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Véc: Oponentsky posudek dizertaéni prace ing. Tomase Matlochy
Vazeny pane prodékane,

byl jsem poiddan o vypracovéni oponentskéno posudku na dizertadni praci studenta doktorskeho
studijniho programu, ing. Tomase Matlochy, s ndzvem ,Positive ion extraction systém design for the U-
120M cyclotron”, kterou vypracoval pod vedenim prof. Ing. Ladisiava Musilka, CSc. a Ekolitele-specialisty
Ing. Jana Stursy z Oddéleni urychlovacl Ustavu jaderné fyziky AV CR, v.v.i. Prace z formaliniho hlediska
splfiuje pozadavky kladené na tento druh praci a je tedy moZné ji pfijmout k oponentufe. Prace, véetné
avodnich formalit, obsahuje 131 stran, je lenéna do 6 kapitol, pficem? dvoustrankové kapitoly , Uvod” i
,Zavér” jsou také &islovany. Viastni text prace od , Uvodu® do ,Zavéru” ma 114 stran. Prace je ::spat{ema
abstrakty v €eském i anglickém jazyce a obsahuje seznam 82 poloZek citované literatury. Student vyuzi
ruzné zdroje v anglickém i ruském jazyce ~ &lanky v Casopisech, ve sbornicich z konferenci, mmzagra?ié
Pouziva i nékteré online a webové zdroje, odkazuje se i na osobni sdéleni jinych odbornikls. Cituje viak takeé
mnoho internich a jinak obtiZné dohledateinych zdroju, coZ ztézuje Ctendflim a autorovym nasledovnikim
orientaci v tématu. Citaci wikipedie povaiuji v ramci dizertace za zcela zbytecnou. Prace neobsahuje
seznam obrazkd, tabulek ani seznam symboli, zkratek a oznaleni; necbsahuje Zadné pfilohy. Seznamy
obrazki a tabulek jisté ¢tendfi nechybi, i kdyz jsou standardni soucasti téchto typt praci, nicméné absence
seznamu zkratek a symboll je nedostatkem préce a ztéZuje Ctenafi orientaci v tomto dile. Prace obsahuje
175 obrazkd a grafl a také 25 tabulek. Vezmeme-li v Gvahu, Ze prace ma 114 stran, znamena to, 7e
primérné jsou na kazdé strané téméf vidy dva cbrazky ¢ tabulky. | pfes toto velké mnoistvi tabulek a grafd

je text prace dostatelny, je doplnén mnoha vzorci a rovnicemi, je Ctivy | dostateéné odborny. Prace prosla
kvalitni jazykovou a formalni kontrolou a je prehledné Clenéna; témér neobsahuje preklepy, gramaticke ani
syntaktické &i slohové chyby. Urover anglického jazyka je velmi dobrd (dle mého subjektivniho hodnoceni
jakoito primérného anglictinare). Prace je také velmi kvalitné vysdzena a jeji formalni a grafické dprava je
na vysoké urovni, téméf bez chyh. Kdyz se snaZim tyto chyby cilené hledat, mohu snad vytknout pouziti
ohydejnych (a nikoliv pevnych) mezer mezi oznaCenim Fig. ¢i Figure nebo Tab. &i Table a ¢islem objektu

v textu, coZ pfi zarovnani do bloku casto vede k nepfirozené (a nespravné dlouhym mezeram mezi
oznacenim objektu a Cislem). Autor také nékdy zacina véty zkratkou &i oznafenim, coi take neni korekini.
Jednad se viak o margi}xélni zélezitosti, které nijak nerusi pri ¢teni prace a nesniuji jeji formaini kvalitu.

