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CHAPTER I  
Foreword  
 
In 2014 the Slovak Academy of Sciences began preparing for one of the most significant  
changes in its history so far ïthe transformation of its organizations from both the budgetary 
and contributory perspective into a new form  of public research institution  (PRI) , derived 
from a well -functioning model introduced by the Academy of Sciences of the Czech Republic. 
The law is stipulated by the Ministry of Education, Science, Research and Sports in 
cooperation with the staff of the SAS Institute of State and Law Office who worked together 
intensively on this law  throughout  the year. At the same time at SAS, particularly in the SAS 
Assembly, there has been some debate on amendments to the Act on SAS, which is an 
inherent part of the PRI legislation . 

Another major blow to the academic community in 2014 was speculation on reducing the 
number of institutions operating at SAS. This was based on the idea of joining or merging of 
SAS Institutes into larger units which would have a better chance in gaining large projects 
from EU  Structural Funds, or an even greater chance of success in Horizon 2020 projects. At 
the very least these units would be less vulnerable to possible changes in financing. 
Consideration was given to a number of variants and models for merging SAS institutes. To 
date none of these obtained majority support  from the  SAS Assembly. Discussion on this will 
continue in 2015. 

Year 2014 was challenging for SAS also because the draft budget for the SAS for the year 2015 
which was reduced by 17 per cent compared to 2014. This had a negative effect on opinion in 
SAS, and ultimately in society. Such a reduction of the budget would mean the release of 
almost 500 SAS employees. The trade unions highlighted the unsustainability of research 
excellence should this step be taken by SAS. This saw the birth of the " Veda chce ģiŠ  (Science 
wants to live)" initiative which has launched a broader discussion on the financing of science 
and education in Slovakia. 

The end of 2014 at SAS was turbulent, culminating in an extraordinary SAS Assembly on 18. 
12. 2014, at which a vote of no confidence was issued to the President of SAS. This happened 
for the first time in the history of the SAS.   

Despite the events which dramatically affected the life of SAS, the ambition of SAS to provide 
quality research with an emphasis on excellence remains unchanged. In 2014 the rough 
construction of the University science park for biomedical research was completed and 
handed over as was the building for the applied research centre in Bratislava. The pavilion for 
the PROMATECH Research Center was completed in Koġice. SAS gained two more "major 
projects". These are achievements for SAS and its institutions in raising funds from the EU 
structural funds. SAS also submitted a project for requisition of the HORIZON 2020 program 
called Building teaming -up Centre of Excellence for Advanced Materials application 
(CEMEA). 

These achievements confirm that SAS has the ambition and potential to be applied in  the 
European research area as an equal member. The infrastructure that has been built at SAV is 
an instrumental precondition for this effort. SAS also makes available an infrastructure that 
provides the potential for closer cooperation of the inst itutes of SAS with industrial practice 
as well as with the business sector. 

This report documents the results achieved by SAS organizations in all areas of research. 
Some of these are published in leading journals such as NATURE, others produce results 
applicable in industrial practice, and I believe that all of them are valuable and important to 
society. 

                 Pavol Ġajgal²k 
                    SAS President 



I.1. Scientific Policy   

 

The prime objective of SAS in 2014 was to increase the quality of output  and its 
inclusion among successful research institutions of the European Union. We 
focused on increasing the number of publications in high-impact magazines, 
publishing high -quality monographs and chapters in monographs published in 
foreign languages, in prestigious publishing houses. There is still an 
insufficient number of patents received with European or world effect.  

