be very valuable. On-going studies 
include: 
- developing of new F-18 PET tracers (beyond FDG) aimed for more specific tumor imaging, 
such as 18F-FLT (fluorothymidine), 18F-miso (fluoromisonidazole), 18F-choline, 18F-FES 
(fluoroestradiol);  
- developing of Cu-64/67 tracers to study genetic diseases affecting copper metabolism and for 
tumor imaging and therapy; 
- unconventional PET/SPECT tracers based on I-123/124 and Ga-68;  
- ultra short-lived radionuclides for brain physiology and pathology studies. 
II. Production / radiochemistry of “medical” radionuclides; Iodine-125 (60 d): cancer 
brachytherapy, deep vein thrombosis and radioimmuno-assays; Iodine-131 (8 d): treatment of 
thyroid cancer and imaging; Lutetium-177 (6.7 d), Rhenium-186 (3.8 d), Rhenium-188 (17 h): 
Samarium-153 (47 h): therapy/ imaging/follow-up and pain relief; Molybdenum-99 (66 h): used 
as the 'parent' in a generator to produce technetium-99m; Technetium-99m (6 h): imaging 
(skeleton, heart muscle, brain, thyroid, lungs, liver, spleen, kidney, gall bladder, bone marrow, 
salivary and lacrimal glands, heart blood pool, infection and numerous specialised medical 
studies);Yttrium-90 (64 h): brachytherapy and palliation; Bismuth-213 (46 min): targeted alpha 
therapy; Holmium-166 (26 h): diagnosis and treatment of liver tumours; positron emitters 
Fluorine-18 (110 min), Copper-64 (12.7 h), Iodine-124 (4.2 d), Gallium-68 (68 min), Carbon-11 
(20.3 min), Nitrogen-13 (9.9 min), Oxygen-15 (2 min): PET imaging. Additionally, studies 
regarding cyclotron production of 99mTc to address 99Mo shortage and alternative solution, as gel-
generators, for obtaining 99mTc are envisaged. 
III. Agents for targeted radiotherapy of cancer; Targeted radiotherapy (TRT), using internally 
emitted radiation, offers an alternative to the use of traditional radiation therapy. The key features 
of TRT include: (1) the ability to direct the agent to the target tissue using a biological marker 
using monoclonal antibodies or fragments (radioimmunotherapy,RIT) or specific peptides 
(peptide receptor radionuclide therapy, PRRT); (2) specific binding towards TAA (tumor 
associated antigens) or peptide receptors, overexpressed in tumor cells; (3) the deposition of  high 
linear energy transfer radiation at the site in a short period of time; (4) induced chromosomal 
DNA damage, which then causes cell death. The studies of radiolabelled biovectors include: 
somatostatin analogues (TATE, TOC), neurotensin (agonists and antagonists) and growth factors 
(EGF) labeled with 177Lu; antibodies labeled with 188Re (antiVEGF, antiMUC1, antiCEA), micro- 
and nano-spheres labeled with 188Re, labeled with 177Lu, etc. 
The team has an important contribution to mentioned research area in international and national 
projects: Eureka (E!3832 RADNUCLTHER, 2008-2011), IAEA Cordinated Research Projects 
(14551 2007-2010, 16500, 2010-2013), IAEA Technical Cooperation (ROM2010002, 2012-
2014), COST (BM0607, Management Committee Member, 2008-2011), Bilateral Cooperations 
with Italy (Radiolabelling of specific biomolecules with therapeutic radionuclides. Chemical 
aspects, self radiolysis and scavenger’s effect, 2006-2008; Radioactive Biomolecules for Imaging 
and Targeted Therapy of Cancer, 2006-2008), CEEX (26, 91, 5, 19, 36, 120), PNCDII (PNII 71-
124, PNII 41-080, PNII 71-073, PNII 42-144, PNII 72-201). 
Awards: 1st INCC Prize for the best presentation of a young scientist (2005) at International 
Nuclear Chemistry Congress (D. Niculae) 



87 
 

2.3.28.4. Beneficiaries 
The successful research work (preclinical) is translated to GMP-production (small scale 

production line) and to clinical testing. At national level, there are about 40 Nuclear Medicine 
units which perform routinely investigations for diagnostic using radiopharmaceuticals and 3 
major units which perform radiotherapy.   
 
2.3.28.5. Human resources 

The Radiopharmaceuticals Research Team was carefully built-up according to number of 
projects and recent developments. It is a multidisciplinary team, consisting in radiochemists, 
physicists, biophysicists and engineers. There is a good balance between senior and junior 
researchers, PhD and PhD students, experienced and young professionals.  
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2.3.29. E-29: Tritium and Labelled Compounds Research Team.  
Activity Report (2007-2011) 
 
2.3.29.1. Infrastructure 
 

The Tritium and Labelled Compounds team develops researches in a modern laboratory 
refurbished using as support national researches projects (6 PNCDI II, Nucleus Projects) and 
Infrastructure project No 7 PM /29.X.2008 “Infrastructure Development for Research in Nuclear 
Physics and Related Field– IFIN-DIC/subproject C3 TRITIULAB” [2.3.32.1, 2].  

The current laboratory contains modern equipments like: FTIR ATR spectrometer, Liquid 
Scintillation Counter, Tritium Manifold, Vacuum pumps, chromatograph radio-HPLC, scanner 
radio-TLC, Beta imager, Furnaces with digital controller, Rotary evaporators, High power chiller, 
Tritium monitors and new radiochemical hoods. The present infrastructure will be completed in 
2012 (in infrastructure project No 7 PM /29.X.2008) with state of the art equipments: Tritium FT 
NMR Spectrometer and ESR spectrometer.  
 
2.3.29.2. The research area; Present status of research 
 

The research activity from the Tritium and Labelled Compounds Laboratory has a major 
role as a representative unit for interdisciplinary scientific research. The activities for 
development of research project can be divided in three major categories: 
- Basic research - radiation chemistry and computational chemistry, biology; 
- Synthesis - labelled compounds with radionuclides and applied radiometric methods in the 
life sciences fields (biology, pharmacology, health); 
- Applied research - targeted to the field of global management of tritium (detection and 
dosimetry, tritium wastes, tritium facility designing and testing) 

 
The team has an important contribution to mentioned research area and project 

management in the last years (5 PNCDI2, 3 CEEX national projects and 1 EURATOM-Fusion 
project), leading to: 
- Publishing of 11 articles in “Fusion science and technology”, 9 articles in “Journal of 
Labelled Compounds and Radiopharmaceuticals”, 3 articles in “Journal of Radioanalytical and 
Nuclear Chemistry” and 2 articles in “Radiation Physics and Chemistry”,  
- 2 national patents request,  
- Obtaining of more than 30 new products and technology like: Labelled compounds with 
tritium; Experimental facilities for tritium wastes processing; Calibration stands for  tritium gas 
monitors; Facility for endurance testing of isotope exchange catalysts; Computational method for 
evaluation of radiolytic effects in materials; Determination of radionuclide distribution in labelled 
compounds by EPR spectrometry; Determination of  tritiated water activity using EPR 
spectrometer; Determination of tritium surface activity and radioactive concentration of labelled 
compounds solutions using plastic scintillators. 
Awards: 

- Complex Research-Development Projects First Prize awarded by Ministry of Education, 
Research and Youth-National Authority of Scientific Research- december-2007 for CEEX 
Project “Treatment and conditioning of tritiated solid, organic liquid wastes and sealed 
sources with tritium resulted form Romanian nuclear activities” 

- Prize Best Poster Awards Chicago 2009 awarded by Wiley and Sons for scientific 
contribution Synthesis Of Nucleoside Analogue E-275 Class By Isotope Exchange 
Technique, C. Postolache, Lidia Matei, C. Tanase, George Bubueanu, The 10-th 
International Symposium on The Synthesis and Applications of Isotopes and Isotopically 
Labelled Compounds Chicago, Illinois, USA, June, 14-18 2009 [3.2.32.5] 
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Today, Tritium and Labelled Compounds Laboratory is integrated in a large national 
research network. The structure of this network is shown in figure 1. 

 

 
Figure 1. The tritium and labelled compounds research network structure 

 
2.3.29.3. Beneficiaries 

At national level, the most important user in the field of tritium management is 
represented by Cernavoda NPP, followed by ICIT Rm. Valcea and IFIN HH. Other endorsed 
users are the economic agents implied in activities with tritium as part of National Nuclear 
Program (ANTICOROSIV S.A, S.C MATEFIN, CANBERA PACKARD Romania, etc.) 

Another priority targeted group is represented by the international partners involved in the 
Fusion Program (KIT, Karlsruhe Germany, SCK Mol Belgium, KINETRIX Canada, etc). 

All the R&D units (INCD V Babes, INCD CCF Bucharest, Bucharest Oncology Institute, 
University of Bucharest, Carol Davila University of Health and Pharmacology, etc) which use the 
labelled compounds in researches focused on life sciences field also represents potentially users 
of obtained results.  
 
2.3.29.4. Human resources 
 

The Tritium and Labelled Compounds Laboratory scientific team was carefully built-up 
according to the presented researches fields. 

Team leader, CS II with PhD in radiochemistry, has expertise in radiation chemistry, 
computational chemistry, synthesis of labelled compounds, applied of radiometric techniques in 
molecular biology and pharmacology, tritium detection and dosimetry, tritium wastes processing, 
tritium facility designing and endurance testing.  

The expertise of team leader is completed with 1 young analytical chemist (CS PhD in 
analytical chemistry with competence in pharmacology and radio-pharmacy), 1 young biochemist 
(ACS, PhD student in agronomy), 1 organic chemistry engineer (IDT I PhD in organic chemistry 
with competence in radio-pharmacy), 1 inorganic chemistry engineer and 2 technicians 
(radiochemistry). 
 
2.3.29.5. Final remarks 
 Romania is the only European country which develops the CANDU technology. After the 
Unit 1 and Unit 2 from NPP Cernavoda became operational and after investment finalization for 
Unit 3 and 4, Romania will become the most powerfully tritium source from Europe. For these 
reasons the global management of tritium represents an important component of National Nuclear 
Plan.  
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 The development of international projects designed for EURATOM fusion program 
created the necessity of technological development in the fields such as: management of tritium 
wastes, new detection systems, tritium effect in materials. Today at European level, there are not 
any specific technologies elaborated which can be practically validated. Tritium and Labelled 
Compounds Laboratory from IFIN HH and ICSI Rm Valcea can become an important component 
in development of nuclear technologies designated to EURATOM –fusion projects.  

The implementations of modern investigation radiometric techniques using labelled 
compounds will permit the accomplishment of the compatibility and competitively levels needed 
for integration of Romanian research units, focused on studies of biological processes at genetic, 
molecular, cells and tisular level, pharmacological studies, toxicological studies, pathology in the 
European research area. 

 
References 
 
C. Postolache, Lidia Matei, Evaluation of fundamental processes in macromolecular structures 
radiolysis using quantum-chemical methods, Radiation Physics and Chemistry, 76, 1267-1271 
(2007) 
Lidia Matei, C. Postolache, Radiolysis of polytetrafluoroethylene and polystyrene catalytic 
supports in presence of tritiated water,  Radiation Physics and Chemistry 76 1257-1262 (2007) 
Lidia Matei, C. Postolache Tritium Laboratory with Multiple Purposes at NIPNE Magurele, 
Fusion Science and Technology, 54, 149-152, (2008) 
Lidia Matei, C Postolache, Refurbishment of the Tritium Laboratory from NIPNE Romania, 
Fusion Science and Technology, 60, 3, 1021-1024, (2011) 
C. Postolache, Lidia Matei, C. Tanase, G. Bubueanu, Synthesis Of E-275 Class Nucleoside 
Analogue By Isotope Exchange Technique, J. Label Compd. Radiopharm. 53, 461-463, (2010) 
C. Postolache, Rodica Georgescu, Lidia Matei, Determination of Tritiated Water Activity Using 
EPR Spectrometry, Fusion Science and Technology, 60, 3, 990-993, (2011) 
C Postolache, L Matei, Evaluation of unfixed tritium surface contamination, Fusion Science and 
Technology , Volume 48, Issue 1, pages 413-415 (2005) 
Lidia Matei, C. Postolache, C Tuta, S Brad, Facility for Endurance Testing of Hydrophobic 
Isotope Exchange Catalysts, Fusion Science and Technology, 60,No 4, 1419-1422 (2011) 



91 
 

2.3.30. E-30: Nuclear Methods in Condensed Matter Research (2007-2011) 
 
2.3.30.1 Ion Beam Analysis - Elemental and structural analysis using microbeams 

Nuclear microbeam facilities are analytical tools with high spatial resolution exploiting MeV 
ion beams. The interactions of beam particles with atoms and nuclei of the target induce the 
emission of characteristic radiation, whose energy provides signatures of the compositional 
and/or structural properties of the target. IBA (Ion Beam Analysis) techniques are based on the 
detection of such radiation, enabling the characterization of samples of interest, for material 
science, medicine, and environmental studies. External beams, obtained by extracting the 
particles beam into the atmosphere through a thin window have many attractive features, such as 
non-destructivity and ease of working. External microprobes have made possible to obtain probes 
in the micron range by adopting strong focusing lenses, ultra-thin windows for beam extraction, 
and short/ultra-short external path of beam particles in light gases; they have also made possible 
the use of external IBA techniques, such as RBS, ERDA, and STIM. External scanning 
microprobes and IBA techniques have enabled the characterization of samples with high spatial 
resolution, comparable with that achievable in-vacuum [2.3.34.1, 2.3.34.2].  

