HACTABHO-HAYYHOM BEhY ®U3UYKOI' PAKVYIITETA
YHUBEP3UTETA V BEOI'PAIY

[omro cmo Ha IV cennuun Hayuno-nacraHor Beha ®usnukor ¢axynrera Yausepautera y beorpany onpika-
HOj 25. pebpyapa 2026. ronune onpelenn 3a wianoBe Komucuje 3a olieHy UCITyEBCHOCTH YCIOBa H ONPABIAHOCTH
TIPETIO’KEHE TEME 3a u3paay Aokropcekor paga Eme Mapuunh ,, [Ipernisaa Mepema npoaykiije XurcoBor 6030Ha y
acorjanuju ca tor kBapkoBuma nomohy ekcepumenta ATJIAC va JIXII-y” (enr. "Precision measurements of the
Higgs boson production in association with top quarks with the ATLAS experiment at the LHC") u onpeljuame
MEHTOpA JUCEpTAaIlrje, MOTHOCUMO clieehn

MN3BEILITAJ

1 buorpadcku nogamnm

Ema Mapuunh je pohena 12. mapra 2000. rogune y Yauky rae je 3aBpIuiiia OCHOBHY ILIKOJY M TMMHAa3Hjy.
Txoncke 2018/2019. roguae ynincana je ocHOBHe cTyauje Ha @uznukoM dakynrery YHuBep3urteTa y beorpany, Ha
cMmepy Teopujcka u ekcrieprMeHTaHa (pU3nKa, Koje je 3aBpuriia 2022. roauHe ca mpocedHoM orieHoM 9,74. Tokom
OCHOBHHX CcTyauja 6una je monasauna [IEPH-oBor Jletwmer nporpama. Mactep cTyauje Ha HICTOM cMepy yrucaa
je 2022. rogune u 3aBpmuia 4. centemoOpa 2023. roguHe ca nmpoceunoM oreHoM 10. Mactep pan mom Ha3HuBOM
»lloTpara 3a XurcoBuM 0030HOM HacTaluM y acoLHUjalllju ca IapoM TOIl KBapK-aHTHUKBAPK Yy pacrajay Ha map
60TOM KBapK-aHTHKBapK IPH BUCOKMUM BPEIHOCTHUMA TPAHCBEP3AIHOT UMITyJIca XHUrcoBor 0030Ha” u3paleH je Ha
Wuctutyty 3a ¢pusuky beorpan nox pykoBoactsoM ap Jenene JosuheBuh, Bumier HayqHoOT capagHuka MHCcTHTYTA
3a pmsuky beorpan, u np I[Ipenpara Munenosuha, Banpeanor mpodecopa @usndkor dakynrera. Pag mpemcraBiba
JIONPUHOC aHanu3M y okBupy excriepumenta ATJIAC, uunju cy pesyiraru o0jaBibeHn y Mel)yHaponHOM yaconucy
European Physical Journal C. ¥ Toky cBojux mMactep cTyauja je Onia Moja3HULa JETHhe IIKOoJIe YHUBEP3UTETa y
[1ne3uju, kao 1 Ha mpakcH y Jlaboparopuju 3a (pU3NKy BUCOKHMX eHepruja y okBupy MHcruryra 3a ¢pusuky beorparn,
IIpu 4eMy cy 00e akTUBHOCTH Omiie Be3aHe 3a (pu3nKy BUCOKHX €HEpTrHja.

[Mxoncke 2023/2024. roguHe ymucana je 3ajeAHHYKe JOKTOPCKE CTyArje Ha cMepy Pu3nka BHCOKUX €HEepruja
1 HyksieapHa (husrka Ha Ousuukom dakynrery Yauepsutera y beorpany u Yausepsurery Ilapuz-Cakie y @pan-
yckoj. [Tonmoxwuna je cBe mpensuljeHe UCIUTE C IPOCEYHOM orieHoM 9,5. Tema jokTopcke mucepranuje ,,IIperusna
Mepea poayKIrje XurcoBor 6030Ha y acolujanuju ca Toll kBapkoBuMa momohy exciepumenta ATJIAC na JIXII-
-y” onOpameHa je npen KonerujymoMm poktopckux cryauja @msmukor dakynrera 10. merembpa 2025. roquse.

VY jamyapy 2025. roguHe yCIICNIHO je 3aBPINIIa KBATU(PHKAINOHN 3a/1aTaK 3a ayTOPCTBO HA paJloBIMa KoJa-
oopammje ATIIAC, y okBupy Kor je pa3Buia Prompt Lepton Isolation Tagger (PLIT), anroputam 3a mo0oJbIany
uaeHTH(UKAIH]Y JICNITOHA Y CIIoKeHNM noraljajuma. Ha ocHOBY pajia v cTeueHe eKCIepTr3e, 03BaHa je Ol CTpaHe
ronabopanuje ATJIAC na ko-pykoBonu ananmmsoMm Development of Prompt Lepton Isolation Tagger in Run 2 and
Run 3, xoja oOyxBara pa3Boj anropurMa, onpehjuBame paIHuX Tadaka e(hUKACHOCTH U KamHuOpanujy e(huKacCHOCTH
Ha eKCHePUMEHTATHIM ITOAaIIMa.

Ema Mapuuuh je ydecTBoBasia Ha BUIIIE PaIHOHMIIA U KOH(EPEHIH]ja T]Ie je TPe3eHToBalla Pe3ysIiTaTe CBOT pa-
I, TIe Ce UCTHYY M3Jarama y okBupy koHgeperje International Conference on High-Energy Physics (ICHEP)
y Ilpary, paguonune Top LHC France y Ilapusy u cacranka JIXI]| komurera y IIEPH-y. Takohe, Ouina je mona-
3HUIA aBe MehyHapoxane mkose. OnabpaHna je na Oyne jeqHa o Tpu npeacraBHuka Penyonuke CpOuje y nmaneny
EK®A (enr. European Committee for Future Accelerators) 3a Mmiaze ucTpaKuBade U WIAHHUIA je FeTOBOT OpTaHu-
3annoHoOT KomureTa. Ox okTobpa 2025. roguHe aHrakoaHa je y oksupy Mehynapomne KOCT axmuje Edge Deep
Learning for Particle Physics (EPIGRAPHY - CA24153) EBporicke komucHje, a o AerieMOpa 1CTe roinHe Y OKBHU-
py KOCT akuuje Machine Learning and Quantum Computing for Future Accelerators (MLQC4FC - CA24146).
Buna je wianuna JoKaIHOT opraHu3aoHor ondopa koHdepenuje Large Hadron Collider Physics, jenue ox Haj-
Behux [IEPH-oBux xoH(epeHmja koja je 2023. ronuHe onpkana y beorpany. 3ajenso ca np Jenenom Josuhesuh
je MeHTopHcana JBOje CTyAeHaTa OCHOBHHX CTYIHja y TOKY BHXOBHX Ipakcu Ha UHCTHTYTY 3a Qm3uKy. Toxom



2022. u 2024. roquHe je ydecTBOBalla y opraHu3anuju MmehjyHapogHor mporpama Physics Masterclass 3a yueHuke
cpeamux mkona y Cpouju nox mokposuressctBoM LIEPH-a u rpyme International Particle Physics Outreach Gro-
up. OBaj mporpam oOyxBara YHuBep3uTeT y beorpany, kao u Yausep3utetr y HoBom Cany, Yausepsurer y Humry
u Yaupep3uteT y Kparyjesiy. ¥ Toky 2026. roguHe ydecTBOBaia je y UCTOM Joraljajy kao Moaeparopka, riae cy
YUSHHUIM TOTHLAIHN U3 Pa3InUUTHX apPUUKUX U EBPOIICKUX 3eMaba.

On 7. noBemOpa 2023. rogune 3anocieHa je y Jlaboparopuju 3a pu3uKy BUCOKHX eHepruja MHcTHTYTA 32 du-
3uKy beorpan kao ncTpaxxuBad npunpaBHUK.

