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Na osnovu ¢lana 64 stav 2 tacka 8 Statuta, a u vezi sa &lanom 43 | 44 Pravila doktorskih studija Univerziteta Crne Gore,
shodno €lanu 9.3. Sporazuma o dvojnom doktoratu izmedu Univerziteta Crne Gore i Univerziteta Paris Saclay, Vijece
Prirodno-matematickog fakulteta na LXXXI sjednici odrzanoj dana 05.05.2022. godine, donijelo je

ODLUKU
1
Prihvata se Izvjestaj komisije za ocjenu doktorske disertacije pod nazivom “Mjerenje N-dZetnosti varjabli u dogadajima
sa produkcijom Z bozona u SMS detektoru i performance njegovog elektromagnetnog kalorimetra” kandidata Jelene
Mijuskovic.
1l
Predlazemo Senatu Univerziteta Crne Gore da prihvati disertaciju " Mjerenje N-dzetnosti varijabli u dogadajima sa

produkcijom Z bozona u SMS detektoru i performance njegovog elektromagnetnog kalorimetra” kandidata Jelene
Mijuskovi¢ i imenuje komisiju za odbranu doktorske disertacije u sastavu:

1. Dr Nata$a Raicevi¢, redovni profesor na Prirodno-matematiékom fakultetzu Univerziteta Crne Gore (nauéna
oblast: Fizika elementarnih Gestica ), mentor;

2. Dr Federico Ferri, istrazivac sa habilitacijom (Habilitation diriger des recherches), Institut CEA-IRFU, Saclay,
Pariz, Francuska (nauéna oblast: Fizika elementarnih Cestica), komentor;

3. Dr Philippe Gras, istrazivaé sa stalnom pozicijom, Institut CEA-IRFU;Saclay, Pariz, F rancuska, (nau¢na oblast:
Fizika elementarnih gestica) supervisor;

4, Dr Marco Delmastro, istrazivaé sa habilitacijom (Habilitation a diriger desrecherches), direktor za istrazivanje,

LAPP; Universitet Savoie Mont Blanc, LAPP,CNRS/IN2P3, Annecy, Francuska, (naugna oblast: Fizika
elementarnih Cestica) eksterni evaluator;

5 Dr Ulla Blumenschein, senior predavac, School of Physics and Astronomy, Queen Mary University of London,
Engleska (naucna oblast: Fizika elementarnih estica ) eksterni evaluator;

6. Dr Ivana Picuri¢, redovni profesor na Prirodno-matematiodkom fakultetu (naucna oblast: Fizika elementarnih
Cestica ),ispitivac;

7. Dr Lydia Iconomidou-Fayard, istraziva¢ sa habilitacijom (habilitation a diriger desrecherches), direktor za

istraZivanje, CNRS, UClab, Universite Paris - Saclay, Orsay, Francuska, (nauéna oblast: Fizika elementarnih
Cestica), ispitivad i

8. Dr Simone Alioli, vanredni profesor, Department of Physics “G:Occhialini”, University of Milano- Bicocca, Italija
(naucna oblast: Fizika elementarnih Cestica), ispitivad.

Predlog se dostavlja Centru za doktorske studije i Senatu Univerzitéta Crne Gore na dalju proceduru.
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1. egle disertacije (biBﬁografski podaci o disertaciji i sazetak disertacije)

-l

Nauéna oblast disertacije je Fizika elementarnih Cestica koja se naziva i Fizika visokih energija. U
radu su prikazana mjerenja diferencijalnog efikasnog presjeka za produkciju Z bozona i dzetova
koji nastaju u proton-proton sudarima pri energiji u sistemu centra mase od 13 TeV. Analizirani
podaci dobijeni su sa CMS (Central Muon Solenoid) eksperimenta na akceleratoru LHC (Large
Hadron Collider) u CERN-u tokom 2018. godine i odgovaraju integriranoj luminoznostu od 59
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Ty = T min{q, - Pr Al - P91 - Pk--IN Pr}
k

gdje je px kvadri-impuls gestice k; ¢ 1 qv su kvadti-impulsi snopova, a qui..,gn predstavljaju
kvadti-impulse N dzetova u dogadaju, U graniénom shacaju kada oy = 0, dogadaj sadrZi N uskih
dzerova.

U ovom. radu mijeri se efikasni presjek u savisnosti od N-dsetnost varijabli: nula-dZetnost (to),.
jedan-dzetnost (t1) kao i zbir transverzalnih impulsa Eestica keeiranih u interakciji:
Osim’ ovih varijabli zasnovanih na kinematici rekonstruisanih naelektrisanih éestica, u ovom fadu
mjere se i varijable koje su zasnovane na kinematici rekonstruisanih  dZetova anti-KT"
algoritmom. Ove varijable definisanc suna sliededl hacin:

I

T = pl. ——————,
i TP 2cosh(y; =)

gdje su pi[, iy; transverzalni impuls i rapiditet dZeta, j, dok je Y rapiditet Z bozona. U tadu su

dobijeni efikasni presject. u zavisnosti od Taw = maxT; i Toum = 2 Tj
i )

Mierenja opisanih varijabli'su dobijena analizom dogadaja koji sadrze par rekonstruisanch miona
koji nastaju pti raspadu realnog Z bozona sa invatijanttom masom izmedu 76 and 106 GeV. kao
i virtuelnih 7 bozona sa invarijantnom masom izmedu 125 150 GeV, 1501 350 GeV i izmedu
35011500 GEV za &etiri razlidita intetvala transvérzalnog impulse Z bozona.

Mijerenja su upotedena sa dva teotijska modela zasnovana na presjeciina sa tzv. fiksiranim redom
na nivou partona sa taénoiéu do vodeceg reda (engl. leading-order — LO) ili sljedeéeg vodeceg
reda (engl:-next-to-feading-ordet — NLO) u teotiji jake interakcije Kvantne hromodinamike (engl.
Quantum ChromoDynamics — QCD) za razlicite multipliciteta lakih partona koji se spajanjem
podudaraju sa nastalom partonskom  kaskadom. Rezuitati teorjskih modela dobijeni su
kori:éécnjem-.-_generatora.MadGraphf)ﬁ_aMC@NLO. Prei model spaja od nula do getirl partona pri-
vodedem tedu tj. LO dok se u drugom spajanje vesi od nula do dva pri NLO. Eksperimentalni
rezultati-su upogedeni i sa modelom zasnovagim na narednom-nakon-sljedeéeg-reda (engl. next-

to:next-to-leading ordet — NNLO) kombinovanim sa resumacijom ¢clanova viseg teda po 0-
dZetnost varijabli koji se podudaraju sa partonskim kaskadama dobijenim GENEVA
generatofom dogadaja.

Jedan dio disettacife posveéen je IzuCavanju performansi i kalibraciji Elektromagnetnog
kalorimetra (BCAL) sa CMS eksperimenta tokom RUN 2 perioda (2016, 2017 1 2018. godina).
QOvaj detektor je krucijalna komponenta za detekeiju fotona, elektrona 1 pozittona i zbog toga j¢
vtlo znaéajan za mnoge analize koje se izvode u CMS kolaboraciji. '
Disettacija se sastoji od uvodnog dijela, pet poglavlja i z_akljui':ka, Poted toga, date su liste sa
slikama 1 tabelama. Disertaciji prethodi apstrak hapisan na. crniogorskom, francuskom 1
engleskom jeziku. Teorijski uvod u ‘Standardni Model je opisan u poglavlju 1. U poglavlju 2
‘opisan je CMS detekror. Interkalibracija i performance ECAL detektora opisane so'u poglaviju 3.
Mijetenja varijabli zasnovanih na kinematici rekonstruisanih naclekirisanih estica predstavljena
su. u poglavlju 4 dok su mijerenja vatijabli zasnovanim ma rckonstruisanim d¥etovima
predstavljena u poglavlju.5. Nakon togz slijede zaldjucci,

Poglavlje 1 opisuje teotijske osnove Standardriog Modela. Teorije 1 Lagranzijani koji opisuju
fundamentalne inetrakcije su ukratko izloZent: kvantna.clektrodinamika, kvantna hromodinamika
i elektroslaba teotija. Glavai koncepti teotije. Izvan Standatdnog Modela (engl. Beyond the:
Standard Model) su diskutovani u potpoglavlju 1.1, “Teorijski proracun efikasnog presjeka

proton-proton interakeije sa kolincarnom faktotizacijom i Furikcijama raspodjele partona (engl.
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Partong Density Functions — PDE) su opisani. u dijel 1.2 Nakon oveg opéteg dijela, v
potpoglavlju 1.3 detaljno je objaSnjen Drel-Jan proces. U potpoglaviju 1.4 uvode se-Monte Catlo
(MC) simulacije fizi¢kih procesa kao i-odziva detektora koje:imaju velo vaznu ilogu za mjerenja i
‘nova otktiéa. Kljuéni koncepti generatora, MadGraph 5 aMCc@NLO i GENEVA, koriscenth za
u_porcdivanj_c.éks’pcfimenta]n_ih tezultata i teordjskib predikeija su opisani.