Radiology and irradiation using X-ray and ion microbeams: A goal of research in 
radiobiology is to identify the radiation-sensitive target(s) in cells and characterize the 
mechanisms of damage and repair. To this end, a micro-beam of ionizing radiation (ions or X-
rays) able to deliver a defined dose to individual cells or sub-units of cells is a useful tool. Low 
energy microfocus X-ray-generators are now commercially available, but only few of them are 
used in radiation biology experiments.  

X-ray and ion microbeams are commonly used to study local irradiation effects in living cells, 
as it has been established that ion beam irradiations can lead to deleterious changes in cells that 
are not struck directly by the microbeam. Such changes, which take place over distances long 
compared to the size of the irradiation spot and for times long compared to the time of irradiation, 
are collectively termed Radiation-Induced Bystander Effect (RIBE). Free-radical chemistry is 
invoked to explain the RIBE, but no unified model is available at present. 

Fast neutron irradiation and dosimetry: The neutron beam of the Cyclotron U-120 is 
generated by 13 MeV deuterons bombarding a thick beryllium target. The facility can be used for 
microdosimetric measurements inside and outside the useful beam. The dose fraction due to 
gamma rays is known. Another type of application consists in the irradiation of different 
materials with the scope to determine the hardness of these materials to the fast neutron. 

Investigation of materials with X-rays and monochromatic gamma beam at ELI-NP: 
Extreme Light Infrastructure (ELI) will be the only European and International Centre for high-
level research on ultra-high intensity laser, laser-matter interaction and secondary sources, having 
unparalleled possibilities. Its pulse peak power and briefness will go beyond the current state-of-
the-art lasers by several orders of magnitude. Because of its unique properties, this 
multidisciplinary facility will provide magnificent new opportunities to study the fundamental 
processes unfolded during light-matter interaction.  

The goal of “Nuclear Physics with High-Power Lasers” project is to prepare the nuclear 
physics experiments and applications based on laser-driven production of radiations of different 
types. Subjects such as the synthesis and investigation of neutron-rich nuclei of astrophysical 
interest around N=126 waiting-point, photonuclear reactions or material behavior under strong 
irradiations are foreseen to be studied. The preparation will consists mainly in designing and 
constructing the experimental instrumentation. To this end, simulations, theoretical estimates, 
tests and experiments to run high-power laser facilities will be performed.  

At the same time, local teams of researchers specialized in such studies will be built; they will 
be deeply involved in collaborations with other laboratories performing similar and/or related 
studies. Thus, one can fully benefit from the increase in power and repetition rate available when 
ELI-NP will enter into operation. A full suite of instrumentation specific to nuclear physics, such 
as heavy ion electromagnetic separators and beta-decay, gamma and particle spectrometers, will 
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be developed for the characterization and subsequent optimization of primary and secondary 
radiation resulting from high-power laser pulses interaction with targets. The large reaction 
chambers, hosting the focusing mirrors, need a flexible design to accommodate different 
configurations of incoming laser pulses and the coupling of various detection systems. Target 
systems adapted for the operation with high repetition high-power laser pulses will be developed; 
a laboratory specialized in the production of special targets (thin films, capillaries, etc) will be 
created. 

 
2.3.30.2 Positron Annihilation Spectroscopy 

Positron Annihilation Spectroscopy (PAS) can reveal useful information about the electronic 
and defect properties of materials. Positron Annihilation Lifetime Spectroscopy is based on the 
following phenomena: when a positron is injected into a polymeric medium, it thermalises and 
forms a quasi bound state with electron, namely positronium (Ps) atom. There are two type of Ps, 
para-Ps (p-Ps) and ortho-Ps (o-Ps), with life-times of 125 ps and 142 ns, respectively. Both, p-Ps 
and o-Ps undergo pick-off annihilation with surrounding electrons. This renders the life-time of 
o-Ps to a few nanoseconds while the p-Ps life-time remains practically unaffected due to its high 
intrinsic decay rate. The fate of o-Ps is monitored to obtain specific information about the free-
volume structure of the polymer, because Ps has extreme sensitivity to holes or region of low 
electron density in the material where it is localized. So, the life-time measurements of Ps species 
provide information about the size of the free-volume holes.  

Doppler-broadened annihilation radiation measurements provide information about the 
momentum distribution of electrons which is often represented by a shape parameter, namely, S-
parameter, which is defined as the ratio of the central low momentum region to total peak area of 
the 511 keV photopeak. It is a sensitive index of the pore fraction in the polymeric material. 

Coincidence Doppler Broadening Spectroscopy (CDBS) has the advantage - over single 
detector spectroscopy - that a lower background is present in the region of high longitudinal 
momentum of the annihilation pair electron-positron. These annihilations correspond to fast 
electrons, making CDBS method suitable for probing the chemical sensitivity in open (free) 
volumes trapping sites [2.3.34.3-2.3.34.4]. Many studies proved that Ps is a powerful 
porosimetric and chemical probe for exploring the adsorption, pore filling, porosity and surface 
properties of various systems [2.3.34.5-7]. To further enhance the capability of the Ps probe, it is 
necessary to deepen our understanding of its formation, diffusion, thermalization and 
annihilation, trying to make the predictions as quantitative as possible. Since the first application 
of PAS to porous materials, new materials have been synthesized and a number of novel 
applications have emerged. It is our hope that PAS will find wider applications in this rapidly and 
continuously developing field of science and technology. 

Experiments with a High-Density Positronium Gas: A high-density gas of interacting 
positronium (Ps) atoms can be created by irradiating a thin film of nanoporous silica with intense 
positron bursts; the Ps lifetime can be measured using new single-shot technique. 

Positronium physics (interaction with internal or external electromagnetic fields): The 
annihilation of ortho-Ps and para-Ps atoms is influenced by a magnetic field. This effect can be 
used for developing new experimental techniques for measuring the internal magnetic field and 
ortho-Ps interactions in internal and external magnetic fields. 

Porous polymer films have attracted much attention due to their usefulness as supporting 
media in tissue engineering, membranes in separation process, templates for inorganic growth, 
dielectric materials for electronic devices and optical materials. Porous structures seen in the 
entire thickness direction, in addition to the two-dimensional top surface of the film become very 
important to control the desirable properties of porous films, such as cell grow rate, selectivity of 
membrane and effective refractive index of an optical film. Pore structure in polymer films has 
influence on the electrical and transport properties of the film. The growth in the interest of 
polymer thin films has also been catalyzed by the increase in the number of techniques available 
to characterize thin polymer films. From the engineering side, there are challenges that are faced 
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in producing perfectly uniform thin films. Yet, this in turn has sparked the interest from the 
physics community in studies on instabilities in thin films and on the confinement of highly 
ordered structures. Controlling interfacial interactions has presented numerous challenges to 
surface chemists, both small molecule chemists and polymer chemists. The influence of 
confinement on phase transitions like crystallization, phase separation and micro phase 
separation, has piqued the interest of physicists and physical chemists. 

 
2.3.30.3 Nuclear Activation Analysis (NAA) and Nanomaterials 

In the new field of “Nanomaterials and Nanotechnologies” there are great efforts to develop 
new materials, as well as new technologies capable to extend our present performance and 
knowledge, with a great impact in biology, genetics and medicine. 

Nanotechnologies led to a growing market, characterized by Engineered NanoParticles 
(ENPs) that found widespread applications. These applications include ENPs in a wide variety of 
consumer products – from cosmetics to medical applications. However, it is already known that 
most part of the ENPs presents a certain (variable) degree of toxicity - a „hot” topic around the 
world. There is a relationship between the metal properties and the toxic effects. Studies 
developed for such effects are hampered by the lack of tools to localize and quantify ENPs in 
water, sediments, soils, organisms. NAA studies of waters and soils may be of the great 
usefulness for the identification of spontaneous dispersal of radioactive ENPs into water and soil, 
successfully passing through filters. The applicability of the NAA technique has already been 
demonstrated in this type of applications in several published studies. On the other hand, NAA 
technique, coupled with SEM (Scanning Electron Microscopy) and TEM (Transmission Electron 
Microscopy) may be of great usefulness to study new materials, including nanomaterials or 
nanostructures produced for future applications in nuclear power plants. In the field of medical 
applications, nano-particles from drugs can be absorbed into the bloodstream; their tracks and 
localization must be known and controlled. 

NAA coupled with gamma-ray spectroscopy [2.3.34.8-10] may be applied to radioprotection 
as studies of „non-targeted-effects” under radiation - bystander effects, abscopal effects, systemic 
reactions and hormesis, by using IFIN- HH facilities (Cyclotron) and a powerful TEM system; it 
can be also applied in the study of materials modifications under heavy ions and laser beams 
impact. 
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2.3.31. E-31: Radiation Detection Instrumentation (2007-2011) 
 

Special detection systems for highly dedicated experiments has been designed and developed; 
consistent developments are in process and can be realized: Weber’s type neutrinos and antineutrinos 
detector; portable gamma ray spectrometer associated with GPS and internet; high energy particles 
detection systems for collaborations with JINR-Dubna, LPC-Caen, LNF-Catania and IPN- Orsay. 
 
2.3.31.1 Reactor neutrino detection for nuclear reactor survey 

In order to monitor the operational status, power levels and fissile content of a nuclear reactor in real 
time, a modern detection system based on antineutrinos detection generated in the fission reaction has 
been designed and developed. For the new reactor generation with bigger power the system is of high 
importance. The device was realized by the little volume type the detection system of little volume type 
“torsion balance with sapphire crystal” which can check, from distance the dynamic of reactor [2.3.35.1], 
[2.3.35.6]. The experimental tests of torsion balance was be done in underground of Department of Life 
and Environmental Science and was put in evidence the diurnal effect of solar neutrinos. With this results 
we establish the detection parameters of torsion balance, expressed by deviation angle of balance disc in 
function of initial position. The results was presented in two international Conference (The XXIII 
international Conference on neutrino physics and astrophysics, Christchurch, New Zealand, and The 
XXIV international conference on neutrino physics and astrophysics) and two review article. We had are 
doing the calibration of balance in different condition of operations. For the checking of fuel cycle and 
storage we can realize a detector system, capable to discriminate between gamma radiation and neutrons 
after the pulse shape, establishing the activity level of fuel in storage or at the recycling process.  
 
2.3.31.2 Portable gamma ray spectrometer 

Hand held gamma monitors associated with GPS and internet could be useful for outdoor 
measurements both in normal and accidental situations. 
Researches will be performed for  

o Detector elements and detection scintillation probes using plastic scintillators and 
photomultipliers for X and gamma ray to monitoring monochromatic beam at ELI-NP; 

o Dosimeters for huge and very short radiation pulses generated at ELI-NP; 
o Time and height spectrometer systems to be used at ELI-NP; 
o Detector element with CsI(Tl) scintillation cystals coupled at PIN photodiode. 

The results of this experimental research was finalized by experimental model of portable 
spectrometer and prototype applied in the centre of nuclear fuel storage and social institution for 
radioactive monitoring of personal. Scientific results was disseminate into review article in Romanian 
Report in Physics 2011. 

 
2.3.31.3 New detectors for international large scale experiments 

Researches will be performed in order to develop detector elements and detection systems using 
organic and inorganic scintillators, resistive plate counter (RPC). In the frame of this activity was 
developing researches to obtain the detector elements for detection systems of new conception, using 
unorganic scintillators of type CsI(Tl) of high thallium concentration coupled at PIN photodiodes which to 
be used in physics experiment with heavy ions for to particle identification after A and Z. The experiment 
where was applied this type of detector elements is FAZIA experiment (Four pi A and Z identifications 
array) because the energy resolution and detection efficiency are much better in the case of other detector 
elements with scintillators and photomultipliers [2.3.35.8].  

Another application of this type of detector have been the magnetic spectrometer for relativistic 
electrons developed at Vexler and Baldin Laboratory for High Energy Physics, JINR, Dubna. The detector 
element operate like E, ∆E detector and it detect the relativistic electrons in energy domain 0,1keV – 20 
MeV. The spectrometer operate at acceleration line of NUCLOTRON. 

A sophisticated position sensitive detector has been realized for the SPHERE experiment at 
NUCLOTRON in JINR-Dubna. The detector have the cylindrical geometry with inner diameter of 
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100mm and external diameter 130mm, having the length of 1000mm. In the structure of detector come 36 
scintillation element from plastic scintillator type BC 430 coupled at PIN photodiode at both ends 
[2.3.35.7]. 

