PEOEH3IHUA
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Kanauaar: Jliw6omup HBanos Croiiues,

J0KTOp, r1aBeH acuctenT B MucTuTyT N0 uiznka Ha TBLpAoToO Tsiio - BAH

PeuenszenT: Ipod. adu JlroGomup Musues Kosaues, MHeTHTYT no enekrponnka, BAH

1. Buorpaduunu ganun Ha rin. ac. a-p Jlirw6omup Usanos Croiiues.

['nauusat acucrent Jjokrop JlioGomup WMpanos CToiueB 3aBbpilBa BHCIIETO CH
obpazosanue npe3 1992 r. BB @usnueckust daxynreT Ha [Inosauscku ynusepcurer "l[laucuii
Xunengapcku", cve creunandoct @usuka 1 Martemartuka. IIpes 2003 — 2006 r. e penoseH
noktopant B MucTuTyT mo Qusuka Ha TBBPAOTO Ts10 ,, Akagemuk ['eopru Hamkakos”, BAH.

ITpe3 2008 r. ycremrHo 3alMTaBa AMcepTalus 3a oOpasoBaTe/iHaTa W Hay4yHa CTeleH
"nokrtop", Ha Tema ,,.XapaKTEpPUCTHKH HA Ja3€pHOTO M3IHYBAHE HA TEHEPATOP-yCHIIBATE/HA
cHCTeMa Ha OCHOBATA Ha Jia3ep ¢ IapH Ha MeJieH OpoMHUA”, HayueH PBKOBOJMTEN J01L. A-p JIuMo
AcCTaKOB.

ITpe3 2009 r. a-p Croitues e Hasnaue H. ¢. 1l ¢T. ri. ac. B MOTT — BAH.

Ot 09.2008 o 12.2016 a-p CroitueB e moct-gokTopaHT B Quantum Cascade Laser
Laboratory, International Centre for Theoretical Physics. Ot 01.2017 no 12.2018 e rocrysaii yueH
B chinara naboparopus Ha Mex/IyHapoIHHS LEHTHP M0 TeopeTHUHa (pusuka- Tpuecr.

Ot 09.2008 1012.2018 kanauaara paboTH KaTo aCOLMUPaH U3CIEI0BATEN B
Hanwmonanuust MHctutyT no Sapena gpusuka - Tpuect. Ot 01.2019 e nasnauen kato
M3C/IEIOBATEI B CHIIMSA HHCTUTYT, KbjeTo pabotu o 12.2020.

J-p Croiiues e yuacthuk B Tpu npoekta Ha Haunonannust Mucturyt no Aapena gpusuka
— Tpwuecr, KaTo OCHOBHATa 3ajaya ¢ M3TPakJaHE Ha Jla3epHa CUCTEMa ¢ Hocella Ib/DKMHA Ha

BBJIHATA Ha 6,8 MHKpOHA 33 MPOBEX/aHe Ha EKCIIEPUMEHT I10 MIOOH-BOJIOPOHA CIIEKTPOCKOTIHS.




B noseuyeto ot HyGHI’IKaLlI/II/lTe [10 IPOEKTAa, B KOUTO TOH e ChaBTODP, KaHJMJaTa € IIbPBH aBTOp,

KOCTO II0Ka3Ba BOJELIATa MY POJIS IPH pealn3alluuTe Ha TE3U IMMPOCKTH.

2. O0wo onucaHKe HA MPeJCTABEHUTE MATEPHAIH

B koHkypca 3a nouent, o6sBeH B [IbpxaBeH BecTHMK Op. 83 or 05.10.2021 r. kaHauaaTsT
yuacTByBa ¢ 21 mybnmkamuu ot Kouto 16 ca B Me/IyHapO/IHH CIIHCAHHS C MMIAKT (GaKTop H 6 ca
B MaTepuanu Ha koHpepenuuu ¢ SJR. BaxHo e 1a ce noadeprae, ye OCHOBHMTE pe3y/iTaTH OT
paboTara Ha Kanaujaara ca nyG6iIMKyBaHM B PEHOMMDAHH HAydHM crincanmus kato Phys. Rev. A,
Physics Letters, Optics Letters, Optik u ap. CeneM 0T myGauKkaluuTe ca B CIIMCAHMS ¢ HAl-BUCOKA
uurupyemMoct ot Q1 kBaprun u uethpu B Q2 kBapTH. 3abenssanu ca 36 He3aBUCHMH LIUTHPAHHS
OT Yy’ /1M aBTOPH.

