
NASTAVNO-NAUQNOM VE�U

FIZIQKOG FAKULTETA UNIVERZITETA U BEOGRADU

Na sednici Nastavno-nauqnog ve�a Fiziqkog fakulteta Univerziteta u Beogradu, o-

dr�anoj 19. novembra 2025. godine, imenovani smo za qlanove komisije za ocenu doktorske

disertacije pod nazivom
”
Mere�e trostruke samointerakcije Higsovog bozona u kanalu

raspada na qetiri leptona eksperimentom CMS\, koju je podneo kandidat Lazar Marko-

vi�. Disertacija je ura�ena pod zajedniqkim mentorstvom prof. dr Predraga Milenovi�a

sa Fiziqkog fakulteta Univerziteta u Beogradu i prof. dr Roberta Kovarelija sa De-

partmana za fiziku Univerziteta u Torinu. Nastavno-nauqnom ve�u Fiziqkog fakulteta

podnosimo slede�i

I Z V E X T A J

1 Osnovne informacije o kandidatu

1.1 Biografski podaci

Lazar Markovi� je ro�en 6. avgusta 1996. godine u Beogradu. Zemunsku gimnaziju je

zavrxio 2015. godine. Osnovne studije na Fiziqkom fakultetu, na programu teorijska

i eksperimentalna fizika, zavrxio je 2020. godine sa proseqnom ocenom 9,59 (devet i

59/100).

Master studije iz fizike zavrxio je na matiqnom fakultetu, na programu teorijska

i eksperimentalna fizika, 2021. godine sa proseqnom ocenom 10 (deset). Tokom master

studija Lazar je postao qlan CMS kolaboracije u CERN-u. Master rad
”
Potraga za no-

vim pojavama u proizvod�i i raspadu Higsovog bozona korix�e�em metode efektivnih

teorija po	a\, ura�en pod mentorstvom prof. dr Predraga Milenovi�a, odbra�en je na

Fiziqkom fakultetu sa proseqnom ocenom 10 (deset).

Lazar Markovi� je upisao doktorske studije iz fizike u u�oj nauqnoj oblasti Nu-

klearna fizika i fizika visokih energija u akademskoj 2021/2022. godini na Fiziqkom

fakultetu Univerziteta u Beogradu i na Departmanu za fiziku Univerziteta u Torinu.

Od januara 2022. do avgusta 2023. ve�inu vremena proveo je u Torinu radi istra�ivaqkog

usavrxava�a, rade�i u laboratoriji za inovativne silicijumske detektore. Od avgusta

2023. do avgusta 2024. ve�inu vremena proveo je u CERN-u radi istra�iva�a i struqnog

usavrxava�a. Na oba univerziteta polo�io je sve predvi�ene ispite, a na Univerzitetu

u Beogradu ostvario je proseqnu ocenu 10 (deset).

Od marta 2021. (qetiri semestra) Lazar dr�i raqunarske ve�be iz predmeta Fizika

elementarnih qqestica, a od novembra 2021. (tri semestra) tako�e i raqunarske ve�be

iz predmeta Vixi kurs iz fizike elementarnih qestica 1. Jedan je od koautora labora-

torijskog priruqnika pisanog za ove predmete i trenutno uqestvuje u pripremi zbirke

zadataka. Od oktobra 2024. vodi raqunarske i laboratorijske ve�be na dva predmeta: 1.

Fizika jezgra i qestica, 2. Nuklearna fizika.



Od marta 2022. Lazar je zaposlen na Fiziqkom fakultetu Univerziteta u Beogradu na

poziciji istra�ivaq{pripravnik, a od oktobra 2024. zaposlen je na poziciji asistenta

u u�oj nauqnoj oblasti nuklearna fizika.

1.2 Nauqna aktivnost

Paralelno sa master studijama, Lazar je kao qlan ATLAS kolaboracije u CERN-

u poha�ao presti�nu CERN-ovu let�u xkolu, gde je sproveo istra�iva�e i zavrxio

zavrxni projekat u oblasti supersimetrije na temu
”
Proizvod�a parova gluina na LHC-

u\.

Tokom doktorskih studija, istra�iva�e Lazara Markovi�a fokusiralo se na prouqa-

va�e samointerakcije Higsovog bozona. To je obra�eno mere�em referentnog preseka Hig-

sovog bozona u kanalu sa qetiri leptona i da	e prelaskom na analizu
”
off-shell”regiona

mase qetiri leptona. U toj oblasti efekti u prvom narednom redu kvantnih korekci-

ja (next-to-leading-order) u proizvod�i i raspadu Higsovog bozona pru�aju oset	ivost

na mogu�e anomalije u samointerakciji. Tokom tih studija kolega Markovi� je radio

i na proraqunima popreqnih preseka visokog reda korix�e�em softvera MATRIX, kao

i na laboratorijskom testira�u i kvalifikaciji ultra-brzih silicijumskih detektora

(UFSD).

Na osnovu svog rada i steqenog zna�a, Lazar je postao kontakt osoba CMS kolabora-

cije za generator Monte Karlo doga�aja MATRIX i HZZ MC kontakt osoba unutar CMS

kolaboracije, qime je postao ekspert na nivou kolaboracije odgovoran za simulaciju svih

procesa relevantnih za mere�a i za interne revizije u HZZ grupi.

Lazar Markovi� je poha�ao tri ve�e CERN-ove xkole posve�ene fizici visokih ener-

gija, statistiqkim metodama analize podataka i eksperimentalnim tehnologijama. Tako-

�e je uqestvovao na nekoliko radionica i konferencija gde je prezentovao rezultate svog

rada.

2 Opis predate disertacije

2.1 Osnovne informacije

Teza je ura�ena pod zajedničkim mentorstvom prof. dr Predraga Milenovi�a sa Fa-

kulteta za fiziku Univerziteta u Beogradu i prof. dr Roberta Kovarelija sa Departma-

na za fiziku Univerziteta u Torinu. Istra�ivaqki interesi oba mentora su u oblasti

fizike visokih energija, a ve� vixe godina su qlanovi CMS kolaboracije. Rad se sa-

stoji od 6 poglav	a, uk	uquju�i uvod i zak	uqak, kao i tri priloga, i ukupno ima 110

stranica. Ukupno sadr�i 72 slike, 25 tabela i 246 referenci.