The RPC detectors developed in Department of applied physics was realized for new detection 
facilities at NUCLOTRON in JINR-Dubna, like position sensitive detectors. They have the time and 
spatial resolution very good (96 ns time resolution, respectively, 1mm spatial resolution) and detection 
efficiency in mips regime of 98%. A very important applications of this type of detector was NICA MPD 
experiment in JINR-Dubna. 

A very important research activity was developed in the domain of monitoring the beam at particle 
accelerators. For this task we did experimental tests on plastic scintillation materials to determinate the 
detection characteristic at fast neutrons and to establish the level of gamma neutrons discrimination. For 
this we have used the scintillation materials type BC408 coupled at photomultiplier Hamamatsu. The 
scintillation probe realization in DFNA was tested at X, gamma and fast neutrons in IFIN-HH and IPN 
Orsay-France. The results obtained in this tests confirm us the requested imposed of this type of 
experiment and that result actually is found in production a number of 36 items for the Accelerator 
GANIL-Caen, France.     

We have focusing  this  experiments  in cooperation at JINR-Dubna, Russia (detector E, ΔE for the 
spectrometer of relativistic electrons generated in interaction at NUCLOTRON)  and Fazia in the 
cooperation with LPC-Caen, SPIRAL2, LNF-Catania because was requested of our international partner . 
 
2.3.31.4 Spontaneous parametric down conversion twin photon beams producing and measuring 
setup  

The quantum photon pairs, generated by spontaneous down conversion phenomenon, promise a lot of 
applications. That’s why, a setup including both producing and measuring instrumentation for quantum 
correlated pairs was designed and manufactured in our department, and, for the first time, in Romania. 

A violet beam supplied by a laser diode is focalized on a nonlinear crystal (barium beta borat). When 
the optical axe and the beam direction angle is properly tuned, some laser photons decay in quantum 
correlated pairs, by type II spontaneous down conversion phenomenon. Noncolinear and beamlike cases 
were obtained. 

The single photon detector, direct coincidence and counting system measures visible and near infrared 
radiation having the wavelength between 400 nm and 1000 nm. The minimum detectable limit is as small 
as 100 photons/s for a measuring time no longer than 8s. 

The main scientific and technical results were disseminated by two scientific communications and 
four published articles [2.3.35.9.-12]. 

The spontaneous parametric down conversion twin photon beams producing and measuring setup is 
ready both for experimental studies and research and development activities. 

A project proposal concerning quantum cryptography and communications with quantum correlated 
photons is ready to apply with. 
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2.3.32. E-32: Archaeometry and Cultural Heritage (2007-2011) 
 
 
2.3.36.1. Introduction 

 
Archaeometry is a well-established interdisciplinary research field, using a wide palette of 

scientific methods for the characterization of art and archaeological objects. Archaeometry has 
witnessed a large development during the last few years, when all over the world research groups 
have intensified their efforts in applying the knowledge acquired in natural sciences to the 
extensive domain of Cultural Heritage (CH). Remarkable contributions to the preservation of the 
CH were also brought by the involvements of the exact sciences (physics, chemistry, biology) in 
a field, which in the past was exclusively reserved for archaeologists and historians only. 
 
2.3.32.2. Tomgraphy in Archaeometry 

 
X-ray Computed Tomography (CT) is a widely spread non-destructive examination 

technique used in various applications, such as medicine, industry, material science, cultural 
heritage. The most often encountered kind of tomographic measurements are the ones in 
transmission mode, in which the attenuated X-ray photons are measured. They provide maps of 
the absorption coefficient of transversal slices of the examined object, which, in turn, can be 
related to variations in density of the analyzed sample. 
 The structure of a tomographic device depends on the application in which the apparatus 
is to be used. The spatial resolution and maximum size of the object that is to be scanned are 
crucial when deciding to develop such equipment.The performance of a tomographic device in 
terms of spatial and contrast resolution (the last parameter corresponding to differences of 
contiguous materials in terms of absorption coefficient) essentially depends on the characteristic 
of the X-ray beam and of the X-ray detector.The technique of Computed Tomography (CT) 
combined with the pertinent interpretation of the obtained images is a powerful diagnostic tool 
which can provide details on the internal structure of a large class of objects, being nowadays 
largely employed in medical, industrial, material science and art work investigations. 

In the frame of the CEEX-05 - “Tomography in archaeometry” project (2005-2008), we 
constructed an X-ray tomograph device, unique in our country, for the imaging of relatively low-
Z materials artifacts (e.g. ceramics items). We already used this dedicated apparatus and its 
associated software to analyze some Eneolithic clay artifacts containing smaller inner objects 
[2.3.36.1].  

The tomographic scans led to relatively good quality reconstructed images of the 
investigated objects, images obtained in a short time and with a spatial resolution that is more 
than satisfactory for the purposes of such studies. Thus, by using this tomographic device, hidden 
structural details that otherwise would have had remained completely unknown to the 
archaeologists were revealed inside the investigated objects. 

 
2.3.32.3. Ion Beam analysis and X-Ray Fluorescence methods 

 
In the frame of archaeometrical research using nuclear and atomic analytical methods as 

Ion Beam Analysis (IBA), X-Ray Fluorescence (XRF) and Synchrotron Radiation X-Ray 
Fluorescence ( SR-XRF) two directions will be developed: archaeometallurgy and archaeological 
geology. 

In archaeometallurgy, the composition of ancient artifacts – mainly gold, silver and 
copper-bronze – is studied, from elemental analysis to layers structure techniques as gilding and 
silvering. These aspects are essential for authentication – provenance studies on valuable Cultural 
Heritage items – jewelry, coins, adornments, toreutics, weapons and other museum objects.  
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For archaeological geology the goal is to characterize minerals sources (mines, placers, 
geological deposits) for metals, gemstones, obsidian, inorganic pigments and to compare them 
with the similar materials used in artifacts – gold, silver, copper, lead, obsidian, garnets, rubies, 
ceramics pigments in order to obtain provenance information – ancient workshops, technologies, 
long-range trade routes, historical commercial and military aspects. 

Studies on painted art objects – pictures, icons, wood sculptures, manuscripts, etc – will 
be also started for authentication/provenance conclusions. 

For all the Cultural Heritage artifacts the problem of forgery detection (authentication) is 
essential.  

The totally non-destructive analytical methods used will be XRF – especially portable and 
micro-spot equipment, Particle Induced X-ray Emission (PIXE) – especially the micro-PIXE 
investigation (micrometric beam of protons for micro-structural investigations), Synchrotron 
Radiation X-Ray Fluorescence (SR-XRF) – especially the micro-SR-XRF procedure. A new non-
invasive (only micrograms of sampling needed) method – LA-ICPMS will be also used for trace 
elements detection down to the ppb level. 

Our Institute has remarkable scientific results in the field, internationally recognized 
through scientific publications, as: 

- authentication of the famous twelve gold Dacian bracelets [2.3.36.2] recovered from the 
antiquities black market through a Police International Cooperation  have been performed  in 
our Institute – XRF analysis and in collaboration with Louvre Laboratory (AGLAE 
accelerator) – micro-PIXE analysis [2.3.36.7], INFN- LNL Legnaro (Italy), Dresden 
Forschungszentrum (Germany) [2.3.36.4], BESSY (Berlin) and ANKA (Karlsruhe) 
Synchrotrons  – micro-SR-XRF analysis [2.3.36.3, 8]. 
- authentication of  137 gold Dacian  coins (“Koson”- type staters) using the same methods 

[2.3.36.11]. 
- characterization of  Transylvanian native gold (supposed to be used by Dacians) 
geological samples [2.3.36.5, 2.3.36.10]. 
- characterization of mineral pigments used for prehistoric Neolithic Cucuteni culture’s 
ceramics using XRF and Synchrotron X-Ray Diffraction [2.3.36.6]. 
 
The experiments were performed using various European Union projects for international 
cooperation as:  
- CHARISMA - Cultural Heritage Advanced Research Infrastructures: experiments with 

micro-PIXE at Louvre Laboratory (AGLAE accelerator) and ATOMKI – Debrecen 
(Hungary). 

- TARI Transnational Access to Research Infrastructure: experiments with micro-PIXE at 
INFN- LNL Legnaro (Italy) – 2003–2008. 

- ENSAR European Nuclear Science and Applications Research: experiments with micro-
PIXE at INFN- LNL Legnaro (Italy) from 2011. 

- ELISA European Light Sources Activities: experiments with micro-SR-XRF at BESSY 
(Berlin) and ANKA (Karlsruhe) Synchrotrons.   

 
 The group was also involved in three European Union COST Actions: G1 "Ion beams in 
art and archaeology" (1995-2000), G8 “Non-destructive analysis and testing of museum objects” 
(2001-2006), and IE0601 “Wood in Cultural Heritage” (2007- ), its leader being Romanian 
Representative in the Management Committees. 

This type of research demands multidisciplinary teams – physicists, chemists, 
archaeologists, geologists, conservators, art experts, both in the frame of the Institute and in 
institutional networks ( physical research units, museums, universities, art & archaeology 
institutes). 
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2.3.33. E-33: Accelerator Mass Spectrometry - AMS (2007-2011) 
 
 
2.3.33.1 Introduction 

 
The Accelerator Mass Spectrometry (AMS) is a modern analyzing method that has the 

highest analyzing sensitivity known today, which is 10-16 (ratio: isotope/element). This sensitivity 
is equivalent to the real possibility to select and register one single type of atom from one million 
of billions atoms of other types. Such facilities are working all over the world in developed 
countries bringing important benefits to our life and knowledge on our planet. 
 
2.3.33.2 Studies in Bucharest 
 

The AMS laboratory of IFIN HH has a ten years experience in performing sensitive 
analysis for Nuclear physics  measuring of  nuclear cross sections of transmutation reactions, for  
Environmental physics detection of the attendant effects of routine nuclear releases from nuclear 
facilities, for the Atmospheric physics the characterisation of stratosphere-troposphere exchange 
processes and determination of the fall out of cosmogenic produced isotopes, for Nuclear fusion 
experiments and Tokamak reactors measurements for diagnose of the plasma confinement, 
plasma heating, Neutral Beam supplementary heating and its interactions with the plasma, for the 
divertor ensemble the inventories of particle accumulation and spatial distribution on the 
protection tiles, rapid  inter-comparison of detritiation techniques based on Laser beam, for the 
investigation of hydrogen retention in special materials devoted to nuclear facilities [2.3.37.1]. 
Other AMS analyses were performed to establish the content of 11B and 10Be in special carbon 
materials.   

The AMS facility was constructed at the 9 MV-HVEC-FN15 tandem accelerator in 
Bucharest. It consists of an ion injector deck, the accelerator, a Wien velocity filter and the ion 
detection system.  The injector deck was recently upgraded and a new ion source form NEC (40 
sample MC-SNICS) was introduced.  For ions of different mass range the AMS facility has three 
detection systems: a detector array of three sequential PIN diodes, a gas filled Bragg-ionization 
chamber and an E-DE gas field Bragg detector with TOF [2.3.37.2].   

In accordance with the Key Issues for Environmental applications of NuPECC LRP 2010, 
in the near future a new and more compact AMS system, based on a 1.0 MEV tandetron, will be 
installed in Bucharest. It will open the possibility of measurement of heavier log-lived isotopes 
(up to 240Pu) and to extend the applications performed until now.  It is envisagement to expand 
the present applications and to start new and important AMS researches as will be listed below. 

For pharmaceutical products: AMS with 26Al and 14C will be used for fast validation of 
new products.  The high sensitivity of AMS for 26Al and 14C detection permits a new approach in 
the research of new products concerning their metabolism and kinetics. The extremely small 
quantities (micro dosing)   of substances labelled with 26Al or 14C will shorten the duration of the 
testing procedures by about 50%. In the USA this is already a common employed procedure.  

Medicine: AMS with 26Al will be used to study the bio-kinetics of Al and Al compounds 
and adjutants. Such investigations will be carried out in cooperation with medical clinics.  

Earth, Climate and Environment: AMS with 36Cl, 26Al and 10Be will be used to 
measure the erosion rates of rocks and of the Earth’s crust, lake sediments etc. The use of the 
cosmogenic produced radionuclides (36Cl, 10Be, 26Al), measured by AMS in different 
compartments of the environment makes possible to obtain data about climatic changes and 
atmospheric exchange processes. Similar studies were performed by our laboratory in the past 
and there exists a data base of interpretation models and the associated computer codes. 

Nuclear pollution:  It is our future aim to establish an international scientific network 
with the task to monitor and prevent nuclear activities having negative impact on the environment 
and human health. The nuclear monitoring activity will extend over a large geographical area 
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(Europe, Asia, Africa, South America and Antarctica). Therefore, the general level of nuclear 
pollution in water, soil and air, will be monitored. A reconstruction of the modern history of 
nuclear contamination will be also established.. The following isotopes will be measured by AMS 
in the environment; 3H, 129I, 239Pu, 240Pu. The partners that already accepted the participation to 
the net work: NIPNE Romania, Technical University Munich, Germany, Comision Nacional de 
Energia Atomica, TANDAR Laboratory, Argentina, St. Petersburg State Polytechnic, Russian 
Federation and University Mugla Turkey.  