HaykomeTpnuynure nokasaTelm Ha NpeICTABEHHTE OT KAHAMAATA MATEPHAIM,
CHCTEMATH3MPAHH B MNpHJIOKeHaTa B JokymeHnTuTe Tabamua 3 or npaBuaHuka 3a
npuiaarane Ha 3PAC na UDOTT -BAH, nokpueBat HayKOMeTPHYHHTE H3HCKBAHHS 32

aKaieMH4HoTO 3BaHue ,,JoueHT” B HOTT —-BAH.

3. OGwa xapakTepHCTHKA HA HAYYHATA H HAYYHO-NPHJIO/KHATA AeiiHOCT Ha
KaHIHJaTAa.

OcHoBHaTa Hay4Ha AefHOCT Ha KAHJM/ATa € B H3TPAXKAAHETO HA NIPEHACTPOiBaeMu
Ma3epHA CUCTEMM W YCHIIBATENIN B CPEAHMA MH(ppaYePBEH AUANA30H 33 €KCIIEPUMEHTH I10

CIIEKTPOCKONHKA Ha aTOMHH sA4pa U CJIEMCHTApPHH YaCTHULIH.

A. IlpuHocH B Hayunu nyG/IMKAUNH HA MSICTOTO HA XaOHJINTALMOHEH TPYA:

B cratun Al u A2 ca onucany ekcniepuMeHTH ¢ u3rpanenata ot a-p Croituer nazepHa
CHCTEMa 3a IeHepallsl Ha MPEHACTPOHBAEMO MH(PAUEpPBEHO TBYEHHE B CIEKTPAIHUA JUANa3oH
okosio 6785 + 5 nm. Cucremara e Ha 6asaTa Ha M3Ba)C/[aHEe HA YECTOTH OT TBHPIOTEICH Jlasep ¢
»(bukcupana® nbmxuna Ha BbiHaTa (Nd:YAG - 1064 nm) u npenacTpoiisaem TBBpIOTENEH JIazep
(Cr:forsterite ~ 1.262 nm) B HeoKcHHM HeAMHEHHH KpHcTanu. Macneasanu ca pasMyHKU THIIOBE
nenuHeitHn kpuctany (lithium thioindate - LilnS2 u silver thiogallate - AgGaS2) 3a mokaseane

e(i)eKTPlBHOCTT& Ha [oixoaa v onpeaeissHe rnapameTpHuTe Ha JIA3€pHUTE, KAKTO M THUIIA U rOJIEMHHAaTa




Ha HeJIMHeMHHTe KpPHUCTalu, HeoOXOJMMU 3a TeHepallds Ha NpeHacTpoliBaeMo HMH(ppauepBeHO
JTbUEHHME B CTIEKTPAJIHHUS IHana3oH 0koJo 6785 = 5 nm ¢ eneprus HajiBulliaBala 1 mJ, mpy yectora
Ha MOBTOpeHHe Ha ummysicute 25Hz, mnprHa Ha creKTpajHara usKua no-tacka ot 200 MHz u
CTBIIKA Ha TMpeHacTpoiika (MpomsHa Ha NBIDKMHATA Ha BBIHATa) OT 35 pm. M3cneasanu ca
pasIMYH{ FEOMETPHYHK KOH(HUIYpaIlM HA ONTHYHATA CXEMa 32 TeHepalls Ha NPEeHacTpoiiBaeMo
vH(payepBeHo TbUeHHe upe3 H3BaiKJaHe Ha UeCTOTH C e[IMH M JiBa IPOX0Jia Ha IEHEPUPAHOTO
J'/BYEHME ¥ HAMOMIMBAIMTE JIBYEHHs TNpe3 HeluHeHHWTe Kpuctanu. JlemoHcTpupana e
BBH3MOXKHOCTTA 33 YBEIMUaBaHE HA EHEPIHATA B CIEKTPAIHMs AMara3oH okoio 6785 nm upes

H3I10JI3BaHE Ha npeoGpa3OBaTenu Ha HarnmoMIBalHTEe CHOIIOBE.

