A r , 2 -
l l a P V V Agentura na podporu vyskumu a vyvoja
h 4

Formular ZK

Zavereéna karta projektu

Nazov projektu Evidencné Cislo projektu  APVV-0036-11[]

Progresivne materialy s konkurenénymi parametrami usporiadania

Zodpovedny riesSitel Prof. RNDr.Peter Samuely, DrSc.
Prijemca Ustav experimentalnej fyziky SAV

Nazov pracoviska, na ktorom bol projekt rieSeny

1. Ustav experimentalnej fyziky SAV Kosice

2. Univerzita P. J. Safarika, Prirodovedecka fakulta, Ustav fyzikalnych vied
3. Elektrotechnicky ustav SAV Bratislava

4.

5.

Nazov a stat zahraniéného pracoviska, ktoré spolupracovalo pri rieSeni
1. Drexel University, Philadelphia, USA

2. Université Grenoble Alpes, Institit NEEL CNRS, Grenoble, Francuzsko

3. Universidad Auténoma de Madrid, Madrid, Spanielsko

Udelené patenty/podané patentové prihlasky, vynalezy alebo uzitkové vzory, ktoré su
vysledkami projektu

1.
2.
3.

Najvyznamnejsie publikacie (knihy, élanky, prednasky, spravy a pod.) zhriiujuce
vysledky projektu — uvedte aj publikacie prijaté do tlace
1. T. Samuely, P. Szabd, Z. Pribulova, N. H. Sung, B. K. Cho, T. Klein, V. Cambel,

J.G.Rodrigo, and P. Samuely: Type Il superconductivity in SrPd2Ge2, Supercond. Sci.
Technol. 26 (2013) 015010.

2. M. Timmermans, T. Samuely, B. Raes, J. Van de Vondel, V. V. Moshchalkov: Dynamic
Visualization of Nanoscale Vortex Orbits, ACS Nano 8 (2014), 2782.

3. S. Gabani, |. Takacova, G. Pristas, E. Gazo, K. Flachbart, T. Mori, D. Braithwaite, M.MiSek,
K. Kamenev, M. Hanfland, and P. Samuely: High pressure effect on superconductivity of
YB6, Phys. Rev. B 90 (2014), 045136.

4. P. Husanikova, J. Fedor, J. Dérer, J. éoltys, V. Cambel, M. lavarone, S. J. May, and G.
Karapetrov: Magnetization Properties and Vortex Phase Diagram in CuxTiSe2 Single



Crystals, Phys. Rev. B 88 (2013) 174501.

5. J. Kagmarcik, Z. Pribulova, P. Szabd,, V. Paluchova, P. Husanikova, G. Karapetrov, and P.
Samuely, Heat capacity of single-crystal CuxTiSe2 superconductors, Phys. Rev. B 88 (2013),
020508 (R).

Uplatnenie vysledkov projektu

Projekt prispel ku zakladnému poznaniu v aktualnej oblasti fyziky tuhych latok. Kvantové
materialy s konkurenénymi usporiadaniami a suciastky z nich pripravené maju velky aplikacny
potencial. Na zaklade ziskanych vysledkov sme dostali cely rad pozvani na konferencie

a navrhy na spolupracu s vyznamnymi europskymi laboratériami.

CHARAKTERISTIKA VYSLEDKOV

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)

V ramci projektu sme sa venovali trom triedam supravodivych materialov, kde hraju
konkuren€né parametre usporiadania vyznamnu rolu. ISlo o Zelezné pniktidy a im podobné
systémy s konkurenénym usporiadanim vin spinovej hustoty, supravodiée na baze
kovalentnych kovov v blizkosti izolacného stavu a dichalkogenidy prechodovych kovov s
vinami nabojovej hustoty.

Zistili sme, ze materialy, ktoré su izoStruktirne s pniktidmi typu 122 maju diametralne odliSné
vlastnosti, ktoré sme podrobne popisali. Hlavny zaver je, Ze za nekonvenénu supravodivost
pniktidov zodpoveda ich Specificka elektrénova Struktura s vinami, resp. fluktuaciami spinovej
hustoty.

Preskumali sme niekofko typov supravodiCov v blizkosti prechodu do dalSieho zakladného
stavu - izolant. V kremiku a diamante sa prechod uskutoriuje dopovanim. Ziskali sme
charakteristiky prechodu. V hexaboridoch sme preskumali potlacanie supravodivosti
prostrednictvom extrémne vysokych tlakov az do 32 GPa. Podrobne sme zacali Studovat
pripad prechodu do izolaéného stavu pomocou zvySovania neusporiadanosti v dosledku
sten€ovania supravodivého filmu az do niekolkych nanometrov. V MoC sa takyto prechod
deje fermidnovou cestou, zatial€o v diamante pravdepodobne bozénovym mechanizmom.

V medou dopovanom TiSe2 sme zistili, Ze kvantovy kriticky bod, v ktorom zanika
usporiadanie vin nabojovej hustoty CDW, je pri vy$$ich koncentraciach Cu ako sa
predpokladalo. CDW neindukuje nekonvenénu supravodivost, ktora ma s-vinovy charakter.
Pritomnost chiralneho CDW vs$ak ovplyvriuje iné netrivialne viastnosti, napr. lockin efekt

a povrchovu supravodivost.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

Within the project we have studied three classes of superconducting materials each
competing with another specific order. We have addressed the iron pnictides and similar
systems with spin density waves/SDW, covalent superconductors close to the insulating state
and transition metal dichalcogenides competing with charge density waves.

We have found that materials which are isostructural with the 122 family of pnictides reveal
completely different superconducting and other properties which we have described in detail.
Our conclusion is that non conventional superconducting properties of pnictides reflect their
specific electronic structure with SDW.

We have addressed several types of superconductors close to insulating state. In silicon and
diamond a transition between insulating and superconducting state is controled by doping.
The characteristics of doping have been obtained. In hexabories the suppression of
superconductivity is achived by application of extreme pressure and we studied its effect up to
32 GPa. We have started detailed investigations of the superconductorr-insulator transition
due to increasing disorder upon decreasing the film thickness down to nm. We have obtained
evidence that in MoC such a transition follows the fermionic scenario while in diamond the
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bosonic one.

In copper doped TiSe2 the experiments indicate that the quantum critical point is located at
higher doping than originally expected. Presence of CDW does not induce a nonconventional
superconductivity which has a standard s-wave character but the chiral CDW affects other
non trivial properties as the lockin effect and the surface superconductivity.
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Svojim podpisom potvrdzujem, Ze Udaje uvedené v zaverecnej karte su pravdivé a uplné
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