Poglavlje. 2 opisuje eksperimentalnu apataturu. Protoni se ubrzavaju na sudaracu LHC. Protoni
i Cestice koje nastaju pri njihovim sudarima detektuju se u CMS detektoru. CMS je velo
sofisticirana aparatura koja se sastoji od poddetektora zasnovanim na. razli€itim tehnologijama.
Kombinovanjem informacija sa subdetektora rekonstruide se kinematika svakog ‘sudara:
identifikuju se nastale &estice i mjere se njihovi impulse 1 energije. U ovom ‘poglaviju predstavljen
je skceleratorski sitem 1 detektori CMS cksperimenta. U potpoglavlju- 2.1 _d_a't" je kratak osvit na
LHC, njegov dizajn i performanse, rad i bududi planovi, Potpoglavlje 2.2 je namijenjeno CMS
eksperimentu. CMS koordinatni sistem i osnovne kinematicke varijable koje opisuju Cestice
kreitahe u ptroton-proton interakcijama su definisane. Struktura i petformance kljuénih
detektorskih kom'po'xie'ri’ti CMS-a su ukratko predstavljene. Rekons't_rukcijﬁ Eestica u detektorima
je opisana u potpoglavlju 2.3. Objanjena je rekonstrukeija trajektorija nastalih Cestica i verteksa,
kao i identifikacija i rekonstrukcija elektrona, forona, ‘miona kao i algoritam za rekontrukciju
gestica koridéenjem informacija sa razliCitih detektorskih sistera (enigl. Pasticle flow algorithm -
PF). Ovo poglavlje zakljuéeno je potpoglavljem 2.4 koje opisuje nadgradnju CMS detektora koja
se predvida za fazu rada LHC-a sa visokom luminoznogéu (HL-LHC petiod).

Kao §to je ranile pomenuto, dio ove tez¢ je posvecen interkalibraciji | izu¢avanju perforiansi
elekttomagnetnog kalorimetsa CMS-a $to je opisano u Poglavlju 3. Odliéna rezolucija ovog
kalotimetra ima vaZnu ulogw u mnogim fizickim-analizama koje se-realizuju na CMS-u. Narotito,
visoka preciznost mjerenja entgije elektrona 1 fotona ovim kalotimetrom imhala je esencijalni.
doptinos u otkrién Higs bozona kroz kanal raspada: na dva forona, I1 — yy, tokom Run 1
petioda rada THC-a. Da bi se optimizirale performance detektota sprovedena je kalibracija
relativnog odziva ECAL kanala i dobijene kotekeife za varijacija oduiva detektora tokom’
vremena. Tokom RUN 2 perioda, zbog znaCajnog poveéanja luminoznost tj. broja proton-
proton interakcija u jedinici vremena, kreirani su zahtjevni uslovi na koje jer ECAL morao $to
bolje odgoveritL '

Mijerenje enrgije i rekonstrukcija signala u ECAL-u su opisani u potpoglavljima 3.1 i 3.2. Posto
odziv ECAL-a varira tokom vremena zbog vatijacija transpatentnosti kristala izazvanih
radijacijom, vedena je konstantna kalibracija- kalorimetra, Laserski sistem za pracenje
tfansparentnosti kristala je opisan u potpoglavlju 3.3. Dio ove disertacijc posvecen: je
interkalibraciji ECAL-a koriéenjem Drel-Jan procesa tokom kojeg se kreira electron-pozitron
pat. Konstante iriterkaltbracije dobijene su. za sve tri godine tokom Run 2 perioda. Pored ovog,
ova teza obuhvata i mjérenje tezolucije TCAL-a tokom Run 2 perioda i uporedivanje
performansi rada ECAL-a tokom Run 1 i Run 2 petioda, U potpoglavlju 3:4 predstavljene su
razlicite metode za interkalibraciju dok potpoglavlie 3,5 daje viSe detaljz o koriséenju Drel-Jan
procesa u Gve svthe. Planovi koji- seodnose na nadgradnju RCAL-a tokom HL-LHC perioda
opisani su u potpoglavlju 3.6.

U Poglavlju 4 prikazana su mjerenja diferencijalnog cfikasnog presjeka za produkciju Z bozona
u funkciji N-dZetnost varijabli, o and 7, kio i difetencijalni efikasni presjeci u zavisnosti od sume
transveszalnih impulse naclektrisanih Cestica. Sudari 1. interakcije u kojima se kreira Z bozon
selekeuju se kroz postojanjé dva naclektrisana miona. Mjerenja su.dobijena za realni Z i virtuelne.
7 bozone i fotone. Zbog velike luminoznosti, glavai izazov pri ovakvim mjerenjima je prisustvo
Zestica iz velikog broja proton-proton interakcija koje se preklapaju i deSavaju istovremeno sa
interakeijom tokom koje se kreirao Z bozon, njih u prosjeku 35, tzv. pilep . Da bi se redukovao
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koriséénjem rekonstruisanih nalcktrisanih estica jer se-za njih moZe odrediti-da 1i poticu od. tzv.

primarnog vetteksa tj. tatke u kojoj se desila interakeija-od interesa. Mjercnja su vriena za Cetiri
interval transverzalnog impulse. Z: bozona, , pr (Z), 1 tri intervala dileptonskih masa (Mn) 18]
prvom dijelu ovog poglavlja (4.1) definisane su varijable koje ée se mijeriti, U potpoglavlju 4.2
predstavljeni su uzorel anlaiziranih interakeija, dobijenih iz eksperimentalnih podataka i iz
simulacija koridéeni u. ovom radu. Selekcioni kriterijumi koriséeni za odabir -i'x_ltera;kci'ja od
interesa, kao i naelektrisanih Cestica nastalib:u njima predstavijeni su u potpoglavlju 4.3, Selekcija
dogadaja tj. interakcije zasnovana je na idcatifikaciji miona cije su tmjektori'je ‘tekonstruisane sa
velikom precizno$éu u detektoru za rekonstrukciju trajektorija naclektrisanih cestica i Mionskom
sistemu, Osit ovog, zahtjeva se da ovi mioni budu izolovani tj. da ne pripadaju nekom dZetu u
kojem nastaju kao tezultat raspada drugth destica — uglavnom hadrona. Takode, za racunanje 1,
71 i sumarnog transverzalnog impulse &estica uzimaju 'se w obzif samo naelektrisane Cestice €iji je
transverzalni impuls veéi od 1GeV. Za sve Cestice se zahtjeva se da se emituju unutat
geomettijske oblasti’ koja je u potpunosti pokrivena detektorima t. da je apsolutna vrijednost
psendorapiditeta |y | <2.4. _

Odziv detektora je detaljno simuliran sofisticiranim. softverom ‘uz modeliranje interakcije svake
Cestice sa materijalom detektota i wz emulaciju elektronike 2a otitavanje sighala. Simulacija se
uporeduje sa realnim. podacima da bi se utvrdila eventualna razlika. Potpoglavlje 4.4 opisuje
dobijanje korekeija koje se dodatno primjenjuju na simulirane dogadaje kako bi se unaptijedila
taénost simulacije, Ove korekcije su zajednicke za sve analize na CMS-u. Radundnje ovih tzv..
faktora skaliranja za primijenjent trigger je dio rada -ove doktorske disertacije i dobijeni su
primjenom Tag-and-Probe metoda dok su ostale korekcije dobijene u okviru drugih CMS grupa.
Nakon primjenjenih kotekcya, faspodjele za mione 1 mionske ‘parove uporedene su sa
simulacijom. Ova potedena su uradena i za raspodjele kinematickih velitina koje kojekarakterisu
razmatrane. naclekttrisane Cestice. Da bi se cksperimeritalni rezultat upotedivao sa rezultatima
teotijskih modela, mijerenja moraju biti korigovana za detektorske efekte koji aticu na
rekonstrukciju estica, a vezani su za neefikasnog detektora. ili. misidentifikacija &estica od
interesa. Dodatno, posto eksperimentalna aparamta ima. ogranienu rezoluciju, izmjerena
vrijednost neke opservable obicno ne odgovaraju ta¢noj vrijednosti i neophodno je primijeniti
tehnike za dekonvoluciju detektorskih efckata koje su predtsavljene u potpoglavlju 4.5. U
potpoglavlju 4.6 je detalino obajasnjeno facunaje svih prisutnih sistematskih- grefaka. Ovaj-dio
takode ukljucuje detalino objasnjenjenje racunanja teorijskih gresaka koje postoje usred primjene
odredenih modela. U potpoglavlju 4.7 predstavijeni su rezultati diferencijalnog efikasnog presjeka
u zavisnosti ‘od 0-dzetnosti, 1-dZetnosti { sumarnog transverzalnog impulsa naelektrisanih Eesdca.
Rezultati su dobijeni za invarijantnu masu Z hozona, u oblasti -pika, izmedu 76 1106 GeV,
izmedu.125.1 130 GeV, 150 and 350 GcV i 3501 1500 GeV. Varijable su izmjefene i za ¢etiti
intervala transverzalnog impulse 7 bozona: transverzalni impuls manji -od 6 GeV, od 6 do 12
GeV, od 12 do 25 GeV i iznad 25 GeV. Eksperimentalni rezultati su uporedeni sa tti prethodno
opisana teorijska modela.

Poglavlje 5 sadrzi rczultate opscrvabli zasnovanih na rekonstruisanim dzetovima, Qve
'op_scrvablc su izmjerenc u dogadajima it-kojima’ rekonstruisani 7. bozon ima vtijednost mase u
oblasti pika (realni Z bozon tj- Z bozon na masenoj ljusci). Definicije varijabli zasnovanih na
detovima, Tme 20d Twm, pedstaviienc su u potpoglaviju 5.1. Objasnjen je 1 znataj mjerenja
efikasnog presjcka u zavisnost of ovih varijabla i njihova prednost u odnosu ga ‘standardne
varijable koje opisuju dzetove. Potpoglavlje 5.2 opisuje rekonstrukciju i selekciju dzetova. Dva
metoda za tedukeiju doptinosa dietova koji poti¢u od pileup-a su uporedena i usvojen. je onaj
koji je pogodniji za mijerenja N-dZetnost varijabli. U poglavljn 5.3 objadnjene su dodatne
sistematske greske koje se pojavljuju rekonstrukcijom -dZetova. Raspodjéle po Tms and: T
| varijablama na niou detektora i prikazani su u potpoglavlju 5.4 i upotedene sa Monte Catlo
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“simulacijama. Rezultati za diferencijalni efikasni presjek po Tons and 7 varijablama prikazani su
na kraju ovog poglavlja. Data su poredenja ckspetimentalnib rezultata 1 teotijskih modela koji su
kotis¢eni i u poglavlju 4. _

Na kraju, rezultati disertacije su sumirani u Zakljuécima.