Téma, kterym se doktorand zabyva, je aktuaini a pfinosné (pro dané pracoviité cyklotronu U-120M)
Problematika dlouhodobého a efektivniho provozu cyklotronu je pro UJF (a védeckou komunitu v CR
obecné} velmi dileZita. Detailni optimalizace ,hardwaru” zafizeni a jeho modernizace pfispéje také
k zlepseni parametrl vyvadénych svazkl (zeiména kladnych iont{l}, umoini instalaci var*e“mha iontoveho
zdroje a rozéifeni portfolia urychlovanych ¢astic a dokonce mirné zwéi energii protond ve svazku pri
vyvedeni zapornych vodikovych iontl. Detailni vypodetni modely zafizeni jsou kvalitnim mszra;ém pro
studium vliva diléich parametr( zafizeni na jeho provoz a mohou umoZnit analyzu probiémd vznikiych pfi
provozu, servis i hudouci modernizace. Cilem doktoranda bylo vénovat se konkrétné navrhu soustavy pro
vyvoj kladnych iontd za daného konkrétniho urychlovade. Cile prace véak nejsou nikde v dizertaci explicitné
definovany a je nutné spiSe Cist mezi fadky a hledat Gtrzky textu, ve kterych se autor misty definici svych

cill vénuje. Nemélo se jednoznacné jednat o zakladni & orientovany zakladni vyzkum, ani o wzkum
aplikovany nebo ale o konkrétni vyzkum moinosti definovaného typu upgrade konkrétniho zafizeni



v konkretnim vyzkumnem Ustavu. Prace ma tedy spide povahu inZzenyrskeho dila nez védecko-vyzkumne
publikace. Autor véak k definovanému Gkolu pristupuje velmi precizné a opravdu védecky analyticky
popisuje vychozi stav, provadi detailni poditatové simulace, modeluje moineé vlivy budoucich Uprav a pote
navrhuje dalsi postup. Vie stavi na pevnem teoretickem zdkladé. Diky tomu je moineé dilo prohiésit za
vyhovujici z pohledu zakona o VS, ktery pravi, Ye dizertaéni prace musi obsahovat pivodni a uvefejnéné
vysledky samostatné finnosti v oblasti vyzkumu nebo vyvoje. Druhou éast poZadovanou zékonem aspirant
napinil svoii publikaéni ¢innosti, kterou lze dohledat v databazich SCOPUS & GoogleScholar {seznam
publikaci autora dizertace neni souldsti prace; autor v textu prace cituje pouze tFi préace, u nich? je autorem
nebo spoluautorem — tyto navic neobsahuiji stéZejni vystupy préce studental).

Student se v prvni kapitole struéné vénuje zakladni teorii provozu cyklotronu, zejména s ohledem na
vyvod svazku. Ve druhé kapitole konkrétné popisuje zafizeni U-120M. Nejednd se viak o strohy popis.
Kapitola je dulezitym podkiadem pro autorovu praci, definuje pocatecni a okrajové podminky pro
studentovu praci & ukazuje na autorovu detailni znalost celého zafizeni. V kapitole jsou autorem vytvorens
prehledni tabulky 2 ndzorné grafy, které precizné popisuji stav zafizeni. Pravé smysl pro detail a preciznost
povaziuji za velky benefit autorovy prace, diky niZz mohl dosahnout kvalitnich vysledk( a posuncut dale
provoz kvalitniho, ale jiz pomérné dosti zaslouZilého a starého cyklotronu. Kapitola dokonce obsahuje |
nektere vysiedky autorovy prace — nejsou viak nijak shrnuty a vypichnuty, ¢tenaf je nachazitu a tam
v odstavcich, kde se pide: ... navrhl jsem .; ... realizoval jsem ...; ... bylo provedeno ...” a podobné. Casto se

edna o dilezita provozni vylepseni nebo zasﬁdm servisni zasahy. Zejména precizni studium odchylek,
nehom@gemt nedostatkl vzniklych neoptimalizovanym provozem nebo poruchami &i nevhodnymi
konstrukénimi prvky. povazuji za diikaz autorova védeckeho pfesahu pfes inzenyrsky pfistup. Skoda, je i
tento prinos autora neniv praci (¢i jen v této kapitole) néjak &Qmp exné zhodnocen. Zhodnoceni stavu
zafizeni je postaveno na historickych zkusenostech a detailinim méfeni magnetického pole i geometrickych
parametri. Rozsah studia nehomogenity vietné precizniho modelovani a méfeni deformaci komory je
obdivuhodny.