The 11 percent of SAS employees proportion (FTE) covers 31 percent of publications and 39 
percent of citation output for Slovakia. To compare output quality of SAS we used SCImago 
Institution Ranking and Excellence rate indicator; this is the percentage of institutions 
included in t he set of ten percent cited publications in the relevant scientific discipline s 
around the world. In 2014 SAS reached 17.82, compared with the world's best organization 
(from over 4,800 institutions included  in the indicator ), which was assigned a value of 100. 
In the Slovak Republic the Comenius University was assigned the highest value of 20.3. For 
comparison: the Academy of Sciences of the Czech Republic was assigned 23.28. When 
comparing the frequency output of the organization (Output indicator) SAS reached a value 
of 3.42, while the Comenius University reached 2.2 (once again for comparison: th e Czech 
Academy of Sciences reached a value of 9.42 for output criteria in 2014 ). In Slovakia SAS 
contributes to  the largest number of publication output in th e Scopus database, in the 
absolute number has the largest number of publications categorized to 10 percent of the most 
highly cited works in  given fields of expertise. 

Despite SAS ranking best in Slovakia in terms of scientific output, its position among the V4 
countries and generally in Central and Eastern Europe is less than satisfactory. According to 
SCImago ranking Institutions we are lagging behind compared with other academies of 
science in the V4 countries, particularly in parameters of excellence, as defined above. 

The Institutes of SAS were awarded seven patents in 2014, two of which were granted in the 
US. SAS organisations signed 21 patents in 2014, eight of which are filed as PCT (Patent 
Cooperation Treaty). 

In 2014, the number of SAS researchers amounted to 1 535.9 (FTE), the number of internal 
PhD students was 492. SAS published 1415 CC publications and received 29,007 citations. 
2014 saw an average of 0.92 CC publications and 18.9 citations per capita per employee. 

Slovakia, including SAS has a very low success rate in obtaining grants from the European 
Research Council (ERC), which are among the most prestigious. Analyses show that 
according to the number of ERC grants obtained, some new EU Member States (Czech 
Republic, Poland, Hungary) are gradually approaching the level of the "European Dozen", 
while others, including Slovakia are still lagging behind, and this gap continues to increase. 
This also applies to SAS, even though the only ERC project received for the year in Slovakia 
was won by SAS staff. 
 
Structural Funds have helped significantly improve Slovakiaôs slow progress in research 
infrastructure, the potential to increase the effectiveness and success of Slovakia in research 
within the V4 and EU has been built. In order to make full use  of this potential, institutional 
funding should be set up derived from auditing and to strengthen competitive research 
funding through various APVV (Slovak Research and Development Agency) programs. SAS 
proposes among other things opening a sustainability program which would enable support 
for laboratories built from Structural funds in a competitive form. Not having a program such 
as this risks a large part of investment in research infrastructure for Slovakia not making the 
expected contribution.  



At the end of 2014, SAS developed a request to the Ministry of Education, Science, Research 
and Sport of the Slovak Republic for SAS plan to the year 2017. In this request the conceptual 
changes in the structure and organization SAS were summarised. These changes are geared 
toward a modern, flexible, dynamic and successful SAS, with an improved position in the 
European Research Area, with a link to RIS3. The aim of these changes is to streamline the 
process of transferring knowledge into economic practice, the culmination of a greater share 
of "knowledge" on the final products and technologies applied in industry, not only in 
Slovakia but also around the world (significant increase in patents and innovative output).  

An important part of SAS scientific policy is the  acquisition of talented researchers from 
abroad. SAS acquired the SASPRO http://www.saspro.sav.sk/  project in 2014 as part of FP7 
EU-FP7 Marie Curie COFUND program. These were doctorate and researcher posts for those 
who have passed less than 14 years having obtained a PhD. The project scheme solidifies the 
extent of financial support for candidates according to EC policy. 

The SASPRO project has helped to at least partially reverse the brain drain "phenomenon" 
from Slovakia in that it motivates Slovak scientists to return to Slovakia and offers scientists 
operating abroad adequate conditions for their work in their home country. This is the first 
project in the history of Slovakia which seeks to address the reintegration of talented 
researchers from abroad. 