2. Vrednovanje disertacije _

2.1.Problem (navesti nerijesena i kontraverzna mislienja o istraZivackom problemu i
dosadasnjitn pokusajima rjeSavanja problema, jeSenja. do kojih su dosli drugi autori,
ocjenu osnove disettacije u skladu sa radovima i istraZivanjima kandidata i nacin

njibove veze s saimom diseftacijom)
Brojne analize na LHC-u kategorisu dogadaje tj. interakeije u zavisnosti od broja dzetova koji se
wnjima kreiraju. Analize koje se odnose na ptfocese w kojima se defava fuzija vektorskih bozona
(engl.Vector Boson Fusion — VBI) vobi¢ajeno zahtijeva dva dzeta koja su znacajno razdvojena.
po rapiditetu — na primjer zahtjevanjem postojanja sistema .od dva dZeta sa velikom
invatijantnom masom. Ovakve kategotizacije tj. selekcije podrazumijevaju postojanje faznog
prostora sa. resttikcijom. na dodatno ‘QCI zracenje. Ovakva restrikcija &ini efikasni presjek
osjetljivim’ na’ eventualnu “meku” (sa malim transverzalnim impulsom) i kolinearnu radijaciju i
uvedi po svim redovima konstane jake intetakcije, as, ¢lanove perturbacije a:"log™(Q/pr), gdje
je Q energetska skala koja karakteriSe dogadaj, a py*” je prag za transverzaloi impuls iznad kojeg
su detovi zabranjeni. Ukoliko je tzv. veto-uslov jaci (nize pr'™ ), vedi su logaritamski clanovi.
Zhog slabe konvergencije perturbacionog racuna za efikasni presjek, clanovi su posebno veliki u
shu¢aju: produkcije. Higs bozona $to. vodi neodredenosti mjerenja od oko 11% za NNLO i cko
8% za NNLO+NLL (next-to-leading-logatithmic) proracune sa pr™® = 25 GeV uz primjenu
anti-kj- dlgoritma za-rekonstrukeiju dZeta sa pﬁrametrom fastojafija R = 0.5: Za male v‘fij‘cdnosti.-
parametra rastojanja (R << 1), algoritam uvodi logariramske ¢lanove po R koji doprinose NLL

proracunima koji slabo konvergiraju. Frank ]. Tackmann sa saradnicim apredlozio je koriséenje
inkluzivnih varijabli koje s¢ mogu resumirati (imati konaénu vefjednost za red sa divergentnim
._él'andvima)' i omoguéavaju precizno ra¢unanje efikasnih presjeka uz kotidcenje najsaveemenijih
protaduna, Dvije viste vaiijabli su predloZene, inkluzivoe koje ne zavise od algoritma za
rekonstrukeijn detova i zbog toga uproSéavaju resumaciju (ty), i vatijable zasnovane na
sekonstruisanim dZetovima (Te.g). Za razliku od myefénja sa detovima, u literaturi postoji vrlo
malo. mijerenjz koja uporeduju teorijska predvidanja za ove N-dzetnost varijable sa
cksperimentalnim rezultatima i ograni¢ena su samo na To. Ova teza popunjava upravo te praznine
detalinim. mjerenjima ovih varijabli sa dva cilja: obezbjedivanje pouzdanosti njihovog koriséenja
kao d¥et-veto algoritma iobezbjedivanic eksperimentalnib rezultata za resumaciju élanova viseg
reda.

2.2. Ciljevi 1 hipoteze disertacije

Glavni ciljevi-

1. Mjerenje diferencijalnog cﬁkasnog ptesjcka za udruZenu produkciju Z bozona i
d¥etova u proton-proton sudarima na en¢rgiji u sistemiu centfa masa od 13 TeV u
funkci]i od varijabla k(‘_jjc. s¢ -zasnivaju na kinematici rekonstiruisanih naelekfrisanih
hadtona: 0-dZetnosti, 1-dZetnosti i sume transverzalnih impulse naelektrisanih Cestica
za 7. bozon u oblasti masenog pika, za pet intervala transvetzalnog impulse:
inkluzivni, ispod 6 GeV, izmedu 6 1 12 GeV, izmedu12i 25 GeV'i iznad 25 GeV.
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1500. GeV.

3. Mijerenje diferencijalnih cfikasnih presjeka udruzene produkeije Z bozona i dzetova u
proton-proton sudatitna na energiji u sistetu centra masa od 13.TeV u funkcj i od
varijabla zasnovanih fia rekonstuisanim dZetovima: Tum 1 T

4. Uporedivanje cksperimentalno izmjerenih dﬂerencqalmh efikasnih presjeka u funkciji
N-dZetnost varijabla sa najsaviémenijim teorijskim proracunima.

5. lzucavanje performansi i interkalibracija elektromagnetnog kalotimetra tokom Run 2
pefioda (2016, 2017 and 2018).

2.3.Bitne metode koje su primijenjenié u disettaciji i njihovu primjerenost. Ako je.
primijenjena nova ili dopunjena mietoda, opisite-$ta je nove

Eksperimentalni podaci analizirani u ovoj tezi dobijeni su koriséenjem CMS detektora u CERN-u
u Zenevi. Ovaj detektor je jedna kompaktna strukwura sa velikim brojem poddctektorsklh
sistema. Centralni dio je veliki superprovodni solenoid dufine 12.5 m i radijusa 6 m., Nominalna
vtijednost magnetnog polja koje on proizvediiznosi 41. Unutar solenoida instalirani su: detektor
za rekonstrukciju naelektrisanih cestica, ECAL i hadronski kalotimetar (HCAL).

Izvan solenoida je gvozdeni nosac magneta isprepletan. slojevima mionskih detektora. Da bi se
rekonstruisale 1 identifikovale &estice kori§ten je PF algorlt'lm Ovaj algoritam Lombmu]e’
informacije sa svih poddetektoa omoguéavajuéi najbolju moguéu identifikaciju i mjerenja energije
svib vrsta objkata. PF algoritam kotisti informacije- iz detektora za rekonstrukciju tra]ektorija
naelektrisanih &estica i mionskog sistema i kalorimetrijskih klastera rekonstruisanih u ECAL-u i
HCAL~u: Ovaj algontam omOgucav'l ‘tekongtrukciju fotona, neuttalnih hadrona, naelektrisanih
hadronia, clektrona i miona i omoguéava rekonstrukeiju dietova i odredivanje nedostajuceg
transverzalnog impulsa. Selekeija dogadaja zapodinje mionima ija je putanfa ckstrapolirana iz
detektota naeleketrisanih cestica konzistentna sa trqjckton;om u mionskom sistemu dok se
informacija o enrgiji dobija‘iz zakiivljeénosti njihove putanje pii prolasku kroz magnetrio polje.

Da bi se izmierili efikasni presjeci u fizickim analizama, neophodno je uporediti cksperimentalne.
podatke sa simulacijomy kako bi se prlmncmlc tehnike za dekonvoluciju detektorskih. efekata.
Proton-proton interakeije generisanc su MADGRAPHS AMC@NLO generatorom, a C MS
detektorski sistem je modeliran koriséenjem GEANT4. Rekonstrukcifa simuliranih dogadaja vrsi
se na identi¢an nadin kao u shuéaju eksperimentalnib podataka.  Da bi se analizirali
ékspcr’i’m‘entalni i simulirani poaci, zajedni¢ki softverski paket je razvijen u CMS kolaboraciji koji
ukljucuje i softverski paket ROOT. Analiza u ovom radu je zahtjevala razvoj programa u CH++ i
Python programskim jezicima.

U ovoj disertaciji je izradunata efikasnost koridéenog. mionskog trigera u eksperimentalnim i
simuliranim podacima, a odnos ovih efikasnosti se koristi kao faktor skaliranja koji s¢ dodatno
primijenjuje na simulirane podatke. Da Ibi dobila faktore skaliranja, dektorandkinja je koristila
tehnike zasnovane na samim podacima, Reference trigger i Tag & Probe method.

Sa ovom tezom, razvijen je novi metod klasifikacije dogadaja zasnovanim na broju dZetova koji
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je implementitar o CMS-u.

