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V ¢om vidite uplatnenie
vysledkov projektu:

Vysledky projektu nam otvaraju moznosti pri skimani kvantovej
elektrodynamiky na ¢ipe a pri vytvarani kvantovych ,,optickych®“ hradiel.
Vybudovana infrastruktira a mikrovinna aparatura, financovana

z projektov APVV, ako aj ziskané vysledky nam umoznili sa zapojit’ do 7.
vyskumného ramcového programu EU ako plnohodnotny partner. Boli nam
schvalene dva EU projekty:

1) Collaborative Project iQIT- Integrated Quantum Information Technology,
Grant Agreement Number 270843,

2) FP7-NMP-2011-EU-Japan “Establishing the basic science and
technology for Iron-based superconducting electronics applications”,
Proposal No: 283141 IRON-SEA CP-FP,

a Kosickeé pracovisko je partnerom a spoluriesitelom uz beziaceho
projektu 7 RP EU Microkelvin (www.microkelvin.eu).
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Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu (max. 20 riadkov) - slovensky:

Ciefom projektu bolo studovanie makroskopickych kvantovych javov v supravodivych
nanostruktirach. Vedecké ciele boli vytyéené v troch rovinach, technologickej, experimentalnej a
teoretickej. V experimente sme sa sustredili na vybudovanie experimentalnej aparatiry na meranie
supravodivych kvantovych struktur v mikrovinnej oblasti 2-8 GHz v milikelvinovych teplotach.

Boli navrhnuté a skonstruované ultra nizkoSumové kryogénne zosiliiovace zosiliovace, ktoré boli
inStalované nielen na naSom pracovisku, ale aj na partnerskych pracoviskach v Kosiciach a v
Nemecku. V spolupraci s IPHT v Nemecku sme vykonali sériu uspesSnych experimentov, kde sme
demonstrovali kvantovu elektrodynamiku na €ipe, ked’ sme naviazali jeden umely atém (supravodivy
qubit) na supravodivy rezonator v klasickom, ako aj v kvantovom rezime. Ukazali sme, ze takyto
umely systém sa sprava podla jednoduchého modelu kvantovej elektrodynamiky. Ukazali, ze
supravodivy qubit méze byt’ pouzity ako umely atom, ktory umoznuje odoberat’ resp. pumpovat’
energiu koherentne do linearneho oscilatora pomocou tzv. Sizyfovho mechanizmu. Zrealizovali sme
experiment, pri ktorom sme pozorovali tzv. anti-crossing energetickych hladin systému rezonator-
qubit a inverziu stavov, ktora méze viest’ k lasingu, t.j. k vytvoreniu ,jednoatdmového lasera“ na
baze supravodivych qubitov . V technolégii sa nam podarilo pripravit’ supravodivé mikrovinné
rezonatory s rezonanc¢nou frekvenciou 2.5 GHz, ktory sme naviazali na supravodivy qubit

s nanodrétikmi. Supratekuté 3He-B bolo studované ako B-E kondenzat magnénov, priom sme
ukazali, ze vonkajsie vf budiace pole narusuje jeho symetriu, ktora vedie k vzniku energetickej
medzery v spektre jeho excitacii. Vypracovali sme teoreticky model kolektivnych excitacii. Studovali
sme procesy magnetickej relaxacie veduce k dekoherencii kondenzatu magnénov.

Suhrn vysledkov rieSenia projektu a naplnenia ciefov projektu (max. 20 riadkov) - anglicky:

The aim of the project was astudy of macroscopic quantum phenomena in superconducting
nanostructures. Scientific tasks were set in three directions - technological, experimental and
theoretical. In experiment, we have built up a new experimental apparatus for measurement of
superconducting quantum structures in microwave frequency range and at milikelvin temperatures.
We have designed and constructed ultra-low-noise cryogenic amplifiers, which were installed in our
and partners’ labs. In collaboration with IPHT Jena we have carried out several successful
experiments demonstrating quantum electrodynamics on the chip. Namely, we have shown that
superconducting qubit can play a role of an artificial atom, which enables Sisyphus damping and
amplification of a linear oscillator. Sisyphus mechanism can be also used as a spectroscopic
measurement method of superconducting qubits. We have also observed energy levels anti-crossing
and a population inversion of a superconducting qubit-resonator system, which can lead to a lasing.
Such system can be used as one-atom laser. These experiments present significant step towards
quantum optics with superconducting artificial atoms, quantum electrodynamics on a chip and
quantum optical gates. In technology, we have prepared various (MoC, MoGe, TiN) superconducting
microwave resonators with resonant frequency 2.5 GHz, which were coupled to superconducting
qubits with nanowires. Superfluid 3He-B was investigated in a form of B-E condensate of magnons.
We have shown that rf excitation field violates its symmetry due to which an energy gap acquires in
spectrum of collective excitations. A complex theoretical model has been elaborated. Also
procesess of magnetic relaxation were studied causing decoherence of the magnon condensate.
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