To date we have concluded the first call to which 43 candidates from around the world 
applied. Applicants submitted scientific projects that they plan to address with certain SAS 
organisations. The project includes the views and support of the appropriate organizations. 
The submitted projects were evaluated by independent international experts where by the 
quality of the project, the quality of the candidate and the quality of the host organization are 
evaluated.  

http://www.saspro.sav.sk/


 

CHAPTER II  

Science and Research  

II.1 Most significant results of scientific work  

 

SAS SECTION 1 

The most important scientific results achieved by 
the institutes of scientific Section 1. of SAS 
(Physical, Space, Earth and Engineering Sciences) 
cover a wide range of research in physics, 
geophysics, in precise measurements, materials 
research, electronics and aerospace research. The 
results are divided into the areas of basic scientific 
knowledge, problem solving for social practice and 
research in internatio nal scientific projects.  

In basic scientific knowledge a manipulation of atoms 
was modelled which was performed using an atomic 
force microscope on the surface of oxidized copper. The 
modelling of processes to create nanostructures on the 
surfaces using an atomic force microscope helped to understand the complex physical processes that 
take place at the atomic level. These contribute to the possibility of designing fundamentally new 
components and devices used in processes at the atomic level. Technical sciences in medical services: 
with the help of magnetic resonance imaging the metabolism of muscle and liver has been studied. The 
results showed a significant possibility of using magnetic resonance imaging in medical practice for  
examining the metabolism of  the gastrocnemius muscle, liver disease and effect of exposure to 
phosphorus on the muscles as well as helping to gain more accurate diagnostics for serious diseases. A 
monograph by Slovak authors entitled "Modelling of Earthquake Motions: Waves and Ruptu res" was 
published at the prestigious English publishing house Cambridge University Press. The work 
summarizes the basic knowledge of seismic movement and formation of cracks in the earth's core, 
obtained through modelling. The results of scientific discovery show that physical methods and 
modelling  of physical processes are widely used in our lives, beginning with the processes at the atomic 
level, through medical applications to predicting the movement at the earth's core.  
In the field of applied research, complex measuring systems were developed for continuous 
monitoring of heel reactor vessels at the nuclear power plant in Mochovce. The use of these 
measurement systems will improve the operational safety of nuclear power plants. A special 
automotive engine mount was developed for Hyundai within the framework of  a bilateral project for 
eliminating c ritical vibration on the axle. This n ew technology can be used after adjustment for the 
production of various types  of auto components. In the area of electrical engineering SAS was a 
partner ( alongside FBH Berlin, Infineon Villach) as part of the work of the  FP7 HipoSwitch project - 
technology transfer,  a power transistor technology that was submitted and is usable for power control 
with low conversion loss. 
Significant scientific results were also achieved in international scientific cooperation. SAS employees 
participated in the construction of  a service system for the Rosetta space probe. They also studied the 
early stage of development of the Nova Delphini  2013 nova star (V339 Del). A detailed analysis of the 
star established that it had not developed in line with current theoretical assumptions. We also 
developed a unique TATRA spectrometer which was used for the implementation of the first 
experiment designed at CERN and implemented in Slovakia. In the experiment, nuclear reactions 
when radioactive elements were irradiated with an astatine laser were directly observed. Astatine 
radioactivity can be utilized in the treatment of malignant tumo urs. The results of international 
scientific cooperation confirm that the Slovak scientists also know how to establish themselves 
internationally.  
 

                                    Karol Fr ºhlich  

 



II.1.1.1  

The investigation of muscle and liver energy metabolism using 
novel phosphorus MR spectroscopy and imaging localization 
methods  

I NSTITUTE OF M EASUREMENT SCIENCE SAS 

RESEARCHERS: L. Valkoviļ, I. Frollo. 

The chemical reaction rates of phosphorus energy metabolism in individual muscle groups 
and the liver are important markers of the pathophysiology of these organs as well as of the 
entire organism. New 31P-MRS method for precise localization of dynamic changes of 
phosphorus metabolites for the measurement of energy metabolism of the liver and muscles 
(1D-ISIS) has been developed and tested. 