Takode, metod koriicen za uposedivanje performansi HCAL-a tokom tazli€itih vremenskih
perioda je inovativan i prvi put se koristi u ovoj tezi. Omoguéena je tzv. faktotizacija pileup
efekata i njihovo isljuivanie iz poredenja performansi. Pod’acl su prikupljani u uslovima
povecane luminoznosti T.HC-a, §to je za performance detektora zahtjevnije okruzenie.
Zahvaljujudi inovativioj metodi predloZenoj u.ovom radu, bilo je moguée dokazati da se
performance detektora riisu promijenilé tokorm godina i da se kalibracija detektora nije pogorsala
‘tokom viemena,

2.4, Rezuliati disertacije i njihovo tumacenje

Raspodjele varijable o su mjetene za razli¢ite transverzalne impulse Z bozona, pr{Z), i uporedene
sa teorijskim ‘predikcijama dobijenim aMC@NLO i GENLVA generatorima. Integral pod
raspodjelom pr(Z) u. oblasti mpod 1 GeV je u generatosu dMC @NLO niZi nego u
.ekspenmcntalmm podacima, 2 ovo je narodito izfazeno za srednje pr(Z) (<12 GeV). Resumacija
koja je ukljudena u GENEVA. genieratoru bolje apisuje ove ckspetimentalne podatke. za
inkluzivou pr(Z) raspodijclu i oblast gdje je p1(Z) manji od 6 GeV. Odstupanja su detektovana i
za vede vrijednost transverzalnihi impulsa dostizuéi 1 50% zd fazni prostos ‘ograniéen na
-p;(/)>25 GeV. Kad je u pltan]u cielokupna. raspodjela po 1, inkluzivna po pr(Z), teorijski
proradun koji ukljucuje fesumaciju obezbjeduje bol]c slaginje sa. eksperimentalnim mjerenjima.

Ograni¢ivii se nz pr(Z) ispod 6 GeV ili izmedu 6 1 12 GeV, moZe se zakljuditt da je nivo slaganja
teoriiskihi proradina i cksperimentalnih rezaltata vrlo slican: Za veée vrqednosti transverzalnog
'_Jmpulsa 12: < 'pr{Z) < 25 GeV, eksperimentalni podaci se bolje opisuju aMC@NLO modelom:

Dio raspodiele po y gdje 1 ima vijednost nizu od donje vrijednosti TAZMATANOE P +(Z) ¢ine.
uglavnom dogadaji sa hadronskom aktivnoséu koja balansira transverzalni impuls izvan oblasti
kojupoktiva detektor. Teskoce da s¢ reprodukuju raspodijele za tzv. pt-balans u dogadajima sa Z
bozonom i d¥etovima u oblasti rapiditeta |y| < 2.4 detektovan je i ranije na CMS-u. Neslagan]a
ekspérimentalnih i teorijskib taspodjela po o dobijena su iz transverzalne impulse veée od
praga za pr(Z) i-ona su sli¢na za oba generator, aMC@NLQO i GENEVA.

Raspodiele po 1 dobijene su i inkluzivno po pr(Z) uz zahtjev da Z bozon bude izvan masene
ljuske tj. da budé virtuclan sa vecdim vrijednostima ‘mase ¢imc se povecava i doprinos od
logar}tqmskjh lanova za cfikasni presjek, as”log2n (Q/pr™™). Slaganje sa cksperimentalnim
mjerenjima je slidno. za profacune sa i bez resumiacije. Pokrivenost razlika izmedu
cksperimentalnih podataka 1 teorijskih, proracuna neodredenostima koje se.odnose na svaki od
proratuna jje losija kod profacuna sa resumacijom za kojc bismo oéekivali bolju kontrolu
neodredenosti kad je u pitanju ova varijabla,

leercnu]alm efikasni presjeci.u zavisnosti od on i varijable mjereni su za iste invarijantne mase,
My, 1 pr(Z ) intervale’ kao 1 to. Taénost ove ()pscrvab]c sc ocekuje da bude sliéna za GENEVA
.gencrator 1 proratunce sa fiksiranim redom ‘$to je i potvedeno u. ovom rtadu. Oblici teorijskih
raspodicla dobijeni razlicitin generatotima su slicnia razlike su uglavnom u vrijednost ukupnog
efikasnog prcs]cka Za juvasijantne mase u okolini Z pika, u oblasti.u kojoj dominiraju partonske
kaskade, dobijene su razlike i do 90% za male vijjednosti 11. Za veée vrijedniosti pr(Z ) izmedu 25
i 35 GeV, predikcija koja ukljuéuje maksimalni broj dzetova u matriénom elementu najbolje
‘opisuje ekspetimentalne rezultate. GENEVA genérator obezbjéduje-dobar opis eksperimentalnih
.m‘jerenja T varijable za. mjet'enja 74 $Ve ()bl‘lsti i'nvv:ijantnih masa 'i'7nad Z bika Predikcije

Obrazac D3: Ocjena doktorske disertacije 7/11



UNIVERZITET CRNE GORE
ObiazacD3: Ocjena doktorske disertacije

UCG

je doprinos veéi wodnosu na cksperimentalna mijerenja.

Rezultati za sumarni tfansverzalni impuls naclektrisanth destica su dobijent’ za iste intetvale
transvetzalnog impuise i invarijantnih masa kao it and 7. Za fazni prostor inkluzivan po prld),
GENEVA. i aMC@NLO solidno opisuju eksperimentalne rezultate nezavisno od invarijantne
mase, ali sa nesto ravnijom raspodjelom u slucaju AMC@NLO. Takode, aMC@NLO daje dobru
predikeiju za fazni prostor ografiiCen na pr(Z) > 25 GeV sabozonom u oblasti Z pika.

Kad su u pitanju raspodijele zasnovane na dZetovima, Tme and Tums postoje odredena odstupanja
GENEVA raspodjela u odnosu na ckspetimentalne rézultate za riize: viijednostt tmw Za ostale
oblasti Tms svi teorijski modeli se slazu sa cksperimentalnim mjerenjima. U odnosu na
eksperimentalnie rezultate, svi generatori predvidaju izrazeniji pik u T taspodjeli pri ¢emu je taj
efekat nafizrazentji u slucaju GENEVA gCn_erator._'Tcorij'ske neodredenosti dobijene GENEVA.
genetatotom ne objasnjavaju ove razlike.

Da bi s¢ dobio optimaldn rad detektora, izvriena je kalibracija relativnog odziva kanala FECAL
kalorimetra 1 primijenjenc su korekcije na vremensku zavisnost odziva. Run 2. period sa
poveéanim nivoom pileup-a i zraCenja predstavljao je zahtjevno okruZenje za ECAL. U ovoj tezi
dobijene su interkalibracione konstante koriséerjem dogadaja sa Drel-Jan parovima iz raspada

7 — &'¢ i proudavane performansi ECAL-a. Interkalibracione konstante dobijene su za sve tri
godine tokom Run 2 perioda. Konstanini monitoring i kalibracija rezultirali su odli¢nim
perforransama ECAL-a. Enérgetska-rezolucija za elektrone iz raspada Z bozona je na nivou od
1.7 % u oblasti niskih vrijednosti pseudorapiditeta. Takode je pokazano da su performance
ECAL-2 tokom Run 2 pétioda velo slicne onima iz Run 1 petioda bez obzita na starost detektora
i mnogo veéu luminiznost sa LHC-a.

2.5. Zaldjuéci (usaglasenost sa fezultatima i logi¢ne jzvedeno tumacerije)

Diferencijalni efikasni presieci izmjereni su u funkciji N-d¥etnost varijabli, onih koje su
sashovane na kinematici rekonstruisanih naelcktiisanib Cestica i onih koje su zasnovane na
rekonstruisanim  d¥etovima, Mijerenja su uporedena sa dva teorijska modela zasnovana na
presjecima. ra¢unatim  kotitéenjem kvantno-dinamidkih  proracuna- za efikasni presjek sa
fiksitanim redom, LO ili NLO), za razlicite multiplicitete takih partona koji se spajaju i podudaraju
sa partoiskom kaskadom. Ovi proracuni dobijeni su MadGraph5_aMC@NLO generatorom, pri
gemu se u jednom slucaju spajanje visi za multiplicitete od 0 do 4 pti LOa u drugom od 0 do 2
pti NLO, Eksperimentalna mierenja su takode uporedena sa predikcijama zasnovanim na
NNLO u kombinaciji sa résumacijom ¢lanova vieg reda po 0-dzetnost varijabli koje su dobijene
GENEVA generatorom. Od varijabli koje nisu zasnovane na rekonstrudsanim  dzetovima,
mjerene varijable su: 0-dzernost, 1-dzetnost 1 suiharni. transverzalni impuls naclektrisanih Eestica.
N-dzetnost varjable se mogu koristiti za zabranu. dogadaja sa radijacijom visoke energije ili
d¥etovima i da defini$u teorijski dobto kontrolisani efiksni presjek za interakclje sa kreiranih N
dietova. Ove vatiiable su takode velo osjetljive na tzv. poddogadaje koji predstavljaju Eestice koje
potiéu od dodatnih  interakcija partona iz istog proton-proton sudara i zbog toga njhoéo
mijerenje predstavlja vrlo. vazan dio koji ée doprinijeti razvoju teotijskih modela i-razumijevanju
interakeije.

Oa mierenja dobijena suza interakcije u kojima je kreiran dimionski par nastao raspadom Z
bozona sa masene ljuske (tealnog) sa invarija invarijantnom ‘masom izmedu 76 1 106 GeV,.1 Z
| bozon van masene ljuske. (vittaclni) sa invatijantnom masom izinedu 125 i 150 GeV, 1507 350
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GeV 135011500 GeV. (')_\_;é varijable su takode mijeienc %a Setiri intervala transverzalnog impulsa
7 bozona. Mierenja za realne bozofie pokazuju da je oblast niskih vrijednosti 0-dZetnosti u
inkluzivhhom . sluéaju najbolic opisana teotijskim proracunom dobijenim GENEVA
generatorom, U oblasti sa velikim impulsom Z bozona gdje se otekuje kteacija jednog ili vise
‘d¥etova zajedno sa Z bozonom, MADGRAPH3 aMC@NLO daje najbolje rezultate. Za oblasti
sa vecom invarijantnom masom, svi  teotijski modeli pokazuju  solidno  slaganje sa
eksperimentalnim rezultatima. Mijerenja ovih varijabli pokazuju dobar potencijal za proucavanie
poddogadaja. Proucavanjem ovih vatijabla za invatijanthe mase iznad mase Z pika, radi se u
re¥imu sli¢hom produkeiji Higs bozona.