Stézejni Casti prace jsou kapitoly 4 2'5, kde autor nejprve popisuie model zafizeni, poté stavaijici stav
systému vyvedeni svazku a navrhuje systém novy. Autor pouziva ,in-house” vypoletni kody WModel a
Durycnm a standardni programovy balik SNOP. S ohledem na to, 7e autor pfi popisu dvou hlavnich
programu skupiny cituje vefeiné nedostupné interni materialy a vefejné téZ témer nedohledateiné
preprinty JINR, tak povaZuji popis programu za pfilis struény. Neni jednoducheé se v popisu zorientovat a
najit si k tomu dostatek podklad(. Z textu také neni patrne, zda autor dizertace néjak prispél k rozvoji
téchto programi nebo zda je pouiival Cisté uZivatelsky, Na zakl afie textu predpoklddam, Ze student funke
programu piné rozumeél, ale neprogramoval k nim Zadna vylepseni a pouZil je jako nastroje pro svoji praci,

1 pingé divérfoval. S ohledem na to tedy velmi oceniujl, 7e se aspirant piné snaiil vypocetni programy
verifikovat a validovat na stévajicim zafizeni, pro néz wtvor il detaiini modely a pro které ddvaji pomérné
pfesne vysledky. Na zakladé toho pfedpokiada, Ze jeho novy design vyvodu svazku bude po instalaci

pracovat tak, jak simulace ukazuji. Provorni zkudenosti ho k tomuto opraviiuji. | tak bych ale ocenil vicZeni

“y

dilci k‘fxpi’({}ﬁv konkrétné se validaci vénujici a hodnotici moing nedostatky modelu a nejistoty Wpcim
RUzné v praci lze tyto véci nalézt, jejich centralizace by viak byla pfinosna pro vyssi hodnovemosr predikei.

V paté kapitole autor detailné analyzuje stdvajici stav, popisuje systém fedeni s dipdlovou c{vkm a

>mi deflektory a analyzuje jejich slabiny. KaZdou ¢4st detailné modeluje. Na zakladé analyzy navrhuje

ve redeni bez d:p{.} oveho magnetu, pouze s dvéma deflektory a dvéma pasivnimi magnetickymi kanaly.
to fedeni je moiné | diky autorovu navrhu a realizaci novych harmonickych civek, pomoci kterych je

moine zvysit extrakini polomér, a lépe tak ﬁ;"fim%%, izovat parametry elektromagnetického pole pfi extrakci
svazku kladnych iontl. Autor se sice zaméfuie zejména na svazek protons, nicméné své navrhy vidy déava



do kontextu vyvedeni i ostatnich iontd véetné zapornych iontd. Jejich extrakce nebude negativné dotéena a
i uni dojde k optimalizaci parametri a dokonce ke zvy$eni maximalni moZné energie proton( pfi extrakci
zapornych vodikovych iontl. Novy design vyvedeni svazku tak dava velkou nadéji pro zlepSeni parametrd
cyklotronu U-120M a pro jeho daldi Uspésny provoz.

Musim uznat, ze prace je kvalitnim, aZ Getyhodnym dilem ~ autor dokazal, Ze do nejmensich detail(;
zna zaf(zeni U-120M, dokdZe je podrobné modelovat, analyzovat stav zafizeni a navrhnout na zaklade
modelu nova funkéni feseni. To prokazal pfi realizaci mnoho diléich vylepdeni, modernizacich a servisnich
ukonech. Zpracovani ma formu spise technicke inZenyrské zpravy, nicmené to je dano zadanim prace.
Student postupuje deduktivné, analyticky a komplexné a takto prokdzal, Ze je schopen samostatne védecké
prace a zhodnoceni vysledkil pro praxi. Na zékiadé studentem provedené validace programd je moiné
povazovat zvolené metody a ziskaneé vysledky za spravne.

Za nejvétsi nedostatek prace povaZzuji absenci jednoznacné definice cil(, jich? mé byt dosaZeno a
zejména témért chybeéjici srovnavani autorovy prace s mezinarodni komunitou. Regerie problematiky a néco
jako ,Soucasny stav fedeni problematiky” v praci chybi. Z diléich vét a mezi fadky je patrné, 7e autor mé
prehled a ¢as od Casu se objevi véta poukazujici na ,,obdobné feseni daného probiému” na jiném
urychlovadi ve svété, ale komplexni zhodnoceni a srovnéni autorova pfinosu vaéi ostatnim fesenim ve svété
chybi. Je tedy velmi obtiZné hodnotit dizertabilitu, ,novost” feseni v celosvétovém kontextu a pfinos
autorova navrhu cyklotronové komunité jako takové (nejen pracovisti cyklotronu U-120M, ktery je

nesporny). Domnivam se, Ze aktudini pfehled fesené problematiky , konkurenénimi” védeckymi skupinami

ve sveté by mél byt vidy soucasti kaZdé védecké prace. Autor by tento pfehled mél prokazat pfi vias
obhajobé prace.