 

An in vivo localizer image with the depicted coil position and overlaid with localization volumes is depicted in 

imag e (a). The full line represents the proposed 1D  selection for signal localization from gastrocnemius medialis 

muscle, and the broken line represents the approximate coil sensitivity volume, containing several muscle 

groups. Stack plots of the 31P spectra acquired during rest, exercise and subsequent recovery are shown in image 

(b) for the non -localized and (c) for localized acquisitions. Workload induced changes in intramyocellular pH 

can be quantified in 31P-MR spectra from chemical shift between phosphocreatine (PCr) and free inorganic 

phosphate (Pi). If several differently active muscles contribute to the measured signal, a splitting of the Pi 

resonance can be observed (b). This is not the case if the signal originates from a single muscle group (c), 

making muscle metabolism quantification from localized measurement much more precise.  

PUBLICATIONS : 

VALKOVIĻ, L. ï CHMELĉK, M.  ï JUST KUKUROVĆ, I.  ï JAKUBOVĆ, M.  ï KIPFELSBERGER, M.  CH. ï 

KRUMPOLEC, P. ï TUĠEK JELENC, M.  ï BOGNER, W. ï MEYERSPEER, M.  ï UKROPEC, J. ï FROLLO, IVAN  

UKROPCOVĆ, B. ï TRATTNIG,  S. ï KRĠĠĆK, M. Depth-resolved surface coil MRS (DRESS)-localized dynamic 
31P-MRS of the exercising human gastrocnemius muscle at 7 T. In NMR in Biomedicine, 2014, vol. 27, no. 11, p. 
1346 ï 1352. ISSN 0952-3480.  

VALKOVIĻ, L. ï GAJDOĠĉK, M.  ï TRAUSSNIGG, S. ï WOLF, P. ï CHMELĉK, M.  ï KIENBACHER,  CH. ï 

BOGNER, W. ï KREBS, M.  ï TRAUNER, M.  ï TRATTNIG,  S. ï KRĠĠĆK, M. Application of localized 31P MRS 
saturation transfer at 7 T for measurement of ATP metabolism in the liver: Reproducibility and initial clinical 
application in patients with non -alcoholic fatty liver disease. In European Radiology, 2014, Vol. 24, no. 7, p. 1602 
ï 1609. ISSN 0938-7994.  

VALKOVIĻ, L. ï BOGNER, W. ï GAJDOĠĉK, M.  ï POVAĢAN, M.  ï JUST KUKUROVĆ, I.  ï KRĠĠĆK, M.  ï 

GRUBER, S. ï FROLLO, I,  ï TRATTNIG,  S. ï CHMELĉK, M. One-dimensional image-selected in vivo spectroscopy 
localized phosphorus saturation transfer at 7T. In Magnetic Resonance in Medicine, 2014, vol. 72, no. 6, p. 1509 ï 
1515. ISSN 0740-3194.  

 

 



The Finite -difference Modelling of Earthquake Motions: Waves and 
Ruptures  

GEOPHYSICAL I NSTITUTE , SAS 

 
RESEARCHERS: P. Moczo, J. Kristek, M . G§lis, M. Kristekov§.  

This first monograph of its kind includes original textbook chapters on 
- the mathematical-physical model of seismic motion, 
- rheological models of continuum for implementation of realistic attenuation  
and hysteretic stress-strain relation,  
- an introduction to the finite -difference method. 
 
This monograph presents the complete theory and computational algorithm of the method 
developed by the team (partial results published originally in journals), new results on 
optimization of the finite -difference schemes, discrete representation of material 
heterogeneity, initi ation of rupture propagation and filtration of a slip rate . 
 
PUBLICATION : 

MOCZO, P. ï KRISTEK, J. ï GĆLIS, M. The Finite-difference Modelling of Earthquake Motions: Waves and Ruptures; 
Cambridge University Press 2014, 365 pp., ISBN 978-1-107-02881-4.  