2.2 Predmet i ci	 doktorske disertacije

Nauqna oblast disertacije je nuklearna fizika i fizika visokih energija. Diserta-

cija Lazara Markovi�a fokusirana je na prouqava�e samointerakcije Higsovog bozona.

Analiza ima za ci	 mere�e konstante spreza�a koja opisuje interakciju Higsovog bozona



sa samim sobom, xto je predvi�eno Standardnim modelom ali je jox uvek relativno slabo

eksperimentalno istra�eno.

Glavni ci	 istra�iva�a je mere�e trostruke interakcije Higsovog bozona (oznaqe-

ne kao κλ), xto je k	uqno za razumeva�e mehanizma naruxe�a elektroslabe simetrije i

porekla mase elementarnih qestica. Ispitan je raspad
”
off-shell” Higsovog bozona u qe-

tiri leptona (dva para elektrona ili miona) preko dva Z bozona. Ovaj kanal je veoma

interesantan zbog relativno qistog signala sa malom pozadinom, ali je izuzetno redak.

Istra�iva�e koristi podatke prikup	ene CMS detektorom, jednim od glavnih ek-

sperimenata na Velikom hadronskom sudaraqu (LHC) u CERN-u, sa fokusom na podat-

ke iz proton{proton sudara iz Run 2 i Run 3 (godina 2022). Korix�ene su originalne

Monte Karlo simulacije za modelova�e kako signala (trostruka samointerakcija Hig-

sove proizvod�e u Standardnom modelu i u okviru Efektivnog po	a) tako i razliqitih

pozadinskih procesa. Za izdvaja�e odstupa�a od Standardnog modela korix�ene su mul-

tivarijantne metode analize, kao xto su diskriminante zasnovani na teoriji matriqnih

elemenata.

Tokom doktorskih studija, kandidat se tako�e bavio izraqunava�ima popreqnih pre-

seka visokog reda koriste�i MATRIX i laboratorijskim testira�em ultra-fast silicon de-

tektora (UFSD).

2.3 Relevantne publikacije

A1 F. Siviero, R. Arcidiacono, G. Borghi, M. Boscardin, N. Cartiglia, M. Costa, G.-F. Dalla

Betta, M. Ferrero, F. Ficorella, M. Mandurrino, L. Markovic, L. Pancheri, G. Paternoster,

V. Sola, M. Tornago

Design optimization of the UFSD inter-pad region

Nucl. Instrum. Meth. A, 10.1016/j.nima.2024.169153, 2024

A2 CMS collaboration (with Lazar Markovic)

Measurements of the Higs boson production cross section in the four-lepton final state in

proton-proton collisions at
√
s = 13.6 TeV

JHEP, 10.1007/JHEP05(2025)079, 2025

Citati:

A1 1. Lastovicka-Medin, G., Kramberger, G., Kroll, J., and Rebarz, M.

Impact of the Guard Rings on Self-Induced Signal and Leakage Current in Trench-

Isolated Low Gain Avalanche Diodes

SENSORS 10 (2025) 3006.

2. Sola, V. et al.

The first batch of compensated LGAD sensors

NIM A 1064 (2024) 169453

A2 1. CMS Collaboration (Hayrapetyan, A. et al.)

Measurements of inclusive and differential Higs boson production cross sections at√
s = 13.6 TeV in the H → γγ decay channel, JHEP 09 (2025) 070.



2.4 Prikaz nauqnih rezultata prikazanih u disertaciji

Disertacija je strukturirana u poglav	a i mogu se izdvojiti tri dela u kojima je

jasno prikazan originalan doprinos kandidata.

1. Mere�a vezana za UFSD

Relevantne reference: [A1, C1, C2]

U pripremi za nadograd�u detektora CMS za High-Luminosity LHC razvijaju se UFSD

detektori za precizna mere�a vremena u regionu zatvaraqa (endkap) . Studija me�upodnih

(inter-pad) rasporeda usredsredila se na optimizaciju geometrije i profila dopira�a,

a rezultati inicijalne serije proizvod�e ukazuju da je mogu�e posti�i me�upodne xirine

od oko 25 µm u optimizovanim uslovima.

Elastomerna postavka omogu�ava mere�e ukupne struje cure�a kontaktira�em svih

pojedinaqnih padova senzora. Oblik naponsko{strujnih krivih uopxteno prati oqekiva-

�a proizvo�aqa, mada uz sma�enu preciznost za senzore sa dub	im implantima. U nekim

sluqajevima izmerene struje su ve�e od onih koje navodi proizvo�aq, xto sugerixe da

je postavka u sta�u da uhvati opxti trend, ali da su potrebna dodatna pobo	xa�a i

istra�iva�a kako bi se identifikovali uzroci razlika.

2. Mere�e efikasnih preseka Higsovog bozona

Relevantne reference: [A2]

Mere�e fiducijalnog efikasnog preseka kanala H → ZZ → 4l pri
√
s = 13.6TeV

pokazalo je odliqnu saglasnost sa oqekiva�ima Standardnog modela. K	uqni doprinos

bila je procena NNLO QCD i NLO EW efiksanih preseka za nerezonantni ZZ proces.

MATRIX okvir se pokazao robusnim alatom za precizne predikcije Standardnog mo-

dela, posebno za dibozonske procese. Korix�e�emMATRIX-a na NNLO QCD taqnosti (uz

NLO EW korekcije gde su dostupne) omogu�ene su precizne procene popreqnih preseka na

energiji relevantnoj za Run 3 uslove LHC-a, pri qemu kombinacija NNLO QCD i NLO

EW korekcija daje taqnost na nivou procenata za ZZ proizvod�u.

3. Mere�e samointerakcije Higsovog bozona u off-shell re�imu

Inovativna strategija za ispitiva�e samointerakcije u off-shell proizvodnom re�i-

mu pokazala je da se kanal H → ZZ → 4l mo�e koristiti za ograniqava�e parametra

samointerakcije. Matriqni elementi uk	uquju�i SMEFT c6 korekcije prebaqeni su sa

MCFM 8.0 na JHUGen-MCFM Monte Carlo alate, omogu�avaju�i analize zasnovane na

elementima matrice. Efikasni preseci su izraqunati sa pojedinaqnim ili kombinova-

nim korekcijama (proizvod�a, propagacija, raspad) i pore�eni izme�u dva generatora,

pokazuju�i zadovo	avaju�u saglasnost u preseku i kinematiqkim distribucijama. Rewe-

ighting test koji omogu�ava dobav	a�e mnogih c6 hipoteza iz jednog generisanog uzorka

tako�e je pokazao dobru konzistentnost sa direktno generisanim uzorcima.

