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[4] F. Herman and R.Hlubina: Microscopic interpretation of the Dynes formula for the
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Vanacken, Pavol Szabé, Junwei Huang, Paulo J. Pereira, Dorin Cerbu, and Victor V.
Moshchalkov: Bosonic Anomalies in Boron-Doped Polycrystalline Diamond, Phys. Rev, App.
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(2017) 11746, IF 13.9
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[12] Z. Pribulova, Z. Medvecka, J. KaCmarcik, V. Komanicky, T. Klein, P. Rodiere, F. Levy-
Bertrand, B. Michon, C. Marcenat, P. Husanikova, V.Cambel, J. Soltys, G. Karapetrov, S.
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[13] Z. Medvecka, T. Klein, V. Cambel, J. Soltys, G. Karapetrov, F. Levy-Bertrand, B.
Michon, C. Marcenat, Z. Pribulova, and P. Samuely: Observation of a transverse Meissner
effect in CuxTiSe2 single crystals, Phys. Rev. B 93, 100501(R) (2016), IF 3,7

[14] M. Clovecko, E. GaZo, M. Skyba, P. Skyba: NMR-like effect on the anisotropic
magnetic moment of surface bound states in the topological superfluid He-3-B, Phys. Rev. B
99, 104518 (2019), IF 3,7

[15] S. Gabani, M. Orendac¢, G. Prista$, E. Gazo, P. Diko, S. Piovargi, V. Glushkov, N.
Sluchanko, A. Levchenko, N. Shitsevalova and K. Flachbart: Transport properties of
variously doped SmBG6, Philosophical Magazine 96 , 3274-3283 (2016).

[16] Mat. Orendac, S. Gabani, G. Pristas, E. Gazo, P. Diko, P. Farkasovsky, A. Levchenko,
N. Schtsevalova, K. Flachbart: Isosbestic points in doped SmB6 as features of universality
and property tuning, Physical Review B 96, 115101 (2017), IF 3,7

[17] M. Batkova, I. Batko, S. Gabani, E. Gazo, E. Konovalova, and V. Filippov: Low
temperature resistivity studies of SmB6: Observation of two-dimensional variable-range
hopping conductivity, Physica B 536, 200-202 (2018).

[18] P. Hlawenka, K. Siemensmeyer, E. Weschke, A. Varykhalov, J. Sanchez-Barriga, N.Y.
Shitsevalova, A.V. Dukhnenko, V.B. Filipov, S. Gabani, K. Flachbart, O. Rader, E.D.L.
Rienks: Samarium hexaboride is a trivial surface conductor, Nature Communications 9,
517-523 (2018), IF 12,3

[19] N. E. Sluchanko, A. N. Azarevich, M. A. Anisimov, A. V. Bogach, S. Yu. Gavrilkin, M. I.
Gilmanov, V. V. Glushkov, S. V. Demishev, A. L. Khoroshilov, A. V. Dukhnenko, K. V.
Mitsen, N. Yu. Shitsevalova, V. B. Filippov, V. V. Voronov, and K. Flachbart: Suppression of
superconductivity in LuxZr1-xB12: Evidence of static magnetic moments induced by
nonmagnetic impurities, Physical Review B 93, 085130 (2016), IF 3,7

[20] N. Sluchanko, V. Glushkov, S. Demishev, A. Azarevich, M. Anisimov, A. Bogach, V.
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Pozvané prednasky na medzinarodnych konferenciach:

Konferencia Probing superconductivity at nanoscale, Saas Fee, Svajéiarsko, P. Samuely
Konferencia Probing superconductivity at nanoscale, Saas Fee, Svajéiarsko, P. Szabd
Konferencia Superstripes 2016, Ischia, Taliansko, P. Samuely

Konferencia Superstripes 2016, Ischia, Taliansko, Szabd

Konferencia Nanoconfined superconductors, Garmisch-Partenkirchen, Nemecko, P.
Samuely

Konferencia madarskej fyzikalnej spolo€nosti, Szeged, Szabé

16th Czech and Slovak Conference on Magnetism, KoSice, T. Samuely

Workshop of The Slovak Academy of Sciences with The National University of Singapore,
the Nanyang Technological University and The Agency for Science, Technology and
Research Singapore. 13.-17.3.2017, Smolenice, P. Samuely

Konferencia Coherent superconducting hybrids and related materials, Les Arcs 1800
(France) March 26-29th, 2018, P. Szabd

Uplatnenie vysledkov projektu

- Vysledky boli publikované v renomovanych vedeckych ¢asopisoch s vysokym impakt
faktorom (2 x ACS nano (IF 13,9), 1 x Nature Comm. (IF 12,3), 1 x Appl. Surf. Sci. (IF 5,15),
1 x Phys. Rev. Appl. (IF 4,7), 12 x Phys. Rev. B (IF 3,7), atd.). Za obdobie rieSenia projektu
boli tieto publikacie citované viac ako 150 krat (viac ako 130 citacii bez samocitacii).