 

II.1.1.2  

The simulation of high -dynamic turbulent gas flow in pipelines  
  

RESEARCHERS: M. Bayer, R. Hajossy, I. Mraļka, K. Nemoga, P. Somora, A. Sedliak, T. Sedl§kov§,   
                  M. Sp§l, P. Vadoviļ, T. Ģ§ļik (leader). 

Through the complete, one-dimensional system of conservation equations with terms for 
pipe resistance, the influence of gravity and heat transfer through the pipe wall is modelled. 
Numerical simulation is based on central -upwind Godunov-type scheme and was 
implemented using various kinds of parallelization (CPU and also GP-GPU massive 
parallelization).  
 
The developed simulator is able to realistically model high-dynamic processes such as the 
rarefaction wave after pipeline rupture or the shock waves after opening valves. The 
simulator has been used for testing and development of methods for detection and 
localization of accidents on the distribution and transit pipelines. The results obtained have 
been presented at the international gas conference of the Pipeline Simulation Interest Group 
(PSIG). 
 
 REFERENCE: Hajossy, R., Mraļka, I., Ģ§ļik T.: Cooling of a Wire as the Model for Rupture 
Location. In: PSIG 2014, May 6ï9, Baltimore, Maryland, USA.  
 



 
Break-down of pipeline. 

 

 

 



Automobile engine bracket eliminating critical axle vibrations  

I NSTITUTE OF MATERIAL S AND MACHINE  MECHA NICS SAS 

RESEARCHERS: F. Simanļ²k, J. Ġpanielka, P. Tobolka, ō. Pavl²k, P. Oslanec. 

On the basis of a research contract, IMMM SAS has developed a new type of automotive 
engine bracket which significantly eliminates vibration transfer to car axles. On the basis of 
FEM calculations, the bracket was designed as a hybrid cast component in which stiffness 
and damping properties of aluminium foam are combined with a thin pore free sur face layer 
cast made of aluminium alloy providing the required strength and acceptable surface finish. 
The prototype part was produced using novel casting technology. This enables the production 
of such hybrid components in one technological operation which will significantly reduce 
production costs in the future.  

Prototype tests in real conditions following installation into the vehicle confirmed almost 
complete elimination of critical vibrations.  Other decisive properties including component 
weight and fatigue strength remained on the level of original pressure die cast bracket. 
Furthermore, excellent agreement between the simulation predicted and experimentally 
measured properties has also been confirmed. This provides a good chance for successful 
deployment of similar components in the structure of automobile bodies.  

The new technology is readily adaptable for production of different types of car components, 
and is not significantly limited by their complexity, size or volume of mass production in 
contrast with technologies currently being used. If put into practice, it could provide in 
addition to lower production costs, significant reduction in the total weight of the car body, 
without the necessity of undesired compromises in safety assurance and strength properties. 
Patent protection and transfer into practice are currently underway.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Cross sectional view (marked in red) of the engine bracket tested during the development.  
 
Finite element method strength calculation of the motor bracket hybrid casting. The most stressed locations of 
the bracket are marked in red.  

 
PUBLICATION : 

SUPĉK,V. ï YOUNG-JIN KO. Aluminium Foam for Engine Bracket Application, Firemn§ publik§cia. HMETC GmbH, 
R¿sselsheim, Germany "Werkstoffe im Automobilbau ð Neue Materiallºsungen und Konzepte im Dialogñ 5. ATZ-
Fachtagung, 5. ð 6. November 2014 Stuttgart. 

CONTRACTOR: Hyundai Motor Europe Technical Centre GmbH, v R¿sselsheime (HMETC). 

PROJECT: Bilateral project.  

 



Technology Transfer of Normally -off Power Switching Transistor 
Based on AlGaN/GaN Heterostructure  

I NSTITUTE OF ELECTRICAL ENGINEERING SAS 

RESEARCHERS: D. Greguġov§, M. Blaho, Ġ. Haġļ²k, A. Seifertov§, M. şapajna, K. Frºhlich, 
J. Kuzm²k. 