Matriqni elementi za elektro-slabu produkciju Higsovih kanala su tako�e izraqu-

nati, proxiruju�i originalnu parametrizaciju izvan glavnog moda.



Korix�ena je statistiqka analiza zasnovana na templejtima, gde su svi efekti izvan

SM parametrizovani kako bi se procenila oset	ivost na modifikacije kλ = c6 + 1.

Oqekivani sken daje najbo	u procenu kλ u saglasnosti sa Standardnim modelom, mada sa

velikim nesigurnostima.

Off-shell metodologija je komplementarna tradicionalnom pristupu di-Higs procesu:

Off-shell je oset	iv na efekte vixeg reda indukovane u pet	i, dok di-Higs direktno

meri proizvod�u para Higsovih bozona. Iako je Off-shell oset	ivost slabija, rezultati u

disertaciji pokazuju potencijal Off-shell mere�a kao nezavisne ograniqavaju�e mere.

3 Spisak publikacija kandidata

A. Radovi u me�unarodnim qasopisima

Radovi u vode�im me�unarodnim qasopisima (impakt faktor > 1)

Lazar Markovi� je koautor 56 radova u okviru CMS kolaboracije i autor jednog rada

u ma�em autorstvu. Navode se najznaqajniji koji su direktno vezani za doktorski rad.

A1 F. Siviero, R. Arcidiacono, G. Borghi, M. Boscardin, N. Cartiglia, M. Costa, G.-F. Dalla

Betta, M. Ferrero, F. Ficorella, M. Mandurrino, L. Markovic, L. Pancheri, G. Paternoster,

V. Sola, M. Tornago

Design optimization of the UFSD inter-pad region

Nucl. Instrum. Meth. A, 10.1016/j.nima.2024.169153, 2024

A2 CMS collaboration (with Lazar Markovic)

Measurements of the Higs boson production cross section in the four-lepton final state in

proton-proton collisions at
√
s = 13.6 TeV

JHEP, 10.1007/JHEP05(2025)079, 2025

B. Monografije, u
benici, pomo�ni u
benici

B1 N. Konjik, L. Markovic, P. Milenovic

Laboratory Manual in Elementary Particle Physics: Computer Exercises, Faculty of physics,

University of Belgrade, 2023

ISBN: 978-86-84539-38-2

C. Radovi u zbornicima me�unarodnih konferencija

Usmena izlaga�a

C1 L. Markovic

The Endcap Timing Layer detector for the CMS Phase-2 upgrade, FAST 2023, Elba, Italy

https://indico.cern.ch/event/1214183/contributions/5399414/

Poster prezentacije

C2 L. Markovic

Progress on characterization of LGAD sensors for the CMS ETL

https://indico.cern.ch/event/1214183/contributions/5399414/


Proceedings of the 11th International Conference of the Balkan Physical Union, PoS

BPU11 (2023) 095

https://doi.org/10.22323/1.427.0095

4 Citati

56 radova CMS kolaboracije (u kojima je Lazar Markovi� koautor) imaju ukupno 125

citata (118 bez auto-citata). Citati koji se odnose na radove A1 i A2 navedeni su u

ode	ku 2.3.



5 Pojedinaqne ocene recenzenata

Ime recezenta: Nikolo Karti	a

Institucija recezenta: INFN Torino

Nedovo	an Dovo	an Dobar Odliqan
Ukupna nauqna vrednost
(originalnost, relevantnost,
potpunost) x
Uvod i bibliografija x
(dovo	no informacija
dato u uvodu,
adekvatno citirane reference)
Metodologija x
(analiza podataka, odgovaraju�e
i jasno opisane metode,
adekvatna i iscrpna
analiza podataka)
Rezultati x
(uver	ivi i jasno
objax�eni rezultati -
odgovaraju�i broj i kvalitet
tabela i slika)

Ukupna ocena (molimo oznaqiti jednu opciju)

X Kandidat mo�e biti prim	en na zavrxni ispit

Kandidat mo�e biti prim	en na zavrxni ispit, ali disertacija zahteva ma�e

izmene; da	a procena od strane recenzenta nije potrebna

Da bi kandidat bio prim	en na zavrxni ispit, disertacija zahteva obimne izmene;

izme�ena verzija mora biti dostav	ena u roku od 6 meseci i ponovo oce�ena od

strane recenzenta

Posebni komentari i predlozi

U ovoj disertaciji, Lazar Markovi� je veoma uspexno radio unutar Silicijumske

laboratorije u Torinu. Savladao je upotrebu laboratorijske opreme i dao znaqajan do-

prinos u nekoliko va�nih mere�a. Bio je dobro integrisan u istra�ivaqku grupu i

doprineo je odr�ava�u aktivnog rada laboratorije. U celini, veoma sam zadovo	an �e-

govim boravkom i anga�ova�em u Torinu.



Ime recezenta: Nikola Amapane

Institucija recezenta: Univerzitet u Torinu

Nedovo	an Dovo	an Dobar Odliqan
Ukupna nauqna vrednost
(originalnost, relevantnost, x
potpunost)
Uvod i bibliografija
(dovo	no informacija x
dato u uvodu,
adekvatno citirane reference)
Metodologija
(analiza podataka, odgovaraju�e
i jasno opisane metode, x
adekvatna i iscrpna
analiza podataka)
Rezultati
(uver	ivi i jasno x
objax�eni rezultati -
odgovaraju�i broj i kvalitet
tabela i slika)

Ukupna ocena (molimo oznaqiti jednu opciju)

X Kandidat mo�e biti prim	en na zavrxni ispit

Kandidat mo�e biti prim	en na zavrxni ispit, ali disertacija zahteva ma�e

izmene; da	a procena od strane recenzenta nije potrebna

Da bi kandidat bio prim	en na zavrxni ispit, disertacija zahteva obimne izmene;

izme�ena verzija mora biti dostav	ena u roku od 6 meseci i ponovo oce�ena od

strane recenzenta

Posebni komentari i predlozi

Ova disertacija pru�a sveobuhvatan i koherentan prikaz istra�ivaqkih aktivnosti

koje je kandidat sproveo tokom svojih doktorskih studija. Ona odra�ava solidno ovla-

dava�e eksperimentalnom fizikom elementarnih qestica, obuhvataju�i razvoj detektora

(za unapre�e�e CMS Phase-2 timing layers sistema), raqunarske tehnike i napredne anali-

ze podataka iz perspektive fizike (ograniqava�e konstante trostruke samointerakcije

Higsovog bozona putem konaqnog sta�a sa qetiri leptona). Sprovedeni rad i strategije

analize pa�	ivo su motivisani i realizovani, a prikaz rezultata je teme	it i dobro

strukturiran. Nauqni rezultati su relevantni i znaqajni za teku�e i budu�e analize u

okviru CMS kolaboracije.