Fusion Energy production: Envisioning the future International Experimental Fusion 
Reactor (ITER), special interest is paid to the AMS depth profiling measurement of Tritium and 
Deuterium.  Introduced as gas or produced by the DD fusion reaction, Tritium is partially 
deposited in the protection tiles of the vessel walls of the Tokamak. Since in a Tokamak, the 
energetic Tritium is released from the DD reaction with 1.1 MeV depth measurements of T 
concentration provide interesting information about the kinematics of the plasma particle inside 
the fusion reactor. AMS is able to characterize the plasma confinement and stability, the quality 
of neutral beam injector and its perturbing interaction produced on the plasma confinement. It 
localizes the plasma disruption phenomenon and provides the dosimetry of the energetic tritium 
in the Tokamak. For the divertor assembly it determines the efficiency of the magnetic field by 
eliminating the low energetic particles that contribute to the heat dissipation. Furthermore, AMS 
is able to perform a rapid and sensitive comparison of the remnant T content in various PFC 
materials after the application of laser detritiation techniques [2.3.37.3].  All these applications 
will be continued in the future and are requested by the JET EFDA association.  

Last but not least the new AMS facility will be able to perform measurements of actinides 
and participate in the international network of detecting undeclared nuclear facilities or illicit 
traffic of nuclear materials. The ratio 240Pu/239Pu is a good fingerprint to detect weapon nuclear 
reactors [2.3.37.4]. 
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2.3.34. E-34: RASM Research Team Activity Report (2007-2011) 
 
 
2.3.34.1. Introduction 

IRASM research team is the research team of IRASM Department of the “Horia Hulubei” 
National Institute of Research and Development for Physics and Nuclear Engineering 
(www.nipne.ro). Its main subject of research is the technological irradiations with applications in 
medicine, agriculture and food, industry, environment and society. 

The core research facility of the IRASM Department is the multipurpose gamma 
irradiation facility (Co-60) built under of a Technical Co-operation Project (1994-2000) between 
the Romanian Government and the International Atomic Energy Agency (www.irasm.ro). This 
kind of irradiation facility is unique in Romania and constitutes a national centre of technological 
irradiations.  

By its features, the technological irradiations or radiation processing illustrate in an 
exemplary manner the final and most honorable role of science - to assist human society in its 
progress, also the pragmatic, concrete way from basic science to useful services and products. 
This happens because radiation processing is a domain placed at a triple border: 
- the border between basic science and applied science; 
- the border between a linear development of any single science and a synergic development in 
the frame of a multidisciplinary approach. 
- the border between nuclear physics and nuclear engineering; 

Most of researches and applications of radiation processing are multidisciplinary and 
address to: 
- medicine: effects of irradiation on biological systems, sterilization of medical devices and 
pharmaceuticals, irradiation of tissues and blood;  
- agriculture and food industry: food decontamination and disinfestation, sprout inhibition, sterile 
insect technique, sterilization of hospital meals for imunodeficient patients and of food for 
military and astronauts, genetic modification of plants;  
- industry: modification of materials’ properties by radiation-induced polymerization, grafting, 
crosslinking, controlled degradation etc; 
- environment: treatment of chemical pollutants from flue gases, waste water and sewage sludge; 
- society: preservation and consolidation of cultural heritage artifacts (wood, paper, leather etc). 
 To act in such a vast area IRASM became a radiation processing center including 
laboratories for microbiological, physical and chemical tests. Testing labs and irradiation facility 
synergically act to determine a real implementation of radiation processing applications. The 
development of important relations with industrial companies is the most specific characteristic 
of IRASM department / radiation processing center, well reflected in department research 
services.  
 
2.3.34.2. Present status of activity of IRASM Research Team 
 

Even it is only 10 years old, during the last 4 years, the IRASM research team has been 
involved in many and wide activities. Some of the most important are: 
- sterilization of medical devices, pharmaceuticals and cosmetics; 
- studies on validation of sterilization by irradiation; 
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- food decontamination and detection of irradiated foodstuffs; 
- irradiation treatment of waste water and sewage sludge; 
- preservation and consolidation of cultural heritage artifacts (wood and paper); 
- thermoluminescence and optically stimulated luminescence dating; 
- radiation-induced modification of materials’ properties. 
 National research projects at which IRASM team has been involved are:  
- Physical and chemical analysis of product qualification for the treatment with ionizing radiation 
- A chance for the archives future: disinfestation by ionizing radiation treatment 
- Cultural heritage conservation through salvation intervention treatments at big volumes. Study 
with special orientation on the decontamination through gamma irradiation of wooden 
polychrome heritage  
- Prestige and power. Nonmetalic adornment objects from Romanian museums, with an 
archaeometric study for the determination of the origin of amber beadwork 
- Vibrational spectroscopy with Fourier transform used for painting pigments characterization: a 
chance for the authentification of Romanian paintings 
 - Cultural heritage authetification and dating through thermoluminescence and optically 
stimulated luminescence 
- Microbial inoculants for systems of durable agriculture 
- Development of the laboratory for detection of irradiated foodstuffs 
- National synthesis on monitoring of foodstuffs treated by ionizing radiation 
- Integrated system for limitation of damages produced by pathogene bacteria through the 
utilization of antagonistic microorganisms  
- Multifunctional technologic system of feeding and utilization of useful insects  
- Multiparametrical characterization of food security – analytical and toxicological methods 
- New technological concepts on development of nanomaterials with low impact on environment  
- Advanced biomaterials, with variable geometry and biofunctionality control, for general surgery 
and systematic and/or neurologic therapies 
- Impregnate cotton gauges with triglycerides and nanoparticles of ZnO doped with Ag for the 
treatment of wounds with suprainfection risk  
- Cell response as means in translational science. Drug design through antitumoral cell 
mechanisms induced by physiological complexes of tranzition bivalent metals  
- Advanced photonic systems for processes control. 

International research projects at which the IRASM team has been involved are: 
- International Atomic Energy Agency (IAEA) TC Project RER/8/015 - Using Nuclear 
Techniques for the Characterization and Preservation of Cultural heritage Artefacts in the 
European Region 
- IAEA TC Project RER/8/017 - Enhancing Quality Control Methods and Procedures for 
Radiation Technology 
- IAEA TC Project RER/1/006 – Nuclear  Tehniques for the Protection of Cultural Heritage 
Artefacts in the Mediteranean Region 
- IAEA TC Project RER/8/010 – Quality Control Methods and Procedures for Radiation 
Technology 
- IAEA TC Project ROM/8/015 - Implementation of Quality Assurance and Quality Control 
Systems at Radiation Processing Plants 
- IAEA TC Project ROM/8/016 - Establishing a Demonstration Pilot Plant for Treatment of 
Sweage Sludge Using Radiation Processing Technology 
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- IAEA CRP 1539/F23029 - Radiation Treatment of Wastewater for Reuse with Particular Focus 
on Wastewaters Containing Organic Pollutants 
- FP7 COST Action IE0601 - Wood Science for Conservation of Cultural Heritage. 
 The scientific activity of IRASM team during the last 4 years can be summarized in 34 
papers published in ISI journals, 6 papers published in international conference proceedings, one 
published book, two submissions for patent acts, participation at many international and national 
conferences.  

Our scientific activity has been also disseminated through mass media by many 
contributions at Romanian newspapers, journals and radio broadcasts, 3 scientific documentary 
films about the activity of IRASM and an interview required by IAEA press office. 

During the last 4 years, under different IAEA international projects, IRASM team has 
organized 3 international workshops and 2 international training schools, and hosted 2 scientific 
fellowships and many short scientific visits in the field of technological irradiations. In the same 
time, IRASM team members have participated at different activities organized by foreign 
scientific institutions under IAEA and FP7 COST international projects. 

The unicity statute in Romania of the irradiation facility makes IRASM radiation 
processing center to be recognized by the National Authority for Scientific Reasearch as facility 
of national importance. In this line IRASM collaborates with all interested organizations (public 
or private) offering them the appropriate help (expertise, consultance and/or services) in the field.  

During the last 4 years many museums (Cotroceni, Aman, Severeanu etc.), churches 
(Izvoarele, Manastirea Dintrun Lemn etc.), libraries (Nationala, Judeteana Braila etc.) and other 
institutions (IFIN-HH, ICPE, IPM etc.) have asked for IRASM help for decontamination and 
disinfestation of cultural heritage objects (wooden, paper, leather, hay objects) and of archives.  

The public authorities from Ministries of Agriculture (Institute of Hygiene and Veterinary 
Public Health) and of Health (Public Health Insitute and Public Health County Directions) have 
close collaborated with IRASM in the domain of food irradiation and detection of irradiated 
foods. IRASM has provided consultancy and help in understanding and controling of the domain 
related issues.  

Since 2008 the IRASM research team has carried out 10 studies of validation of 
sterilization by irradiation of different samples (teeth implants, compresses, surgery thread, 
cotton-wool). There were also done 5 characterization studies on bilogical, resin and painting 
samples. 

The human resources of IRASM team increased by 50% in the last 4 years, from 16 
persons in 2007 to 24 persons in 2011. The main growth is given by the growth in the number of 
scientists, from 7 senior scientists in 2007 to 11 in 2011. From the 16 persons with higher 
education, 12 are young scientists (<35 years old). From 2 Ph.D. holders in 2007, today we have 
in our team 5 Ph.D. holders. During the last 4 years, 2 persons from IRASM team finished their 
doctoral studies and 4 their masteral studies. Today 7 colleagues find themselves in different 
stages of the doctoral studies and 1 in masteral studies. Two of them suppose to officially present 
the Ph.D. theses this year.  
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2.3.35. E-35: Techniques and technologies for management of radioactive wastes  
 
2.3.35.1. Radioactive waste management 
 
 The objective of radioactive waste management is to deal with radioactive waste in a 
manner that protects human health and the environment now and in the future without imposing 
undue burdens on future generations. Storage of waste packages is a specific stage of waste 
management, which could be very long and challenge management systems. Extensive technical 
research is required in the preparatory phase in order to minimize surface contamination and 
surface dose rates meet requirements; the intended movements of waste packages within the 
storage facility can be performed safely, preclude inadvertent criticality, and minimize 
occupational exposures; and, obvious, procedures are in place for monitoring the integrity of 
waste packages, controlling, maintaining surveillance of the operational status of accident 
detection and mitigation equipment and ensuring that waste packages can be easily identified, 
located and accessed. Disposal is the best solution but involves a variety of technical and 
management issues, and can extend over a very long time (e.g., potentially hundreds of years). 
Therefore, the disposal decision is based on several consideration involved in assessing and 
demonstrating safety and environmental protection (e.g. site evaluation, facility design, 
environmental impact assessment, authorization processes, establishment of waste acceptance 
criteria, planned and systematic methods for waste inspection and emplacement, operational data 
collection, facility monitoring and surveillance systems).  

Therefore, special arrangements for the management of radioactive waste are necessary 
because of the radiological hazards associated with it. The preferred strategy is to contain the 
waste (i.e. to confine the radionuclides within the waste matrix, the packaging and the disposal 
facility) and to isolate it from the immediate environment in which humans live. Radioactive 
waste management therefore consists of collecting the radioactive waste, processing it into a form 
that can be stored safely, and then storing it, pending its final disposal, in surface or geological 
repositories.The generation of radioactive waste and the subsequent need to manage it, is one of 
the implications, and learning from past experience, greater emphasis should be given to planning 
for the minimization of waste generation and optimization of its management, as well as for its 
financing. In doing this, the whole life cycle of radioactive waste, starting with generation and 
ending with its emplacement in a repository, needs to be considered. 
 An important aspect of radioactive waste management is the timescales that have to be 
considered for some of this waste. Human and environmental protection have to be ensured over 
very long timescales, from decades, in cases where the decommissioning of a nuclear installation 
is deferred. Thus, there has to be a long term commitment to creating and maintaining efficient 
infrastructure in the schemes and strategies for radioactive waste management involving adequate 
active and passive measures [1]. 
 