Dobijeni su rezultati za N-dzetnost varijable zasnovane na tekonstruisaniny dZetovima Toas 1 T

Ove varijable su definisane koriS¢enjem transverzalnog impulse dZeta sa teZinskim faktoron koji
zavisi od rapiditeta ‘dzéta. Ove varfjable daju moguénost da se- postigne znacajno. iskljuCenje
dogadaja-sa dZetovima u centralnoj oblasti rapiditeta dok je u oblasti tzv. prednjih rapiditeta ovaj
efekat manji. Bksperimeatalia mjetenja Tms varijable pokazuju dobro slaganje sa teorijskim
rézultatima’ narogito .sa  MadGraph5_aMC@NLO. Stoga, ova varijabla se moZe koristiti za

restrikcijn dogadaja sa kreiranim dzetovima.

3. Konacna ocjena disertacije
3.1. UsaglaSenost sa obrazloZzenjein teme

Obje teme teze, fizicka mjerenja i optimizacija performansi detektora, detalino su istrazene. Rad
je teme teze, fizicka mjeren nizacija p i
je u potpunostt usaglasen sa obrazlozenjem temi.

3.2. Moguénost ponovljivosti

Mijerenja iz disertacije su dobijena koriscenjem podataka sa CMS ekspérimenta. IstraZivanja pod
identi¢nim uslovima mogu s€ ponoviti kotiséenjem cksperimentalnih podataka. sa ATLAS
¢kspetimenta. Takode, mjerenja se mogu ponoviti na oba seta podataka koridéenjem raspada Z

bozona na elektron-pozitron pat.
Ipak, analiza‘je sloZena i bice tesko daje reprodukuje neko van CMS kolaboracije.

Numeritka forma rezuliata bice objavljena, pored publikaciie v casopisu, u HEPDATA
(https:/ /www.hepdata.net/) i biée ukljutena u Robust Independent Validation of Experiment
and Theory - Rivet, (https://rivéthepfoige.org/) da omogudi poredenje sa- bilo kojim

proracunom.

3.3. Buduca istrazivanja

Teza ima 7z cilj proucavanje novih varijabli ¢ije se koris¢enje predlaze umjesto veta na dZétove u
anializama v fizici visokih energija. Rad je pokazao da jc modeliranje N-dzetnost varijabli Monte
Katlo generatotima losije od miodeliranja standardno. kori$éenih varijabla za detove. Stoga jé
neophodrio istrazivanje koje ¢e vodiil ‘pobolj$anju teorijskib proratuna, prvo zbog njihove
upotrebe uanalizi podataka, a zatim 1 zbog razumijevanja resumacije Elanova visih redova,
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3_.4.'Ogmn.i<':enj'a djs_z_:rtacije i njihov uticaj na vrijednost disertacije

Neimna posebnih ograqicenia.

(dati pO]asn]en]e orlgmalnoxt {otiginalnost(sasvim hova saznanja, dopuna/ proslren]e postojeeg
znanja ili pobijanje postojeéeg: znanja), uticaj fezultata disettacije na napredak nauCoe oblasti,

uticaj fezultata na struku (direktno, indirektno))

Ovaj rad doptinosi razumijevanju 1 modelitanju mdllacqe mekih gluona u proton=proton
sudatima. U radu su dobijena mijerenja varijable koja je uvedena 2010. godine i koja sc od
‘nedavno kotisti za racunanie ¢fikasnih presjeka sa izvantednom tacho§cu kotistei proradune sa
NNLO po konstanti jake interakciie, a., kombinovane.sa logaritamskim ¢lanovima do NNILL 1
partonskom kaskadom. Proracuni k0]1 ukljucuju par tonske. kaskade su veoma znacajni i sa
ckspetimentalnog stanoviita jer omogucwa]u simulaciju proton-proton sudara uk]]ucu uéi odziv
detektora §to nfje slucaj sa profatunima sa fiksiranim redom. Simulacija je necphodna u
eksploataciji podataka sa cksperimenata kakav je CMS.. N-dZetnost varijabla | je do sada m]erena
samo u poscbnom siucaju kada je N = 0 (0- d/emost) U ovoj tezi dochno je pivo mijerenje za
N=21
Doprmos dlanova viSeg reda je vedi u slucaju psodukcije Higs bozona. Slidan refim se moZze
postici koriséenjem dogadaja sa produkcijom Z bozona zahtijevajuéi da je bozon van masene
Jjuske i da ima veéu masu. Z bozoni koji se na LHC-u proizvode. u ogromnom broju, kotiséeni
su kao zamijena za razumijevanje rijetke produkcije Higs bozona i validacije tcorl]skog proracuna
efikasnih presjeka. Posed toga, ova vatijabla se moe iskoristiti 7 za redukciju i identifikaciju
razliéitih mehanizamha produkcije Higs bozona koje karakteri$e kreacija nckolike dZetova u
kona¢nom stanju.
ECAL detektor obezbjeduje detekciju i mjerenje energije fotona, clektrona 1 pozitrona i stoga je
kljuéna komponcnta detektorskog sistema CMS cksperimenta. Za dobijanje tezultata’ visoke
préciznosti i nova otkriéa neophodse su odlicne performance ovog detektora.

U radu su predstavljena prva mjerenja N-dZetnost vatijabli pri produkeiji realnih i virtuelnib Z
bozona u CMS eksperimentu i performanse njegovog clcktromagnetnog kalorimetta.

Zbog dobre konvergerncije perturbativnog reda zir’iéunmje efikasnog presjeka, produkcija Z
bozona jé odliéan peligon za testiranje résumacije clanova viseg reda i bjihovo uporcdivan]e sa
teorijskim modelima.  Rezim resumacije slican  keeaciji Higs bezona moguce je postici
analizirajuéi Z bozone veée mase - van masene ljuske.

Elektromagnetni kalorimetar igra kljuénu ulogu u detcktorskom sistemu CMS-a i zahvaljujuéi
doptinosu iz ove discrtacije obezbijedena je veoma dobra rezolucija §to je od vitalnog interesa za
naucni program ‘CMS kolaboracije. '

‘Rezultati diseftacije su’ prlka/wam na fedunarodnitn  konferencijama. i vorkS$opovima koje
organizuje CMS$ kolaboracija. Dio rezultati rada na elektromagnetnom kalorimetru objavljeni su u
Easopisu Journal of Instrumentation koji je vodedi€asopis u instrumentaciji fizike Cestica.

Jelena Mijuskovié on behalf of the CMS collaboartior
»wThe CMS electromagnetic calorimeter upgrade: high-rate readout with precise time and
energy resolution®,

Journal of Instrumentatlon (j INST) 2022 1'7 C01004
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U pripremi je i publikacija mjerenja N-dZetnost varijable. Nacrt rada je trenutno u fazi interne
recenzije u okviru CMS kolaboracije.

Imajuéi u vidu sve navedeno, Komisija sa zadovoljstvom predlaze Vije¢u Prirodno-
matematickog fakulteta Univerziteta Crne Gore da prihvati doktorski disertaciju pod nazivom
,Mijerenje N-dzetnost varijabli u dogadajima sa produkcijom Z bozona u CMS detektoru i
performanse njegovog elektromagnetnog kalorimetra™ kandidata Mr Jelene Mijuskovi¢ kao i
da predlozi Senatu da imenuje Komisiju za odbranu ove doktorske disertacije.
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The scientific area of the thesis is Elementary Particle Physics also called High Energy Physics.
This thesis presents the measurements of the differential cross section of Z boson production in
association with jets in proton-proton collisions at center of mass energy of 13 TeV. The
analysed data has been collected by the CMS (Central Muon solenoid) experiment of LHC
(Large Hadron Collider) during the year 2018 and corresponds to an integrated luminosity of 59

Obrazac D3: Ocjena doktorske disertacije

1/11


Goran Popivoda
No.


.’ UNIVERZITET CRNE GORE
U C G ObrazacD3: Ocjena doktotske disertacije

Ty = min{q, Py - Piodl * Ph-AN “Pic}
k

whete py is the four-momentuim of particle k, ¢, and q are the four-momenta of the beams and
1, tepresents the four-momenta of N jets in the eveat. Forevents with at least N jets, in the
limitwhen w — 0, the event containg N narrow jets. _

in this thesis, the cross section is measured as a function of track-based event shape variables:
zero-jettiness (1o), one-jettiness (1) and the sum of the transverse momentum of partic'lc's_.

Beside the track based variables, the so called jet based vatiables "ar¢ also- measured. These
variables use jets reconstructed with the-anti-ki algorithm. Jet based vatiables, are defined via:

T '*“pi —_— 1
11T o 2
) T2 cosh(yj-' -Y)

where p]T and y; are transversal momentum and fapidity of jetjand Y 15 7 boson rapidity. The

cross section measurements depending on T = max ¥ and Tgm =Z T afe presented.