Ime recezenta: Roberto Kovareli

Institucija recezenta: Univerzitet u Torinu

Nedovo	an Dovo	an Dobar Odliqan
Ukupna nauqna vrednost
(originalnost, relevantnost, x
potpunost)
Uvod i bibliografija
(dovo	no informacija x
dato u uvodu,
adekvatno citirane reference)
Metodologija
(analiza podataka, odgovaraju�e
i jasno opisane metode, x
adekvatna i iscrpna
analiza podataka)
Rezultati
(uver	ivi i jasno
objax�eni rezultati - x
odgovaraju�i broj i kvalitet
tabela i slika)

Ukupna ocena (molimo oznaqiti jednu opciju)

X Kandidat mo�e biti prim	en na zavrxni ispit

Kandidat mo�e biti prim	en na zavrxni ispit, ali disertacija zahteva ma�e

izmene; da	a procena od strane recenzenta nije potrebna

Da bi kandidat bio prim	en na zavrxni ispit, disertacija zahteva obimne izmene;

izme�ena verzija mora biti dostav	ena u roku od 6 meseci i ponovo oce�ena od

strane recenzenta

Posebni komentari i predlozi

U ovoj disertaciji, Lazar Markovi� je pokazao dobru nauqnu zrelost i sna�an pri-

stup analizi podataka u fizici, naroqito sa raqunarskog aspekta. Ostvareni rezultati

su visokog kvaliteta i veoma ce�eni od strane ostatka CMS kolaboracije. U celini,

izra�avam duboko poxtova�e prema radu koji je Lazar Markovi� sproveo tokom trogo-

dix�eg perioda svojih doktorskih studija.



Ime recezenta: Gaetano Barone

Institucija recezenta: Univerzitet Braun

Nedovo	an Dovo	an Dobar Odliqan
Ukupna nauqna vrednost X
(originalnost, relevantnost,
potpunost)
Uvod i bibliografija X
(dovo	no informacija
dato u uvodu,
adekvatno citirane reference)
Metodologija X
(analiza podataka, odgovaraju�e
i jasno opisane metode,
adekvatna i iscrpna
analiza podataka)
Rezultati X
(uver	ivi i jasno
objax�eni rezultati -
odgovaraju�i broj i kvalitet
tabela i slika)

Ukupna ocena (molimo oznaqiti jednu opciju)

X Kandidat mo�e biti prim	en na zavrxni ispit

Kandidat mo�e biti prim	en na zavrxni ispit, ali disertacija zahteva ma�e

izmene; da	a procena od strane recenzenta nije potrebna

Da bi kandidat bio prim	en na zavrxni ispit, disertacija zahteva obimne izmene;

izme�ena verzija mora biti dostav	ena u roku od 6 meseci i ponovo oce�ena od

strane recenzenta

Posebni komentari i predlozi

Ova disertacija opisuje kako rad sproveden u okviru dodava�a timing layer-a CMS

detektora za Phase-2 unrapre�e�e, tako i novu analizu spektra velikih masa konaqnog

sta�a sa qetiri leptona (4l) radi ograniqava�a trostruke samointerakcije Higsovog

bozona. Nivo deta	a u opisu modelova�a oset	ivosti indukovane pet	ama na parametar

κλ odra�ava visok stepen tehniqkog anga�ova�a u uspostav	a�u alata neophodnih za

sprovo�e�e ovog mere�a. Nesum�ivo je da su dobijeni rezultati od velikog interesa za ovu

oblast. Jox va�nije, po mom mix	e�u, zna�e steqeno u razumeva�u naqina modelova�a

ove oset	ivosti predstav	a�e osnovu za pobo	xanu preciznost u off-shell re�imu u ZZ

kanalima, kao i xire gledano, u drugim konaqnim sta�ima, uz korix�e�e kompletne

statistike dostupne u Run-3 fazi i na High-Luminosity LHC-u.



Ime recezenta: Vukaxin Miloxevi�

Institucija recezenta: Univerzitet u Beogradu

Nedovo	an Dovo	an Dobar Odliqan
Ukupna nauqna vrednost X
(originalnost, relevantnost,
potpunost)
Uvod i bibliografija X
(dovo	no informacija
dato u uvodu,
adekvatno citirane reference)
Metodologija X
(analiza podataka, odgovaraju�e
i jasno opisane metode,
adekvatna i iscrpna
analiza podataka)
Rezultati X
(uver	ivi i jasno
objax�eni rezultati -
odgovaraju�i broj i kvalitet
tabela i slika)

Ukupna ocena (molimo oznaqiti jednu opciju)

X Kandidat mo�e biti prim	en na zavrxni ispit

Kandidat mo�e biti prim	en na zavrxni ispit, ali disertacija zahteva ma�e

izmene; da	a procena od strane recenzenta nije potrebna

Da bi kandidat bio prim	en na zavrxni ispit, disertacija zahteva obimne izmene;

izme�ena verzija mora biti dostav	ena u roku od 6 meseci i ponovo oce�ena od

strane recenzenta

Posebni komentari i predlozi

Ova disertacija predstav	a prikladan i zaokru�en pregled rada Lazara Markovi�a

tokom prethodnih godina. On je pokazao dobro razumeva�e obe strane savremene ekspe-

rimentalne fizike: rada na detektorima i razliqitim pristupima analizi podataka.

Dobijeni rezultati su od velikog znaqaja za HZZ radnu grupu i qitavu CMS kolaboraci-

ju. Disertacija je jasno i kvalitetno napisana, pri qemu je svaki korak mernog postupka

deta	no i teme	no razmotren.