2.3.35.2. Present status of experimental research, theoretical understanding, and future 
challenges 
 
 The research activity of the team is focused on the following subjects and directions: 
liquid radioactive wastes treatment, solid radioactive wastes treatment; confinement of used 
radioactive sources, disposal of confined radioactive wastes. The research projects, 
interdisciplinary and entrepreneurial initiatives for previous 4 years are aimed:  

 
2.3.35.2.1. The enriching the knowledge in above fields 
 
 Projects “Methodology for the characterization of low and medium active nuclear waste 
resulted from the operation of nuclear research reactors and post-irradiation examination – 
determination of scaling factors” , “Researches regarding the optimization of the radioactive 
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waste disposal practices at Baita Bihor National Repository (DNDR) in order to assure the 
radiological safety according to national and international reglementations”, “Long term 
behaviour evaluation of cement conditioning matrices used for management of radioactive 
wastes at IFIN-HH”, “Assistance to Develop Technology and Improve Capability for the 
Conditioning of Disused Sealed Radioactive Sources including Alpha and Neutron Sources”, 
« Technical Assistance to IFIN-HH Radioactive Waste Management Department to improve its 
operational skills “had the general objectives:  

- characterization of the radioactive waste by nondestructive methods applied for 
radionuclides, whereas destructive methods were performed for the measurement of the 
full radionuclides inventory, resulting in a full knowledge of the radionuclides inventory; 

- physico-chemical characterization of the radioactive waste; 
- elaboration and implementation of technologies for safe storage of radioactive long life 

sources: Am-241,Pu-238, neutrons, etc.  
- management of metallic, non-metallic and atypical wastes; 
- implementation of the methods for the minimization of radioactive waste from 

decontamination and decommissioning of nuclear facilities; 
- chemical and mechanical decontamination; 
- development of engineering barriers; 
- evaluation of the impact of radioactive waste disposal practices on environment, 

population and operational personal and the optimization of these in order to assure the 
radiological safety in accordance with the national and international reglementations and 
recommendations. 

 Results of these projects allow the management of radioactive waste  in conformity with 
the requirements of national standards and regulations for the nuclear security, protection of 
professionally exposed workers, population, environment and property, respecting also the 
international treaties in which Romania participates.  
 
2.3.35.2.2. Developing the infrastructure devoted to the management of radioactive waste  

 

 «Upgrading of the Radioactive Waste Treatment Plant (STDR) from the National Institute 
of R&D for Physics and Nuclear Engineering “Horia Hulubei” IFIN-HH”, “Up-Grading of the 
Baita-Bihor Repository for Institutional Radioactive Waste in Romania”, “Improvement of 
facilities for radioactive waste treatment and conditioning (Magurele, Bucharest-Romania)”, 
“Development of facilities for radioactive waste final disposal (Baita, Romania)”, VVR-S 
decommissioning, EK-10 spent fuel repatriation and upgrading Radioactive Waste Treatment 
Plant” projects had the main goal to improve the radiological safety of the institutional 
radioactive waste management by providing new equipment and training by : 

- radiation and contamination monitoring, personal dosimetry and source characterisation 
equipment; 

- 377 overpack drums to enable the most seriously degraded historic wastes to be 
repackaged and disposed of; new truck with a substantially greater load carrying capacity, 
enhanced waste handling facilities and off-road capabilities 

- new enhanced sensitivity and highly mobile, waste characterisation and assaying system;  
- providing equipment for radiochemistry, spectrometric analysis and mechanical tests 

laboratories; 
- developing and implementation of three operational databases on radioactive waste 

management, namely: FOXPRO- for management of radwastes received and stored for 
processing to STDR and accounting packages produced here and deposited to DNDR 
Baita, MICROSOFT ACCESS – for recording sealed radioactive sources used since 
1986 to present and solid waste received from 2005 to present; RWMR -Software 
application for managing radioactive waste inventory records. 
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 The results obtained in these projects will lead to modernizing the infrastructure of IFIN-
HH Radioactive Waste Management Department making possible new research topics in the field 
and participation to international framework research projects.   

 

2.3.35.2.3. Evolution of human resources and raising the professional training of staff 
 
 The research team is composed of 8 researcher and 2 senior engineers for technical 
development, of which 5 PhD and 2 PhD students with specialization in the applied research. 

We aimed to continuously improve training of staff by participating to comprehensive courses of 
theoretical and practical training in radiological protection and radioactive waste management 
best practice. It was the main objective of the IAEA project „Strengthening IFIN-HH’s Capacity 
in Radioactive Waste Management” and UK-DTI project “Training in radioactive waste 
management”. 
 Results of the research team were the subjects of 29 published articles, 52 conference 
presentations, 3 contributions to IAEA TECDOC elaboration, 1 patent application. 

 
2.3.35.2.4. Future challenges 
 
 Management systems should be implemented for all stages of waste management, from 
waste generation to disposal. The management system should support the development, 
implementation and continued enhancement of a pragmatic and positive safety culture, and 
promote the adoption of best practices, regardless of the type, scale, complexity, duration, and 
evolution of the waste management activities [2]. The management system for radioactive waste 
activities should support the safety and environmental protection culture throughout all levels of 
the organizations involved. Storage and disposal are subjects for future extensive, 
multidisciplinary research.  
 With this goals in the mind the research team will approach the complex tasks due its 
multidisciplinary structure: physicists, analytical chemists, radiochemists, diplomats in science 
and engineering of oxides materials, physics, metallurgy engineering, mechanical engineering, 
mining engineering, land reclamation and environmental engineering.  
 The targets for the next future are related to: 

- Replacement liquid waste treatment and conditioning line 
- Technology and equipment for decontamination by blasting 
- eplacement / addition of technology for incineration with supercompaction 
- Technologies for aqueous liquid waste pretreatment with complexing agents 
- Technology for graphite immobilization and conditioning 
- Technology for processing radioactive metallic aluminum 
- Qualifying new types of packages with radioactive waste conditioned 
- Accreditation of the laboratory for mechanical and physicochemical radioactive matrices 

testing  
- Accreditation of the laboratory for atomic and nuclear physics methods analysis  
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2.3.36. E-36: Reactor Decommissioning Department Activity Report (2007-2011) 
 
 
2.3.36.1. Introduction 
 
 Careful planning and management is essential to ensure that decommissioning is 
accomplished in a safe and cost effective manner. A good estimate of amount and type of 
radioactivity in a nuclear facility is important because it can directly affect the whole approach to 
decommissioning including the choice of the time to start decommissioning and the desirability 
of delay between stages. In addition, such an estimate will be a great asset in the planning 
execution to ensure that the facility be decommissioning in a safe, economic and timely manner. 
This information will assist the planners in determining factors such as the need for 
decontamination, shielding or remotely operated equipment and shipping. The facility inventory 
should include detailed inventories for individual components and should describe specific 
radionuclide content, chemical form, physical form and volume distribution. 

In the latest years, the IFIN-HH/DDR activities are related especially to radioactive waste 
management.  

2.3.36.2. Radioactive waste management 
 
 The data determined from an accurate assessment of the radioactive inventory are 
important for a variety of reasons. The data provide a basis for determining the amount of 
decontamination to be performed and the method of decontamination to be employed. The type 
and concentration of radionuclides in contaminated or activated material from a nuclear facility 
will have a direct bearing on the method of packaging and shielding for shipment as well as for 
disposal. An accurate inventory of radionuclides is necessary to demonstrate compliance with 
regulations governing the disposal of radioactive materials. The inventory may, in some cases, 
show that burial of certain material in a radioactive waste repository is not necessary because of 
low radioactivity levels. In such cases substantial financial savings may be realized. The analysis, 
elaboration and the implementation in the radioactive waste management of some investigation 
methods for alpha, beta [40.1, 40.2] and gamma-ray spectrometry measurements that will 
produce reasonable measurement uncertainties with lower cost and relatively short duration of 
data acquisition. 
 The management systems play an important role and should be implemented for all stages 
of waste management, from waste generation to disposal [40.3]. The management system should 
support the development, implementation and continued enhancement of a pragmatic and positive 
safety culture, and promote the adoption of best practices, regardless of the type, scale, 
complexity, duration, and evolution of the waste management activities. The management system 
for radioactive waste activities should support the safety and environmental protection culture 
throughout all levels of the organizations involved. 
 
2.3.36.3. Gamma-ray spectrometry activity 

 
The applicability and functionality of gamma-ray spectrometry methods to radiological 

characterization and free release of radioactive waste materials is demonstrated, using 
experimental methods that are mostly combined with theoretical and simulation procedures using 
Monte Carlo computer codes.  

The proposed aims imply the realization of the specific objectives derived from the 
evaluation of the current stage of the gamma-ray spectrometry methods used in radiological 
characterization and free release of the radioactive waste materials, as follows: 

- The conceptual design of gamma-ray spectrometry investigation methods necessary in 
the nuclear facility decommissioning. 
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- The development, experimentation, functional and utilization demonstration of methods 
applied in radioactive waste characterization using gamma-ray spectrometry systems 
with NaI(Tl) detectors (especially for in situ measurement of surface activity) and 
HPGe detectors (especially used for laboratory measurements) [40.4]. 

- The determination, testing, functional and utilization demonstration of methods applied 
in radiological waste drums characterization using ISOCART from Ortec and 
Segmented Gamma Scanner (SGS) from Canberra gamma-ray spectrometry systems 
[40.5, 40.6]. 

This task explores the specific gamma-ray spectrometry phenomena in their deepness in 
different work conditions.  

 
2.3.36.4. The radioactive waste storage 
  

The routine operation and maintenance of nuclear facilities generate quantities of 
radioactive material in many different matrices that are packed in many different sized containers. 
The waste is often packaged in large containers, such as 220 l drums, because process operators 
find drums more economical to handle than small containers. Cost is an important issue in 
radioactive waste management as related to sustainable development. If the nuclear industry did 
not set aside adequate funds, a large financial burden associated with plant dismantling and 
radioactive waste disposal would be passed on. 
 According to national and international standards of nuclear domain, all nuclear plants at 
the end of its life, must be past the conservation stage and subsequently scrapped. 
Decommissioning activities consist of systematic and progressive reduction of radioactive and 
non-radioactive materials inventory by complex technical and administrative actions, planned and 
controlled rigorously, to release the nuclear installations under the authorization requirements for 
nuclear facility in terms of nuclear safety and radiological assurance, to protect the health 
decommissioning personnel, population, ownerships and the environment. The decommissioning 
activities are radiological and non-radiological risk operations, which must be justified and kept 
to the lowest level cost possible, and with unpredictable situations that may delay the 
decommissioning process development. 
 The decommissioning of the VVR-S nuclear reactor is a complex and in the same tine a 
pioneering activity in Romania country.  

The free release has been accepted at European level a few years ago. This complex 
process requires measurement methods adapted to very low level of radioactivity for the 
measured materials. The research on this topic is necessary because the nuclear facilities 
decommissioning involves the free release of large amounts of material. 
 Regulatory agencies governing the disposal of nuclear waste require that the waste be 
appropriately characterized prior to disposal. Based on regulations, the radioactivity and the 
nuclide composition of the waste should be identified before moving, shipping offsite, burying, or 
placing in a storage area. 
 Storage of waste packages is a very specific stage of waste management, which could be 
very long and challenge management systems [40.7]. Extensive technical research is required in 
the preparatory phase in order to minimize surface contamination and surface dose rates meet 
requirements. The intended movements of waste packages within the storage facility can be 
performed safely, preclude inadvertent criticality, and minimize occupational exposures. 
Procedures are in place for monitoring the integrity of waste packages, controlling, maintaining 
surveillance of the operational status of accident detection and mitigation equipment and ensuring 
that waste packages can be easily identified, located and accessed.  

Disposal is the best solution but that involves a variety of technical and management 
issues, and can extend over a very long time (e.g., potentially hundreds of years). For this reason, 
the disposal decision is based on several consideration involved in assessing and demonstrating 
safety and environmental protection (e.g., site evaluation, facility design, environmental impact 
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assessment, authorization processes, establishment of waste acceptance criteria, planned and 
systematic methods for waste inspection and emplacement, operational data collection, facility 
monitoring and surveillance systems). All these issues are subjects for future extensive, 
multidisciplinary research. 
 