- Odborna vedecka komunita bola priamo oslovena na vedeckych konferenciach formou
prednasok a posterovych prezentacii. S rieSenim projektu priamo suvisi 9 vyZiadanych
prednasok.

- Vyskumna praca riesitefov projektu bola prezentovana Sirokej verejnosti mnozstvom
popularizaénych aktivit (5 vedeckych kaviarni, 6 vedeckych festivalov (Noc vyskumnikov,
Vikend so SAV), Dni otvorenych dveri, 12 prednasok pre Skoly, vystupenia v rozhlase a
televizii, popularizaéné &lanky v dasopisoch Tyzden, Ceskoslovensky &asopis pre fyziku a
pod.).

- STM vysledky, dosiahnuté pri Studiu vplyvu neusporiadanosti na supravodivé viastnosti v
tenkych filmoch MoC boli zabudované do vyukového materialu predmetu Spektroskopické
metddy Il. pre Studentov odboru Fyzikalne inZinierstvo materidlov na FEI TUKE v KoSiciach.
- Do rieSenia vedeckych problémov projektu bolo zapojenych 17 diplomantov a 14 PhD
Studentov.

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

Pri Stadiu prechodu supravodic¢-izolator (PSI) v tenkych filmoch MoC sme ukazali, ze
bozénovy model PSI nie je univerzalny. Nade transportné a nizkoteplotné STM merania
jednozna&ne ukazali, ze PSI sa v tenkych filmoch MoC realizuje fermiénovou cestou [1].
Okrem toho sme pozorovali, Ze s rasticou neusporiadanostou/stencovanim hrubky filmov,
spektralne rozmazanie tunelovych spektier vyrazne rastie [1,2]. Na vysvetlenie tohto efektu
nada teoreticka skupina vypracovala teériu Dynesovych supravodicov [4-6]. Tato tedria
mbze vysvetlit narast spektralneho rozmazania pri stenovani filmov ako désledok
lokalneho magnetizmu, ktoré moze vznikat na rozhrani medzi substratom a tenkym filmom.
V praci [2] sme ukazali, Ze MoC vzorky, napraSované simultanne na rézne substraty
vykazuju rézny prejav magnetického deparovania, €o bolo priamym dbékazom toho, Ze
rozhranie medzi supravodiCom a substratom je lokalnym zdrojom rozbijania supravodivych
Cooperovych parov. V praci [3] sme Studovali komplexnu vodivost v neusporiadanych
supravodi¢och MoC hrubky 10 nm s kone¢nou dobou zivota kvazi€astic a porovnali ju s
nameranymi hodnotami. Ukazali sme, Ze experiment mdzeme popisat dvojkanalovym
modelom supravodivych a normalnych elektronov v zhode s tedriou Dynesovych
supravodicov.

V borom dopovanych diamantovych polykryStaloch sme Studovali mechanizmus
bozénového PSI. Zistili sme, Ze v izolovanych diamantovych nanokrystaloch menSich ako
mikrometer supravodiva hustota elektronovych stavov nevykazuje koherentné maxima pri
energetickej medzere, €o svedcCi o pritomnosti uvaznenych/lokalizovanych bozénovych
stavov vo vysoko neusporiadanom supravodici [7,8]. Aplikovanim magnetizacnych,
transportnych a STM experimentov sme ukazali, Zze vzorky, v ktorych su polykrystalické zrna
boérom dopovaného diamantu pokryté vodikom vykazuju unikatnu koexistenciu magnetizmu
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a supravodivosti [9]. TieZ sme zistili sme, Ze rastuci tlak potlaci supravodivost, a systém
postupne prechadza do izolaéného stavu [10].

Pri Studiu vakuovych vlastnosti rezonatorov na baze Sn-whiskerov sme ukazali, Zze tento
typ rezonatorov sa chova ako nelinearny Duffingov oscilator nezavisle na tom, ¢&i je v
normalnom alebo supravodivom stave. Vypracovali sme fenomenologicky model tohto javu,
vratane matematického modelu, ktory zjednocuje interpretaciu nameranych dat z Sn-
whiskerov pomocou spektroskopickej a impulznej techniky merania. Predbezné vysledky
tejto prace su uverejnené na stranke https://arxiv.org/pdf/1606.02103.pdf.