Zavérem posudku konstatuji, Ze i pfes vyse zminéné nedostatky, pfedloZens dizertaéni prace splfiu
poZadavky na tyto prace kladené védeckou komunitou i vnitfnimi pfedpisy CVUT v Praze, je plivodni a
osobita, a i pres své vyhrady doporutuji praci pfiimout k obhajohé. Autor prokazal schopnost samostatné
védecké prace a své vysledky publikoval. Pokud tedy student zodpovi véechny otézky a abhéji praci pred
komisi, maZe mu byt udélen titul Philosophie Doctor, ve zkratce Ph.D. uvadény za jménem.

Aspiranta Zadam o vyjadfeni se k posudku a nasledujicim bod( a zodpovézeni dotazl (at jif v ramci
prezentace nebo v ramci nasledné diskuze):

1. Prosim, zhodnotte Vade nové feseni v kontextu obdobnych zafizeni pouZivanych ve svété, jak
z pohledu konstrukce, tak z pohledu parametri. Zaméfte se zejména na U€innost podobnych Fedeni
pfi vyvodu svazki kladné nabitych ionti.

2. Kdy bude realizace Vaseho navrhu probihat? Co bude realizaci pfedchazet? Je realizace nécim
ohroZena? Existuji i variantni navrhy na novy extrakéni systém svazku kladnych iont(?

3. Prosim, zhodnotte sv{ij novy navrh na extrakci svazku s chledem na udrZiteinost provozu zafizen/.
Dejte financni a ¢asovou naroénost rekonstrukce do kontextu s mo#nou pladnovanou zivotnosti
zafizeni. M{j profesni Zivot vdééi za mnohé cyklotronu v SUJV Dubna - Fdzotronu, ktery je jeSté starsi
nez U-120M a poskytoval pfesto kvalitni a pomérné unikatni svazky protond pro vyzkum |
hadronovou terapii. | kdyZ se jesté neddvno uvaZovalo o jeho daldim dlouholetém provozu, 13k byl
vioni odstaven. Nem(Ze takovy osud potkat i Vas cyklotron?

4. Pfi studiu nehomogenit magnetického pole jste objevil nehomogenitu zplisobenou poékozeni
v centrdinim regionu. Uvddite, e nema pravdépodobné vyznamny viiv na urychlované svazky a
ponechavate stav tak, jak je. Oproti jinym analyzam neprovadite ani pocitacovou simulaci. Mizete,
prosim, néjak podlofit své tvrzeni o zanedbatelném viivu a navrhnout pfipadnou metodiku opravy?



5. V uvodu kapitoly 5 pidete, Ze se podafilo navrhnout systém, ktery se u transparentnosti extrakce biizi
80 %. Vypoltem v tabulce 5.18 dochazite k Cislu 74 %. MiZete, prosim, s ochledem na Vase zkudenosti
a s ohledem na validitu poéitacovych simulaci, realisticky odhadnout, jak by mohla vypadat redina
ucinnost vyvodu svazku protond 36,7 MeV? MlZe byt redlna Glinnost 1 vy8si nez modelova? Jak by
toho bylo moiné dosdhnout?

6. 1 pfes navrhované sniZene ztraty svazku na deflektorech bude dochazet k jejich vysoké aktivaci
zpUsobujici radiadni zatéz pracovnika pti servisnich tkonech. Vami uvadéné hodnoty davkowych
pfikont z deflektor(, na nich je tfeba Okony provad#t, jsou alarmuijici. Existuje, prosim, moznost
néjak miru této aktivace snizit? e zde moZna néjaka alternativni volba materiala?