2.3.36. Technologies development 
 
 An important step in the radioactive waste management is done through the “Innovative 
Technology of Gamma Spectrometric Measurement Applied to the Management of Radioactive 
Waste Arising from the Decommissioning of Nuclear Facilities” project that is in the finalization 
stage. This project consists in elaborating, developing and implementing in the radioactive waste 
management an innovative technology of gamma spectrometric measurement that enables us to 
obtain a reasonable measurement uncertainty (less than 50%) with low costs and relatively short 
data acquisition duration. It is based on a method similar to the tomographic method and an 
original technique for uncertainty evaluation. With the exception of the tomographic method-
based technology, all the other technologies have high measurement uncertainty (in many cases it 
exceeds 500%) due to non-uniform distribution of the activity and non-homogeneity of the 
material in the container. However, the tomographic measurement system has major 
disadvantages (particularly very high costs and long data acquisition duration) which have limited 
its scope very much. IFIN-HH coordinates the project, develops the innovative measurement 
technology, creates the radioactive standards, tests and demonstrates the functionality and utility 
of the innovative technology applied to radioactive waste characterization and release of 
materials from regulatory control. 
 Another technology developed was the 222Rn Standard System. It contains a Pylon solid 
226Ra source, and a glass circuit for circulation and recovery of 222Rn in glass ampoules, at the 77 
K temperature [40.8]. 
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2.4. Representative project  
 
One of the basic principles of the scientific policy of IFIN-HH is to develop the local 
experimental infrastructure in a way that insures the increase of the international visibility for the 
research opportunities at the local facilities, keeping at the same time the synergy with the R&D 
work and commitments in the frame of large international collaborations. A practical way to 
obtain significant international visibility is to provide the scientific community with a research 
facility or device that must be well suited for research topics of high interest in the field. On the 
other hand, that research facility or device should provide uniqueness and complement well the 
research possibilities at existing international infrastructures. It is also recommended for the new 
facility or device to target a research direction with a large international scientific community 
impact and for which there is a recognized high-level expertise in the Institute. 
The In-beam Fast Timing Project of IFIN-HH is based on the above considerations particularized 
for the experimental nuclear structure research field. The underlying idea was to make use of the 
new LaBr3(Ce) scintillation material that appeared on the market during the last years, a 
scintillator that can provide a relative energy resolution of 2-3% and timing resolution down to 
150 picoseconds, and to build a high granularity and efficient mixed gamma-ray array comprising 
both hyper pure Ge (HPGe) detectors and LaBr3(Ce) detectors, that is suitable for lifetime 
measurements using electronic timing in in-beam experiments. The idea to build such a complex 
setup is well motivated because: 
4. It covers a research topic of high interest: One of the fundamental findings of quantum 

mechanics is that the transition probability between two states of a quantum system is related 
with the wave functions of the two states connected by the transition operator. In particular, 
for an atomic nucleus the probability of a transition from a quantum state to another through 
gamma decay is related to the overlap of the wave functions of the initial and final states 
connected by the electromagnetic transition operators corresponding to the allowed 
multipolarity values. The lifetime of a gamma decaying state is proportional with the reduced 
electromagnetic transition matrix element, and this matrix element brings a lot of information 
about the structure of the nucleus itself. For instance, enhanced electric quadrupole transitions 
E2 indicate collectivity, while hindered E2 transitions are the signature of shell closure, very 
different single particle configurations or shape changes. Only from these basic 
considerations it is easy to understand why since the beginning of nuclear spectroscopy a 
significant part of the experimental effort was, and continues to be, dedicated to the 
measurement of the lifetimes of excited states in atomic nuclei. 

5. It provides uniqueness and complements other facilities: Several techniques to measure 
lifetimes of nuclear levels were developed during the years, each of them being effective over 
well-defined time range. Currently, the most popular are the Doppler effect based techniques 
such as Recoil Distance Method (plunger) and Doppler Shift Attenuation Method, the 
Coulomb excitation and the determination of the decay curve by electronic timing. The 
Doppler effect based techniques are effective for lifetimes in the femtosecond to picosecond 
range and are used in almost all heavy-ion accelerator facilities in different versions. 
Recently, versions like Differential Plunger Method start to be implemented at large 
acceptance spectrometers like PRISMA (INFN-LNL) or VAMOS (Ganil) or at radioactive 
beam facilities like FRS-GSI or MSU. Coulomb excitation is mainly used at present at 
radioactive beam facilities like ISOLDE, FRS-GSI or SPIRAL and allows the direct 
measurement of the E2 transition matrix elements for a limited number of states. The 
Coulomb excitation results are often complemented by direct measurement of the lifetimes in 
order to complete the spectroscopic information. The determination of the decay curve by 
electronic timing covers the largest range of lifetime values, from several picoseconds to 
seconds or more. The principle is simple, the time dependence of the number of decays with 
respect to a time reference has to be measured and the lifetimes are obtained according to the 
radioactive decay law. The complexity arises when lifetimes in the range of picoseconds to 
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nanoseconds must be measured, since very fast gamma detectors with good time resolution 
and sophisticated experimental techniques, with generic name "fast timing", must be used. 
For many years the "fast timing" techniques were used only to investigate states populated in 
beta decay, and this was a natural limitation due to the poor energy resolution of the fast 
gamma detectors used, mainly BaF2 scintillators. The LaBr3(Ce) scintillation detectors 
provide the best gamma-ray relative energy resolution achievable with scintillators, between 2 
to 3% depending on the size of the crystal. On the same time, these detectors have very good 
timing, with time resolution of about 160 picoseconds for 1.5"x1.5" cylindrical crystals and 
support very high counting rates. This fact is a true boost for the field because it opened the 
possibility to deal with complex gamma-ray spectra with fast scintillators and use the fast 
timing technique to measure lifetimes of excited states of reaction products from in-beam 
experiments, provided that the original complexity of the raw gamma-ray spectra is reduced 
by appropriate selections made using high-resolution HPGe detectors. 

6. It addresses a large scientific community: During the last two decades the community of 
researchers studying the nuclear structure using gamma spectroscopy has continuously 
grown, and today is the largest in the low-energy nuclear physics field, counting in Europe 
alone hundreds of physicists. In the past, this community built and successfully used many 
complex devices like the hyper pure Germanium multi-detector arrays GASP, EUROGAM, 
EUROBALL or GAMMASPHERE. Nevertheless, none of these devices was provided with 
ultra-fast scintillators because the only material available at the time was BaF2, which has 
poor energy resolution. With the appearance of LaBr3(Ce) the energy resolution problem was 
overcome and the availability of a mixed HPGe-LaBr3(Ce) for in-beam experiments is 
strongly requested. 

The construction of a HPGe-LaBr3(Ce) array in Bucharest is also useful for the activity within 
several large international collaborations where IFIN-HH participates. A major part of NUSTAR, 
the HISPEC/DESPEC collaboration, plans to build a high-granularity LaBr3(Ce) array to be used 
for experiments at the largest radioactive beam infrastructure  that is under construction now in 
Europe, the FAIR facility. Part of the experimental problems that are expected when setting up a 
multi-element LaBr3(Ce)  array and coupling it with Germanium detectors, as well as many 
selectivity tests, can be approached using the mixed array in Bucharest.  Thus, from the 
conception phase the HPGe-LaBr3(Ce) array for in-beam experiments attracted a large interest 
from the HISPEC/DESPEC collaboration. The same large interest came from the fast-timing 
collaboration performing experiments at ISOLDE/CERN, due to the availability of highly 
improved equipment and the complementarities of physics experiments that can be performed at 
ISOLDE/CERN and the Tandem Laboratory of IFIN-HH. 
 
Proof-of-principle and construction of the array 
 
The first steps in the project were in the frame of a Romanian-Bulgarian-French collaboration. It 
was agreed within the collaboration to build a "demonstrator" phase HPGe-LaBr3(Ce) array in 
Bucharest at the beginning of 2009 and use it for three months at the IFIN-HH Tandem 
accelerator to demonstrate the feasibility of in-beam fast-timing experiments. For the 
"demonstrator" phase the array was composed of 5 LaBr3(Ce) detectors of different dimensions 
and 7 HPGe detectors. The collaborators from INRNE and University of Sofia provided two 1" 
LaBr3(Ce) detectors and the holding structure for the scintillators, while CSNSM Orsay and CEA 
(France) provided two 1.5" and one 2" LaBr3(Ce). IFIN-HH had the major contribution, 
providing 7 HPGe detectors with 55% efficiency, and the electronics and infrastructure needed to 
run the experiments. The main problems to overcome in the "demonstrator" phase were  
To conserve the time resolution of the LaBr3(Ce) sub-array  in an optimized electronic setup. In 

decay spectroscopy experiments where only two fast gamma detectors are used, this comes 
naturally because the time difference between their signals is directly measured using a time-
to-amplitude converter (TAC). In the case of using many detection elements this is no longer 
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possible because one should have a TAC for each pair of detectors, which leads to a 
prohibitive number of modules. The solution was to keep a high-quality timing signal from 
each detector, to restrict the counting rate using the trigger condition and use this signal as 
start for one individual TAC per detector. A common stop signal without electronic jitter was 
provided, and the time difference for each pair of detectors was obtained in the offline 
analysis. 

To have the proper coupling between the "slow" branch (HPGe) and the "fast" branch of the 
array. The response of the Germanium detectors is considerably slower and their time 
resolution is almost two orders of magnitude worse than LaBr3(Ce). Thus the time range used 
for the definition of a coincidence event with HPGe is at least a factor five larger than the 
typical 50 ns time range that can be used for LaBr3(Ce) in order to preserve their timing 
sensitivity. Thus the timing information regarding the coincidence with HPGe cannot be 
stored in the LaBr3(Ce) time parameter. The solution adopted was to construct the LaBr3(Ce) 
trigger component as good timing reference by avoiding jitter-generating electronic modules 
and preserve this timing when the "global" timing reference is built. In this way the "fast" 
branch becomes self-referred for timing and the HPGe-LaBr3(Ce) coincidence information is 
stored in the HPGe time parameter.  

To develop reliable data analysis procedures. The data analysis procedures for fast-timing 
experiments using two detectors reported before were rather complicated and very difficult to 
apply for a multi-detector system. It was therefore of utmost importance to develop a reliable 
and still simple data analysis algorithm. This offline algorithm uses only a 60Co gamma 
source and provides very good walk correction and time alignment of the LaBr3(Ce) 
detectors, making it possible to treat all of them as identical detection elements. 

The detailed information about the technical solutions, data analysis procedures and the 
performance of the in-beam fast-timing array is presented in Eur. Phys. J. A 46, 329–336 (2010). 
Several test experiments were performed to investigate the performances of the apparatus. First, 
the lifetime of the yrast 7/2+ state in 107Cd was re-measured, and the value obtained, 0.69(3) ns 
was found in good agreement with the ENSDF adopted value of 0.71(4) ns. Another test 
experiment aimed to approach the lower limit for the lifetimes that can be measured with the 
setup. From systematic, the lifetime of the first 3/2+ excited state of 199Tl was expected to be ~100 
ps or smaller, and since this nucleus can be easily populated using the 197Au(a,2n) reaction, it was 
selected as a test case. With the "Fast Timing" array it was obtained for the half-life of the first 
3/2+ state in 199Tl the value of 47(3) ps, corresponding to a perfect agreement with the systematic 
of the M1 and E2 reduced transition for the same state in odd-A Tl isotopes (Figure 2.4.1). These 
results demonstrated the sensitivity of the array, which can be used to measure in-beam half-lives 
from 20 nanoseconds down to the level of 50 picoseconds. This range of lifetimes is practically 
not accessible to other methods. 
 
 

 
Figure 2.4.1 Time difference spectra illustrating the measurement of the first 3/2+ state in 199Tl 

using the centroid shift method. The 332-369 keV is coincidence, which is a sub-picosecond fast 
coincidence is shown as reference for "zero" lifetime. 
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Following the success of the "demonstrator" campaign, the construction of a larger in-beam fast-
timing array started. IFIN-HH made consistent investments in LaBr3(Ce) detectors, creating a 
pool counting today 14 detectors to which one adds other 3 provided by the University of 
Surrey(UK) in the frame of NUSTAR fast-timing collaboration. The local expertise in mechanics 
and electronics was used for building the casings for the detectors, holding structures, shielding, 
voltage dividers, etc. Consistent investments were made also in electronic modules, and allowed 
to build a more reliable electronic scheme extended for more detection elements and with 
improvements like extended blocking for constant fraction discriminators or robustness at high 
counting rates. Today the In-beam Fast Timing Array accommodates 8-10 hyperpure Germanium 
detectors and up to 12 LaBr3(Ce) detectors. A picture of this array, which now operates in the 
Department of Nuclear Physics of IFIN-HH is shown in Figure 2.4.2. 
 

 
Figure 2.4.2 The In-Beam Fast Timing Array 

Physics experiments using the In-Beam Fast Timing Array 
 
After reporting the first results obtained in the "demonstrator" phase, the In-Beam Fast-Timing 
Array attracted the interest of the international nuclear structure community. The array is ideal to 
study nuclear states with half-lives above 20 ps, a range which barely overlaps with the upper 
limit of the plunger technique and was quite difficult to study before. These excited states with 
half-lives of tens of picoseconds to nanoseconds are extremely interesting because they are true 
"fingerprints" of the changes in the structure of atomic nuclei. Consequently, an intense 
experimental campaign dedicated to measurements of parity-changing transitions and single-
particle states is presently on the way at the Tandem Laboratory of IFIN-HH, with a large 
international participation. During 2009-2011 the international Physics Advisory Committee of 
the laboratory approved more than 20 in-beam fast-timing experiments, which covered more than 
30% of the total available beam time. Foreign groups from different universities and institutes 
from Europe proposed approximately 70% of these experiments, in collaboration with the local 
group from IFIN-HH. In total, approximately 100 researchers from more than 20 research 
institutions from 10 European countries and USA were involved in these experiments.  
The experiments covered an extended nuclear mass range and topics, from the intruder 
configurations in 34P close to the island-of-inversion to the evolution of collectivity in the 
neutron-rich 188W populated in sub-barrier transfer. A large amount of experimental data 
presently under analysis, will lead to many publications in the near future and will form the 
subject of Master and PhD theses in Romania and other European countries. Figure 2.4.3 shows a 
typical example of the quality and richness of the experimental data for a single isotope, 138Ce, 
extremely useful for the understanding of the high-spin structure of this nucleus. 
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Figure 2.4.3 Lifetime measurement of yrast states in 138Ce using the in-beam fast timing 

technique 

 
The In-beam Fast Timing Project of IFIN-HH is an example of a successful project that led to a 
significant increase of the international visibility and recognition of the scientific activity of the 
Institute. The construction of the HPGe-LaBr3(Ce) provided the Tandem Laboratory with a 
specific scientific topic, being today the only permanent in-beam fast-timing array in Europe. In 
the same time, the development of this project constitutes an important component of Institute’s 
contribution to the large-scale facility ongoing projects, such as those related to the nuclear 
structure studies at FAIR and ISOLDE/CERN.  
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SELF-ASSESSMENT REPORT  
AND INSTITUTIONAL DEVELOPMENT PLAN 

 
 
3. Institutional development plan for the next 4 years  
  
3.1. Scientific SWOT analysis.  
 

STRENGHTS  WEAKNESSES  
- pursued research and education activities, 
with acknowledged results and outstanding 
international visibility  
- active participation in the large international 
collaborations in the field of competence 
- research activities, applications and 
technological developments in domains of 
scientific relevance and of major social 
interest 
- modernised research infrastructure, recently 
upgraded to European level 
- new laboratories comprising state of the art 
research equipment, on the way to 
commissioning (2012) 

- inefficient tehnological transfer 
- considerable decrease of the atractiveness of 
research work as emphasized by the steadily 
declining number and droping quality of the 
available human resources 

OPPORTUNITIES THREATS 
- full right participation in major  
international collaborations in the field 
- initiation și achievement of the European 
project ELI-NP 
- National and European, as mentioned in 
Horizon 2020 and guvernmental foresights 
 
  

- discontinuous and unpredictable financing 
- instability of the evaluation criteria of the 
scientific research 
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3.2. Strategic scientific objectives and directions.  
 