B cratuu A3, A4 ca onucaHy €KCIIEPUMEHTH ChC Ch3Ja/ieHa OT KaH1/1aTa HOBa CUCTEMA
ocuunatop-ycunsaten na Cr:forterite ¢ yHHUKanHM XapaKTepuUCTHKH. M3cnenBanu ca pasnuyHHM
reoMeTpHYHM KOH(QMIypaliu Ha pesoHaTopa Ha eanodectoten Cr:forterite nasep ocruaarop
(nanommnBaH ot eaHomonoB TEMO0 Nd:YAG nazep, 1064 nm) ¢ uen monyyaBaHe Ha cxema ¢
BHCOKA CTAOMIIHOCT BEB BPEMETO Ha MeHepaLusaTa 10 EHEPrus U LIMPHUHA HA CTIEKTpalHaTa HBMLA,
KAaKTO M JIECHA NPEHACTPONBAEMOCT Ha U3XO/HATA IB/DKMHA Ha BhiHATa. M3ro13Bana e cxema Ha
ONTHYEH PE30HATOP ¢ AU(PaKIMOHHA PEelleTKa MO IpeH3uHr briJl. [lonyyeHa e eJHOUECTOTHA
reHepalus ¢ eHeprus ot 1 ml, wHpuHa Ha criekTpanHata ueuua ot 0.39 pm mpy YecToTa Ha
noBTopenue Ha ummysacute 25Hz u apiokiHa Ha uMnyncure ot 8 ns. [Ipoextupan u uspaboreH e
yeunsaren Ha Cr:forterite ¢ 3 (Tpu) crenana v 16 (mecTHajzecer) npoxoja, HaMoOMMBaH Jpyr
Nd:YAG nasep, 1064 nm. [lonydeHa e eJHOYECTOTHA MpEHACTpOiiBacMa TeHepauus B
creKTpalHus auanasod ~ 1.262 nm ¢ pekopjaHa eHeprus oT 45 ml, ¢ Ka4ecTBO HA U3/IBYBAHETO

M2x=1.94, M2y=1.70 u mup#Ha Ha crieKTpanHaTa upuua ot 0.42 pm.

B cratud AS 1 A6 ca oNnHcaHH eKCIIepPMMEHTH C HOB THII JIa3epHa cucTema Ha 6azara Ha
M3BAYKIAHE HA YECTOTH 3a TeHepapaHe Ha NpPEHAcTpPoiiBaeMo M3JbUBAHE C TACHA LIMPUHA Ha
crnekTpanHara ueuna < 30 pm (200 MHz) B cpenus uHppauepreH crekTsp 6785 + 5 H nm 1pH
yecTOTa Ha IOBTOpeHHe Ha ummyncute 25Hz, cThIKa Ha npeHacTpoiika OT 35pm U AbJDKMHA Ha
umnyJcure ot 7 ns. Cucremara e 6a3upana Ha HEOKCH/IHW HEJTMHCHHHU KPUCTAJIM U HAHOCEKYHIHU
UMITyJICH, TeHepupanu ot eanouectoTHr Nd:YAG u Cr:forsterite nasepu chorseno na 1064 u 1262

nm. MH3cneasanu ca nBe reoOMETpUYHH KOH(bl/Il"ypaLll/IH Ha eKCIIepHMCHTaJHH CXEeMH!




€JHOTPOXO/IHA U IBYIIPOXOJIHA Npe3 HelMHeiiHuTe KpucTaiu. [Tpy n3nosspaHe Ha IBYNPOXoaHaTa
cxema B LilnS2 e renepupana eneprus Haapumasaimia 540 pJ. M3yyenu ca napamerpurte Ha
reHepanus Ha WH(QpPaYepBEHO JIbYEHHE MPH Pa3iMYyHK THIOBE HeMMHEHHM Kpuctanu: LiGaS2,
LiInS2, LilnSe2 1 BaGa4Se7. M3cneaBanu ca pa3MuyHU TUIIOBE HA BBIHOBOJM 3a HH(payepBeHo

JIBYEHME C LEJ1 ONpeacsiHe ONTUMAaIHUS THIL 38 TPAHCIIOPT HA FEHEPUPAHOTO JICHEHHE.