Technology transfer to Ferdinand-Braun Institute Berlin, eventually targeting industrial 
partner Infineon Villach as an end -user, was contracted within the 7th FP program 
HipoSwitch. As a member of the European consortia, a team at the SAS Institute of Electrical 
Engineering led by Dr. J§n Kuzm²k developed a novel normally -off transistor based on 
AlGaN/GaN heterostructure, representing a competitive alternative to state -of-the-art Si-
based technologies. These devices are intended for integration into the new high-efficiency 
power converters for power supplies in industrial applications such as telecom base stations. 
The goal was to develop the processing technology for a transistor working as a switch, 
capable of providing sufficiently high threshold voltage while maintaining extremely low 
resistivity of the device in the ON-state. Furthermore, it was necessary to analyze the 
breakdown mechanism in the OFF-state. Our technology features the adjustment of the 
threshold voltage using plasma-assisted oxidation of the semiconductor surface followed by 
the oxide deposition using atomic layer deposition technique. Transistors with threshold 
voltage of 1.6 V and current density of 0.5 A/mm were achieved in this way. The analysis of 
the breakdown mechanism in the OFF-state pointed to the avalanche effect and related 
degradation of the device interfaces. As well as the results being published in scientific 
journals, the industrial design was provided to the partners.  

 

Exploratory structure with inherent 
oxide/semiconductor interface, 10 nm Al 2O3 by ALD 
and Ndsurf < 1.7 x 1013 cm-2 . 

I dmax ~ 0.5 A/mm, Vth Ó 1 V, on/off (Vgs = 0 V) 
> 107 

 

 

PUBLICATIONS : 

GREGUĠOVĆ, D. ï JURKOVIĻ, M.  ï HAĠĻĉK, Ġ. ï BLAHO , M.  ï SEIFERTOVĆ, A. ï FEDOR, J. ï şAPAJNA, M.  ï FR¥HLICH, K. 
ï VOGRINĻIĻ, J. ï LIDAY, J. ï DERLUYN, J. ï GERMAIN , M.  ï KUZMĉK, J. ADJUSTMENT  of threshold voltage in 
AlN/AlGaN/GaN high -electron mobility transistors by plasma oxidation and Al2O3 atomic layer deposition 
overgrowth, Applied Phys. Lett. 104 (2014) 013506. 

KUZMĉK, J. ï JURKOVIĻ, M.  ï GREGUĠOVĆ, D. ï şAPAJNA, M.  ï BRUNNER, F. ï CHO, E. M.  ï MENGHESSO, G. ï WUERFL, 
J. Degradation of AlGaN/GaN high -electron mobility transistors in the current -controlled off -state breakdown, J. 
Applied Phys. 115 (2014) 164504. 

CONTRACTOR: 

Ferdinand Braun Institute Berlin, Germany, In dustrial end -user Infineon Villach, Austria.  

 



II.1.1.3  

 

Historic First Landing on a Comet  

SAS ASTRONOMICAL I NSTITUTE  
 

RESEARCHERS: European Space Agency ESA,  Space Technology Ireland (STIL),  
                   Institute of Experimental Physics SAS ï Department of Space Physics 
                   (J. Bal§ģ). 

The Department of Space Physics IEP-SAS participated on the construction of the Rosetta 
critical Electronic Service System (ESS) in the frame of scientific-technical cooperation with 
STIL in the years  2000 and 2001. The ESS unit is a mission critical system that provided the 
separation of the lander Philae from the main Rosetta orbiter  and also provided digital 
communication between them.  The space probe Rosetta was launched on 2 March 2004 and 
travelled to the 67P/Churyumov -Gerasimenko comet over 10 years. The close encounter and 
orbit synchronisation with the comet was completed on 6 August 2014.  The lander Philae 
separation and its fir st-ever landing on the comet surface was completed on 12 November 
2014, so this date became a milestone in the history of cosmonautics. The ESS service system 
performed all the required operational tasks flawlessly.  Based on the flight dynamics 
requirements, the ESS managed the Philae separation with a velocity of 19 cm/s and kept 
reliable data communication with Philae  until the battery discharge and the lander 
hibernation. The science data obtained by Philae are currently being processed. 