] ]
The medsurements of event shape vatiables are performed for the events where pairs of muons
are produced in the decay of 2 Z, boson on-shell with-an invariant mass betwéen 76 and 106 GeV
and also for off-shell. Z bosons with an invariant mass berween 125 and 150 GeV, 150 to 350
GeV and 350 and 1500 GeV and in four different Z boson transverse momentum regions.
The measurements have been compared with two: theoretical predictions based ‘on fixed-order:
patton-level cross sections calculated at LO (leading order) or NLO (next-to-leading ofder)
accuracy in QCD for diffetent ligh-parton multi_pii't:“i'tic's, ‘meérged and matched with p_.artoh.
shower: They have been computed with MadGraph5_aMC@NILO. The former merges
multiplicities frem zere to four at LO, and the latter ffom zere to two at NLO. The
measurements are also compared with a predication at NNLO at fixed order combined with the
resummiation of higher-order terms in O-jettiness and matched with parton shower obtained with
the GENEVA evént generator.
Pist of the thesis is devoted to the studies of the performance and the calibration of the
‘Blectromagnetic calorimeter (LCAL) of CMS during the Run 2: data taking petiod (2016, 2017
and 2018 yéa_rs). ’Ihis:_subdctéc_tot is crudial for the detecton of photons, electrons and positrons
and is theréfore véry impottant for many analyses in CMS.
This thesis consists. of an introductoty part, five chapters and a conclusion. The list of figures
and ‘tables are provided. The dissertation: is preceded by an abstract writtenn in Montenegtin,
French and English. The theoretical introduction to- the Standard Model is described in chapter
1. In chapter 2, the CMS detector is pres_ent_r—:_d. Intercalibration and performance of BECAL is
described in chapter 3. The measuréments. of track-bascd ‘event shape variables are presented in
chapter 4, and the measurements of jet-based event shape variables are presented in chapter 5.
Summary and conclusions follows.
Chaptetr 1 describes the theoretical basis-of the Standard Model. The theoties and Lagrangiar's
that describe fundamental intcractions are briefly summarized; quantum  clectrodynamics,
quantum chromodynamics and electroweak theory with electroweak symiietry breaking. Main
‘concepts Beyond  the Standard Model théoty are discussed and conclude section 1.1 of this
chapter. The theoretical treatment of the c_omputa_trion of the cross-scction of proton-proton
interactions, with collinear factorisation and Parton Density Functions are descried in section
1.2, After this general part,in. section 1.3.D'tell-Yran_._processcs are:explained in detail, The section
1.4 introduces Monte Carlo (MC) simulations which include- physics processes and also. the
response of the detectors and have very important role for measurements -and new discoveties.
The main concepts of genetators used in the compatison of data and theoretical predictions,
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MadGraphs_aMCc@NLO and GENEVA are described.

Chapter 2 desctibes the experimental setup. Protons are aceelerated in the LHC and the
particles produced in their collisions are detected with the CMS detector. CMS is a very
ZSOphisticat'e'd apparatus made of subdetectors using differént technologies. By combining the
information from the subdetectors, the complete kinematics of each. collision is reconstructed:
the ptoduced patticles ate. identified and their momenta and energies are measuted. In this:
chapter, the accelerator system and the detector with' its subsystems are presented. In section 2.1
a brief description of LHC, its design, pesformance, operation and future plans are given. Section
2.2 is- devoted to the' CMS experiment. The CMS coordinate system and the main the kinematic
vatiables tliat desctibe particles created in proton-proton interactions are defined. The design-and
petformance of the key components of CMS are briefly described. After this, the concept and
logic of the trigger system is. cx'p_]ained-. The.réeconstruction of particles inside the detector is

described in section 2:3. It explains track. and vertex reconstruction, electron and phot'o'n
feconstruction, muon reconstruction as well as the particle flow -algotithm- (PF). based on
infotmation from different detector systems. This chapter is concludeéd by section 2.4 in which
the CMS upgrade for the phase of high Juminosity (HL) is described.

As mentioned above, a part of the thesis is 'devo_"ced__ w0 intercalibration and perf()rman'c"e studies
of the CMS clectromagnetic calorimetet, which is described in Chapter 3. The excellent
resolution of the CMS electromagnetic calorimeter plays an important role in many physics
analyses performed at CMS, In particular, its precise measurement of the electron and photon
cner'gy had an essential contribution in the discovery of the Hliggs boson through the H — yy
channel during the LHC Run 1 period. In.order to optimize the petformance; a calibration of the
relative r.e'sp_ohs'c-.of the ECAL channels and cotrections for the response. variation in time: are
performed. The Run 2 data taking petiod, with the increased pileup and radiation level, created a
challenging environmetit for ECAL. '

The energy measutement and signal teconstruction in the ECAL are described in sections 3.1
and 3.2: Since the tesponse of the BCAL varies with time due to the crystal transparency
vatiation induced by isradiation, constaat calibration of the detector is performed. The lascr.
monitoring system used for monitoring the crystal transparency is desetibed in Section 3.3. A
part of this PhD work was devoted to the intercalibration of the ECAL using the Drell-Yan
process where clectron-positron pairs are produced. The intercalibration constants were obtained
for all three years of the Run 2-period. In addition, this thesis includes work on resolution studies
for the Run 2 period and 2 comparison of the performance of ECAT. during Run 1 and Run 2.
In section 3.4 the different intercalibration methods are described while section 3.5 provides
more detail on the one. exploiting the Drell-Yan processes. The. plans for the ECAL barrel
readout electronics for the HIL-LHC are desctibed in Section 3.6. _

In Chapter 4, the measurcments of the differential cross section for the ptoduction of a Z
boson as a function of track bascd event shape variables, o .and 11, and as function of the sum of
the transverse momentum of charged particles are presented. The Z bosons are selected by their
decay channel into two muons. The measurement is done for both 'on- and off- shell bosons-and
includes also the contiibution from y*. The main challenge for these measutements 1§ the
presence in the recotded events of many ox'ctlapi'n_g- proton-proton collisions, 35 on average,
called pileup. and ‘occurting at the sarme time as the collision producing the Z boson because of
the high luminosity of the colliding beams. To suppress the conttibution from pileup, the
selected particles are required to issue: from the primary vertex of the interaction of interest. The
‘event: shape variables are. computed with charged particles only in order to constrain the
contributions coming from the pileup particles.
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three: different dilepton mass (My) regions.. In the first part of this chapter (Section 41) the
measured variables are defined. In Section 4.2, data samples and simulated samples are
presented. The selection criteria for the cvents and for- the. particles used for the N-jettiness
caleulation are described in Section 4.3. The event selcction i based on the identification of two.
muons with hlgh quality tracks combined from the tracker and muon systems. Beside the track
quality these muons ate requited to be well isolated from jets to exclude muons produced in
hadron decays. In addition, it is requited that one of the two muons has a transverse momentum

above 25.GeV and the other above 20 GeV. Charged particles selected for the calculation of
track-based variables are required to have a minimum transverse momentum of 1 GeV. Only
particles within the tracker pseudorapxdzt) full-precision acceptance, |n| < 2.4, are considered.
The response of the detector is simulated in detail with a sophisticated software modeling the
interaction of each particle with its matérial and emulating the. readout electronics. The
simulation is compared with the teal data to measure any difference. The: Section 4.4 describes
the ‘extraction of cotrections which are then applied to further improve the accuracy of the
simulation. These corrections are common to all the analyses performed with the CMS data. The
calculation of the trigger scale factor was. part of the thesis work and has been done using the
Tag-and-Probe method, while the other corrections were computed by some: other CMS
collaborators: Aftet the corrections were applied, the detector distributions of muon and muon.
pairs were compared with the simulation. The compatison was also done for the track vatiables.
In order to' compare the obtained tesults with the theoretical predictions or with-the results from
other ekperlments the measurements have to be corrected for the detector effects such as object
reconstruction, inefficiency inside the acceptance of the detector and ‘the misidentification of the
-objects .of interest. In addition, since the reconstruction system has a finite resolution, the
measured value of an observable usually does not correspond to the true one. The techniques for
the deconvolution of the detector effects are pu,se_n_ted in Section 4.5. In section 4.6, the
following systematic' uncertaintics wese explained and calculated. 'This section also includes 2
detailed cxplanauon of the theoretical prediction uncertainties. The measurements of track-based
vartables ate showsn ini section 4.7. The measurements are performed for events with a Z boson
with invariant mass between 76 and 106 GeV, corresponding. to the peak region, 125.and 150
GeV, 150 and 350-GeV-and 350 and 1500 GeV. Track-based variables are also measured in four
different Z boson transverse momentum regions; bellow 6 GeV, from 6'to 12 GeV, from 12 to
25 GeV and above 25 GéV. The measurements have been compared -with the. three theoretical
predictions described in the introduction.

Chapter 5 contains the results of measurements of jet based cvent shape observables in the
production of the Z boson in association with jets. These observables are measured in eveénts
with a Z boson in. the tass peak region. The definitions- of the jet based observables, Ty and
Taum, are presented in Section 5.1, The importance of the ¢ross section measurement dependence
o6 such vatiables: and their advantages with respect to the jets selection according to their
transverse momentum value is explained. Section 5.2 describes jct reconstruction and selection.
Two rethods. of suppression of the pileup contribution from the jet reconstruction are
.compared and the one mote appropriate for the N-jettiness- measurements is adopted. Section
5.3 explaifis additional systematic uncettaintics which arise due to the jet selection: the jet energy
scale and jet enérgy resolution uncertainties: The results are presented in section 5.4 starting with
results on all the uncertdintics of the jet based variables: The detector lewel distributions
comparison between data and Monte Carlo are shown. 1he results on the  differential cross
sections on jet based variables. conclude this chapter. The ‘experiniental measurements are
compated with the same theory calculations as used in chapter 4.

