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1. G. Oelsner et al., Dressed-State Amplification by a Single Superconducting Quibit,
PHYSICAL REVIEW LETTERS 110, 053602 (2013).

2. S. N. Shevchenko et al., Amplification and attenuation of a probe signal by doubly dressed
states, PHYSICAL REVIEW B 89, 184504 (2014).

3. M. Rehak et al., Parametric amplification by coupled flux qubits, APPLIED PHYSICS
LETTERS 104,162604 (2014).

4. M. Kupka et al., BEC of magnons in superfluid He-3-B and symmetry breaking fields, Phys.
Rev. B 85, 184529 (2012).

5. S. Fischer et al., Decay of persistent precessing domains in He-3-B at very low



temperatures. Phys. Rev. B 86, 024506 (2012).

Uplatnenie vysledkov projektu

Vysledky projektu najdu uplatnenie pri konstrukcii velmi citlivych detektorov, zosilfiovacov a
koherentnych zdrojov signalov v mikrovinnej oblasti.

CHARAKTERISTIKA VYSLEDKOV

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

Ciefom projektu bola konstrukcia zakladnych zariadeni na generovanie, distribuciu a detekciu
mikrovinnych foténov. PoCas projektu sme navrhli, zrealizovali a merali jednofoténové zdroje
na baze ,dressed state lasingu® . Vysledkom boli publikacie v $pi¢kovych ¢asopisoch Phys.
Rev. Lett. a Phys. Rev B. Tiez sme navrhli a skonStruovali parametricky zosilfiova¢ na baze
supravodivych qubitov. Jedna sa o aplikaciu supravodivych qubitov a vysledky boli
publikované v prestiznom Casopise pre aplikovanu fyziku Appl. Phys. Lett. Navrhli sme
kvantovy metamaterial , ktory funguje ako foténovy detektor. Bola odladena technolégia
pripravy velmi tenkych supravodivych vrstiev neusporiadaného supravodi¢a, ktora umoznuje
pripravu supravodivych nanostruktur. Tieto nanostruktury maju velku kineticki nelinearnu
indukénost. Tato umoznuje napr. konstrukciu parametrickych zosilfhiovacov. Taktiez sme
experimentalne pozorovali novy jav: zosilnenie vdaka Landau-Zenerovmu tunelovaniu.
Nezavisle bol tento jav predpovedany teoreticky. V €asti projektu Studujuceho ako vakuové
vlastnosti mechanickych rezonatorov, tak aj ich interakciu so supratekutym héliom-3 sme
zaviedli novy typ mechanickych rezonatorov na baze Sn whiskerov. Ukazali sme, ze
magnetické pole staca polarizaény prud piezo-rezonatora, avSak neovplyviiuje konstantu
zvéazujucu piezoelektricky prud a rychlost pohybu tohto rezonatora. Stadium interakcie
rezonatorov so supratekutym héliom-3 ukazalo, zZe vlastnosti supratekutého hélia-3 pri ultra
nizkych teplotach su v podstate uréené povrchom viazanymi excitaciami, ktoré timia nielen
pohyb samotnych rezonatorov, ale su zodpovedné za novy mechanizmus magnetického
relaxacného procesu, ktory vyrazne zvysSi rychlost disipacie energie.

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

The aim of the project was to develop the basic devices for detection, generation and
distribution of single photons in the microwave frequency domain. We have designed and
realized a photon source based on dressed-state lasing as well as a parametric amplifier
based on superconducting qubits. The results were published in Phys. Rev. Lett., Phys. Rev.
B and Appl. Phys. Lett. We have also designed a superconducting quantum metamaterial
which could work as a photon detector. We have established a technology for preparation of
very thin superconducting films close to the superconductor-insulator transition suitable for
patterning of superconducting nanostructures. Such nanostructures exhibit a large nonlinear
kinetic inductance which can be used for parametric amplification. We have experimentally
observed a new effect: amplification of a microwave signal caused by Landau-Zenner
tunneling. This phenomenon was independently predicted theoretically. In the part of the
project, where vacuum properties of mechanical resonators as well as their interaction with
superfluid 3He were studied, we have introduced a new type of mechanical resonator based
on Sn-whiskers. We have shown that magnetic field twists the polarization current of a piezo-
resonator, but does not influence the value of the constant coupling of the resonator’s velocity
with its piezo-current. Our study of the interactions between mechanical resonators and
superfluid 3He showed that physical properties of superfluid 3He at ultra low temperatures
are determined by the surface trapped (Andreev-Majorana) excitations, that not only damp
the mechanical resonator’s motion, but are responsible for a new mechanism of the magnetic
relaxation process, which significantly increases the rate of energy dissipation.
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Svojim podpisom potvrdzujem, Ze Udaje uvedené v zaverecnej karte su pravdivé a uplné
a suhlasim s ich zverejnenim.

Zodpovedny riesitel Statutarny zastupca prijemcu
Doc. Miroslav Grajcar, DrSc. Prof. Jozef Masarik, DrSc.

V Bratislave 28.11.2014 V Bratislave 28.11.2014

" podpis zodpovedného riesitela podpis Statutarneho zastupcu prijemeu
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