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REPORT

on the PhD thesis by Georgi Simeonov Dobrev
,Laser spectroscopy for coherent manipulation and state-specific probing of atoms and
molecules*

Georgi Dobrev finished the Mathematical high school in Burgas in 2005. From 2005 till 2011 he
was a regular student at the Faculty of Physics, Sofia University "St. Kliment Ohridski", and
since 2009 he is a post-graduate student at the department of Optics and spectroscopy. His
interests in laser physics revealed themselves during the graduate studies. As a second year
student he started to work under my supervision, building controllers for diode lasers and a
wavelength meter. In 2008 he became a member of the team working on assembling and running
the first Magneto-optical trap in Bulgaria with team leader prof. Nikolay Vitanov and he was
recognized as a skillful experimentalist. He assembled part of the frequency stabilized laser
systems, including the electronics and partially the mechanics and this was described in his BSc
and MSc thesis.

Georgi Dobrev enrolled as a PhD student at the Faculty of Physics, Sofia University in 2011. His
research is in the field of the high resolution laser spectroscopy and in particular, the coherent
manipulation of atomic and molecular states. Until 2013 he worked in Sofia and built the
apparatus for a Calcium atomic beam machine. First successful registration of transversally cold
Ca atoms was done at the end of 2013, but due to difficulties in the operation of the Bulgarian
Scientific Fund, and the associated lack of finances, the work on the beam had to be postponed.

In parallel with the work on the beam apparatus, Mr. Dobrev took part in a joint project between
the group from the Sofia University and colleagues from the Lyon 1 University : Dr. A. Ross and
Dr. P. Crozet. He worked on developing new discharge sources for efficient production of metal
hydrides - molecules which are of interest in astrophysics. In 2013 he continued this work in
Lyon University I for nine months, supported financially by the Eiffel excellence scholarship of
the French government. At the same time a co-tutelle agreement was signed by the responsible
authorities from the two higher education establishments, and since then Georgi Dobrev has been
a PhD student at both Sofia University and the Lyon University 1.

In Lyon Mr. Dobrev implemented the discharge source developed in Sofia in the experimental set



up in Lyon and did high resolution spectroscopic measurements which proved that the
construction of the source is successful. Later on he was involved in running experiments for
accurate measurement of transition frequencies and Lande factors in FeH and CrH. He took part
in extension of the existing absorption set up by putting the discharge source in a high finesse
resonator. Then, Cavity-Ring-Down-Spectroscopy (CRDS) technique was applied which
increased significantly the sensitivity of the previous set up.

In October 2014, Georgi Dobrev was invited to spend six mounts at the Physikalisch—Technische
Bundesanstalt in Braunschweig, Germany in the group of Dr. Stefan Weyers. There he worked on
a project for improving the stability of the caesium CSF2 fountain clock by loading the optical
molasses of the clock from a source of slow Caesium atoms (LVIS). During this visit Mr. Dobrev
developed further his experience in building diode lasers and their frequency stabilization for
laser cooling of atoms. His main contribution in this project was the optimization of the source,
which led to an improvement of the CSF2 clock stability by a factor of 6.

I much appreciate the results that Mr. Dobrev has achieved during the years of his PhD study.
Some of them are already published in well-respected scientific journals. Others are part of
ongoing work, and his contributions will be recognized as he will co-author more publications in
near future. During his study Mr. Dobrev gained experience in different fields of laser physics
and high resolution spectroscopy. His work is mainly experimental. He successfully built several
experimental apparatus (atomic beam, discharge source for metal hydrides, set up for CRDS) and
optimized the performance of others (diode lasers, optical molasses, LVIS). His contribution here
is significant, and such an achievement was only possible because of his strong motivation, solid
theoretical background, patience and unstinted hard work in the laboratory. In my report I would
like to highlight some of Mr. Dobrev's skills which are usually hidden in the background behind
the tables and the figures of the final publications. He is an experienced and careful experimen-
talist, who has engineering skills enabling him to design and produce scientific apparatus. He
works equally well in the laboratory, in the electronic or in the mechanical workshops.

Conclusions:

The presented thesis and the publications of Mr. Georgi Dobrev satisfy the requirements of the
national regulations, the internal regulations of the Sofia University "St. Kliment Ohridski" and
the recommended critera by the Faculty of Physics. I believe that after successful defence of his
thesis, he can be awarded with the PhD degree.
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Sofia
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CraHoBuiIe

OTHOCHO JMCEpPTAlMOHHUS TpyA Ha nokTopaHT ['eopru CumeonoB JloOpeB
,Laser spectroscopy for coherent manipulation and state-specific probing of atoms and
molecules*