Ime recezenta: Nikola Ko�ik

Institucija recezenta: Univerzitet u Beogradu

Nedovo	an Dovo	an Dobar Odliqan
Ukupna nauqna vrednost
(originalnost, relevantnost, X
potpunost)
Uvod i bibliografija
(dovo	no informacija X
dato u uvodu,
adekvatno citirane reference)
Metodologija
(analiza podataka, odgovaraju�e X
i jasno opisane metode,
adekvatna i iscrpna
analiza podataka)
Rezultati
(uver	ivi i jasno X
objax�eni rezultati -
odgovaraju�i broj i kvalitet
tabela i slika)

Ukupna ocena (molimo oznaqiti jednu opciju)

X Kandidat mo�e biti prim	en na zavrxni ispit

Kandidat mo�e biti prim	en na zavrxni ispit, ali disertacija zahteva ma�e

izmene; da	a procena od strane recenzenta nije potrebna

Da bi kandidat bio prim	en na zavrxni ispit, disertacija zahteva obimne izmene;

izme�ena verzija mora biti dostav	ena u roku od 6 meseci i ponovo oce�ena od

strane recenzenta

Posebni komentari i predlozi

U ovoj disertaciji, Lazar Markovi� je objedinio fenomenoloxki i eksperimentalni,

a u odre�enim aspektima i teorijski pristup u rexava�u postav	enog problema. �egov

rad predstav	a dobru osnovu za budu�e analize na LHC-u.



PROCENA ORIGINALNOSTI DOKTORSKE DI-

SERTACIJE

Na osnovu
”
Pravilnika o postupku provere originalnosti doktorskih disertacija

odbra�enih na Univerzitetu u Beogradu\ (u da	em tekstu: Pravilnik) i izvextaja ge-

nerisanog programom iThenticate , koji je korix�en za proveru originalnosti doktorske

disertacije pod nazivom
”
Mere�e trostrukog samospreza�a Higsovog bozona u kanalu

raspada na qetiri leptona pomo�u CMS eksperimenta\, autora Lazara Markovi�a, po-

tvr�ujemo da utvr�ena tekstualna sliqnost iznosi 18%.

Ovaj nivo sliqnosti posledica je prikaza opxtih informacija o eksperimentalnom

aparatu (LHC akcelerator i CMS eksperiment) i Standardnom modelu elementarnih

qestica, citira�a korix�ene literature (teorijskog modelova�a eksperimentalno is-

pitivanih efekata i relevantnih eksperimentalnih metoda), kao i prikaza prethodno

objav	enih rezultata koji uk	uquju i sopstvene radove kandidata, xto je sve u skladu sa

qlanom 9 Pravilnika.

Na osnovu svega prethodno navedenog i u skladu sa qlanom 8, stav 2 Pravilnika,

izjav	ujemo da izvextaj potvr�uje originalnost doktorske disertacije, te da se mo�e

nastaviti sa propisanom procedurom za pripremu �ene odbrane.

Zak	uqak

Komisija je deta	no prouqila podnetu disertaciju, oce�uju�i je prema kriterijumima

originalnosti, relevantnosti, potpunosti, metodologije i uticaja dobijenih rezultata.

Komisija zak	uquje da doktorska disertacija
”
Mere�e trostrukog samospreza�a Higso-

vog bozona u kanalu raspada na qetiri leptona pomo�u CMS eksperimenta\, koju je podneo

Lazar Markovi�, predstav	a znaqajan doprinos oblasti nuklearne fizike i fizike vi-

sokih energija i da su ispu�eni svi propisani uslovi za odobrava�e odbrane disertacije.

Zbog toga komisija predla�e da Nastavno-nauqno ve�e Fiziqkog fakulteta odobri �enu

odbranu.
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Dr Nikolo Karti	a
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TO THE TEACHING AND SCIENTIFIC COUNCIL
OF THE FACULTY OF PHYSICS, UNIVERSITY OF

BELGRADE

At the session of the Teaching-Scientific Council of the Faculty of Physics of the University
of Belgrade held on November 19, 2025, we were appointed as members of the committee
for evaluation of the doctoral dissertation entitled "Measurement of triple self-coupling of the
Higgs boson in the four lepton decay channel with the CMS experiment", submitted by the
candidate Lazar Markovic. The dissertation was carried out under the joint supervision of
Prof. Dr. Predrag Milenovic from the Faculty of Physics of the University of Belgrade and Prof.
Dr. Roberto Covarelli from the Department of Physics of the University of Torino. To the
Teaching-Scientific Council of the Faculty of Physics we submit the following

R E P O R T

1 Basic information about the candidate

1.1 Biographical data

Lazar Markovic was born on August 6, 1996, in Belgrade. He completed the Zemun Gymnasium
in 2015. He finished his undergraduate studies at the Faculty of Physics, study program in
theoretical and experimental physics, in 2020 with an average grade of 9.59 (nine and 59/100).

He completed his master’s studies in physics at his home faculty, in the theoretical and
experimental physics program, in 2021 with an average grade of 10 (ten). During his master’s
studies, Lazar became a member of the CMS collaboration at CERN. His master’s thesis,
“Search for new phenomena in the production and decay of the Higgs boson using the effective
field theory method”, supervised by Prof. Dr. Predrag Milenovic, was defended at the Faculty
of Physics with an average grade of 10 (ten).

Lazar Markovic enrolled in doctoral studies in physics within the narrower scientific field
of Nuclear Physics and High Energy Physics in the 2021/2022 academic year at the Faculty
of Physics of the University of Belgrade and the Department of Physics of the University
of Torino. From January 2022 to August 2023, Lazar spent most of his time in Torino for
research and professional development, working in the laboratory of innovative silicon detectors.
From August 2023 to August 2024, he spent most of his time at CERN for research and
professional training. At both universities Lazar passed all required examinations, achieving at
the University of Belgrade in particular an average grade of 10 (ten).

Since March 2021 (four semesters), Lazar has been teaching computer-based exercises in the
course Physics of Elementary Particles, and since November 2021 (three semesters) also in the
course Advanced Course in Elementary Particle Physics 1. Lazar is one of the co-authors of the
laboratory manual written for these courses and is currently participating in the preparation
of a collection of problems. Since October 2024, Lazar has been teaching computational and
laboratory exercises in two courses: 1. Nuclear and Particle Physics, 2. Nuclear Physics.



Since March 2022, Lazar has been employed at the Faculty of Physics of the University of
Belgrade in the position of Research-intern, and since October 2024 Lazar has been employed
in the position of Teaching Assistant for the narrower scientific field of nuclear physics.

1.2 Scientific activity

Parallel to his master’s studies, Lazar, as a member of the ATLAS collaboration at CERN,
attended the prestigious CERN Summer School, where he conducted research and completed
his final project in the field of supersymmetry on the topic “Gluino pair production at the
LHC.”