7. ¥ praci uvadite, Ze méreni maximalni energie proton( pomoci aktivacni félie nebylo pfed odevzdanim
k dispozici. Jsou jiZz data naméfena a zpracovana? Prosim, pfedstavte pfipadné vysledky a popiste vice
tuto metodu a jeji nejistotu.

8. Z prace jsem nepochopil, zda nove deflektory budou néjak aktivné chlazeny. Je chlazeni soudasti
fesSeni? Byl provadén i teplotni vypodet pro rlzné ionty a rdzné Gfinnosti?

doc. Ing. ke
UEEN FEKT Vo

Prace byla vypracovana v anglickém jazyce. Prikladdm tedy autorizovany pfeklad posudku:

Dear prof. Hausild

[ have been asked to prepare a review of the dissertation of a PhD student, Tomas Matlocha, entitled
"Positive ion extraction system design for the U-120M Cvc%aizm"’, which he prepared under the supervision
of prof. Ladislav Musilek, and supervisor-specialist Mr. Jan Stursa from the Accelerator Department of the
Institute of Nuclear Physics of the CAS. From the forpnal point of view, the thesis meets the requirements
for this type of work and can therefore be accepted for defense. The thesis, including introductory
formalities, contains 131 pages, is divided into 6 chapters, while the two-page chapters "Introduction” and
“Conclusion” are also numbered. The actual text of the thesis from the ‘Introduction' to the 'Conclusion’ is
114 pages long. The thesis is accompanied by abstracts in both Czech and English and contains a list of 82
references cited. The student used various sources in English and Russian ~ journal articles, conference
proceedings, and monographs. He also used some online and web sources and referred to private
communications from other experts. However, he also cites many internal and otherwise hard-to-find
sources, which makes it difficult for readers and the author’s followers to navigate the topic. | consider the
citation of Wikipedia to be completely unnecessary in the context of a dissertation. The thesis does not
contain a list of figures, tables, or a list of symbols and abbreviations; it contains no appendices. The reader
will certainly not miss the lists of figures and tables, although they are a standard part of these types of



works, but the absence of a list of abbreviations and symbols is a shortcoming of the thesis and makes it
difficult for the reader to navigate the work. The work contains 175 figures and graphs as well as 25 tables.
Considering that the thesis is 114 pages long, this means that on average there are almost always two
figures or tables on each page. In spite of this large number of tables and graphs, the text of the thesis is
sufficient, supplemented by many formulae and equations, and is both readable and sufficiently technical.
The thesis has undergone a good linguistic and formal check and is clearly structured; it is almost free of
typos, grammatical, syntactical or stylistic errors. The level of English is very good (according to my
subjective assessment as an average English speaker). The thesis is also very well laid out and its formal and
graphic design is of a high standard, with almost no errors. When | try to look purposefully for these errors,
| can perhaps criticize the use of ordinary (and not fixed) spaces between the Fig. or Figure or Tab. or Table
label and the object number in the text, which when aligned in a block often leads to unnaturally {and
incorrectly) long spaces between the object label and the number. The author also sometimes begins
sentences with an abbreviation or designation, which is also incorrect. However, these are marginal issues
that do not interfere with the reading of the work and do not detract from its formal quality.

The topic dealt with by the PhD student is topical and beneficial {for the given department of the
U-120M cyclotron). The issue of long-term and efficient operation of the cyclotron is very important for the
NP1 (and the scientific community in the Czech Republic in general). Detailed optimization of the device's
"hardware” and its modernization will also contribute to improving the parameters of the output beams
(especially of positive ions), will allow the installation of a variant ion source and expansion of the portfolio
of accelerated particles, and will even slightly increase the energy of protons in the beam when outputting
negative hydrogen ions. Detailed computational models of the facility are a good tool for studying the
effects of sub-parameters of the facility on its operation and can allow analysis of problems arising during
operation, servicing and future upgrades. The aim of the PhD student was to specifically address the design
of a positive ion development system under a given specific accelerator. However, the objectives of the
thesis are not explicitly defined anywhere in the dissertation, and one has rather to read between the lines
and look for fragments of text in which the author does define his objectives in places. It was not clearly
intended to be basic or oriented basic research, nor was it intended to be applied research, but rather
specific research on the possibilities of a defined type of upgrade of a specific facility in a specific research
institute. The thesis is therefore more in the nature of an engineering work than a scientific research
publication. However, the author approaches the defined task very precisely and in a truly scientific
analytical manner, he describes the initial state, performs detailed computer simulations, models the
possible effects of future modifications and then proposes a further course of action. He builds everything
on a sclid theoretical basis. This makes it possible to declare the work satisfactory in terms of the Higher
Education Act, which states that a dissertation must contain origirfal and published results of independent
research or development activity. The second part required by the law has been fulfilled by the aspirant's
publication activity, which can be traced in the SCOPUS or GoogleScholar databases (the list of publications
of the author of the dissertation is not part of the thesis; the author cites only three works in the text of the
thesis for which he is the author or co-author — these do not contain the main outputs of the student's
work!)