In a nutshell, the strategic objectives of IFIN-HH include: 
- keeping up the institute’s tradition and boosting its role in basic nuclear and subnuclear 

physics research;  
- increasing the share of applied research and turning the results to good account via 

technological transfer and certified services;  
- improving the status of the IFIN-HH facilities of national relevance and integrating them in 

the emerging structure of Small-Scale European Facilities; 
- rehabilitating the utility infrastructure and narrowing the gap between the institute’s research 

infrastructure and the European average down to a mutually acceptable level; 
- rebalancing the age profile of the research staff; 
- joining forces with physics education to create an enduring human research potential by 

creating an attractive scientific environment and a credible financial and cultural motivation. 
- getting efficiently involved in European projects and raising the share of work on EU 

Framework Programs to 10% of total contracted volume; 
- continuing to work together with historical partners, particularly those with an appropriate 

strategic potential, and developing the legal, organizational, financial, and logistic sides of 
the concept of privileged strategic partnership, based on principle agreement and growing 
support from the government;  

- creating viable corporate structures, including a scientific and technological park and 
specific incubators, to promote physics for profit; 

- taking the technical, scientific, managerial, and financial opportunities provided by the 
decommissioning of the IFIN-HH research reactor for turning the institute into a pilot 
station, a national expert center, and a training ground in dismantling nuclear facilities – 
throughout the decommissioning project; 

- promoting expertise and competence resources through an aggressive, adequately funded 
certification campaign; 

- earning for IFIN-HH the official status of an expert body of the National Commission for 
Nuclear Activity Control, Nuclear Agency, and National Agency for Radioactive Waste; 
and 

- keeping up efforts to multiply large scale, high value projects, improve their management, 
and maximize their scientific results. 

 
The earlier mentioned background and strategic objectives advocate the promotion of the 

following strategic research directions, which are proved viable and competitive and in 
agreement with the vocation, history, and scientific and technical potential of IFIN-HH: 

- theoretical physics; 
- atomic nucleus physics; 
- particle physics; 
- particle accelerator physics; 
- applied nuclear physics and nuclear engineering; 
- life and environmental physics; and 
- information technologies. 

 
Theoretical physics research at IFIN-HH deals with a distinctively broad range of issues 

and is recognized for excellence in academic circles worldwide. It will continue to prove its 
viability and come across as a brand image of the Institute.  

Atomic nucleus physics, a key IFIN-HH contributor to Europe’s main basic experimental 
research centers, will enjoy a similar status, strengthened by its firm productive roots in 
continental research.   
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The Institute’s particle physics research that has earned European and Transatlantic 
recognition for its painstaking contributions, including many significant achievements, for the 
past half-century, will further build on its involvement in Europe’s great experiments.  

Particle accelerator physics has to and will rise to prominence in the near future. It will 
nevertheless be faced with the inherent trouble of transition between generations before younger 
scientists can launch their own research and investment projects. 

Applied nuclear physics and nuclear engineering, which go back a long way at IFIN-
HH, are important in some sensitive areas of domestic industry and health care. They are 
currently recovering from a successful, though painful and protracted, shakeup and should be 
able to maintain their domestic status as sole suppliers of some products and services. 

Life and environmental physics have been propelled into the limelight by growing 
postindustrial concerns about security, environmental protection, and quality of life in Europe and 
America. They will also gain momentum at IFIN-HH where specific laboratories will be 
established to focus on some advanced sectors of biophysics and biomedical technologies. Once 
duly certified, they will be able to supply key services to governmental bodies and society in  
areas such as risk management, vulnerability to natural and technical emergencies, and the 
assessment of how nuclear and industrial activities impact on human health and the environment. 

Information technologies, whose role is constantly rising in the top-notch fields of 
physics, will be developed at IFIN-HH in close connection with the large GRID systems 
extending at European and global levels.  
 
 
3.3. The human resource strategy.  
 
Background 
IFIN-HH is one of the most complex institutes of research and development in terms of research 
areas and thematic, which have a direct impact not only on the human resources needs, but also 
on the distribution of the positions and the responsibilities. The institute has 12 research 
departments, each of them representing a very specific area of research in physics. In order to 
ensure the performance and efficiency of the activity, a complex and well planned scheme of 
personnel is needed. 

The research staff consists of research assistants (most of them PhD students), junior 
researchers (postdoctoral students or graduates) and senior researchers (with experience and 
recognized reputation). As most of the researchers are conducting experiments using the facilities 
of the institute, the auxiliary staff in distributed in three types of positions, namely engineering 
staff (with specific tasks of doing high-qualified technical work), technicians (allocated to 
research teams and projects for ensuring specific technical support and assistance for 
experiments) and maintenance and operation technical staff (in charge with monitoring and 
ensuring the functioning of the large nuclear equipments). Considering the requirements for 
technical support and assistance for research staff and for ensuring the functioning and the 
operation of the research facilities and, in this respect the workload implied by this specific 
requirements, the correct distribution of the technical workforce has to respect a ratio of 2 
technical to one researcher. 

Another specificity of IFIN-HH’s staff is the one related to the administrative staff which 
does not follow the standard schemes of personnel in the sense that only part of them are 
administrative people doing usual administrative activities (financial, human resources, 
accountancy, legal, procurement, administration etc), the other significant part consisting of staff 
ensuring the proper work environment for performing top-level research (The National Library of 
Physics, the IT Network Department, the Marketing and Technological Transfer Center) 
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General objectives of Human Resources Strategy 
 
The Human Resources Strategy for the next five years has two main objectives: 
 - Strengthening the components which have proved their efficiency. 
 - Identifying new approaches which have either been successfully applied in prestigious research 
institutions or arise from the national or international environment and fits the needs and the 
objectives of the institute. 

One of the major pursuits of the management is to succeed in maintaining the most 
appropriate scheme of personnel in terms of quantity and quality of people. Therefore, the 
following will be strengthened:  
- Keeping a consistent and coherent salary grid based mainly on the individual and team 

performance 
- Maintaining the existing system of performance assessment and improving it with elements 

which are required by the evolution of the European and international research standards and 
by the necessity of adapting it to the institute future needs; 

- Maintaining the actual policy of encouraging and promoting trainings in research and 
technical fields for the respective staff 

- Ensuring permanent access to resources of information in all fields of physics research 
(electronic libraries, prestigious journals etc) 

- Encouraging the active participation at scientific national and international events 
(conferences, workshops etc) 

- Constant development of research programmes and thematic corresponding to the European 
and international trends and to the individual objectives and topics of scientific interest 

- Maintaining the research infrastructure at top-level scales through the constant improvement 
of the technology and the acquisition of the most performing equipments able to support 
high-standard experiments 

- Constant participation at large scale international collaboration    
- Partnerships with prestigious research institutes and universities  
- Active participation of IFIN-HH’s researchers (especially senior researchers) at the 

educational programmes (doctoral schools, postdoctoral programmes etc.) 
- Collaboration with technical universities in defining, within the curricular area, specific 

disciplines and topics related to the research area of the institute 
- Organizing periodically visits on the site (at the institute’s departments and research groups 

and laboratories) for students  
- Developing the training programmes associated to the specific jobs of the auxiliary staff of 

the institute 
- Persisting in organizing constantly scientific seminars inside each research department 
- Offering permanent information on the website of the institute regarding the scientific events 

and opportunities  
- Encouraging young researchers in assuming direct responsibilities within the international 

collaborations of the institute 
- Encouraging the return of Romanian scientists from abroad by strengthening the 

dissemination of the career development opportunities offered by the institute within the 
scientific community 

- Maintaining the administrative decentralization at the level of research departments  
- Keeping the policy of periodical competition for promotion and employment of qualitative 

research staff 
- Keeping and strengthening the policy of college recruiting 
- Maintaining fairness/equity in the recruitment process 
- Maintaining the social and financial support for PhD students  
- Maintaining the procedure of evaluation which includes an ex-ante self-evaluation having the 

role of strengthening the perception of its own work and results. Annually, at the beginning 
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of every year, the staff will have to continue to fill in the evaluation form and to pass it to his 
direct coordinator which will confirm or correct it and communicate the Scientific Director 
the results.  
 

New approaches for the future human resources policy: 
- Focusing on the capitalization of the research results by the establishment of related 

additional criteria for evaluation in parallel with a system of financial stimulation in this 
respect 

- Preparing the commissioning of the new facilities in terms of human resources needs 
(scientific expertise: training for PhD students and young researchers at prestigious research 
institutions with similar facilities and technical expertise: engineering and technicians 
benefiting from specific trainings dedicated to the operation and the maintenance of the 
facilities) 

- Enlarging the thematic areas of the training programmes dedicated to the auxiliary staff 
following the new directions of research instituted by the new infrastructures built in the 
institute in order to cover the expertise needs in technical support and redefining the scheme 
of personnel considering the human resources needs for each new facility  

- Exploring new opportunities in collaborating with industry in the common areas of interests 
- Establishing a system of periodical assessment of the general and individual workload as a 

basis for evaluating the necessary workforce in terms of expertise, type of personnel and 
individual tasks in such a manner that the individual objectives comply with the general 
objectives of the institute. Depending on the results of evaluation, the necessary actions will 
be decided in the sense that, on a case to case basis, specific measures of improving and 
stimulating performance, reallocating tasks, rewarding the quality will be adopted. The most 
appropriate proportion of numbers of positions will have to be respected in order to keep the 
qualitative and quantitative level of research work within the standards applicable to research 
infrastructures. A goal which will be followed in this respect will be ensuring the correct 
scheme of the distribution of the positions in the sense of maintaining the balance between 
the competencies and the activities.  

- Extending the regular competitions for research position beyond the national level, up to the 
European and international levels 

- The responsibility of the career development will be shared between the individuals and the 
management by finding the best methods to challenge and stimulate the individual 
performance in order to finally reach the project objectives.  

- Encouraging the permanent exchange of good practice between research groups and 
departments in terms of a proper assignment of team member roles and responsibilities;  

- Establishing a solid and coherent proposal of joint doctoral programme between the institute 
and the universities on the basis of partnership agreements with the involvement of the senior 
researchers of the institute having the legal capacity of coordinating PhD students 

- Establishing a system of scholarships dedicated to attract best students having a real 
scientific potential 

- Fostering partnerships with industry through an institutional strategy developed by the Center 
for Marketing and Technological Transfer Center of the institute 

- Establishing a system of proper assignment of tasks and responsibilities between the research 
staff, the engineering staff and the technical staff 

- Securing the participation of the best researchers at the research projects conducted by the 
institute of the best scientists, engineers and technicians in accordance with the needs and the 
allocated budget 

- Adapting the system of recruitment, evaluation and career development to the ones 
developed by the prestigious research institutions from abroad and in accordance with the 
European Conduct of Research 

- Successfully finalizing the plan for establishing a qualitative labor environment 
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- Assessing and adapting the compensations policy according to the European standards and 
with respect for the objective of attracting the best scientists 

- Maintaining the most appropriate proportion of numbers of positions in order to keep the 
qualitative and quantitative level of research work within the standards applicable to research 
infrastructures. A goal which will be followed in this respect will be continuously ensuring 
the correct scheme of the distribution of the positions in the sense of maintaining the balance 
between the competencies and the activities.  