2 (OO0jaBJbeHU HayYHHU PAJOBU KaHIUIATKUHE

Hayunu pesyaratu kanauaarkume EmMe Mapuunh npunanajy obnacté ekcriepuMeHTanHe (H3HKe BUCOKUX
eHepruja, ca monpunocom ekcriepumenty ATJIAC y LIEPH-y ox 2022. ronune. ben pan o0yxBaTta aHanusy mpo-
JyKIpje Xurcopor 0030Ha y acolMjaltjH ca TOIl KBapKOBUMa, K0 1 Pa3BOj CaBPEMEHHX allrOpUTaMa 3a N30JIaIH]jy
JIETITOHA 3aCHOBAHMX Ha MalIMHCKOM yuewy (Prompt Lepton Isolation Tagger - PLIT). Pesynratu cy npezeHTOBa-
HHU y Bonehem mel)yHaponHOoM gacomnicy u y 300pHHKY MeljyHapoaHe KOH(pEpeHIHje, a OCTBAPEHH JOIIPUHOCH Cy
MIpUMEBUBH y OyayhuM MepemnMa y okBupy Komaboparuje ATJIAC.

[MTopen pe3ynrara u3 obnactu Gpu3NKe BUCOKUX SHEPrHja, y JIMCTH PajioBa Ce Hala3u W jelaH paj u3 Apyre
00J1acTH, KOjU Ce HaBOJH y CKJIay Ca JIOCTaBJbEHUM IT0JaluMa.

Ha ocHoBy npmitoxeHe smcte myOnuKanija ¥ JO#aTHX IoaTaka, KaHAUIaTKIba je 00jaBuiia;

* M21 (panoBu y BogehuM HaydHHM Yacomucuma Mel)yHapomHor 3Hadaja): 2 paja;
* M33 (caonmrema ca Mel)yHaposHIX HayYHHX CKYIIOBA IITAMIIaHO Y LEIMHK): | caoluTene.

VYkynuo: 3 myonukamuje (2xM21 + 1xM33).
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4 Ilpeamer u 1uJb JOKTOpPCKe nucepranuje. OUeKuBaHU PE3yNITaTU U HAYYHU
JTOTIPUHOC

Ema Mapuuuh ce y cBOM TOKTOPCKOM pajy 0aBu UCTpaXHBambUMa y 00JaCTH eKCIIEpUMEHTATHE (PU3UKEe BUCOKHX
eHepruja Ha ekciepuMmeHTy ATJIAC nHa Bemmxom cymapauy xagpona (LHC) y LIEPH-y. [IpBu neo uctpaxuBama
je pasBoj anroputma, Prompt Lepton Isolation Tagger (PLIT), koju ce KOpHCTH 3a H30JallKjy JISNTOHA A3 Ou ce
Pa3lBOjWIIM OHM KOjU ITOTUYY M3 AMPEKTHUX pacnana W, Z n XurcoBux 6030Ha 01 OHUX KOjU HACTajy U3 CEKYH-
JapIHHUX pacria/ia YeCTHIA CTBOPEHUX y cynapy. OBaj aJroputaM KOPHUCTH C€ Y BUIIIE UCTPAXKHUBAYKHX TEMa YHyTap
xonabopanuje ATJIAC.

Jpyrn neo ucTpakuBama je UCIUTHBAKkE MPOAYKIHje XUrcoBor 0030Ha y acOIMjallju ca TOIl KBApKOBUMA,
ttH v tH, Ha eHepryju cyaapa NpoTOHa y CUCTeMY LeHTpa Mace o 13.6 TeV y nmeproay NpHKyIUbamka HoaTaka



o1 2022 no 2024. ronuae. O4eKUBaHU PE3YATAT je MEpee MpeceKa 3a OBe MPoIlece, a OYeKyje ce Aa pe3ynrTar Oymne
3HAaHTHO yHanpeleH y omHOCy Ha TpeHyTHO Hajoosbe pesynrare ca ekcnepumenata ATJIAC u LIIMC 3axBaspyjyhn
YHOTpedH alIropuTMa Pa3BHjEeHOT Y IPBOj MOJIOBHUHH JOKTOPCKUX CcTyauja. Jlasbe moOospIIame O4eKUBAHOT Pe3yil-
tara Tpeba aa npousalhe u3 ynorpede MogepHUX TEXHHKA MAIIMHCKOT yYeHa.

Crangapauu Mozen (CM) dusnke yecTHIia je TeOPHjCKU OKBHP KOjH OIMCYje CBE IM03HaTe GyHaaMeHTalIHe HH-
Tepakiyje OCUM IpaBHUTalMje ¥ KIacH(HUKYyje eIeMEHTapHe YecTuIle Koje unHe yHuBep3yM. Cripe3ame XUrcoBor
6030Ha 1 yHIAMEHTATHUX (pepMHOHA OMHCaHO je JyKaBUHMM MHTEpakiMjama, a KOHCTaHTa CIIpe3arma MpoTop-
roHaNIHA je Macu ¢pepMuoHa. KoHCcTaHTe cripe3ama ce eKCePUMEHTATHO oipelyjy U3 Mepema mpeceka 3a Mpou-
3BOJ[IbY Pa3HUX YECTHIIA U BbUXOBOT (DakTopa IpaHama, a Koje HacTajy y cylapuMa Ha BenmikoM cynapady xajpoHa.
CBe KOHCTaHTe CIpe3arha MOTy C€ UCITUTUBATH KPO3 JUPEKTHA WM UHIUPEKTHA Mepema. JJUpeKTHO Mepeme, Koje
Jlaje MpeLU3Huje pe3yliTare, 101a3u U3 Ipoleca Ha HUBOy crabia (tree-level process), 10k ce HHAUPEKTHO oapely-
jy u3 mporieca Koju ce oaBHjajy npeko netibu (loop-induced), rme cpesama ynase Kpo3 Kpo3 BUPTYEITHE YeCTHIIC
y HETIBH.

Crpesame XUrcoBor 0030Ha ca TOM KBapKOM, HAjTEXKUM MO3HATUM (HEPMHOHOM, TTOCEOHO je 3HaYajHO KaKo
y CraHzapsHOM MOJENy, Tako M y MojenanMa HoBe (usrke u3BaH CranaapaHor monena. Hberopo ncnutuBame
oMmoryhaBa TecTuparme KOH3UCTEHTHOCH jaulHe cripe3ama ca CTaHapa HIM MOJIENIOM, a OZICTYTIabe Of peaBuljeHe
BPEIHOCTH MOJKE J1a YKa)ke KOjH Cy MOJIETH HOBe (DM3HKE peeBaHTHH. Kako je ToIm KBapKk MHOTO T€XH 01 XUTCOBOT
6030Ha, OBO CIpe3ame ce€ JUPEKTHO MOXKE IIPOyUYaBaTH caMo Kpo3 mporece npoaykiuje. [Ipogyknuja Xurcosor
0030Ha y acolUjalMj| ca apoM TOI-KBapKoBa, ttH , NpeacTaBiba HAjIIOBOJBHHU]U IIPOU3BOIHHE MOJ 3a JUPEKTHO
Mepeme JykaBHHOT Cpe3arba TOIl KBapKa.

Jpyru BaxkaH polec 3a UCITUTHBAE OBOT CIIPE3atha je MPOIyKIHja XUrcoBor 0030Ha y acolMjalijy ca jeTHUM
Ton-kBapkoM (¢ H'). OBoM mporiecy JONpHHOCE AWjarpaMu ca CIpe3ameM XUrcoBor 0030HA M jeHOT TON-KBapKa,
U UjarpaMH KOjH OIHCYjy cipe3ame Xurcoor 0o3oua 1 W 6030Ha, pu yeMy 1oa3u 0 HHTepdepeHInje OBUX
amIuaTyna. 300t Tora je ¢t H mpoayKiuja oceTJbUBa He caMo Ha jadlHe OBUX CIpe3ama, Beh 1 Ha IbUX0B pelaTUBHU
3HaK.