HoxropanTt ['eopru CumeonoB [loOpeB 3aBbpuiBa [Ipuponomaremarnueckara rUMHasusi B Ip.
Byprac npe3 2005 1. Ot 2005 1. 5o 2011 r. e penoBen ctyaeHT BbB ®dusznueckus axynret Ha CY
“Cs. Kmument Oxpuacku”, kato or 2009 r. e cTygeHT-MarucTbp KbM Kareapa Ontuka u
cnekTpockonus. IHTepechT My KbM Ja3epHara (U3MKa U NpeLU3HaTa CIEKTPOCKOIUS C€ IMpo-
BsBa OlLlLE N0 BpeMe Ha OakanaBbpckoTo oOyueHue. OT BTOpU Kypc pabOTH ¢ MEH KaTo KPbiKOu-
HUK. [IbpBUTE My IpoeKTH ca U3pabOTBaHE HAa KOHTPOJIEPH 3a JUOJHU JlazepH U JaMOnaMeTsbp.
Ot 2008 1. TO¥ paboTu Karo 4jeH Ha KOJEKTHBA I10 KOHCTPYMPAHETO M ITyCKAaHETO Ha I'bpPBUS B
boearapust marauro-ontrueH karman (MOK) ¢ pproBoguten npod. nd3n Huxonait Buranos. Ome
toraBa T-H JloOpeB ce mposiBsBa KaTo TaJaHTIWMB €KCIiepuMeHTarop. Toil m3paboTu camocTo-
SATEJIHO €1Ha OT YECTOTHOCTAOMWIN3UPAHUTE J1a3epHUTE CUCTEMH, BKIIFOUUTEIIHO €JIEKTPOHHUKATA U
rojsMa 4acT OT MEXaHUKAaTa U Ha TOBA ca MOCBETEHU 0akalaBbpCKaTa U MarucThbpcKara My JIMII-
JIOMHU paboTH.

Ot 2011 r. Teopru [loOpeB e penoBeH aokropaHT BbB Pusnueckus ¢axynrer Ha CY "Cs.
Knument Oxpuncku". Paborara My e B 00siacTTa Ha j1a3epHara CIEKTPOCKOIHs C BUCOKa pasje-
JHUTEJIHA CIIOCOOHOCT M B YAaCTHOCT, KOXEPEHTHOTO MAaHMITYIHMpaHe HAa aTOMHHU M MOJIEKYIHHU
ceetosiHus. Jlo 2013 1. Toit pabotu B Codusi o KOHCTPYKIIUATA HA arnapaTrypa 3a KajJlueB aTOMEH
cHon. IIppBara ycmemHa perucTpanuss Ha TpPAHCIAIMOHHO CTYJACHHM KaJILMEBH aroMu Oe
HampaBeHa B kpas Ha 2013 1., HO mopaau TpyaHOCTH B paborara Ha Hanmonanuus ¢oun Hayunu
U3CJEBaHUS M JIMIcaTa Ha (MHAHCOBHM CPEACTBA, CE HAJ0XM paboTara mo cHoma jaa Obae
OTJIOKEHA.

YenopenHo ¢ paborara mo cHorma, r-H JJoOpeB B3e y4acTue B CbBMECTEH MPOEKT MEXIy Tpyrara B
Codusa u xoneru ot ynuepcuteta B Jlmon I Dr. A. Ross u Dr. P. Crozet. Toii yuactBa B
pa3pabOTBAaHETO HAa HOB Tra30pa3pscH W3TOYHHK 33 €(PEKTHMBHO MPOU3BOACTBO Ha METAIHH
XUAPUIU - MOJIEKYJIHM, KOUTO ca OT uHTepec B acTpodusukara. Ilpe3 2013 r. AOKTOpaHTHT
IPOIBJDKK paboTara cu 3a JeBeT Mecena B YHUBepcureTa B JInoH ¢ puHaHcOBaTa moakpemna Ha



npecTwkHata crtuneHaus Ha ¢peHckoro mpasutenctBo Eiffel. Ilo cemoro Bpeme Oere
MOJIMKCAHO ChIVIALICHUE MEX/1y JIBaTa YHUBEPCUTETA 32 ChbBMECTHO PHKOBOJCTBO HA JOKTOPAHT U
ot Torasa ['eopru /lo6peB e nokropant u Ha Coduiickus, 1 Ha JIMOHCKUS YHUBEPCHUTET.

B JIuon r-u lo6peB Brpaau uspaboreHust B Codust razopaspseH U3TOUYHUK B €KCIEpUMEHTAal-
HaTa MOCTaHOBKA B JIMOH M M3BBPIIU CHEKTPOCKOIICKU M3MEPBaHMs ¢ BUCOKA pa3/eiuTeHa CIO-
CcOOHOCT, KOMTO TOKa3axa, Y€ KOHCTPYKLMATAa Ha HOBUS M3TOYHMK € ynadHa. [lo-KbCHO TOH B3e
ydacTHe B TEKYIU €KCIIEPUMEHTH 3a MPELU3HO OIpelessiHE Ha YECTOTH Ha Mpexoau U (akropu
Ha Jlanzae B FeH u CrH. Toii yuacTBa cbhlI0 Taka B HAIIPaX/1aHETO Ha ChIIECTBYBAIATa EKCIEPU-
MEHTAaJIHa [TIOCTAaHOBKA 332 a0COPOILIMOHHA CIEKTPOCKOMHUS KaToO IOCTABU ra30pa3psiAHUSA U3TOUHUK
B pe3oHatop ¢ BuUcOK (unec. Cnen ToBa, u3noi3Baiiku TexHukara Ha Cavity-Ring-Down-
Spectroscopy (CRDS), 3nauntento Oe moBUIIEHA YYBCTBUTEIHOCTTA HA CHIIECTBYBaIllaTa eKCIe-
pUMEHTaJIHA 1I0CTAHOBKA.

