MATEMATICKO-FYZIKALNI
FAKULTA

Univerzita Karlova

Posudek disertatni price Martiny Mikové: Quantum optical experiments Sfocused on quantum

information processing

Disertani prace Mgr. Martiny Mikové je zaméfena na lineamni kvantovou optiku a na
kvantové zpracovani informace. Zmingna oblast se stale rozviji, je dilezita jak pro zakladni fyzikalni
vyzkum, tak pro aplikace. Prace vznikala na Katedfe optiky Pfirodovédecké fakulty Univerzity
Palackého v Olomouci, které patii k pfednim svétovym pracovi$tim se zaméfenim na kvantovou
optiku. Vysok¢ Urovni pracovi§té odpovidaji i vysledky predkladané disertace, které autorka
publikovala se spoluautory v péti €lancich v kvalitnich impaktovanych &asopisech. Vysledky spo&ivaji
vnavrhu a experimentalni implementaci novych protokold pro kvantové zpracovani informace.
Disertagni prace je experimentalni v tom smyslu, Ze autorka se v ni vénuje pfedev§im svému hlavnimu
pfinosu k vyzkumu, kterym je stavba experimentdi, jejich optimalizace a méfeni. Piitom autorka
vyuzivala teoretické vysledky a zavéry svych spolupracovnikii, nicméné v disertadni praci velmi
pfesné a disledn€ uvadi, jaky je jeji viastni podil.

Disertace md 137 stran a je rozdglena do deviti kapitol. Prvni kapitola shmuje velmi struéng
hlavni cile prace a uvadi kratce vysledky, které jsou uvedeny v kapitolach 4 az 8. Tento kratky uvod
plsobi vak spiSe jako shrnuti a ;ieho zafazeni mi nepfipada Stastné. V kapitole 2 podavd autorka
pfehled soudasného stavu studované problematiky. Podle mého nazorn by disertace moZna
zasluhovala $irdf dvod. Kapitola 3 je pom&mé rozsahl4, na 45 stranich je v ni popsan nejprve struéné
zakladni formalismus popisu kvantgvé optiky a pak podrobné funkce a viastnosti Jednotlivych
optickych prvkit pouZivanych v experimentech. Tato &ast byla pro mne velmi zajimava, protoZe
ukazuje do jisté miry v Clancich opomijené, ale dilleZité experimentélni detaily kvantové optiky.
Dalsich pét kapitol je vénovano prezentaci vlastnich vysledkii podle p&ti publikovanych &lanki. Cty¥i
¢lanky vysly ve Physical Review A a jeden v Scientific Reports, ve &tyfech pripadech je Mgr. Mikova
prvni autorkou, Misto pfiloZeni ¢lanki autorka dala prednost vlastnimu textu, v némz oddélila vidy
strucngj§i teoretickou Cast dané prace, ktera je dilem spoluautori, od podrobného popisu
experimentalniho uspofadani a vysledkd méfeni. Kapitola 4 je vénovana experimentalni implementaci
programovatelného kvantového hradla zalo¥eného na lineimni optice a pouZiti aktivni elektrooptické
dopfedné vazby ke zvySeni pravd&podobnosti uspéchu hradla. Tématem kapitoly 5 je moZnost
kédovani kvantovych bitti do fotoni, které nejsou ve faktorizovaném stavu, byla zde zavedena nova,
méfitelna mira efektivni nerozlifitelnosti &stic. Kapitola 6 se tyka &teni optické paméti s vyuZitim co
nejmendi energie, pomoci stavii svétla s méné neZ jednim fotonem, v kapitole 7 je demonstrovano
optimalni rozlieni dvou kvantovych méfeni pomoci kvantovd provazaného stavu, kapitola 8 se

zabyva pfenosem kvantového bitu v optickém systému emulujicim slabou vazbu mezi kvantovymi
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bity. Praci uzavira kapitola 9 se zavéry a struénym shrnutim v Eeském jazyce. Poget citovanych praci
(202) odpovida rozsahu prace. Autorka rovnéz v praci uvadi seznam svych publikaci a citaci.

SkuteCnost, Ze napli jednotlivych kapitol odpovidi publikovanym  &lankim
v renomovanych impaktovanych ¢asopisech, kde prosly recenznim fizenim, ukazuje na spravnost a
vyznam prezentovanych vysledki, coZ uleh&uje praci oponenta. Disertalni price je napsina
v anglifting, pokud mohu soudit, na celkem dobré jazykové wrovni, s malym podtem pieklepti.
Celkova graficka urovef prace je vyboma (snad s jedinou vyjimkou obrazku 4.3 na str. 62); hezké je
zahrnuti fady barevnych fotografii experimentalnich uspofadani.