Panu npoyuasama tt H u t H npoueca pasmarpahe ce cinenehu Mmogosu pacnaga Xurcosor 6o3ona: H — ZZ*,
H — WW* xaou H — 777~ e cy o0yxBaheHH JIENTOHCKM W XaJPOHCKM MOJIOBU Pacliajia Tay JIENTOHA.
Monosu paciana H — ZZ*, H - WW*u H — 77~ ca Bume nentona y QMHAIHOM CTarby 3aj€IHO YMHE Ta-
ko3BaHO MynTrienToHcKo (ML) dunanHo crame. ExciepumenTt ATJIAC n LIMC Ha Bennkom cymapady xanpoHa
Cy MCIIUTHBAIM Hpolece npon3Boambe ttH u tH. TpeHyTHO HajIPEelU3HU]H PE3yNITaT MEPEmha peceKa 3a MPOou-
3BO/IEbY XHICOBOT 6030Ha mpeko ttH je pesynrar xonabopauuje ATIIAC, o = 41 1t§31 fb. Ykomuko ce pasmarpa
caMo MYJTHIENTOHCKO (PMHAIHO CTame KoprcTehu momarke U3 Apyror neproja npukymbama (2015-2018, Pyn 2),
TIPENU3HOCT je HemTo Mama, o = 3217307 fb.

VKOJHKO Ce TIOCMaTpa pe3yiTaT HCIuTHBama iponieca tLH (bb), oH je kommatnGuman ca npensuhamem CTan-
JIapTHOT MOjIeJia M OJlroBapa mocMarpanoj (O4eKrBaHoj) 3HadajHocTr o1 4.6 (5.4) ctanmapanux nesujanyja (s.d.),
JIOK pe3ynTar ucnuthsama tt H (ML) ogrosapa nmocmarpanoj (oueknusanoj) 3nadajaocts o 3.3 (5.3) s.d.. Ca apyre
cTapHe, ucnuTHBama nporeca t H y exciepumentiuma ATJIAC u [IMC nokasyjy Hecnarame Behie ox 2 s.d. usmely
M3MEPEHUX M NpeIBUl)eHNX BPEIHOCTH 32 F-ETOB IMPECEK 3 MPOLYKIH]Y.

BaxHo je Takohe momeHyTH ocTojeha Mepema konaboparije ATJIAC y Be3u ca 1Ba mporieca Koja iMajy UCTH
3aIuC y JETEKTOpY Kao mpoueck ttH u tH Koju Cy NpeaMeT MCTPakuBama OBE NOKTOPCKe aucepramdje. OBr
npouecwu, tttt u ttW, mpeacTasibajy BeoMa BaKHY [03aMHY 3a MCIIUTUBam-¢ poueca ttH u t H. Ctora je BuxoBa
npenu3Ha npoleHa HeonxoxHa. O6a Mepeba cy cripoBeieHa Kopuctehu 11eo ckyn nogaraka u3 nepuoaa Run 2 u 3a
00a je noka3zaHo Onaro Heciarame ca npensuhamuma CtaHgapJHOT Mozesia. Y OKBUPY HCTpaKHBamba JOKTOPCKE
Te3€, MOZIENIUparbe OBUX Ipolieca Ouhe HCIIMTHBAHO Y y3€TO y 003Hp.

3a ucrmTHBame npoueca ttH u tH W Mepeme HBUXOBHX Ipeceka Koje Cy IPEIMeT OBe Te3e, KopucTuhe ce
ToJIaly IPUKYTJBEHN TOKOM Jiena, ox 2022, mo 2024. rogune, Tpeher neproaa NpukyIsbama nojaaraka, Py 3. OBo
hie GUTH NPBO UCTPAKUBAILE TIE CE KOPHUCTE oAl ca /s = 13.6 TeV u npBu pe3yirar Ha 0OBOj EHEPrUjH y HEHTPY
Mmace. Taxole he ce npBu myT HCTOBpEMEHO UCITUTHBATH 00a mpolieca 6e3 MPeTXoHe NPETIIOCTaBKE Ja je HjeaaH
Ofl BUX y cKayay ca npeasulamem CranaapaHOT Mozea.

ITopen HOBUX TOmaTaka, ouekyje ce Aa he modospmamy pesynrara koju he mpomsahu u3 oBOT HCTpaKUBamba
3Ha4YajHO TOTIPUHETH U HOBH aJlaT! KOju Cy y MeljyBpeMeHy pa3BujeHH, kao mro je Prompt Lepton Isolation Tagger
(PLIT) na npumep. ITopex Tora, y okBupY Koabopaiyje, Ha mpumep, M000JBIIAHO j€ MPENo3HaABAhEe HACTICKTPH-
camba JICNITOHA, CIIOCOOHOCT Pa3IMKOBamka [IETOBa KOjU MOTUYY 0Jl b— M c— KBapKoBa O] OCTaJIMX KBapPKOBa, cama
naeHTH(HKaIM]ja OBHX 11eToBa... Kaxo je Hekonuko nenoa gerekropa ATJIAC nanorpaheno usmely neprosna Run 2
1 Run 3, ouekyje ce u moboJbIIaH yarHaK caMor aetektopa. OBo Mepeme he Takole 6utn Bomusba 3a Oyayha ucru-
THBama nponeca tH u t H koja he 6uTH BpIIeHa KopucTehn IofaTKe MPUKYIJBEHE TOKOM IeJIor meprona Run 3
(2022-2026).



5 Merone uctpaxupama

[IpuMapHu [UJb OBE JOKTOPCKE IMCEPTALKE j& MPBO MCIUTHBaAmE Tporeca ttH u tH y MylTHIEITOHCKOM
KOHAYHOM CTamy TOKOM neprona Run 3, kopucrehu npucTyn Koju ce ocliarba Ha MUHHUMaJIaH OpOj MPETHOCTaBKH.
VcTpaxuBame je ycMEPEHO Ha MOJIOBE pactiazia Xurcosor 6ozona: H — WW* H — 7~ u H — ZZ*.Y oBom
KOHTEKCTY, MyJITHJIETITOHCKO KOHAYHO CTame 00yXBaTa OHO ca JBa JIETITOHA UCTOT HaeleKkTpucama (2LSS) wm tpu
nenrroHa (3L), mpu uemy nenros (L) Mmoxke 6utu enextpoH mwim MuoH. OBa Ba KaHalla IPy»Kajy OITHMAaIIaH OallaHc
n3Mel)y JOCTyIHe CTaTHCTHUKE CUTHANIA U KOHTAMUHAIIM] e T03aIMHCKUM Iporecnma. Y kanaimy 2LSS nomuaanTHH
NO3aAMHCKY nponiecu ¢y ttW, ttZ, tttt u peTka qu-/Tpu-0030HCKa IPOAYKIHMja, NOK y 3L KaHaly IaBHe Mo3aguHe
notudy ox mporeca ttW, ttZ, nu-6030HcKe ponyKuuje, tZ u tt.