Pri Studiu interakcie mechanickych rezonatorov s povrchom viazanymi excitaciami v
supratekutom 3He-B pri ultra nizkych teplotach sme pozorovali novy jav. Ide 0 anomalne,
na magnetickom poli zavislé timenie pohybu tohto rezonatora, ktoré sme interpretovali ako
jav jadrovej magnetickej rezonancie (JMR) na anizotrépnom magnetickom momente
povrchovych Andrejovskych stavov v topologickom supratekutom 3He-B [14].

V projekte sme Studovali aj silno korelovany Kondo izolator SmB6. Pomocou ARPES sme
Studovali elektronovu pasovu Struktaru systému na synchrotrone BESSY Berlin v unikatnom
3He refrigeratore az do teploty 1 K, pri ktorej sa podla teoretickych predpovedi o¢akava
existencia topologickych povrchovych stavov. AvSak v nameranych energetickych spektrach
(disperznych relaciach) sme pozorovali len trivialne povrchové stavy nevykazujuce Ziadne
Diracove kuzele [18]. NaSe vysledky ukazuiju, ze systém SmB6 sa javi ako trivialny
povrchovy vodi¢ a nie ako topologicky izolant. Bol realizované aj STM a STS experimenty
na SmB6 vzorkach pri milikelvinovych teplotach. Pozorovali sme topografie povrchov v
sulade s predchadzajucimi ARPES meraniami. NavySe spektra STS ukazali
nizkoenergeticku elektronovu struktdru na povrchu SmB6, ktora podporuje trivialny povod
povrchovych stavov a povrchovej vodivosti v tomto systéme (praca bola zaslana).

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

During our research of superconductor-insulator transition (SIT) in thin films of MoC we have
shown that the bosonic model of SIT is not universal. Our transport and low-temperature
STM measurements proved unambiguously that SIT in MoC thin films is realized in a
fermionic way [1]. Apart from that, we have observed that spectral smearing of tunneling
spectra increases significantly with increasing disorder/diminishing of the film thickness
[1,2]. Our theoretical group elaborated theory of Dynes superconductors that describes this
effect [4-6]. The theory explains increase of the spectral smearing with decreasing film
thickness by local magnetism that occurs on the interface between the substrate and the
film. In publication [2] we have shown that MoC films sputtered simultaneously on various
substrates exhibit different magnetic depairing, as a direct proof that the interface between
superconductor and substrate is the local source of pair breaking. In [3] we studied complex
conductivity of disordered superconducting MoC thin films (10 nm thick) with finite
quasipartlicles lifetime and compared it to the measured values. We showed that the
experimental data can be described by a two-channel model of superconducting and normal
electrons in agreement with the theory of Dynes superconductors.

We studied in details also bosonic mechanism of SIT in polycrystalline samples of boron
doped diamonds. We have found that in isolated diamond nanocrystals with the dimensions
smaller than 1 micron, the superconducting density of states does not exhibit the coherence
peaks at the energies of the energy gap. This indicated existence of confined/localized
bosonic state in highly disordered superconductor [7,8]. Via magnetometry, transport and
STM experiments we have shown that the samples that contain polycrystalline grains of
boron doped diamond covered by hydrogen exhibit a unique coexistence of magnetism and
superconductivity [9]. We have also found that increasing pressure suppresses
superconductivity and the system gradually turns insulating [10].

During our research of vacuum properties of Sn-based resonators we have shown that this
type of resonators behaves like nonlinear Duffing oscilator, both in superconducting and in
normal state. We have elaborated a phenomenological model of this effect including a
mathematical treatment, that unifies the interpretation of results of spectroscopic and
impulse experimental methods applied on Sn whiskers. Preliminary results are published at
https://arxiv.org/pdf/1606.02103.pdf.

We have studied also the interaction of mechanical resonators with surface-bound
excitations in superfluid 3He-B at ultra-low temperatures and found a new phenomenon. It is
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anomalous field independent damping of the resonator movement. We interpreted his
phenomenon as nuclear adiabatic magnetic resonance on anisotropic magnetic moment of
surface Andreev states in topological superfluid 3He-B [14].

Within the project we have also studied strongly correlated Kondo insulator SmB6. ARPES
measurements addressed electronic band structure of the system at synchrotron facility
BESSY Berlin in a special 3He refrigerator down to 1K, the temperature at which existence
of the topologic surface state were expected. Our measurements of energy spectra,
however, revealed only trivial surface state without any Dirac cones [18]. Our results thus
prove that SmB6 is a trivial surface conductor and not a topological insulator. We realized
also STM and STS experiments on SmB6 samples at milikelvin temperatures. We observed
surface topographies in accord with previous ARPES measurements. Moreover, STS
spectra revealed low-energy electron structure on SmB6 surface that confirms trivial origin
of the surface states and surface conductivity in this system (the paper is submitted for
publication).

Formular ZK, strana 5/5