During his PhD course, Lazar Markovic’s research has focused on the study of the self-
interaction of the Higgs boson: this is tackled by both measuring the benchmark Higgs cross-
section in the four-lepton final state and subsequently moving to a more challenging analysis on
the so-called "off-shell" region of the four-lepton mass spectrum. In this region next-to-leading-
order effects on the Higgs production and decay provide sensitivity to possible anomalies in the
self-interaction. During such studies, Markovic also worked on high-order perturbative cross
section calculations using the MATRIX software, and on the laboratory testing and qualification
of ultra-fast silicon detectors (UFSDs).

Based on his work and acquired expertise, Lazar became the CMS collaboration contact
person for the Monte Carlo (MC) event generator MATRIX and the HZZ MC contact person
within the CMS collaboration, thereby becoming a collaboration-level expert responsible for
the simulation of all processes relevant for all measurements and for internal reviews within the
HZZ group.

Lazar Markovic attended three major CERN schools dedicated to high-energy physics, sta-
tistical data analysis methods, and experimental technologies. He also participated in several
workshops and conferences where he presented the results of his work.

2 Description of the submitted thesis

2.1 Basic information

The thesis was carried out under the co-supervision of Prof. Dr. Predrag Milenovic from the
Faculty of Physics of the University of Belgrade and Prof. Dr. Roberto Covarelli from the
Department of Physics of the University of Torino. Both their research interests are in High
Energy Physics, and they have been members of the CMS Collaboration for several years. The
thesis consists of 6 chapters, including introduction and conclusions, and three appendices, for
a total of 110 pages. There are in total 72 figures, 25 tables and 246 references.

2.2 Subject and objective of the thesis

The scientific field covered in the thesis is that of Nuclear Physics and High Energy Physics.
Lazar Markovic’s thesis has focused on the study of the self-interaction of the Higgs boson.
This analysis aims to measure the coupling constant that describes the interaction of the Higgs
boson with itself, a phenomenon predicted by the Standard Model but still little explored



experimentally. The main goal of this research is to measure the triple interaction of the Higgs
boson (indicated as κλ), which is one of the keys to understanding the mechanism of electroweak
symmetry breaking and the origin of the mass of elementary particles. The decay studied is
that of the "off-shell" Higgs boson into four leptons (two pairs of electrons or muons), through
the intermediate process of two Z bosons. This channel is very interesting because it presents a
relatively clean signal, with a low amount of background, but also extremely rare. The research
uses data collected by the CMS detector, one of the main experiments at the Large Hadron
Collider (LHC) at CERN, with a focus on data from proton-proton collisions from Run 2 and
Run 3 (year 2022). The research uses original Monte Carlo simulations to model both the signal
of interest (triple-self-interaction Higgs production in the Standard Model and Effective Field
Theory) and the various background processes. Multivariate analysis methods, such as matrix
element discriminants, are used to extract deviations from the Standard Model prediction.
During his doctoral studies, Dr. Markovic also worked on high-order perturbative cross section
calculations using the MATRIX software, and on the laboratory testing and qualification of
ultra-fast silicon detectors (UFSDs).

2.3 Related publications

A1 F. Siviero, R. Arcidiacono, G. Borghi, M. Boscardin, N. Cartiglia, M. Costa, G.-F. Dalla
Betta, M. Ferrero, F. Ficorella, M. Mandurrino, L. Markovic, L. Pancheri, G. Paternoster,
V. Sola, M. Tornago
Design optimization of the UFSD inter-pad region
Nucl. Instrum. Meth. A, 10.1016/j.nima.2024.169153, 2024

A2 CMS collaboration (with Lazar Markovic)
Measurements of the Higgs boson production cross section in the four-lepton final state in
proton-proton collisions at

√
s = 13.6 TeV

JHEP, 10.1007/JHEP05(2025)079, 2025

Citations:

A1 1. Lastovicka-Medin, G., Kramberger, G., Kroll, J., and Rebarz, M.
Impact of the Guard Rings on Self-Induced Signal and Leakage Current in Trench-
Isolated Low Gain Avalanche Diodes
SENSORS 10 (2025) 3006.

2. Sola, V. et al.
The first batch of compensated LGAD sensors
NIM A 1064 (2024) 169453

A2 1. CMS Collaboration (Hayrapetyan, A. et al.)
Measurements of inclusive and differential Higgs boson production cross sections at√
s = 13.6 TeV in the H → γγ decay channel

JHEP 09 (2025) 070.

2.4 Overview of scientific results presented in the thesis

The thesis is structured in chapters and three parts can be identified where an original contri-
bution from the candidate is clearly presented.



1. UFSD-related measurements

Related works: [A1, C1, C2]
In preparation for the CMS detector upgrade for the High-Luminosity LHC, Ultra-Fast Silicon
Detectors (UFSDs) are being developed to provide precise timing measurements in the endcap
region. The study of the inter-pad layout focused on optimizing both the geometry and doping
profile of UFSDs and results from an early production campaign indicate that, under certain
optimized conditions, inter-pad widths of approximately 25 µm can be achieved.

Regarding the elastomer-based setup, it enables measurements of the total leakage current
by making contact with all individual pads of a sensors. The shape of the voltage–current curves
expected from the manufacturer is generally well reproduced, albeit with reduced accuracy for
sensors with deeper implants. In some cases, measured currents exceed those reported by the
manufacturer, suggesting that while the elastomer setup captures the overall current trend
reliably, there is still room for refinement. Further investigation is needed to pinpoint the
underlying cause of these discrepancies.

2. Higgs cross-section measurements

Related works: [A2]
The fiducial cross-section measurement of the H → ZZ → 4ℓ decay channel at 13.6 TeV shows
excellent consistency with Standard Model expectations. For this measurement an invaluable
ingredient was the estimation of the NNLO QCD and NLO EW production cross-section of the
non-resonant ZZ process.

The MATRIX framework has proven to be a highly robust tool for precision Standard Model
predictions, particularly for diboson processes. Using MATRIX at NNLO QCD accuracy (sup-
plemented by NLO EW corrections where available) enabled precise cross-section calculations
at a proton–proton center-of-mass energy of 13.6 TeV, corresponding to LHC Run 3 condi-
tions. The combination of NNLO QCD and NLO EW corrections demonstrated percent-level
theoretical precision for ZZ production.