VY o06a xaHana, JONAaTHH JONPUHOCH MO03aJMHCKUM ITpOlleCUMa MOTHYYy ox fgoraljaja ca morpemso oxpelheHnm
HAEJIeKTPHUCAbEM JICIITOHA, Ca JISNTOHNMA KOjU HE NMOTHYY M3 JUPEKTHHUX paclaja, Kao M o1 00jexara, yriIaBHOM
[IeTOBa, KOjH Cy TIOTPENTHO WACHTU()HUKOBAHM Kao JenToHW. KibydHH MpBH KOpak y Mepemy je pa3Boj ajara 3a
Pa3JIMKOBALE SIIEKTPOHA U MHOHA KOjU OTHYY U3 TUpeKTHHX pacnana W, Z u XurcoBux 6030Ha, T3B. IPOMIITHHX,
071 OHMX KOjH HacTajy y pacnamuma B-, C-, nin Jakummx XaJpoHa, Kao U JPYrHX IT03aJUHCKUX Iponeca. 3a OBy
CBpXY j€ pa3BHjeH 1mocebaH anar 3a M30Jalujy IIPOMIITHUX JIEITOHA KOjU j€ HaMEHeH Ja MoOoJbllla He CaMO OBO
HCTpakuBame, Beh U UnTaB crieKkTap HCTpaxuBama y oOkBUpY Komadopanuje ATJIAC. Bberos pa3Boj je netasbHO
ONMCaH y nomnasby S.1.

HaxoH neduHncama NpoMIITHUX JIENITOHA, Oupajy ce gorahaju ca 2LSS u 3L koHaYHKM cTamkbuMa 1 OAroBapa-
jyhum 6pojem yerosa. [Totom ce Bpim kiacupukanuja gorahaja y kareropuje CUraina U KIbyYHHX M033MHCKHX
npoteca, Kao mwro cy ttW u titt. Jla Ou ce 0BO MOCTUIIIO, IIAHUPA ce Kopulthere KIacu(puKaropa 3aCHOBAHOT Ha
apXUTEKTYpH TpaHc]opmepa HEypOHCKE MpeXke KOjH je OIMCaH y IomaBby 5.2. 3na3Ha BpeaHOCT OBOT TpaHC-
(dopmepa mpencraBiba MONHY IUCKPUMUHAHTY Koja fie ce KOPUCTHTH 3a CHMYATAHO (PUTOBAmk-E ca peaTHUM IOz~
nuMa ca aerekropa ATIIAC. V okBupy oBor (hHUTOBama, CI000IHU MapaMeTpH YKIbYUYjy Mpeceke npoaykiuje t H
u ttH, xao v HopManu3auuoHe (axrope 3a tttt u ttW.

5.1 MWnpentudukamnuja nmpoMnTHUX JienToHa momohy amara Prompt Lepton Isolation Tagger
(PLIT)

Kaxo W, Z u XurcoBu 0030HM NMajy 3aHEMapJbHBO KpaTKa COTICTBEHA BpEMEHa )KUBOTA, JISNTOHU KOjH HACTajy
y 1bUXOBHM pacrajyMa ce y allpoOKCUMalMji CMaTpajy Aa MOoTHYY U3 CaMor BEpTeKca MHTEPAKIIUje U 03Ha4YaBajy ce
Kao JIMPEKTHH WJIM IIPOMNTHU. HacynpoT ToMe, HENMpOMIITHH JIENTOHH YIJIABHOM HACTa]y Y CEMUJICIITOHCKHM pa-
ciaguma B- n C-xanpona. IlItaBuiie, HETPOMITTHHU JIGHTOHU MOTY TIOTHIIATH U U3 XaAPOHCKUX pacia/ia 7T-I1eNnToHa,
Kao M M3 pacra/ia JJAKuX XaapoHa, OMHOCHO paclaia XaapoHa KOjH Ce CacToje Of U-, d- nim s-KBapKoBa MM INTyOHa.
VY cnydajy enekTpoHa, KOHBep3Hje (OTOHA W eNEKTPOHH HACTAIHM M3 MHUOHA Takolje ce cMarpajy HEelpOMIITHHM.
VY excniepumenty ATJIAC ce kopucte uHdopmanmje u3 pa3IMuUTUX MOAJETEKTOpa Kako Ou ce MIeHTUPHUKOBale
U PEKOHCTpYyHCalle MyTame Pa3InYuTHX YecThula, Mel)y kojuma cy u nentonu. OBaj npolec je mo3Har Kao ujeH-
TUdUKanMja 1 npaheH je u301annjoM JIENTOHA, OHOCHO ofpehuBameM 1a Jiu je JenToH npoMnTaH nin He. OBa
KJIacu(uKaIyja ce y BeIMKOj MEpH 3aCHHBA Ha OA3MBY JIETEKTOPa Y HETIOCPEIHO] OIM3WHH PEKOHCTPYHCAHOT JIeTl-
ToHa. Hanme, momro B- u C-xagpoHu 00MYHO nMajy BEJIUKH TPAHCBEP3aTHU UMITYJIC, FEUXOBHU MPOAYKTH paciaza

¥Majy pelaTHBHO MAII0 YraoHO pacTojame, umja je Mepa AR = /An? + A¢*. Crora ce y HEMmOCpeaHOj GIH3HHH
HETIPOMIITHOT JIENITOHA MOTY OYEKMBATH U APYTH MPOLYKTH paciaja, ma caMuM TUM H Behn o13uB oarosapajyher
nena netekropa. C apyre cTpaHe, MPOMIITHHU JIEITOHH Cy OOMYHO M30JI0BaHHW, Ca MamkbOM aKTHBHOIINY y CBOjOj
HerocpeHoj okonuHu. MelyTum, kopumheme caMo n3MepeHe JAeNOHOBaHEe eHEepruje y AETeKTOpYy Aaje OrpaHu-
YyeHe pe3yaTare U OWIIO je HEeOIXOIHO Ja ce NCIHTA U Apyadnja MeTtona. Kako je cucremarcka HeonpeleHoCT Koja
OIIroBapa JOTPUHOCY HEMPOMIITHUX JIEIITOHA Y IPoLieCy ¢t OHiia JOMUHAHTHA Y UCIIUTHBARY Tpoueca ttH y myi-
THJICITOHCKOM (PHHAITHOM CTamy TOKOM Run 2, jexan of IiJbeBa eKCIIEPUMEHTA j€ [1a ce 0Ba Heonpel)eHOCT cMambH.
Y OpojHUM ApyrUM MepemHrMa, 0Ba Heoape)eHOCT je Omuia jeman o orpaHnuaBajyhnx ¢akrtopa KOHAYHOT Pe3yil-
tara. [la Ou ce oBa cUTyaluja Imornpasuia pasBrjeH je HoBu anropuram PLIT.

PLIT ce 3acHuBa Ha apXUTEKTypu TpaHc(hopMepa HEYpOHCKE MpeXke, Koja ce KOPUCTH 3a MAEHTH(UKALUjy
11eToBa mopekiIoM of b- u c-kBapkosa y ekcriepuMenty ATJIAC. Kanounarkuma je mokaszana na PLIT naje Gosbe
pesynrare y nopelemy ca IpeTXoAHNM reHepanrjaMa alropuramMma n3oialyje, o kojux je jenan Prompt Lepton Im-
proved Veto (PLIV). Oaj nperxonuuk PLIT-a 3acHuBa ce Ha jeTHOCTaBHU]O] ApXUTEKTYPH U ITUPOKO j& KOpHITheH
y aHasim3ama TokoM Run 2. PLIV ce ocnama Ha ipyre ajaropuT™e Kako OU H3BEO CBOje yila3He IIPOMEHJbHBE, a jelaH
ox raBHUX npeaHocty PLIT-a je enuMmuHanmja oBe 3aBUCHOCTH U 110j€AHOCTABIbEHE JIUCTE yIa3HUX IPOMEHIbU-
Bux. Kao ynasue npomensbuse, PLIT koprcTH KapakTepuCcTHKe CaMor JIENTOHA U KApaKTePHCTHKE TParosa yHyTap



koHyca ot AR < 0.4 oko nentoHa. C apyre cTpaHe, H3Jla3He BPEAHOCTH alTOPUTMA CY Pprompt ¥ Pnon—prompt
KOje oAroBapajy BepoBarHohama /a je JIEITOH IPOMITTaH WA HETIPOMIITaH, PECIIEKTHBHO.