B. IlpuHocH B HayYHH NYGJIHKALMH H3BBH Xa0MJIHTAUMOHHUAT TPY/1:

B cratuu BS, B13 ca u3cnenBaHd KBaHTOBO-KaCKaJHU J1a3epH B CIIEKTPaJHHUS JManasoH
oKkoJio 6785 nm, ¢ 1eJ1 OLleHKa Ha BB3MOXKHOCTTA 32 Ch3/JaBaHE Ha JIa3epHa CUCTEMA 3a reHepaLus
Ha MpeHacTpoiBaeMo MH(PaYEepPBEHO TBUCHUE B CMEKTPAIHUA AMana3oH okoso 6785 + 5 nm, ¢
IIBTHOCT Ha MotqHocTTa 10 MW/cm2, mupuHa Ha criekTpaiHara uBuua rno-rscHa ot 200 MHz u
(MHa CTHIIKA Ha IIPeHACTPOiiKa Ha 6a3aTa Ha MATPULM OT KBAaHTOBO KacKaaHHU naszepu. (Cp3naaeHa
€ YCTaHOBKA 3a OTKpHBaHE HalM4YMEe Ha ra3oBe IO METoJa MMIylIcHa cavity ring-down
spectroscopy (CRDS).

M3yuenu ca onTUMANTHATE YCIOBHS 3a poBesxaaHe Ha npoekta FAMU (Fisica degli Atomi
MUonici - Muonic Atom Physics), uusTo Lel e onpejessHe paanyca Ha 3eMax IZ Ha NPOTOHA Ype3
u3MepBaHe XWIep(GUHHOTO paslenBaHe B aToMa MIOOH-Bojopod. Mscneasanu ca pasinuunu
THUMOBE Fa30BH CMECH NPH pa3lIMuHH TemrepaTypH B auanazona 70 — 336 K 3a nonobpsisane
TOYHOCTTA HA EKCTIEPMMEHTA W TIOBHUINIABAHE CTETMEHTA Ha ICEKCHKALMA HAa MIOOHHUTE. Y CTAHOBEHO
€ e MpH BHCOKA YEeCTOTa Ha ra3oBa CMEC OT BOJOPO M KMCIOPOJ MPH MOAXOAALIM TeMIaparypa
W HansraHe ce o0pasyBaT aTOMH MIOOH-BOJOPOA (U—p) 4YacT OT TAX [POrPEeCHBHO Ce
tpancdopmupar B p—0, Kato Te3u CHOUTHA ca Pa3IMuMMU Upe3 XapaKTepHH PEHTTeHOBH Tb4H (X-
rays), M3JIbUEHH [IPU Jie-CKCHKALMHATA Ha aToMa MIooH-kuciopoa. (B6, B8, B9, B10, B11, B13,

B14,B15).

Hsamam 3a0e/iesKKH KbM npeacraBpeHuTe 0T KaHAWJaTa MaTepHaJIn.

OcHOBHHTE HAYYHH MPHHOCH HAa KaHAHJAaTa ca B 00/1aCTTa HA (PYHAAMEHTAJIHUTE H

NMPHJIOKHH H3CJIEIBAHNS U ¢ NPUJIOMKEHHUST B 1a3epHATA H sipeHa Qu3ukKa.




Ily6iimkauuuTe W MaTepHa/iuTe, MPEACTABEHH OT KaHAMJAaTa 3a aKaJeMH4YHOTO
3BaHHe ,J0LEeHT”, ca Ha BHCOKO Hay4HO HHMBO. B TsXx ca mojyuyeHM HHTEepeCHH HOBH
pe3yJITaTH B elHA aKTyaJiHa 00J1acT Ha CbBpeMeHHaTa Jia3epHa QH3HKa, CMEeKTPOCKONUS
siapeHa ¢u3uka. Pesynraturte ca ny0/IMKyBaHH BbB BOJeLIH CMeUHAJHM3HPAHH HAy4HH

CIIHCaAHHsI.

ETo 3amo npeanaram Ha yBaskaemoto Hayuno %Kypu na raacyBa 3A npucbkaaHeTo

Ha aKa/JIeMUYHOTO 3BaHHe ,,q0leHT” Ha a-p JIwbomup UBaHoB Croiiues.