3. Higgs self-coupling measurement in off-shell

The innovative strategy for probing the Higgs boson self-coupling in the off-shell production
regime demonstrates that the H → ZZ → 4ℓ channel can indeed be used to constrain the self-
interaction parameter. Matrix elements including SMEFT c6 corrections were transferred from
the MCFM8.0 to JHUGen-MCFM Monte Carlo generating tools, enabling matrix-element-
based analyses. The production cross sections were computed with individual or combined
corrections applied (production, propagation, decay) and compared across the two generators,
showing satisfactory agreement in both cross sections and kinematic distributions. A reweight-
ing test, allowing many c6 hypotheses to be derived from a single generated sample, also showed
good consistency between directly generated samples and their reweighted counterparts. Ma-
trix elements for electroweak Higgs production channels were also computed, extending the
original parameterization beyond the main mode.

A template-based statistical analysis, where all BSM effects are parametrized, is used to
estimate sensitivity to modifications of κλ = c6 +1. The expected scan gives a best-fit value of



κλ consistent with the Standard Model, though with large uncertainties.
The off-shell methodology is complementary to the traditional di-Higgs approach: the for-

mer is sensitive to higher-order loop-induced effects, while the latter probes deviations in the
Higgs self-coupling by directly measuring di-Higgs production. While the off-shell sensitivity is
weaker, the results presented in the thesis highlight the potential of off-shell measurements as
an independent constraint.

3 List of the candidate’s publications

A. Papers in international journals

Papers in leading international journals (impact factor > 1)

Lazar Markovic is author of 56 papers as co-author with the CMS collaboration, and author
of one paper with a small group of the authors. We list the most significant ones which are
directly related to his doctoral work.

A1 F. Siviero, R. Arcidiacono, G. Borghi, M. Boscardin, N. Cartiglia, M. Costa, G.-F. Dalla
Betta, M. Ferrero, F. Ficorella, M. Mandurrino, L. Markovic, L. Pancheri, G. Paternoster,
V. Sola, M. Tornago
Design optimization of the UFSD inter-pad region
Nucl. Instrum. Meth. A, 10.1016/j.nima.2024.169153, 2024

A2 CMS collaboration (with Lazar Markovic)
Measurements of the Higgs boson production cross section in the four-lepton final state in
proton-proton collisions at

√
s = 13.6 TeV

JHEP, 10.1007/JHEP05(2025)079, 2025

B. Monographs, textbooks, auxiliary textbooks

B1 N. Konjik, L. Markovic, P. Milenovic
Laboratory Manual in Elementary Particle Physics: Computer Exercises, Faculty of physics,
University of Belgrade, 2023
ISBN: 978-86-84539-38-2

C. Papers in proceedings of international conferences

Oral presentations

C1 L. Markovic
The Endcap Timing Layer detector for the CMS Phase-2 upgrade
FAST 2023, Elba, Italy
https://indico.cern.ch/event/1214183/contributions/5399414/

Poster presentations

C2 L. Markovic
Progress on characterization of LGAD sensors for the CMS ETL

https://indico.cern.ch/event/1214183/contributions/5399414/


Proceedings of the 11th International Conference of the Balkan Physical Union, PoS
BPU11 (2023) 095
https://doi.org/10.22323/1.427.0095

4 Citations

The 56 papers by CMS collaboration (with Lazar Markovic) have a total of 125 citations (118
without self-citations). The ones related to papers A1 and A2 are listed in Section 2.3.



5 Individual reviewer assessments

Name of the reviewer: Nicoló Cartiglia
Reviewer’s institution: INFN Torino

Insufficient Sufficient Good Excellent
Overall scientific merit
(originality, relevance,
completeness) x
Introduction and bibliography x
(sufficient information
provided in the introduction,
appropriately cited references)
Methodology x
(data analysis, appropriate
and clearly described methods,
adequate and exhaustive
data analysis)
Results x
(convincing and clearly
explained results -
adequate number and quality
of tables and figures)

Overall evaluation (please check one)

X The candidate can be admitted to the final examination

The candidate can be admitted to the final examination but the thesis requires minor
revision; further evaluation by the reviewer is not required

To be admitted to the final examination the thesis requires extensive revision; the revised
version must be provided within 6 months and must be re-evaluated by the reviewer

Specific comments and suggestions
In this thesis, Lazar Markovic has worked in the Torino Silicon laboratory with good profit.

He has learned to use laboratory equipment and contributed to several important measurements.
He was integrated in the group, and contributed to keep the laboratory active. Overall, I am
very pleased with his presence in Torino.



Name of the reviewer: Nicola Amapane
Reviewer’s institution: University of Turin

Insufficient Sufficient Good Excellent
Overall scientific merit
(originality, relevance, x
completeness)
Introduction and bibliography
(sufficient information x
provided in the introduction,
appropriately cited references)
Methodology
(data analysis, appropriate
and clearly described methods, x
adequate and exhaustive
data analysis)
Results
(convincing and clearly x
explained results -
adequate number and quality
of tables and figures)

Overall evaluation (please check one)

X The candidate can be admitted to the final examination

The candidate can be admitted to the final examination but the thesis requires minor
revision; further evaluation by the reviewer is not required

To be admitted to the final examination the thesis requires extensive revision; the revised
version must be provided within 6 months and must be re-evaluated by the reviewer

Specific comments and suggestions
This dissertation offers a comprehensive and coherent account of the research activities un-

dertaken by the candidate during his doctoral studies. It reflects a solid mastery experimental
particle physics, spanning detector development (for CMS Phase-2 timing layers), computa-
tional techniques, and advanced physics analysis (constraining the trilinear Higgs self-coupling
via the four-lepton final state). The work done and the analysis strategies are carefully moti-
vated and executed, and the presentation of the results is thorough and well structured. The
scientific outcomes are relevant and significant for ongoing and future CMS analyses.



Name of the reviewer: Roberto Covarelli
Reviewer’s institution: University of Turin

Insufficient Sufficient Good Excellent
Overall scientific merit
(originality, relevance, x
completeness)
Introduction and bibliography
(sufficient information x
provided in the introduction,
appropriately cited references)
Methodology
(data analysis, appropriate
and clearly described methods, x
adequate and exhaustive
data analysis)
Results
(convincing and clearly
explained results - x
adequate number and quality
of tables and figures)

Overall evaluation (please check one)

X The candidate can be admitted to the final examination

The candidate can be admitted to the final examination but the thesis requires minor
revision; further evaluation by the reviewer is not required

To be admitted to the final examination the thesis requires extensive revision; the revised
version must be provided within 6 months and must be re-evaluated by the reviewer

Specific comments and suggestions
In this thesis, Lazar Markovic has demonstrated good scientific maturity and a strong

attitude for data analysis in physics, especially from a computational perspective. The results
achieved are of high quality and highly appreciated by the rest of the CMS collaboration.
Overall, I express my deep appreciation for the work carried out by Dr. Lazar Markovic during
the three-year period of his PhD.