Kannunarkuma je m3Bpuvia ontumusanyjy anropurMma PLIT 3a ycnoBe mapiiujanHor neproja NpuKkyIsbamba
noaataka Run 3 (2022-2023) u uenokymnaor Run 2 (2015-2018). OBo je 00yxBaTaio Tpu HEYpPOHCKE MpEKe 3a 00a
Meprojia MPUKYIUbamka MoIaTaka: jeIHy 3a MUOHE, JeIHY 3a €IeKTpOoHe Y peruony Oypera (eHr. barrel) (jn] < 1.37)
U jelHy 3a eJIEKTPOHE Y peruoHy mokiomana (eHr. endcap) (1.52 < |n| < 2.5). TpeHupame je U3BPIICHO HA CHMY-
nupanuM it norahajuma. OTydeHO je fa ce KOPUCTE O/IBOjEHa TPEHHMPArha 32 PA3NIUUMTE TIEPHOJIE TIPUKYTLbambha
rozataka jep ce kondurypanuje nerekropa ATIIAC u Benukor cymapada xaapoHa y Iepuony MpHKyTIJbamka oja-
taka Run 3 pasnukyjy y omHOCY Ha OHE Koje oaroBapajy nepuony Run 2. Takole, pag Eme Mapuuunh o0yxBatao je
MaXJBbUB OA0MP yJTa3HUX MPOMEHJBUBUX aJITOPUTMA, ONTUMH3AIM]Y XUIIepHapaMeTapa TpeHHHTa U OpojHe Apyre
cTynuje kako Ou ce nepdopmaHc anroputma 6oJpe pazymeo u yHanpenuo. Ha npumep, crynuje cactaBa nosaau-
He ToKa3aJe cy Ja ¢y pacnagu B-xaapoHa Hajuemhn mo3agrHCKH MpoLec, HAKOH dera ciee pacnagn C-xaapoHa
y ciIydajy MHOHA, OXHOCHO JIaKH XaJpOHM Y CIy4ajy enekrpoHa. KaHoupaTtkuma je cripoBelia aHalu3y pacroze-
JIa yIa3HuX [IPOMEHJbUBHX, KA0 M BHUILE CTyAHja O M300pYy Y/Ia3HUX MPOMEHJBUBUX 3a AJITOPUTaM, LITO je J0BEJIO
JI0 KOHa4YHE I0j€IHOCTaBJbEHE BEP3Hje JIMCTE yIa3HUX ITPOMEHJbUBHX y OJHOCY Ha OHY KOja OJroBapa aJirOpHT-
My PLIV. Konauna niicra yna3Hux NpoMeHJbMBHX Ioficeha Ha OHy Koja ce KOpUCTH 3a HACHTH(UKanujy apoMara
retoBa y excriepuMeHTy ATJIAC. CBe oBe cTymuje Oulie eTajbHO JOKYMEHTOBaHE y OAroBapajyhoj myOnukamnmju
rxonabopanuje ATIIAC, unje je 00jaBipUBamke INIAHUPAHO Y APpyToj oJdoBHUHE 2026. TONMHE.

PesynraTu Koje je KaHIUJaTKHba [ToKa3ajia y CBOM CEMUHAPCKOM paay Jokasyjy na PLIT nokasyje Behe BpeaHo-
CTH oA0anMBamka HEMPOMTHHUX JIENTOHA P HCTO] €(hUKACHOCTH 3a IPOMIITHE JIENITOHE Y Topelery ca anropurMom
PLIV u crangapaauMm pagHuM Tadkama. [IprkazaHe BpenqHOCTH on0alBama 3a eJISKTPOHE Cy OYEKHBAHO Mame
HETO OHE 3a MHOHE, jep MHOHE OOMYHO KapaKTEePHILE jaCHH]U CUTHAN Y IETEKTOPY. 3aXBajbyjyil OBUM OTHYHEM
pe3ynaruma, komabopanuja ATJIAC je ommydnia 1a yCBOjH OBaj allrOpUTaM Kao pemieme mpodieMa HaeHTH(HKa-
IMje MPOMIITHHX JIEITOHA U Jla Ta YYUHH jeIHAM OJ 3BaHHYHHUX ajaTa y o0a meprosa MpUKyIUbamka MolaTakKa.

5.2 Wpentuduxanuja norahaja momohy Tpancgopmepa

Wmajyhu y Buny ma ce npouec ¢t H mpoyuasa y McToM (PHHAIHOM CTamby Kao U ttW u titt, HeomxomHo je Ha
HEKW HaYWH Pa3IBOjUTH OBe mpoiiece. Y MPETXOIHAM MEPEmhUMa OBHX TIPOIleca MOKa3aHo je Jia MAIMHCKO YUCHe
Mo)ke OMTH BeoMa KOpHCHO 3a oBaj Tul npodiema. Crora he ce 3a pa3aBajame npoueca Hajiupe OUTH PUMEHEHE
JEIHOCTAaBHE CEJICKIIH]je KOje Ce OJJHOCE Ha Opoj IeTOBa, Opoj b-11eToBa U cIM4YHO, ayiu hie OBpX Tora OUTH yBeIeHa
U CeNeKIMja Ha OCHOBY HM3JIa3HE MPOMEHJFHBE HEYPOHCKE MPEKE ca apXUTEKTYpOoM TpaHchopmepa Kako Ou ce
noBehana oceTJbUBOCT Mepema. [lopen onpehuBama koje yiaa3He NPOMEHIbUBE TpeOa KOPUCTUTH Y TPEHUPAY,
KaHIIUIATKHbA je AeduHrcaa ceNeKInjy gorahaja koja ce KOpUCTH 3a NepuHNCame Y30pKa Ha/l KOjUM C€ TPEHUHT
spiun. OBa cenekuuja je mpuMer-eHa Ha tttt, tt H u ttWW Momnte Kapio y30pke, a [MJb B-€HE IIPUMEHE j& CMambEHhe
yTunaja gorahaja ciMuHMX cUTHaTypa y JeTekropy Ha ¢unHanaH pesynrtar. Monre Kapno y3opak tH Huje 6uo
YKJbYYEH Y TPEHHHT, jep Y TPEHYTKY MUCarmha CEMUHAPCKOT Pajia OH HUje OHO TOCTynaH. Y OKBUPY CBOT H3Jarama,
KaHAWIaTKUEbA je ToKa3aa Ja airopuTaM uMa oIjInuHy Moh pasaBajara npoieca titt o ocTaauX Mpoueca, aam
Ia je ¢ Ipyre CTpaHe Texe pasasHatw ttH mponec. Jeman ox Moryhmx kopaka ka yHarpehemy OBOT Mepema je
nosehame Gpoja ¢t H morahaja y y30pKy Koju ce KOPHCTH 3a TpeHupame. CXOIHO TOME, KaHAUIATKHIbA j€ TOIHENa
3axteB konabopanuju ATJIAC 3a HoBy Monte Kapiio nponykiujy u Takolje je IIaHupaHo Ja y TOKY OCTaTka CBOT
paja Ha Mepery M3BPIIM ONTHMHU3ALI]Y XUIIepHapaMerapa alropuTMma.



6 3akspyyak

Kannunarkumwa Ema Mapuunh ucnyHuia je cBe mpornucane ycioBe 3a IPUCTYIake U3paan TOKTOPCKE JHcep-
taruje. [Tonoxuna je cBe UCIIUTE Ha TOKTOPCKUM CTyIHjaMa U OJOpaHmIIa je TeMy JTOKTOpCcKe mucepTanuje Ha Ko-
JeTHjyMy HOKTOPCKHX cTynuja dusudkor dakynrera onpkanom 10. merem6pa 2025. roguae. Mima o0jaBibeHa qBa
panau jenHo caommTeke ca KoHpepeHyuje. Ha ocHOBY m3BeITaja, KOMUCH]a j€ 3aKJbyUHIIa Ja je TeMa JICepPTaLije
3HadajHa, 1oOpo AeduHUCaHa, U a ce YKIala y CaBpeMeHa HCTPAKIBAKA Y eKCIIEPUMAHTAIHO] (QH3HIIN BUCOKUX
eHepruja. OueknBaHU Hay4YHH JOTPUHOC Te3e je BUCOKO peneBaHTaH. Komucuja mpemnaxe HayuHo-HacTaBHOM
Behy ®dusnukor ¢akynrera Yausepsurera y beorpany na Emu Mapuuuh onobpu uspany aucepranumje ,,[Ipenu-
3Ha Mepemha NPoAYyKIHje XUrcoBor 0030HA Yy acOLMjalijy ca Tol kBapkoBuMa nmomohy excriepumenta ATJIAC Ha
JIXII-y” nox pyxoBoactBoM np Jenerne Jopuheruh u np Anpuja barrakya.