PROJECT: ESA-Rosetta. 

 

 

 

 

 

 

 

 

 

 

Laser spectroscopy and the development of the TATRA 
spectrometer  
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The experimental CERN-ISOLDE facility is a leading apparatus in the field of radioactive -ion 
beams, which is a very progressive area of nuclear research. It is using the infrastructure of 
pre-accelerators of the LHC for production of beams of otherwise inaccessible isotopes. In 
2013, by using technology of laser ionisation potential of the astatine was measured precisely 
for the first time. For a  long time astatine was the last element naturally occurring on Earth 
with an unknown value of ionisati on potential. Experimental investigation of chemical 



properties of the astatine is very since the 211At isotope is candidate for alpha particle based 
tumour therapy.  
 
In August 2014, the unique spectrometer TATRA was used in the IS521 experiment. This was 
the first experiment to have been proposed, defended and performed at CERN by a Slovak 
research group. The spectrometer allows simultaneous spectroscopy of conversion electrons 
and gamma rays following the beta decay of atomic nuclei. The uniqueness of the apparatus 
is in its ability to be operated  in a high vacuum environment which sets it apart from similar 
models. 
 
PUBLICATION : S. ROTHE et al. Incl. M.  VENHART , Nature Communications 4 (2013) 1835. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Spectrometer TATRA. 

 

 
 
Early evolution of the extraordinary Nova Delphini 2013  
(V339 Del)  
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The nova phenomenon results from the explosive thermonuclear fusion of hydrogen to 
helium on the surface layer of a white dwarf (WD). The hydrogen-rich fuel for this process is 
accreted onto the WD surface from its binary companion. When the pressure at the base of 
the accreted layer gets its critical value, protons create helium cores liberating the light 
energy of 6.3x1011 Joules from 1 gram of hydrogen. Current theoretical models of the nova 
predict that the bolometric luminosity of some novae can exceed for a short time after 



explosion the so-called Eddington luminosity, at which the light energy balances the 
gravitationa l force of the object. Nova Delphini 2013 (V339 Del) was discovered on August 
14.6, 2013. Modelling the spectral energy distribution (SED) from its discovery to the first 
detection of X-rays (day 40) we found that the bolometric luminosity of the nova exceeded 
the Eddington limit by a factor of 5 to 10. The high cadence of our spectra allowed us to 
determine the duration of the fireball stage to August 20, when the spectrum of the nova 
changed dramatically. Throughout the course of one day, the maximum SED shifted to the 
UV domain, whereas in the optical/IR spectrum, an extreme  increase of nebular radiation 
was observed. The corresponding emission measure of 1-2x1062 cm-3 required the burning 
WD to generate one order of magnitude higher luminosity than its Eddington value. Our 
detailed analysis of the nova evolution, from a few hours after its outburst to the first 
detection of X-rays, showed that the nova was not evolving according to the current 
theoretical prediction. The unusual non -spherically symmetric  ejecta of nova V339 Del and 
its extreme physical conditions during and after the fireball stage represent interesting new 
challenges for the theoretical modelling of the fascinating nova phenomenon.  

 

Left panels show the energy distribution in the optic al/near -ir spectrum of v339 del, while the right panels 
depict a sketch of the corresponding ionization structure of the nova. Top panels are distinctive for the fireball 
stage, middle panels for the transition to a harder spectrum, and the bottom panels r epresent evolution when 
the first x -rays and dust emission were indicated (details are found in figs. 2 and 9 of the original paper).  
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