in the first chapter, the student briefly discusses the basic theory of cyclotron operation, especially
with regard to beam extraction. in the second chapter, he specifically describes the U-120M device.
However, this is not a strict description. The chapter provides an important background for the author's
work, defines the initial and boundary conditions for the student's work, and demonstrates the author's
detailed knowledge of the device. In the chapter there are clear tables and illustrative graphs created by
the author, which accurately describe the state-of-the-art of the device. it is this attention to detail and
precision that | consider to be a great asset of the author's work, thanks to which he was able to achieve



good results and to push further the operation of a high quality, but already quite deserving and old
cyclotron. The chapter even contains some of the results of the author's work — but they are not
summarized and highlighted in any way, the reader finds them here and there in paragraphs where it says:
" ldesigned ... .. limplemented ...; ... it was done ..." and so on. Often these are important operational
improvements or major service interventions. In particular, the precise study of deviations,
inhomogeneities, deficiencies caused by sub-optimized operation or failures or inappropriate design
features, | consider to be evidence of the author's scientific over engineering approach. it is a pity that even
this contribution of the author is not somehow comprehensively evaluated in the thesis [or even only in
this chapter). The assessment of the condition of the device is based on historical experience and detailed
measurements of the magnetic field and geometrical parameters. The extent of the inhomogeneity study,
including precise modelling and measurement of chamber deformations, is admirable.

The main part of the thesis are chapters 4 and 5, where the author first describes the model of the
device, then the current state of the bundle output system and proposes a new system. The author use
the "in-house" computational codes WMode! and Durycnm and the standard software package SNOP.
Considering that the author cites publicly unavailable internal materials and also publicly almost
untraceable JINR preprints in describing the two main programs of the group, | consider the description of
the programs too brief. It is not easy to find one's way around the descriptions and to find sufficient
background information. It is also not clear from the text whether the author of the dissertation made any
contribution to the development of these programs or whether he used them purely as a user. Based on
the text, | assume that the student fully understood the function of the programs, but did not program any
enhancements to them and used them as tools for his work, which he fully trusted. With this in mind,
therefore, | very much appreciate that the aspirant has made a full effort to verify and validate the
computational programs on existing equipment, for which he has produced detailed models and for which
they give reasonably accurate results. On this basis, he assumes that his new harness pinout design will
perform as the simulations show once installed. His operational experience entitles him to do so. Still,

I would appreciate the insertion of a sub-chapter specifically addressing validation and assessing possible
model shortcomings and calculation uncertainties. These things can be found variously in the paper, but
centralizing them would be beneficial for increased credibility of predictions.

In Chapter 5, the author analyzes the current state-of-the-art in detail, describing the dipole coil and
three deflector solution system and analyzing their weaknesses. Each part is modelled in detail. Based on
the analysis, he proposes a new solution without a dipole magnet, with only two deflectors and two passive
magnetic channels. This solution is also possible thanks to the author's design and implementation of new
harmonic coils, with-which it is possible to increase the extraction radius and thus better optimize the
electromagnetic field parameters during the extraction of the positive ion beam. Although the author
focuses mainly on the proton beam, he always puts his designs in the context of extracting other ions,
including negative ions. Their extraction will not be adversely affected, and the parameters will be
optimized and even the maximum possible proton energy will be increased for the extraction of negative
hydrogen ions. The new design of the beam output thus gives great hope for improving the parameters of
the U-120M cyclotron and for its further successful operation. ’

i have to admit that the work is a high quality, even impressive work — the author proved that he
knows the U-120M equipment to the smallest detail, can model it in detail, analyze the condition of the
equipment and propose new functional solutions based on the model. He has demonstrated this in the
implementation of many partial improvements, upgrades and service tasks. The elaboration takes the form
of a rather technical engineering report, however, this is due to the assignment of the work, The student
proceeds deductively, analytically and comprehensively and in this way has demonstrated that he is



capable of independent scientific work and evaluation of results for practice. On the basis of the validation
of the programs carried out by the student, the methods chosen and the results obtained can be
considered correct.