Beorpan, 23. mapt 2026. rogune
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TO THE TEACHING AND SCIENTIFIC COUNCIL

OF THE FACULTY OF PHYSICS,
UNIVERSITY OF BELGRADE

Having been appointed at the 4th meeting of the Teaching and Scientific Council of the
Faculty of Physics, University of Belgrade, held on February 25, 2026, as members of the
Committee to evaluate the fulfillment of requirements and the justification of the proposed
topic for the doctoral dissertation of Ema Marici¢, entitled “Precision measurements of the
Higgs boson production in association with top quarks with the ATLAS experiment at the
LHC”, and to propose the dissertation supervisor, we hereby submit the following

REPORT

1 Biography

Ema Mari¢i¢ was born on March 12, 2000, in Cacak, where she completed her
primary and secondary education. In the 2018/2019 academic year, she enrolled in the
Bachelor’s programme in Theoretical and Experimental Physics at the Faculty of Physics,
University of Belgrade, graduating in 2022 with an average grade of 9.74. During her
undergraduate studies, she participated in the CERN Summer Student Programme.

She enrolled in the Master’s programme in the same field in 2022 and completed
it on September 4th, 2023, with an average grade of 10. Her Master’s thesis, entitled
“Search for the Higgs boson produced in association with a top quark—antiquark pair in
the decay to a bottom quark—antiquark pair at high transverse momentum of the Higgs
boson”, was carried out at the Institute of Physics Belgrade under the supervision of Dr
Jelena Jovicéevié, Senior Research Associate at the Institute of Physics Belgrade, and Dr
Predrag Milenovié¢, Associate Professor at the Faculty of Physics. The thesis constitutes a
contribution to an analysis within the ATLAS experiment, the results of which have been
published in the international journal European Physical Journal C. During her Master’s
studies, she also attended the Summer School of the University of Silesia and completed an
internship at the Laboratory for High Energy Physics at the Institute of Physics Belgrade,
both in the field of high energy physics.

In the 2023/2024 academic year, she enrolled in a joint doctoral programme in High
Energy Physics and Nuclear Physics at the Faculty of Physics, University of Belgrade,
and Université Paris-Saclay, France. She passed all required examinations with an average
grade of 9.5. The topic of her doctoral dissertation, “Precision measurements of the Higgs
boson production in association with top quarks with the ATLAS experiment at the LHC”,
was approved by the Doctoral Studies Committee of the Faculty of Physics on December
10, 2025.

In January 2025, she successfully completed the qualification task for authorship within
the ATLAS Collaboration, during which she developed the Prompt Lepton Isolation Tagger
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(PLIT), an algorithm for improved identification of leptons in complex events. Based on
this work and the expertise gained, she was invited by the ATLAS Collaboration to co-lead
the analysis Development of Prompt Lepton Isolation Tagger in Run 2 and Run 3, which
includes algorithm development, the definition of efficiency working points, and efficiency
calibration on experimental data.

Ema Marici¢ has participated in several workshops and conferences where she presented
the results of her work, including the International Conference on High-Energy Physics
(ICHEP) in Prague, the Top LHC France workshop in Paris, and a meeting of the LHC
Committee at CERN. She has also attended two international schools. She was selected
as one of three representatives of the Republic of Serbia in the Early-Career Researchers
panel of the European Committee for Future Accelerators (ECFA) and is a member of its
organising committee.

Since October 2025, she has been involved in the COST Action FEdge Deep Learning
for Particle Physics (EPIGRAPHY - CA24158) funded by the European Commission, and
since December of the same year in the COST Action Machine Learning and Quantum
Computing for Future Accelerators (MLQC4FC - CA24146). She was a member of the
Local Organising Committee of the Large Hadron Collider Physics conference, one of
CERN’s major conferences, held in Belgrade in 2023. Together with Dr Jelena Joviéevic,
she co-supervised two undergraduate students during their internships at the Institute of
Physics.

In 2022 and 2024, she participated in the organisation of the international Physics
Masterclass programme for high school students in Serbia, under the auspices of CERN
and the International Particle Physics QOutreach Group. This programme involves the
University of Belgrade, as well as the universities of Novi Sad, Nis, and Kragujevac. In
2026, she participated in the same event as a moderator, working with students from
various African and European countries.

Since November 7, 2023, she has been employed as a Junior Research Assistant at the
Laboratory for High Energy Physics, Institute of Physics Belgrade.

2 Published scientific papers of the candidate

The scientific results of the candidate, Ema Maric¢i¢, belong to the field of experimental
high energy physics, with contributions to the ATLAS experiment at CERN since 2022.
Her work includes the analysis of Higgs boson production in association with top quarks, as
well as the development of modern machine-learning-based algorithms for lepton isolation
(Prompt Lepton Isolation Tagger — PLIT). The results have been presented in a leading
international journal and in the proceedings of an international conference, and the achieved
contributions are applicable to future measurements within the ATLAS Collaboration.

In addition to the results in high energy physics, the list of publications also includes
one paper from another field, which is reported in accordance with the submitted materials.

Based on the provided list of publications and accompanying documentation, the
candidate has published:

e M21 (papers in leading international scientific journals): 2 papers;

e M33 (full papers in the proceedings of international scientific conferences): 1 contri-
bution.



Total: 3 publications (2xM21 + 1xM33).

List of publications:

[1] ATLAS Collaboration (with E. Mari¢i¢), Measurement of the associated production
of a top-antitop-quark pair and a Higgs boson decaying into a bb pair in pp collisions
at v/s = 13 TeV using the ATLAS detector at the LHC, European Physical Journal
C 85 (2025),

DOI: https://doi.org/10.1140/epjc/s10052-025-13740-x

[2] M. Spasojevi¢, M. Lukovi¢, S. Arnaut, E. Maric¢i¢, M. Spasojevi¢, The influence
of mechanochemical activation and thermal treatment on magnetic properties of the
BaTiOsFe, O, powder mixture, Science of Sintering 47(1):3-14,

DOI: https://doi.org/10.1016%2Fj.matchemphys.2022.125987

List of conference proceedings:

[1] E. Marici¢, Enhancing Prompt Lepton Identification: Development and Optimi-
sation of the PLIT Tagger; ICHEP2024, Prague, Czech Republic; 17-24 Jul 2024;
Proceedings of Science (2025), page 963,

DOI: https://doi.org/10.22323/1.476.0963



3 Information on the proposed supervisors

Name and surname: Jelena Jovicevié
Title: Senior Research Associate; Institute of Physics Belgrade, University of Belgrade

Selected references of Dr Jelena Joviéevié:

[1] ATLAS Collaboration (with J. Jovicevi¢), Measurement of the associated pro-
duction of a top-antitop-quark pair and a Higgs boson decaying into a bb pair in pp
collisions at /s = 13 TeV using the ATLAS detector at the LHC, European Physical
Journal C' 85 (2025), ISSN: 1434-6052, 5-year IF: 4.8

[2] ATLAS Collaboration (with J. Jovicevic), Measurement of top-quark pair produc-
tion in association with charm quarks in proton-proton collisions at \/s = 13 TeV
with the ATLAS detector, Physics Letters B 860 (2025) 139177, ISSN: 1873-2445,
b-year IF: 4.8

