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Universidad Autonoma de Madrid, Spanielsko, Nat. Inst. Mat. Sci. Tsukuba, Japonsko,

Lancaster University, V. Britdnia, Kurchatov Inst. Moskva, Rusko, Inst. Mat. Sci, Kyjev,Ukrajina

IPHT Jena, Nemecko, Donetsk Phys. Tech. Institute, Ukrajina

Udelené patenty alebo podané
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do tlace alebo pripravované):

Uvddzajte maximdlne pit’
najvyznamnejsSich publikdcii.

Dvojmedzerova supravodivost’: Z. Pribulova et al.: Anisotropy of the Sommerfeld Coefficient in
Magnesium Diboride Single Crystals, Phys. Rev. Lett. 98, 137001 (2007) + d’alSie dva Phys.
Rev. Letters.

Diborid horcika — efekty dopovania a iné netrivialne supravodice: P. Szabé, P. Samuely, Z.
Pribulova et al.: Point-contact spectroscopy of Al- and C-doped MgB, : Superconducting energy
gaps and scattering studies: Phys. Rev B 75 (2007) 144507+ d’alSich pat’ Phys. Review B.

Priprava tenkych vrstiev, mikro a nanostruktiur na baze MgB,: M. Gregor, T. Plecenik, M.
Praséak, R. Mic¢unek, M. Kubinec, V. Gasparik, M. Grajcar, P. Ki§, and A. Plecenik, MgB2
radio-frequency superconducting quantum interference device prepared by atomic force
microscope lithography, Appl. Phys. Lett. 91, (2007) 122502.

Kvantova dekoherencia v supravodivych qubitoch: M. Grajcar, T. Plecenik et al.: Four-flux-
qubit register with mixed couplings, Phys. Rev. Lett. 96, 047006 (2006) + d’al§i Phys. Rev.
Letters, dva Phys. Review B, Applied Physics Letters.

Supratekuté hélium-3: M. Blazkova, M. Clovetko, E. GaZo, L. Skrbek, P. Skyba: Quantum
Turbulence Generated and Detected by a Vibrating Quartz Fork, J. Low Temp. Phys. 148 (2007 )
305-310 — invited paper + kapitola v monografii.

V ¢om vidite uplatnenie
vysledkov tohto projektu:

Projekt prispel ku zékladnému poznaniu materialov a elektronickych suciastok s vysokym
aplikaénym potencidlom. Publikacie zaznamenali v kratkom ¢ase 71 SCI citacii.

Podpisom zaverecnej karty rieSitel’ vyjadruje svoj stthlas ku zverejneniu udajov v nej uvedenych.
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Charakteristika vysledkov
|Evidenéné ¢islo: : APVT-51-016604 |

Sthrn vysledkov rieSenia projektu a naplnenia cielov projektu (max. 20 riadkov) - slovensky:

Projekt priniesol fundamentalne poznatky o novom fyzikalnom jave, tzv. dvojmedzerovej supravodivosti, ktora
bola objavena v MgB, aprvykrat spektroskopicky potvrdena naSou predoSlou pracou. V tomto projekte sme po
prvykrat zmerali aj vysvetlili unikatne anizotropné vlastnosti dvojmedzerového systému v réznych magnetickych
poliach a teplotach. Dvojmedzerova supravodivost’ bola skimana aj vzh’'adom na nové vonkajSie parametre, ako je
chemicka substiticia a dopovanie systému MgB,, oZarovanie neutronmi, rézne technoldgie pripravy a formy vzoriek
(polykrystaly, monokrystaly apod.). Vysledky umoznili zlep$it' niektoré kritické parametre systému dolezité pre
aplikacie.

Projekt priniesol zna¢ny pokrok v technoldgii pripravy tenkych filmov MgB,, nanostruktir pomocou AFM
litografie a realizaciu prvého SQUIDu na baze MgB,. Boli tieZ zvladnuté jednocasticové tunelové boxy na baze titanu.

Na pracovisku ultranizkych tepldt v KoSiciach bol vybudovany meraci trakt pre stidium qubitov pri ultranizkych
teplotach, ¢o utvara unikatne, vo svete zatial’ neexistujuce moznosti pre pokrok v tejto oblasti. Navrhli a realizovali sme
Stvor-qubitovy register na baze tokovych supravodivych qubitov s konstantnou feromagnetickou a antiferomagnetickou
viazbou. Na systéme troch qubitov s antiferomagnetickou vdzbou sme demonstrovali moznost’ rieSit jednoduché
kvantové algoritmy. Adiabatickou evoluciou takéhoto kvantového systému je principidlne mozné vyrieSit MAXCUT
problém v polynomidlnom ¢ase, ¢o demonstruje vypocétovu silu kvantového procesora.

V supratekutom héliu-3 sme ziskali informacie o novych modoch vzbudenych zo zakladného stavu Boseho-
Einsteinovho kondenzatu magnénov. Zrealizovali sme experimenty Studujice interakciu medzi dvomi
homogénne precesujucimi doménami supratekutého hélia-3, ktoré boli spojené kanalom. Z experimentov
vyplyva, ze spinovo precesujuce viny generované na rozhrani medzi precesujiicou a neprecesujucou doménou
mozu byt undsané spinovymi tokmi, pri¢om ich frekvencia zavisi od rychlosti spinového toku. Ide o analég
Dopplerovho efektu na spinovych supraprudoch. Tieto experimenty poskytuju informdécie o vzajomnom
ovplyviiovani dvoch kvantovych stavov, t.j. informécie o procesoch dekoherencie.

Suhrn vysledkov rieSenia projektu a naplnenia ciel’ov projektu (max. 20 riadkov) - anglicky:

The project has brought informations on fundamental properties of a novel physical phenomenon — the two gap
superconductivity, discovered in magnesium diboride. The two gaps in the system have been spectroscopically for the
first time approved by our previous work. Within this project unique anisotropic properties of a two gap superconductor
have been explored and explained in the wide region of temperatures and magnetic fields. The two gaps
superconductivity has also been studied here as a function of the following external parameters acting on MgB;:
chemical substitution and doping, neutron radiation, technology of preparation, form of specimens. The results have
enabled improvement of some of the critical parameters important for applications.

The projects has also brought a significant progress in technology of thin films of MgB,, as well as in
preparation of nanostructures and realisation of the first SQUID based on MgB,. Also single particle tunnel boxes have
been realised via the titan technology.

The measuring system for superconducting flux qubits has been realized in the KoSice Centre of ultra low
temperature physics enabling qubit experiments at the lowest temperatures in the world, which brings novel
opportunities. The four-qubit register with constant ferro- and antiferromagnetic coupling has been designed and
realised. Possibility to solve simple quantum algorithms has been demonstrated on the system of three qubits with
antiferromagnetic coupling. Adiabatic evolution of such a system allows in principle to solve the MAXCUT problem in
polynomial timescale, demonstrating computing power of the quantum processor.

In the superfluid helium-3 new informations have been obtained on modes excited from the ground state — the
Bose-Einstein condensate of magnons. The experiments studying the interaction between two homogeneously
processing domains of superrfluid helium-3, contacted by a channel have been performed. From experiments follows
that the spin processing waves generated at the interface between a processing and non-processing domain can be
dragged by the spin flow and their frequency depends on the spin flow velocity. It is an analogue of the Doppler effect
in the spin supercurrents. These experiments provide informations on the mutual interactions between two quantum
states, i.e. on the decoherence processes.
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