 

3.4. Mechanisms for stimulating the appearance of new research 
directions.  
 
The new experimental facilities that will be developed in the frame of large international 
collaborations can become the main sources of new research directions of high interest for the 
nuclear physics community. Our Institute is involved in several such large international 
collaborations like ELI-NP, FAIR, CERN and SPIRAL2 and in this respect is an active part of 
the nuclear physics community seeking for new phenomena, new theories, new methods and 
techniques. 

From this point of view, the main mechanisms that will be used by the Institute for opening 
new research directions are: 

- to be an active partner in the development of infrastructure that supports new types of 
research, with human, material and financial resources 

- to identify new types of experiments that can be accomplished only at large-scale 
experimental facilities. After such types of experiments are identified, the Institute will 
support the creation of a core-workgroup of researchers interested in the obtainable 
physics results and the process of creating a larger scientific community, of disseminating 
information and attracting young specialists and students. The Institute will grant its 
support from the very beginning, if possible even when no funds for the new research 
directions were obtained.  

New research directions can also be triggered by the new research infrastructures that are 
currently under development in the institute. In this respect, the Institute will: 

- Encourage interaction between its own researchers and research groups from other 
institutes and Universities, including those acting in other domains of science, in order to 
identify new opportunities 

- Stimulate the increase and the strengthening of the quality for the human resource 
involved 

- Support from the very beginning emerging collaborations  
- Offer institutional support for attracting both external users at and beneficiaries of the new 

research infrastructures 
Related to the existing small scale international experimental facility (the Tandem Accelerator), 
the Institute will continue to: 

- Encourage the activity of attracting external users and the development of international 
and domestic collaborations in order to gain a critic mass that can lead to new ideas and 
techniques 

- Support all activities that can lead to an increase of the visibility 
Other mechanisms for opening new research directions that can be used by the Institute are: 

- Stimulate cross-departmental works and/or collaboration between research teams in order 
to develop an interdisciplinary approach of the research and/or to strengthen the quality of 
the human resource involved 

- Support emerging research and new techniques in the Institute 
- Collaborate with academic staff in order to develop PhD and MSc programs of 

interdisciplinary nature or covering research directions related to its own research 
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facilities/ large-scale experimental facilities  
- Continue to actively participate to the existing international cooperation 
- Support information dissemination and access to information for its researchers  

 
 

3.5. Financial SWOT Analysis 
 
Financial SWOT analysis is done taking to account that the economic and financial activity is a 
support activity to reach the scientific objectives of the institute. In this respect this analysis 
should be correlated with the scientific SWOT analysis (pct. 3.1.) 
 
Strengths 

- Financial stability; 
- Payments in due time (salaries, suppliers, taxes, etc.); 
- Existence of a fund for investment (over 1,000,000 euro); 
- Organization  of the Economic and financial activities by cost centers; 
- Online tracking of expenditures, revenues and cash-flow by department, project and 

phase. 
 
Weaknesses 

- Impossibility of establishing a fund available to finance research projects considered with 
high risk or co-financing of projects; 

- High costs maintenance of the administrative infrastructure (IFIN owns 46ha land and 
over 50.000 sqm of construction); 

- High costs of research infrastructure. 
 

Opportunities 
- Romania's commitment to increase the research budget to 3% by 2020 (1% public funds  

and 3% private funds); 
- Increased funding possibility according to the construction  of new major research 

infrastructure: FAIR, ELI-NP, SPIRAL2; 
- Awareness of the political factor that research is an important factor for overcoming the 

economic crisis. 
 
Threats 

- The global economic situation may have repercussions on the amount of allocations for 
research and development; 

- Lack of private funds to finance research and development  activities; 
- Lack of regulation for attract the private fund for research. 
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3.6. Infrastructure: investment plan and strategy 
 

The investment strategy of the institute is focus on two fundamental components in its further 
development: 

- Maintaining and developing administrative infrastructure; 
- Developing of research infrastructure in accordance with the new directions of research 

for the institute: interaction of high power lasers with matter, photonuclear reactions, 
radiopharmaceutical research, applications of nuclear methods and techniques etc. 

Thus, to meet the first component, in the next period the Institute will try to ensure optimal 
functioning of the administrative infrastructure. In this respect the institute will rehabilitate the 
gas network, water network, expansion of administrative building, construction of the Student 
Center, construction of the second Ph.D. Center. 

To fulfill the component on development research infrastructure, institute is considering 
several direction: implementation of the project to build research infrastructure Extreme Light 
Infrastructure - Nuclear Physics, completion of new research laboratories according to the project 
"Infrastructure development for frontier research in nuclear physics and related fields" and 
existing research infrastructure. 
The Extreme Light Infrastructure - Nuclear Physics facility (ELI-NP) 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. The site of ELI-NP Research Infrastructure is 
located adjacent to the beneficiary’s current site hosting several national installations in the field 
of nuclear physics. ELI-NP will add about 36,500 sqm of new, high quality, energy efficient 
buildings. About 23,700 sqm are allocated for high-power laser system, gamma-beam production 
system and instrumentation for experiments distributed in 8 experimental halls designed in a 
reconfigurable arrangement through the use of movable concrete blocks  

In the framework of the project "Infrastructure development for frontier research in nuclear 
physics and related fields" (2010-2012) the institute will build 8 new laboratories to support the 
nuclear applications and to support participation in large international collaborations. The project 
components are follows: 

1. Laboratory for developing and testing the method of the FAIR international project (RO 
@ NUSTAR); 

2. Centre for radiocarbon for Environment and Biosciences (TANDIMED); 
3. Tritium laboratory with multiple users (TRITIULAB); 
4. Nuclear spectrometry center for energy, environment, materials and health (EMMAS); 
5. Research Centre for Radiopharmaceuticals (CCR); 
6. Research center of excellence for distributed computing, methodical, physical and 

participation in large international collaborations (CEXMECDIF); 
7. Local center for radiological environmental monitoring (CLRSMA); 
8. Development of underground laboratory measurement and detection of ultra background 

atmospheric muons (LNSP) 
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3.7. Technology transfer and the attraction of non-public funds.  
 

The next four years are vital for the development of the technology transfer (TT) and 
marketing activities aimed at strongly anchoring IFIN-HH in the socio-economic development of 
the country, based on an increased visibility, conversion  of scientific and technological advances 
into marketable goods and services, a higher rate of return per euro invested in research and 
attraction of private funds.  

 
Unfortunately, the prolongation of the economic crisis and stagnation of most European 

economies will represent a strong challenge for IFIN-HH’s capability to adapt to a new 
environment, leading to tough measures that will have to be taken by its management in order to 
cope with. 

 
Investing in R&D at national and European levels will produce positive results in terms of 

economic growth and employment, if and only if, research and development translated later on in 
innovation, i.e. new knowledge and technologies effectively available to companies for 
commercial purpose. 

 
Large-scale research infrastructures, enriched with new projects such as the ELI-NP, have the 

potential of becoming the catalysts of the strategy shift implementation towards a knowledge-
based economy, by connecting the research community with both the academic sector and the 
industry. 

 
IFIN-HH, in collaboration with The University of Bucharest and Polytechnic University of 

Bucharest will train during the next four years a large number of PhD and MSc students, as well 
as a wide pool of individuals well prepared in using modern nuclear equipment and services. 
 
The strategic objectives of the technology transfer can be defined as follows:  
 

- Generating economic growth and employment generation;  
- Bringing the intellectual property generated by the Research Infrastructure into public use 

as rapidly as possible while protecting academic freedom and research ethics and 
generating an eventual financial return to the Research Infrastructure and their inventors.  

 
Means and ways to fulfill the strategic objectives: 
 

- A pro-active policy towards industrial relationships; 
- Translation of strategic industrial trends for IFIN-HH’s future research programs; 
- Creation of a genuine business and entrepreneurial culture through: 

o Recruitment process;  
o Creation of a Contact Point Engineers/Scientists within the Center for Technology 

Transfer and Marketing (CTTM); 
o Training of new recruits in business and technology transfer;  
o Pecuniary and non-pecuniary schemes, like creating a fund for innovation. 

 
Specific measures: 
 

- Rethinking the importance of registering and licensing the intellectual property rights of 
IFIN-HH research team as core of  TT activity, with a careful orientation to a broader 
international licensing (for better use and protection)  using a process based on the 
following steps: 
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a. Invention disclosure, 
b. Evaluation of the commercial potential of the invention, 
c. Decision to patent the invention or not,  
d. Invention marketing,  
e. Negotiation and closing a deal, 
f. Monitoring and following-up deals,  
g. Patent renewals. 

- Exploring new fields and developing new research programs in joint venture with other 
research institutes especially in the agricultural, industrial, biochemical, environmental 
and medical fields based on real commercial applications;   

- Establishing an active dialogue between academia and industry (through conferences, 
meetings, round tables etc) in order to identify new business opportunities; 

- Negotiating and signing industry sponsored research agreements; 
- Joining other research networks (such as HEP Tech) and actively participating in common 

research programs for both fundamental and applied sciences; 
- Using the skilled IFIN-HH’s personnel for outsourcing parts/phases of research projects 

initiated by foreign research institutes in partnership; 
- Expanding the fee based services of consulting and training on nuclear activities in 

accordance with the present and future level of the development of such applications;   
- Structuring a “catalogue” (list of) of commercially oriented products and services aimed 

at offering a contract/price based framework for negotiating with domestic and foreign 
industry in view of  selling IFIN-HH output;  

- Special emphasis on manufacturing prototypes and developing small scale production 
facilities, based on industry support/orders and selling opportunities.   

  
ELI-NP 
 
As the only facility of its kind in Europe, the ELI-NP project (to be implemented in the next four 
years) will represent a unique opportunity for many Romanian companies to conduct experiments 
required to secure or maintain a technological advantage. It is not an overstatement to claim that 
the ELI-NP project will increases the capacity of worldwide research and innovation in this field 
by a factor of 10, given the levels of brilliance and intensity its laser and gamma systems will be 
able to develop. Taking into account these specificities, companies eager to obtain or maintain a 
competitive advantage are likely to apply for access time at the facility. It will be an important 
task to prepare in advance the technology transfer schemes for this new project in order to 
maximize its financial return opportunities. 
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3.8. Strategic partnerships and visibility: events, communications, 
collaborations.  
 
IFIN-HH’s most prominent strategic partners at this stage include:  
 
CERN, Geneva, Switzerland 
Participation in multinational research projects – research, equipment design and supply, 
design and execution of basic experiments, scientific and computing services, etc. 
 
GSI,  Darmstadt, Germany 
The FAIR (Facility for Antiproton and Ion Research) Project – construction of an 
international research center in the nuclear area and related aplications that will concentrate the 
world’s most advanced research in nuclear and atomic physics in the medium term. 
 
ELI-NP, Bucharest-Magurele, Romania  - construction  of the nuclear physics pillar of ELI. It 
will be the first truly international physics center in Romania, fostering strong and manifold 
cooperation in practically all fields of physics among  the member-countries of the ELI 
Consortium and other interested parties. 
 
GANIL, Caen, France 
The SPIRAL 2 Project – a  complex project in particle accelerator physics, enlisting IFIN-HH 
collaboration in the area of ion beam transport and monitoring.  
 
The Joint Institute for Nuclear Research (JINR), Dubna, Russian Federation: multilateral 
scientific cooperation based on membership status and a number of programs agreed upon.  
 
IN2P3 (France) and INFN (Italy)  
Agreements with these national institutes provide the frameworks for collaboration with research 
centers in their countries in various areas of nuclear physics.  
 
Physics communication for the next four years will focus on these largest European/International 
scientific collaboration projects of IFIN-HH:  

- Building and preparing for full scale operation of ELI-NP, the nuclear physics pillar of the 
pan-European project ELI (Extreme Light Infrastructure) - Bucharest-Magurele,   

- Full participation in the building and scientific program of FAIR - The Facility for 
Antiproton and Ion Research - Darmstadt, in view of making it fully operational by 2018  

- Participation in the experiments and general activities at CERN/LHC - Geneva. It will 
also target the research and results of the partnerships with Ganil, JINR, IN2P3 and INFN. 

 
IFIN-HH communication activities in the next four years will be developed along two main 
directions: • Building gateways with the public and • Inspiring the next generations of scientists. 
They will both continue traditional initiatives (OPEN GATES, “Science Fest”, “FAPT”) and 
introduce new forms of communication/outreach, targetting the lay public as well as school and 
university students.  
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Along the lines mentioned here, IFIN-HH will continue to develop its infrastructure, manpower, 
and expertise. Bringing bright young people at the frontiers of Science and blending their 
enthusiasm with the experience and educated tenacity of the elder is believed to make a sure 
recipe to guarantee a long-term sustainability of our plans. 
 
A good opportunity in this respect will be offered by the main scientific event of 2012: the 
second edition of the European Nuclear Physics Conference (EuNPC2012), to be organized by 
the Nuclear Physics Board of the European Physical Society in Romania, with IFIN-HH as local 
organizer. It will be a blend of plenary talks given by outstanding personalities in the field of 
Nuclear Physics and contributions of young researchers and students, with a strong impact 
on future international collaborations in nuclear physics and an important contribution to 
enhancing the visibility of Romanian physics. 
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