Finally, the résults of the thesis are summatized‘in the Conclusion.
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2. Dissertation evaluation

21  Problem (state unresolved and controversial opinions -about the reseatch problem and
previous attempts to solve the problem, solutions: reached by other authors, assessment
of the dissertation basis in accordance ‘with the publications and research. ‘of the
candidate and the way they relate to the dissertation)

A number of data analyses at the' LIHC categorise events according to their nurmber of hadronic
jets. Analyses selecting a vector boson fusion (VBF) process typically require two jets ‘sepatated
with a rapidity region gap with a low hadronic activity, for instance by requiting 2 two-jet system
with- a latge invariant. mass. Such categorisations or selections imply a phase space with a
restriction on additional QCD emissions. The restriction makes the €£oss section sensitive to soft
and collinear radiation and introduces at all orders. of sttong coupling: constantus, of the
perturbative calculation o,"log™(Q/p:+"""). terms; where Q is the event energy scale and p+™® the
pr threshold above which jets are vetoed. The more stringent is the veto (fower pr™* ), the larger
are the logarithm terms. Because of the poor convergence of the perturbative calculation of the
cross section, the terms are particulatly large for the Higgs boson production, leading to
uncerttainty of about 11% for an NNLO calculation and up. to 8% for an NNLO+NLL (next-
to-leading-logarithmic) calculation with pr-=25-GeV and-anti-ky jet clustering a]go_rithn’i with
a distance patameter of R = 0.5. For small distance parameter values (R << 1), thé clustering
induces logarithmic terms in R, that contribute at NLL in the exponent of the cross section,
which are difficult to resume. Prank J. Tackmann et al. proposed the use of inclusive variables
that can’be resumed at higher order and allow reaching an accurate cross section calculation with
state-of-thé att calculations. Two types of vatiables have been proposed, inclusive ones that do
not depend on a jet clusteting algotithm, and theiefore simplify the resummmation (3x), and jet-
based ones, more straightforward to. use experimentally (tms). Contrary to jets, thefe are: very
few measurements in the literature that confront the predictions for these variables with the
cxperim'cntal data and they are limited to 7o This thesis fills the gaps by providing details
measurements of these variables with twer goals, giving confidence in using them as jet veto and
providing experimental résults for highet-order term resummation.

2.2 Goals and hypotheses of the dissertation

The main goals

1. The measutements of differential cross sections of Z boson production in
association with jets. in proton-proton collisions at thc center-of-mass energy of 13
TeV as functions of track-based cvent shape variables: zero-jettiness, onc-jettiness
and sum of the transverse momentum of thic chatged particles for a Z boson in the
mass peak region;, for five transverse momentom tegions, inclusive; below 6 GeV,
between 6 and 12 GeV, between 12 and 25 GeV and above 25 GeV.

2. -“The measurements of the same differential cross sections for an off-shell Z boson of
high mass, in' different mass interval, between 125 and 150 GeV, 150 to 350 GeV and.
350 and 1500 GeV.

3. The meagurements of differential cross section of Z boson production in association
with jets in proton-proton collisions at center of mass energy of 13 TeV as a function
of jet-based event shape vatiables: Tum and To
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4, The comparison. of thie differential ctoss section measurements of N-jettiness
vatiables with state-of-the art theoretical calculations.

5. The studies of the perfosmance and intercalibration of the ‘Electiomagnetic
calotimeter during Run 2 ddta taking period (2016, 2017 and 2018).

2.3  Essential methods applied in the dissextation and their ‘suitability. If a new or
amended method has been applied, describe what is hew

The data used in this thesis are obtained by using the CMS detector at CERN in Geneva. This
detector has a compact structure with a lot of subdctrctm systems. The central part is a large
superconducting. solenoid with 2 length of 12.5'm and a radius of 6 m, The nominal value of
magnetic field that it can produce is 4T. Inside the solenoid the tracking detector, the
clectromagnetic calosimeter (ECAL) and the hadron calorimeter (HCAL) are all installed.

Outside the solenoid is the iron return yoke of the magnet; interleaved with layers of muon
detectors.

In order to reconstruct and identify particles the algorithm called: PF ﬂg()ritllm is used. This
algotithm combities the information of all the subdetectors, enabling the best possible
identification and enérgy measurements foi all types of objects. The PF algorithm uses.
information about tracks from the tracker and muon system, and calorimeter clusters from the
ECAIL and HCAL. This algorithm allows us to teconstruct photons, neutral hadrons, , charged:
hadrons, electrons and muons and it also provide us jet reconstruction and missing transverse.
momentum determination. The event selection starts with: muons whose path extrapolated. from
the ttacker is consistent with a muon track from the muon system.and  information about the
energy is obtained ffom the clrvature of the track. '

To obtain the cross -Section measurements in the physics analysis, it is.necessery to compare
expetimental data with the simulation in order to.apply the techniques for the deconvolution of
detector effects. Proton — proton interaction i8 generated using the MADGRAPHS
AMC@NIO generator and the CMS detector itself is modelled using GEANT4. Reconstruction
of simulated events has ben done in-the same way as for the expetimental data. To-analyse both
experimental and. simulated -data, 2. common software framework developed by the CMS
collaboration together with the ROOT data analysis framewotk-is used. The analysis has required
the devclop_mc.nt of programs in the C++ and Python languages.

In this thesis, the efficiencies of the.double muon trigger used in' the-analysis were obtained for
data and simulation and the ratio of the two has been used as scale factor cotrections applied to:
the simulated data. For this, the combination of two dati-driven techniques, the Reference-
trigger and the Tag & Probe, are used.

With this thesis 2 new method for the classification of events based on the number, of jets has
been implemented in CMS. '

The method used to compare the ECAL performance across years has been infiovative and has
becn used for the ﬁrst time.in thlb thesis. It has-al lowcd o factor the (,fchts ot plleup out of the
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M}nla_s been an increasing ch allenge from the detector peint of view. Thanks to the innovative
method proposed in the thesis, it has been possible to prove that the performance has remained
consistent actoss years and that the calibration of the detector has not degraded ovet time.

2.4 Results of the dissertsation and their interpretation

The disttibutions of 7, measured for different transverse momentom of the Z boson, pr(Z), have
been measured and compared with the predictions computed with aMC@NLO and GENEVA,
The integral below pr(Z) of 1 GeV is underestimated by the a.MC@NLO predictions especially
for low and thoderate pr(Z) (< 12 GeV). The resummation included in GENEVA improves. the
prediction of this intégtal for the distribution inclusive in py(Z) and restricted to values. below 6
GeV. Discrepancices are observed for higher transverse momentum réaching 50% for a phase
space restricted to pr(Z) > 25 GeV. When considering the full range of the distribution, the
prediction ‘including the resummation provides a better description of the measusement for a
phase space inclusive in p(Z). When pr(Z) is restricted to either be below 6 GeV or between 6
and 12 GeV, the level of agreement is. similar for the predictions with and without the
resummation. For larger values, 12 < p.(A) <25 (GéV interval and especially for pr(Z)>25 GeV,
the data are better deseribed with the aMC@NILQ predictions. The patt of the distribution with
1. below the pr(Z) thteshold must be mainly populated by events with a hadronic activity
balancing the pr outside the pseudorapidity acceptance. Difficulty to reproduce the py -balance
in. Z+iets events with the jet rapidity restricted fo |y] < 2.4 has been observed before by CMS.
Discrepancies in the 1y distsibution are also observed for value above the pr(Z) threshold with a
shape similar between aMC@NLO and GENEVA.

The 1, distribution has also been measured inclusively in; pr(Z) requiting the boson to be off-
shell with a larger mass enlarging the contribution fromi the cross section logarithmic term,
as’log?n (Q/pr™). The agreement with the measurement is similar for the calculation with and
without the resummation. 'The coverage of the difference with the measutement by the
uncertainty estimated by the respective calculation is worst for the calculation with resummation,
for which we would have expected a better control of the uncertainties.

The differential cross sections depending on 1 have beén measured for the same my, and pr(Z)
intervals as tp.‘The accuracy for this dbservable is expected to be similar for GENEVA and fixed
order calcutations and this is confirmed by the-obscrvation. The shape of the three predictions.

are similar and différences are mostly on the total cross scction values, computed at different
orders. For a mass around the Z peak, discrepancies up to 90% are observed atlow values of 14,
in a region covered by the parton showering. For pr(Z) berween 25 and 35 GeV, the prediction
that includes the maximum number of"_'j_e_ti in the ME is the closest to the measutement. The
GENEVA prediction provides a good description of the measurement for all the mass regions
above the Z boson peak and  bins. The predictions from aMC@NLO: caleulations are similar
except for the T €710, 0:2) GeV bin and pi(Z) € [125, 150] GV, where it overshoots the data.