I consider the biggest shortcoming of the thesis to be the absence of a clear definition of the
objectives to be achieved and, in particular, the almost absence of comparison of the author's work with
the international community. A review of the issues and something like "Current state of-the-art" is missing
in the thesis. It is evident from the partial sentences and when “reading between the lines” that the author
has an overview and from time to time a sentence refers to "a similar solution to the problem™ at another
accelerator in the world, but a comprehensive evaluation and comparison of the author's contribution to
other solutions in the world is missing. Thus, it is very difficult to evaluate the dissertability, the "novelty” of
the solution in the global context and the contribution of the author's proposal to the cyclotron community
as a whole (not only to the U-120M cyclotron workplace, which is undisputed). | believe that an up-to-date
review of the issues addressed by "competing" scientific groups in the world should always be part of any
scientific work. The author should demonstrate this overview during the actual defense of the thesis.

In conclusion, | state that despite the above mentioned shortcomings, the submitted dissertation meets the
requirements for such theses set by the scientific community and the internal regulations of the CTU in
Prague, is original and distinctive, and despite my objections | do recommend the thesis to be accepted for
defense. The author has demonstrated the ability of independent scientific work and has published his
results. Therefore, if the student answers all the questions and defends the thesis before the committee, he
may be awarded the title of Philosophie Doctor, abhreviated as Ph.D. after his name.

I ask the aspirant to comment on the review and the following points and to answer questions (either in the
presentation or in the discussion that follows):

1. Please evaluate your new design in the context of similar devices used in the world, both in terms of
design and parameters. In particular, please focus on the efficiency and transparency of similar
solutions in the extraction of positively charged ion beams.

2. When will your proposal be implemented? What will precede the implementation? Is there any
threat to the implementation? Are there alternative proposals for a new positive ion beam extraction
system?

Cad

Please evaluate your new beam extraction proposal with respect to the sustainability of the device
operation. Put the financial and time requirements of the refurbishment in context with the potential
projected lifetime of the facility. My professional life owes a lot to the cyclotron at JINR Dubna — the
Phasotron, which is even older than the U-120M and nevertheless provided high-quality and rather
unigque proton beams for research and hadron therapy. Although it was considered for continued
operation for many vears until recently, it was shut down last year. Could your cyclotron suffer the
same fate?

4. in studying magnetic field inhomogeneities, you discovered inhomogeneities caused by damage in
the central region. You state that it is unlikely to have a significant effect on the accelerated beams
and leave the situation as it is. Unlike other analyses, you do not even perform a computer
simulation. Can you please provide some support for your claim of negligible effect and suggest a
possible correction methodology?

5. In the introduction to Chapter 5, you write that you have been able to design a system that

approaches 80% extraction transparency. By the calculation in Table 5.18 you arrive at a figure of

74%. Given your experience, and given the validity of the computer simulations, can you please



estimate realistically what a realistic proton beam extraction efficiency of 36.7 MeV might look like?

Cot

-ould the real efficiency be even higher than the modelled one? How could this be achieved?

- Despite the proposed reduced beam losses on the deflectors, there will be high activation of the

deflectors causing radiation burdens on personnel during servicing operations. The dose rate values
quoted by you for the deflectors to be serviced are alarming. Is there any way of reducing this
activation rate? Is there perhaps an alternative choice of materials?
You state in your paper that the measurement of the maximum proton energy using the activation
foil was not available prior to submission of the thesis. Has the data been measured and processed?
Please present any results and describe more about this method and its uncertainty.

I did not understand from the paper whether the new deflectors will be actively cooled in any way. Is
cooling part of the solution? Has a temperature calculation for different ions and different
efficiencies been performed as well?