Hara: 09. 01. 2022 r..
PeuensenT: npod. apu Jwoomup Kosaues

Z

/moanuc/



REVIEW

On a competition for acquisition of academic position ASSOC. PROFESSOR
in the professional field 4.1, Physical Sciences, Scientific specialty ,Laser Physics, Physics of

Atoms, Molecules and Plasma, and Physics of Wave Processes”

according to the announcement in the National Official Gazette number 83 ot 05.10.2021 r
with the applicant: Assist. Prof. Dr. Lubomir Ivanov Stoychev,
from ISSP-BAS, Laboratory of Lasers of Metal Vapors , at the Institute of Solid State
Physics (ISSP-BAS)

Reviewer: Prof. DSe¢ Lubomir Milchev Kovachev, Insitute of Electronics (IE-BAS)

1. Biographical data of Chief Assicttant Dr. Lubomir Ivanov Stoychev.

The Chief Assistant Dr. Lyubomir Ivanov Stoychev graduated in 1992 at the Faculty of Physics of
Plovdiv University "Paisii Hilendarski", majoring in Physics and Mathematics.

In 2003 - 2006 he was a full-time doctoral student at the Institute of Solid State Physics
"Academician Georgi Nadjakov", BAS. In 2008 he successfully defended his dissertation for the
educational and scientific degree "Doctor" on "Characteristics of the laser radiation of a generator-
amplification system based on a laser with copper bromide vapor", supervisor Assoc. Prof. Dr.
Dimo Astadzhov.

In 2009, Dr. Stoychev was appointed Senior Research Fellow. Assistant Professor at IFTT
- BAS.

From 09.2008 to 12.2016 Dr. Stoychev is a postdoctoral fellow at Quantum Cascade Laser
Laboratory, International Center for Theoretical Physics-Trieste. From 01.2017 to 12.2018 he is a
visiting scientist in the same laboratory of the International Center for Theoretical Physics - Trieste.

From 09.2008 to 12.2018 the candidate works as an associate researcher at the National
Institute of Nuclear Physics - Trieste. From 01.2019 he was appointed as a researcher at the same

institute, where he worked until 12.2020.




Dr. Stoychev was participant in three projects of the National Institute of Nuclear Physics
- Trieste, were the main task was to build a laser system with a carrier wavelength of 6.8 microns,
to conduct an experiment in muon-hydrogen spectroscopy. In most of the publications on the
project in which he is a co-author, the candidate is the first author, which shows his leading role in

the implementation of these projects.

2. General characteristics of the materials presented

In the competition for associate professor, announced in the State Gazette no. 83 of
05.10.2021, the candidate participated with 21 publications, 16 of which are in international
journals with impact factor and 6 are in conference proceedings with SJR. It is important to
emphasize that the main results of the candidate's work have been published in renowned scientific
journals such as Phys. Rev. A, Physics Letters, Optics Letters, Optik and others. Seven of the
publications are in journals with the highest citations of the Q1 quartile and four in the Q2 quartile.

There are 36 independent citations by foreign authors.

The scientometric indicators of the materials presented by the candidate, systematized
in the attached Table 3 of the documents, followed from Rules for application of IAS of IFTT
- BAS, cover the scientometric requirements for the academic title ""Associate Professor' at

IFTT - BAS.

3. Review of the scientific and scientific-applied activity of the candidate.

The main scientific activity of the candidate is in the construction of tunable laser systems
and amplifiers in the middle infrared range for experiments on spectroscopy of atomic nuclei and
elementary particles.

A. Contributions from scientific publications at the place of a habilitation work:

Articles Al and A2 describe experiments with the laser system built by Dr. Stoychev for

the generation of tunable infrared radiation in the spectral range around 6785 + 5 nm. The system




is based on the extraction of frequencies from a solid-state laser with a "fixed" wavelength (Nd:
YAG - 1064 nm) and a tunable solid-state laser (Cr: forsterite ~ 1,262 nm) in non-oxide nonlinear
crystals. Different types of nonlinear crystals (lithium thioindate - LilnS2 and silver thiogallate -
AgGaS2) were studied to prove the effectiveness of the approach and determine the parameters of
lasers, as well as the type and size of nonlinear crystals needed to generate adjustable infrared
radiation in the spectral range 5 nm with an energy exceeding | mJ at a pulse repetition frequency
of 25 Hz, a spectral band width narrower than 200 MHz and a readjustment step (wavelength
change) of 35 pm. Different geometric configurations of the optical scheme for generating tunable
infrared radiation by subtracting frequencies with one and two passes of the generated radiation
and the pumping radiation through the nonlinear crystals have been studied. The possibility of
increasing the energy in the spectral range around 6785 nm by using pump beam converters has
been demonstrated.