Uvital bych, kdyby se mohla autorka prace v diskusi béhem obhajoby vyjadiit k témto bodim:
1. Mohla by autorka zasadit svou praci do $ir§iho ramce soucasného stavu kvantové optiky, zejména
s ohledem na rozvoj kvantovych poéitadi?
2. Jaké jsou trendy v uZivani objemovych a vlaknovych kvantovych optickych systémi?
3. V praci je pouZivana elektroopticka dopfedna vazba. Jaky vyvoj implementaci dopfedné vazby a
jaké nejvyssi pracovni opakovaci frekvence autorka odekava?
4. V experimentalnich uspofddanich je pouzivana vzduchova mezera, autorka diskutuje jeji vliv na
nestabilitu uspofadani. Nebylo by vyhodné pouZivat sloZitéj§i uspofadani, napfiklad s uzavienou
komorou apod.?

Celkové povazuji pfedloZenou disertatni prici za velmi zdafilon. Ze ziskanych
a publikovanych vysledkli i z textu prace je zigjma autoréina vysoka experimentalni erudice
a chapani kvantové optiky. Mgr. Martina Mikova jisté prokézala schopnost samostatné v&decké prace

a doporuduji proto jednoznalnég, aby ji po uspéiné obhajobé byl udélen titul Ph.D.,
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V Praze dne 5. fijna 2017 prof. RNDr.Petr Maly, DrSc.
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Review of Ph.D. thesis submitted by Martina Mikova with. the titler “Quantum optical
experiments focused on quantum information processing”

Dear Prof, Zdenek Hradil!

Thank you giving me the possibility to review the Ph.D. thesis of Martina Mikova in order to give comments
and statement on this work. It was a real pleasure to carefully read her Ph.D. work, after some of her
publications [ already have known before. The overall concept, to include feed-forward loops in quantum
optical setups to change qubits on t_i:ae fly depending on measurement results, is really an interesting topic
on the core of optical quantum technology!

In general, if the knowledge of mankind in the field of quantum technologies would correspond to a big
bubble, each presented Ph.D. work is a good opportunity to increase the size of the overail bubble. It
behaves similar to the wave picture of Huygens with new secondary waves spreading the current size
continuously. This additional explored space based on the lab work of Martina s presented here. Clearly,
the results and explanations of the work have been publishied in peer-reviewed journals already, but each
Ph.D. thesis is an opportunity to present and openly publish the personal achievement again. Sometimes
this is done by simply combining the submitted articles in a new way to claim personal success. Such a work
would fail an important side effect of each Ph.D. thesis: The newly explored volume in the big picture of the
bubble need to be made clear and accessible beyond the context of the already published work to manifest
a fundamaent possible to build on.

Martina submitted a Ph.D. thesis clearly structured by her work. published in peer-review journais before.
Moreover, as discussed above, she included many new arguments and insight in her own words. To read her
thesis should be a real pleasure for each experimentalist, because many questions she raised on purpose,
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or just left open in the text are answered some pages or chapters later. Moreover, the given answers are
mostly hot a simple fact thrown in the direction of the reader, but also a discussion to include some
motivations and alternative solutions to solve problems. With this work she achieves o communicate the
needed information for new students and researchers using Martina’s work as basis for their research to
further explore the field further, as indicated in the picture of the big bubble above,

As mentioned, Martina not only presented experimental solutions to problems, but she always aims for very
good solutions. In contrast to publications {where such depth of details and arguments is impossible), in her
Ph.D. work she shifted her particular solutions to the context of the background of her quantum-optical
setups. These connections and solutions are clearly very personal in that sense that often solutions to
experimental problems (she found obviously very annoying) are presented, which Martina really was
working on heavily. in the case Martina did not include a topic it was. probably because the question or the
solution was too trivial or unimportant to her, but maybe onlyto her. | am sure that she could have included
many more facts like optical test setups or discussions of further results without the thesis to turn boring. |
personally like the parts in her thesis most where she is describing the search of hidden background
information of feed-forward loops in existing publications, sometimes at high-ranked journals and to
compare these results. Thereby she clearly found problems of missing important arguments and facts in
other publications to make their work fully understandable. Based on that, | assume that the clear
communication and to include interesting and necessary facts in her work was another lesson she learnied
there.

Therefore | can confirm that with t‘fxe research work she summarized in her Ph.D. thesis she clearly proven
the ability to work scientifically. Even more remarkable (in contrast to many other theses), with the final
work she submitted recently she successfully generated a fundament possible to be used as a new starting
point for further experiments, Even | gtiess that the main motivation from Martina was to communicate her
profound knowledge to next and over-next generation of students at the Palacky University, my opinion is
that this knowledge is globally requested. Therefore my final suggestion would be to put the work to the
public domain {arxiv, researchgate) to be found easily. Due to the high quality of Martina’s thesis the
reputation of the Quantuin Optics Lab Olamouic would increase further. .

Sincerely yours,

Andreas Poppe
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