Name of the reviewer: Gaetano Barone
Reviewer’s institution: Brown University

Insufficient Sufficient Good Excellent
Overall scientific merit X
(originality, relevance,
completeness)
Introduction and bibliography X
(sufficient information
provided in the introduction,
appropriately cited references)
Methodology X
(data analysis, appropriate
and clearly described methods,
adequate and exhaustive
data analysis)
Results X
(convincing and clearly
explained results -
adequate number and quality
of tables and figures)

Overall evaluation (please check one)

X The candidate can be admitted to the final examination

The candidate can be admitted to the final examination but the thesis requires minor
revision; further evaluation by the reviewer is not required

To be admitted to the final examination the thesis requires extensive revision; the revised
version must be provided within 6 months and must be re-evaluated by the reviewer

Specific comments and suggestions
This thesis describes both the work carried out in the context of adding timing layers to

the CMS detectors for the Phase-2 upgrade and a novel analysis of the high-mass spectrum of
the 4ℓ final state to constrain the trilinear self-coupling. The level of detail in describing the
modelling of loop-induced sensitivity to κλ mirrors the technical involvement in setting up the
tools necessary to accomplish this measurement. Undoubtedly, the results are of great interest
to the field. More importantly, in my opinion, the knowledge gained in understanding how to
model this sensitivity will form the basis for improved precision in the off-shell regime in ZZ

and, more broadly, in other final states, with the complete statistics available in Run-3 and at
the High-Luminosity LHC.



Name of the reviewer: Vukašin Milošević
Reviewer’s institution: University of Belgrade

Insufficient Sufficient Good Excellent
Overall scientific merit X
(originality, relevance,
completeness)
Introduction and bibliography X
(sufficient information
provided in the introduction,
appropriately cited references)
Methodology X
(data analysis, appropriate
and clearly described methods,
adequate and exhaustive
data analysis)
Results X
(convincing and clearly
explained results -
adequate number and quality
of tables and figures)

Overall evaluation (please check one)

X The candidate can be admitted to the final examination

The candidate can be admitted to the final examination but the thesis requires minor
revision; further evaluation by the reviewer is not required

To be admitted to the final examination the thesis requires extensive revision; the revised
version must be provided within 6 months and must be re-evaluated by the reviewer

Specific comments and suggestions
This thesis serves as a fitting summary of Lazar Markovic’s work over the past years. He

has demonstrated a good grasp of both sides of modern experimental physics: detector work
and various data analysis approaches. The obtained results are of high importance for the HZZ
physics analysis group and the entire CMS collaboration. The thesis is well written, with every
step of the measurement process examined in thorough detail.



Name of the reviewer: Nikola Konjik
Reviewer’s institution: University of Belgrade

Insufficient Sufficient Good Excellent
Overall scientific merit
(originality, relevance, x
completeness)
Introduction and bibliography
(sufficient information x
provided in the introduction,
appropriately cited references)
Methodology
(data analysis, appropriate x
and clearly described methods,
adequate and exhaustive
data analysis)
Results
(convincing and clearly x
explained results -
adequate number and quality
of tables and figures)

Overall evaluation (please check one)

X The candidate can be admitted to the final examination

The candidate can be admitted to the final examination but the thesis requires minor
revision; further evaluation by the reviewer is not required

To be admitted to the final examination the thesis requires extensive revision; the revised
version must be provided within 6 months and must be re-evaluated by the reviewer

Specific comments and suggestions
In this thesis, Lazar Marković has merged both the phenomenological and experimental,

but also in some aspects theoretical approaches in solving the given problem. His work should
be good foundation for future analyses at LHC.



ASSESSMENT ON THE ORIGINALITY CHECK OF THE
DOCTORAL DISSERTATION

Based on the "Regulation for the procedure for checking the originality of doctoral dissertations
defended at the University of Belgrade" (hereinafter: the Regulation) and on the findings
presented in the report generated by the iThenticate program, which was used to verify the
originality of the doctoral dissertation “Measurement of triple self-coupling of the Higgs boson
in the four lepton decay channel with the CMS experiment”, authored by Lazar Marković, we
confirm that the identified text similarity amounts to 18%.

This level of similarity is a consequence of the presentation of general information about
the experimental apparatus (the LHC accelerator and the CMS experiment) and the Standard
Model of elementary particles, the citation of the literature used (theoretical modeling of the
effects being experimentally tested, relevant experimental methods), as well as the presentation
of previously published results that include the doctoral candidate’s own research, all of which
is in accordance with Article 9 of the Regulation.

Based on all the facts presented above, and in accordance with Article 8, paragraph 2 of
the Regulation, we state that the report confirms the originality of the doctoral dissertation,
and therefore the prescribed procedure for the preparation for its defense may proceed.

C O N C L U S I O N

The Committee has thoroughly examined the submitted thesis, evaluating it based on criteria
of originality, relevance, completeness, methodology and impact of the obtained results. The
Committee concludes that the doctoral thesis "Measurement of triple self-coupling of the Higgs
boson in the four lepton decay channel with the CMS experiment" submitted by Lazar Markovic
makes a significant contribution to the field of Nuclear Physics and High Energy Physics, and
that all prescribed requirements for approving the defense of the thesis have been satisfied.
Therefore, we propose that the Teaching and Scientific Council of the Faculty of Physics approve
its defense.



Committee for evaluation of the doctoral thesis submitted by the candidate Lazar Markovic:

Dr Nicolo Cartiglia
Director of Research

INFN, Turin, (IT)

Dr Gaetano Barone
Assistant Professor (Research)

Brown University, USA

Dr Nicola Amapane
Associate Professor, Physics Department

University of Turin

Dr Roberto Covarelli
Associate Professor, Physics Department

University of Turin

Dr Nikola Konjik
Assistant Professor, Faculty of Physics

University of Belgrade

Dr Vukasin Milosevic
Assistant Professor, Faculty of Physics

University of Belgrade

Date:
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