[Ipe3 oxtomBpu 2014 1., 'eopru [oOpeB Oemie makaHeH ja npekapa 6 mecena B Physikalisch—
Technische Bundesanstalt B BpaynmBaiir, I'epmanus B rpynata Ha Dr. Stefan Weyers. Tyk Toit
paboTu MO MPOEKT 3a MOBUILABAaHE Ha CTAOMJIHOCTTA Ha 1e3ueBus QoHTaHeH yacoBHHK CSF2
MOCPEJICTBOM 3apek[JaHe Ha ONTHYHATa My Mejaca OT M3TOYHUK Ha OaBHU LIE3UEBU aTOMU
(LVIS). ITo Bpeme Ha To3u mpecToii, T-H JJoOpeB o0oratu onuTa cu Mpu U3rpa)xiaaHe Ha JUOIHU
Ja3epy M TSAXHATAa YECTOTHA CTaOMIM3aIMs 3a IeJMTE Ha aTOMHOTO oxXJakaaHe. HeroBust ocHo-
BEH MPHUHOC Oellle ONTUMH3aIMs Ha M3TOYHHKA, KOETO JAOBEAE A0 MIECTKPATHO MOJOOpsBaHEe Ha
crabunHocTTa Ha CSF2.

Bucoko oneHsiBam pesynTaTure, MOCTUrHAaTH OT T-H JloOpeB, Mo BpeMe Ha JOKTOpaHTypara My.
Yact or Tax ca nmyOnuKyBaHM B A00pU HaydyHU cnucaHus. Paborara mo HAKOM OT MPOEKTHUTE, B
KOMTO TOW B3€ y4yacTHe, NPOIBIKaBa U B CKOPO BpEME€ HETOBMAT NMPUHOC 1e ObJie OLEHEH Ype3
CBHaBTOPCTBOTO MYy B HOBHU ItyOnukauuu. [Io Bpeme Ha oOy4yeHuerto cu, r-H JJoOopeB npuoou onut
B Pa3JIM4HU 00JaCTH Ha Jla3epHaTa (U3UKa U CIEKTPOCKONMITA C BUCOKA pa3/ieUTeIHa CII0c00-
HocT. Paborara My e mpearMHO eKcriepuMeHTanHa. Toi yCcrenHo u3rpaan HIAKOJIKO eKCIIepUMEH-
TaJIHA amapara (aTOMEH CHOTI, ra3opaspsi/ieH M3TOYHHUK, nocraHoBka 3a CRDS) u ontummsupa
paboTara Ha Apyru (IMoJIHU jJa3epu, onTudHa Menaca, LVIS). Herosust npuHoc e chiiecTseH u
TOi Oe BH3MOKEH €AMHCTBEHO 3apajy CHIHATa My MOTHBAIIMS, COIMAHATA TEOPETUYHA TTOrOTOB-
Ka, ThPIEHUETO My U yCWJIeHaTa pabora B jabopartopusara. B craHoBuuIeTO cH, OMX HCKal Ja
noJuepTasl HIKOM OT yMeHusTa Ha r-H JloOpeB, KOUTO OOMKHOBEHO HE MOTaT Jia c€ BUAAT 3al
TabnuuuTe U GUrypuTe B Myoaukauuute. Tos € OMUTEH U BHUMATENEH eKCIIEpUMEHTATOP, KOWTO
MMa WHXEHEPHU CIOCOOHOCTH, IO3BOJISBAIIM MY J1a MPOEKTUpPA U Ch3/1aBa HaydyHa arnaparypa.
Toit paboTu eqHaKBO A0OpPE B TaOOpaTOpHsTa, B €JIEKTPOHHATA UIIM MEXaHUYHATa PaOOTUITHUIIH.
3akiouenne:

3aeAHO C MPWIOKEHUTE MYONHMKAIMK, TUCEPTALMOHHUAT TPYA OTTOBapsl HAa WM3MCKBaHUITA Ha
3akoHa 3a pa3BUTHE HA aKaJeMU4YHUs cbhcTaB B PemyOnuka bbarapus u HapenOara 3a mpuiioxe-
HUeTo My, BbTpemHus npaBuaHuk Ha CY ,CB. Kmument Oxpuacku” M NpenopbUYUTEITHUTE
n3nuckBanusg Ha Omsmdeckus ¢akynrer. Cmaram, ye clie ycClellHa 3alldTa Ha CBOsATA
nucepranys, Ha 1-H [eopru CumeonoB [{oOpeB moxe na Obae mpuchaeHa oOpa3oBaresHaTa u
Hay4yHa CTENEeH JOKTOp.
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