Articles A3, A4 describe experiments with a new Cr: forterite oscillator-amplifier system,
created by the candidate, with unique characteristics. Different geometric configurations of the
resonator of a single-frequency Cr: forterite laser oscillator (pumped by a single-mode TEMO00 Nd:
YAG laser, 1064 nm) were studied in order to obtain a scheme with high stability in time generation
in energy and spectral bandwidth, as well as easy tunable output wavelength. Optical resonator
scheme with a diffraction grating at a grazing angle was used. Single-frequency generation with
energy of 1 mJ, bandwidth of 0.39 pm at a pulse repetition frequency of 25 Hz and a pulse length
of 8 ns was obtained. New Cr: forterite amplifier with 3 (three) steps and 16 (sixteen) passes was
designed and manufactured, to pump another Nd: YAG laser, 1064 nm. Single-frequency tunable
lasing was obtained in the spectral range ~ 1.262 nm with a record energy of 45 mJ, with a radiation

quality of M2x = 1.94, M2y = 1.70 and a spectral band width of 0.42 pm.

Articles A5 and A6 describe experiments with a new type of laser system based on
subtraction of frequencies for generation of tunable radiation with a narrow spectral bandwidth <30
pm (200 MHz) in the average infrared spectrum 6785 + 5 nnm at a repetition rate of pulses 25Hz,
reset step of 35pm and pulse length of 7 ns. The system is based on non-oxide nonlinear crystals
and nanosecond pulses generated by single-frequency Nd: YAG and Cr: forsterite lasers at 1064
and 1262 nm, respectively. Two geometric configurations of experimental schemes were studied:

single-pass and two-pass through nonlinear crystals. With the using two-pass scheme in LiInS2 is




generated energy exceeding 540 pJ. The parameters of infrared radiation generation in different
types of nonlinear crystals were studied: LiGaS2, LiInS2, LilnSe2 and BaGa4Se7. Different types
of infrared waveguides have been studied in order to determine the optimal type of transport for

the generated treatment.

B. Contributions from scientific publications outside of a habilitation work:

In articles BS, B13 quantum cascade lasers in the spectral range around 6785 nm were
studied in order to evaluate the possibility of creating a laser system for generating adjustable
infrared radiation in the spectral range around 6785 + 5 nm, with a power density of 10 MW / cm2,
a spectral band width narrower than 200 MHz and a fine tuning step based on matrices of quantum
cascade lasers. A device for detecting the presence of gases by the method of pulsed cavity ring-
down spectroscopy (CRDS) has been created.

The optimal conditions for conducting the FAMU project (Fisica degli Atomi MUonici -
Muonic Atom Physics) were studied, the aim of which is to determine the radius of Zemach rz of
the proton by measuring the hyperfine cleavage in the muon-hydrogen atom. Different types of gas
mixtures at different temperatures in the range 70 - 336 K were studied to improve the accuracy of
the experiment and increase the degree of deexification of muons. It was found that at high
frequencies of a gas mixture of hydrogen and oxygen at appropriate temperature and pressure
muon-hydrogen atoms (i — p) are formed, some of them are progressively transformed into p — O,
and these events are distinguishable by characteristic X-rays X-rays) emitted during the de-
excitation of the muon-oxygen atom. (B6, B8, B9, B10, B11, B13, B14, BI5S).

I have no remarks on the materials submitted by the candidate.

The main scientific contributions of the candidate are in the field of basic and applied

research and with applications in laser and nuclear physics.

The publications and materials presented by the candidate for the academic title

"Associate Professor'" are at a high scientific level. Interesting new results are obtained in a




topical field of modern laser physics, spectroscopy and nuclear physics. The results are

published in leading specialized scientific journals.

That is why I propose to the esteemed Scientific Jury to vote FOR the award of the

academic title of " Associate Professor' to Dr. Lyubomir Ivanov Stoychev.

Date: 09. 01. 2022.

Reviewer: Prof. Dr. Dci. Lubomir Kovachev

/ signature /
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