[3] ATLAS Collaboration (with J. Jovicevi¢), Probing the CP nature of the top-Higgs
Yukawa coupling in ttH and t H events with H — bb decays using the ATLAS detector
at the LHC, Physics Letters B 849 (2024) 138469, ISSN: 1873-2445, 5-year IF: 4.5

[4] ATLAS Collaboration (with J. Jovicevi¢), A detailed map of Higgs boson inter-
actions by the ATLAS experiment ten years after the discovery, Nature 607, 52-59
(2022), ISSN: 1476-4687, 5-year IF: 48.5

[5] ATLAS Collaboration (with J. Joviéevi¢), Observation of H — bb decays and
VH production with the ATLAS detector, Physics Letters B 786 (2018) 59, ISSN:
1873-2445, 5-year IF: 4.5

Name and surname: Henri Bachacou
Title: Senior Research Scientist; Institute of Research into the Fundamental Laws of the

Universe (IRFU), Commissariat a 'énergie atomique et aux énergies alternatives (CEA),
Université Paris-Saclay
Selected references of Dr Henri Bachacou:

[1] ATLAS Collaboration (with H. Bachacou), Measurement of single top-quark
production in association with a W boson in pp collisions at /s = 13 TeV with the
ATLAS detector, Physical Review D 110 (2024) 072010, ISSN: 2470-0029, 5-year IF:
5.3

[2] ATLAS Collaboration (with H. Bachacou), Studies of the muon momentum
calibration and performance of the ATLAS detector with pp collisions at /s = 13
TeV, European Physical Journal C 83 (2023) 686, ISSN: 1434-6052, 5-year IF: 5.3

[3] ATLAS Collaboration (with H. Bachacou), Measurement of Higgs boson decay into
b-quarks in associated production with a top-quark pair in pp collisions at \/s = 13
TeV with the ATLAS detector, Journal of High Energy Physics 06 (2022) 97, ISSN:
1029-8479, 5-year IF: 5.5

[4] ATLAS Collaboration (with H. Bachacou), CP Properties of Higgs Boson In-
teractions with Top Quarks in the ttH and tH Processes Using H — ~vy with the
ATLAS Detector, Physics Letters B 784 (2018) 173, ISSN: 1873-2445, 5-year IF: 4.5
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[5] ATLAS Collaboration (with H. Bachacou), Observation of Higgs boson production
wm association with a top quark pair at the LHC with the ATLAS detector, Physics
Letters B 784 (2018) 173, ISSN: 1873-2445, 5-year IF: 4.5

4 The subject and the objective of the doctoral
dissertation. Expected results and scientific
contribution

Ema Mari¢ié¢’s doctoral research is conducted in the field of experimental high energy
physics within the ATLAS experiment at the Large Hadron Collider (LHC) at CERN. The
first part of the research focuses on the development of the Prompt Lepton Isolation Tagger
(PLIT), an algorithm used for lepton isolation in order to distinguish leptons originating
from prompt decays of W, Z, and Higgs bosons from those produced in secondary decays
of particles generated in the collision. This algorithm is used in multiple physics analyses
within the ATLAS Collaboration.

The second part of the research concerns the study of Higgs boson production in
association with top quarks, ttH and tH, for proton—proton collisions at the centre-of-
mass energy of 1/s = 13.6 TeV, using data collected during the 2022-2024 period. The
expected outcome is the measurement of the production cross sections for these processes,
with a significant improvement over the current best results from the ATLAS and CMS
experiments, driven in part by the use of the algorithm developed during the first phase of
the doctoral studies. Further improvements are expected from the application of modern
machine learning techniques.

The Standard Model (SM) of particle physics provides a theoretical framework de-
scribing all known fundamental interactions except gravity and classifies the elementary
particles that constitute the Universe. The coupling of the Higgs boson to fundamental
fermions is described by Yukawa interactions, with coupling strengths proportional to the
fermion masses. These couplings are experimentally determined from measurements of
production cross sections and branching fractions of particles produced in collisions at
the LHC. All couplings can be probed through direct or indirect measurements. Direct
measurements, which provide higher precision, arise from tree-level processes, while indi-
rect determinations are obtained from loop-induced processes, where the couplings enter
through virtual particles in the loops.

The coupling of the Higgs boson to the top quark, the heaviest known fermion, is
of particular importance both within the SM and in models of physics beyond the SM.
Its study enables tests of the consistency of the coupling strength with SM predictions,
while any deviation from the predicted value may indicate which extensions of the SM
are relevant. As the top quark is significantly heavier than the Higgs boson, this coupling
can be directly probed only through production processes. The associated production of a
Higgs boson with a top-quark pair, t¢H, represents the most sensitive production mode
for a direct measurement of the top-quark Yukawa coupling.

Another important process for probing this coupling is the production of a Higgs boson
in association with a single top quark (¢H). This process receives contributions from
diagrams involving the Higgs boson coupling to the top quark and from diagrams involving
its coupling to the W boson, with interference between the corresponding amplitudes. As
a result, tH production is sensitive not only to the magnitudes of these couplings but also
to their relative sign.



For the study of the ttH and tH processes, the following Higgs boson decay channels
will be considered: H — ZZ* H — WW?*, and H — 777, including both leptonic and
hadronic decay modes of the 7 lepton. These decay channels, characterized by multiple
leptons in the final state, form the so-called multilepton (ML) final state.

The ATLAS and CMS experiments at the LHC have already studied the ttH and
tH production processes. The most precise current measurement of the ¢t¢H production
cross section is obtained by the ATLAS Collaboration, ¢ = 411%35' fb. When only
the multilepton final state is considered using Run 2 data (2015-2018), the precision is
somewhat lower, o = 321150? fb.

For the t£H (bb) channel, the result is consistent with the SM prediction and corresponds
to an observed (expected) significance of 4.6 (5.4) standard deviations, while the ¢t H (ML)
result corresponds to an observed (expected) significance of 3.3 (5.3) standard deviations.
On the other hand, studies of the tH process in the ATLAS and CMS experiments show
a discrepancy of more than 2 standard deviations between the measured and predicted
production cross sections.

It is also important to consider existing ATLAS measurements of processes that have
similar detector signatures to the t¢H and tH processes studied in this thesis. These
processes, tttt and ttWW, constitute important backgrounds for the study of ttH and tH and
therefore require precise modelling. Both measurements have been performed using the
full Run 2 dataset and exhibit mild tension with Standard Model predictions. Within the
scope of this doctoral research, the modelling of these processes will be carefully evaluated.

The study of the t¢H and tH processes and the measurement of their cross sections in
this thesis will be based on data collected during part of the Run 3 data-taking period
(2022-2024). This will constitute the first study using data at /s = 13.6 TeV and the
first result at this centre-of-mass energy. In addition, both processes will be studied
simultaneously for the first time without imposing prior assumptions that either of them
follows the SM prediction.

In addition to the new dataset, significant improvements in the expected results are
anticipated from newly developed analysis tools, such as the Prompt Lepton Isolation
Tagger (PLIT). Furthermore, within the collaboration, improvements have been achieved in
lepton charge identification, in the discrimination of jets originating from b- and c-quarks,
and in their identification performance. As several components of the ATLAS detector
have been upgraded between Run 2 and Run 3, improved detector performance is also
expected.

This measurement will provide important guidance for future studies of the ttH and
tH processes using the full Run 3 dataset (2022-2026).

5 Research methodology

The primary objective of this doctoral dissertation is the first study of the ¢tH and tH
processes in the multilepton final state during the Run 3 data-taking period, using an
approach based on a minimal set of assumptions. The analysis focuses on the following
Higgs boson decay channels: H — WW* H — 777, and H — ZZ*.

In this context, the multilepton final state includes events with two same-sign leptons
(2LSS) or three leptons (3L), where a lepton (L) denotes an electron or a muon. These two
channels provide an optimal balance between the available signal statistics and the level of
background contamination. In the 2LLSS channel, the dominant background processes are



ttW, ttZ, tttt, and rare di- and tri-boson production, while in the 3L channel the main
backgrounds arise from ttW, ttZ, diboson production, ¢tZ, and tt processes.

In both channels, additional background contributions originate from events with
misidentified lepton charge, non-prompt leptons, and objects—primarily jets—misidentified
as leptons. A key initial step in the measurement is the development of tools to distinguish
electrons and muons originating from prompt decays of W, Z, and Higgs bosons from
those produced in decays of B-, C-, or lighter hadrons, as well as other background sources.
For this purpose, a dedicated prompt lepton isolation tool has been developed, aimed
at improving not only this analysis but also a broad range of studies within the ATLAS
Collaboration. Its development is described in detail in Chapter 5.1.

After defining prompt leptons, events with 2L.SS and 3L final states and the corre-
sponding number of jets are selected. These events are then classified into signal and
key background categories, such as ttW and tttt. To achieve this, the use of a classifier
based on a transformer neural network architecture is foreseen, as described in Chapter 5.2.
The output of this transformer provides a powerful discriminant, which will be used in a
simultaneous fit to data collected with the ATLAS detector. In this fit, the free parameters
include the production cross sections of tH and ttH, as well as normalization factors for
the tttt and ttW processes.

5.1 Prompt lepton identification using Prompt Lepton Isolation
Tagger (PLIT)

As the W, Z, and Higgs bosons have negligibly short lifetimes, leptons produced in
their decays are, to a good approximation, considered to originate from the primary
interaction vertex and are referred to as prompt leptons. In contrast, non-prompt leptons
predominantly arise from semileptonic decays of B- and C-hadrons.

Furthermore, non-prompt leptons can also originate from hadronic decays of 7 leptons,
as well as from decays of light hadrons, i.e. hadrons composed of u-, d-, or s-quarks or
gluons. In the case of electrons, photon conversions and electrons originating from muons
are also classified as non-prompt.

In the ATLAS experiment, information from various subdetectors is used to identify
and reconstruct particle trajectories, including those of leptons. This process is referred to
as identification and is accompanied by lepton isolation, i.e. the determination of whether a
lepton is prompt or non-prompt. This classification relies strongly on the detector response
in the immediate vicinity of the reconstructed lepton.

Since B- and C-hadrons typically have large transverse momentum, their decay products
tend to be collimated, resulting in a small angular separation quantified by AR =
V/(An)?2 + (A¢)?. Therefore, additional decay products—and consequently increased
detector activity—are expected in the vicinity of a non-prompt lepton. In contrast, prompt
leptons are typically isolated, with lower activity in their surroundings. However, relying
solely on the measured energy deposited in the detector yields limited performance,
motivating the exploration of alternative approaches. As the systematic uncertainty
associated with non-prompt leptons in ¢f processes was dominant in the study of ttH
production in the multilepton final state during Run 2, reducing this uncertainty has been
one of the key objectives of the experiment. In many other measurements, this uncertainty
has also been a limiting factor in the final result. To address this issue, a new algorithm,
PLIT, has been developed.

The PLIT algorithm is based on a transformer neural network architecture, similar to




those used for the identification of jets originating from b- and c-quarks in the ATLAS
experiment. The candidate has demonstrated that PLIT achieves improved performance
compared to previous generations of isolation algorithms, including the Prompt Lepton
Improved Veto (PLIV). This predecessor relies on a simpler architecture and was widely
used in analyses during Run 2. The PLIV algorithm depends on other algorithms to
construct its input variables, whereas one of the main advantages of PLIT is the removal
of this dependence and the simplification of the input feature set. As input variables,
PLIT uses properties of the lepton itself and features of tracks within a cone of AR < 0.4
around the lepton. The outputs of the algorithm are pyrompt and puon-prompt, corresponding
to the probabilities that the lepton is prompt or non-prompt, respectively.

The candidate performed an optimisation of the PLIT algorithm for the conditions
corresponding to a partial Run 3 dataset (2022-2023) and the full Run 2 dataset (2015
2018). This included training three neural networks for each data-taking period: one for
muons, one for electrons in the barrel region (|n| < 1.37), and one for electrons in the
endcap region (1.52 < |n| < 2.5). The training was performed using simulated ¢t events.
Separate trainings were used for different data-taking periods due to differences in the
ATLAS detector configuration and LHC running conditions between Run 2 and Run 3.

The work of Ema Mari¢i¢ also included a careful selection of input variables, opti-
misation of training hyperparameters, and numerous additional studies aimed at better
understanding and improving the algorithm performance. For example, studies of the
background composition showed that decays of B-hadrons constitute the dominant back-
ground, followed by decays of C-hadrons in the case of muons and light hadrons in the case
of electrons. The candidate performed detailed studies of the input variable distributions,
as well as multiple investigations of input feature selection, leading to a final, simplified
set of input variables compared to that used in PLIV. The final set of input features
resembles that used in jet flavour tagging in the ATLAS experiment. All these studies will
be documented in detail in a forthcoming ATLAS Collaboration publication, planned for
the second half of 2026.

The results presented by the candidate in her seminar work demonstrate that PLIT
achieves higher rejection of non-prompt leptons at the same prompt lepton efficiency
compared to PLIV and standard working points. The rejection performance for electrons
is, as expected, lower than that for muons, due to the typically cleaner detector signature
of muons. Owing to these excellent results, the ATLAS Collaboration has decided to adopt
this algorithm as a solution for prompt lepton identification and to establish it as one of
the official tools for both Run 2 and Run 3 data-taking periods.

5.2 Event identification with transformers

Given that the ttH process is studied in the same final state as t£W and tttt, it is necessary
to distinguish between these processes. Previous measurements have demonstrated that
machine learning techniques can be highly effective for this type of problem. Therefore,
the separation of processes will first rely on basic event selections based on variables such
as the number of jets and the number of b-tagged jets. In addition, a selection based on
the output of a neural network with a transformer architecture will be introduced in order
to enhance the sensitivity of the measurement.

In addition to defining the input variables used for training, the candidate has estab-
lished an event selection used to construct the training sample. This selection was applied
to Monte Carlo samples of tttt, ttH, and ttW processes, with the goal of reducing the



impact of events with similar detector signatures on the final result. The tH Monte Carlo
sample was not included in the training, as it was not available at the time of the seminar
work.

In her presentation, the candidate demonstrated that the algorithm provides excellent
discrimination of the tttt process from the other processes, while the separation of the ttH
process remains more challenging. One possible step towards improving the measurement
is to increase the number of ttH events in the training sample. Accordingly, the candidate
has submitted a request to the ATLAS Collaboration for a new Monte Carlo production
and plans to further optimise the algorithm hyperparameters in the continuation of this
work.



6 Conclusion

The candidate, Ema Marici¢, has fulfilled all the prescribed requirements for commenc-
ing work on her doctoral dissertation. She has passed all required doctoral examinations
and successfully defended the topic of her doctoral dissertation before the Doctoral Studies
Committee of the Faculty of Physics on December 10, 2025. She has published two papers
and one conference proceedings.

Based on the submitted report, the Committee has concluded that the proposed
dissertation topic is significant, well-defined, and aligned with contemporary research in
experimental high energy physics. The expected scientific contribution of the thesis is
highly relevant.

The Committee therefore recommends to the Teaching and Scientific Council of the
Faculty of Physics, University of Belgrade, that Ema Mari¢i¢ be granted approval to
undertake the doctoral dissertation entitled “Precision measurements of the Higgs boson
production in association with top quarks with the ATLAS experiment at the LHC”, under
the supervision of Dr Jelena Joviéevié and Dr Henri Bachacou.
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