The results on the sum of the charged particle pr are obtained for the same-dimuon mass and.
pr(Z) bins as 15 and 7. Fot a-phase space inclusive. in pr(Z), the GENEVA and aMC@NLO
predictions describe faitly the dara independently of the dilepton mass, but with a flatter.
distribution around 10 GeV for aMC@NLO FxPFx for all mass ranges and for both-FxFx and
KT-MLM for the off-shell regions: In addition, the aMC@NLO predictions provide a good
description when the phase space is:-restricted to pr(4) > 25 GeV with a boson in the mass peak:
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Concern’ing_iét-'bas'ed .variabl_c_s, Tonax ar;‘_d Taums SOME discrepancies are observed for the lower val_ue
bin of Tax between the GENEVA prediction and the data. For the test of the Tuux all the.
predictions match with the measurement. All the generated samples predict a more prominent
peak of the Tum distribution, with a mote prodouticed effect for GENEVA. The uncettainties
computed for GENEVA donot cover the observed difference with the measurement:

In otder to optimize the performance, a calibration of the telative tesponse of the ECAL,
channels and corrections for the tesponse variation in: fitne are p_ctf()rmed. The Run 2 data taking
petiod, with. the incteased pileup and radiation level, created a challenging environment for
FCAL. The work in the thesis included delivering the intercalibration constants using the: Drell-
Yan pairs from the Z — ¢*¢” decay and stu_dy'ing the 'pcrformalice_ of BECAL. The interealibration
constants were derived for all ‘three years of the Run 2 data-taking: period. The constant
monitoring and calibration resulted in‘excellent performance of ECAL during Run 2. The enetgy
cesolution For electrons from Z-boson decays is at the level of 1.7% in the low pseudotapidity
region. It was also shown that thc:-performzin_ce with Run 2 data is very close to the one from
Run 1 despite the. ageing of the detector and much higher instantaneous luminosity provided by
the LHC,

2.5 Conclusions (consistency with results and logical interpretation)

Differential cross sections have been measured as a function of track-based event shape variables
and as a functon of jet-based event shape vafidbles. The. measurements ‘have been compared
with two theoretical predictions based on fixed-order patton-level cross sections calculated at
LO or NLO aceuracy in QCD for different ligh-parton multiplicities, merged and matched with
parton shower computed with MadGraph5_aMC@NLO, one metging multiplicities from zero
to four at LO and the other from zero to two at NLO. The -'r:'xpcrim'ental measurements have
also been compared with a predication at NNLO at fixed order combined with the resummation
of higher-order terms in O-jettiness and matched with patton shower obtained with GENEVA,
T'rack-based variables that have been measured are the zero-jettiness, one-jettiness arid the sum
of the transverse momentum of charged particles. These variables can be used as a veto for hard
radiation or jets and to defin€ a theoretically well-controlled exclusive N-jet cross section. Track
based variables are very sensitive to the underlying events and soft radiation, therefore studies of
these variables give valuable input for event generator developments. The measureéments ate
performed for the events with pairs of muons produced in the decay of an on-shell Z boson with
invariant -mass between 76 and 106 GeV, and for the off-shell Z boson with invafiant mass
between 125 and 150 GeV, 150 and 350 GeV and 350 and 1500 GeV. Track based vatiables ate
also- measured in four different 7 boson transverse momentum regiosis. The measurements for
on-shell 7 bosons showed that the low zero-jettiness region in the inclusive case is best
described by the GENEVA prediction. In the higher Z. boson transverse momeitum region,
wheré we 'c)'_(pcct to have one or more jets acc'()mpany'ihg the /7 boson, -among.thc_-pred_ictions
MADGRAPH5 aMC@NLO. is doing best. For the higher invariant mass regions, ﬁll_prcdictions
show 2 fair agréement with the data. Mcasurements of these variables show a good potential for-
studies of the undetlying events. By studying track based variables for the invariant miass above
the Z peak, the regime similar to. the Iiggs boson has been explored.

Jét-based variables that have been measured are Tras and Tam. These vatiables are defined using
the jet transverse momentum weighted by a tapidity dependent function, Jet-based vatiables
introduce 2 possibility to apply a tight veto on central jets while at forward rapidities the veto
| constrains get looser, The Tun vartiablé showed a good agreement with the predic¢tions, especially
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“with MadGraph5 _aMC@NLO. This variable can be used as a jet veto.

3 Final evaluation of the dissertation
31 Compliance with the _exp_lainati"on of the topic

Both themes of the thesis, the physics measurement, and the optimization of the detector
petformance, have been explored in detail. The work fully complies with the explanadon of the
topic.

32 Possibility of tepeatability

The measurement has been petformed using the CMS experiment. data. It could: be repeated
using the data of the ATLAS e:.pmment It can also be repeated with both set of data by
exploiting the electson-positron pair decay of the-Z boson.

Nevertheless, the -analysis is complex and will be difficult to reproduce by someone external to
the CMS collaboration.

A numerical form of the results wil be -published in additon to the
asticle  in  HEPDATA  (https://wwwhepdatanet/y and be included in  the
Robust Independent Validation of Expcr‘imcnt and The_o_ry {Rivet,
(https://rivethepforge.org/) to-allow a comparison with any calculation,

3.3  TFuture rescarch

The thesis aims to study new. varizbles proposed to be used in place of jet vetoes in HEP data
analyses. The work has shown that the modeling of N-jettiness variables by Monte-Carlo
generators is worse thin the modeling of jets. Therefore, it calls for rescarch on improving the
theoretical calculations, first in the view of their usage in data analysis, and second for a better
understanding of the résummation of highet terms.

3.4 Dissertation limiradons and their impact on the value of the dissertation

No: particular limitations.

(give clarification: otiginality (originality (completely new knowledge, addition / expansion of
existing knowledge or refutation of existing knowledge), the impact of dissertation results on the
progress of the scientific field, the impact of results ofi the profession (ditectly, indirectly))

This work contributes to the- undetstanding and modeling of soft gluon radiation in proton-
proton collisions: It provides measurements of vatiables introduced in 2010 and which have
been recently used in cross-section calculations and brought them to an unprecedented accuracy,
‘NEXE-tO-NEXt-to- leadmg o1d(.r (N\II O} in as combmc.d to next-to-next-to-leading logs (NNLL)
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experiment point of view because they allow the simulation of the proton-proton “eollisions
including the response of the detector; which is not the case for fixed-order calcul_ati(_)n."rhe
simulation is essential in the design and the data exploitation of experiments like CMS. ‘This,
variable has been measured so far only in the special case of N=0 (0-jéttiness). This thesis is its
first measurement for N21.

The contribution from the highér terms is highet in the case of the Iixggs boson production. A
similar resummation regime can be reached requiting an off-shell Z boson with a. high Z mass.
The Z boson, produced.abundantly at the LHC, hias been used as a proxy to understand the rare
production of the Higgs boson and validate the cross section calculations. In addition, this
variable ¢an be exploited in the discrimination of the different production ‘mechanisms of the
Higgs bosons, which ate characterized by several and different jets in the final state,

The ECAL detector provides detection and énergy medsurements of photons, electrons and
positrons and is therefore a key component of CMS. To perform high precision measurciments
and searches an excéllent perfoimance of this detector is necéssary.

{give opmion and pioposal)

The thesis' presents the first measurements of the N-jettiness variables in the production of real
and virtnal Z boson events with the CMS detector and performance of its electromagnetic
calorimeter.

Because of the good convergence of its cross séction perturbative series, the production of a Z
boson is an excellent playground to test resummation and. confront the calculations with
measurements: Resummation regimes similar to the Higgs boson caft be feached requiting an
off-shell Z boson with a higlt Z mass.

‘The electromagnetic calorimetet plays a crucial role within the CMS detector system and such
good resolution achieved with the contribution of the work presented in this thesis is of vital
interest for the scientific program of the collaboration.

Results of the dissertation have been shown at international .conferences and CMS wotkshops.
The results on the Llc.ctromagnetlc calofimeter have been published in the fournal of
Instrumentation which is a leading journal in particle physics instrumentation.

]elcna Mijugkovi¢ on behalf of the CMS collaboartion
,_,Thc CMS electtomagnetic calorimeter upgrade: high-rate readout with precise time and
energy resolution®,

Jounal of Instrumentation (JINST) 2022 17 C01004

A pubhcatlon of the measurements of the N-jettinéss variables is in preparation. The analysis and
the paper draft ate currently under review within the CMS collaboration.

Having in mind all the above, the commission is pleased to propose: to the Council of the
Faculty of Natural Sciences and Mathematics of the University of Montenegro to accept thé
doctoral dissertation entitled “Measurement of the N-jettiness variables in the production of Z
boson cvents with the. CM$ detector and performance of its clectromagnetic ‘calorimeter”
of candidate Jelena Mijuskovi¢, as well as to propose to the Senate of the University of
Montenegro, to appoint a.commission for the defensé of this doctotal dissertation.

(£l in it 2 member of the commission has 2 dissenting opinion)
Ime 1 prezime
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CMS detector and petformance of its electromagnetic calorimeter »

written by PhD student Jelenia Mijudkovi¢

The undersigned dr Ulla Blumenschein, senior lecturer at School of Physics and Astronomy,
Queen Mary University of London, dr Marco. Delmastro, reseatch director at LAPP, Univerzitet
Savoic Mont Blanc, LAPP, CNRS/IN2P3, Annecy, France; Dr Fedetico Fetri, researcher with
habilitation: (habilitation a diriger des. tcch'érches_) at- CEA- IRFU, Saclay, Pais, Dr Philippe Gras
researcher with permanent. position -at CEA- IRFU, Saclay, Paris and Dt Nataga Raicevid,
professor at University of Montencgro, hominated with the Decision No. 03-222/1 from
0.03.2022 of the Senate of the University of Montenegro -as members of the Committee for
review and -evaluation of the doctoral dissettation “Mcasurement of the N-jettiness vatiables in
the production of Z boson events with the CMS detécror and performance of its electromagnetic
calorimeter * elaborated by the doctoral student Jelena Mijuskovi¢, present the following referee

repott..

The scientific area of the thesis is Elementary Particle Phy._sics-. also called High Fnergy Physics.
This thesis presents the measurements of the differential cross section of Z bosen prbduction‘-in
ass_ociation.wir}_] jets in proton-proton collisions at center of mass energy of 13 “TeV. The
analysed data has been collected by the CMS (Central Muon solenoid) experiment: of LHC
(Large Hadron Collider) during the yeat 2018.and cortesponds 1o an integrated luminosity of 59
™", The main focus of the thesis i§ the measurement of N -jettiness variables, T

T = %ﬂﬁn{qa *PrAb Pksdl Pe-dN Pk}

where py is'the four-momeriturn of particle k, g and qp ate the four-momentd of the beams and
;e TEpLESENtS the four-momenta of N jets in the evént. For events with at least N jets, in the.
limit when 1~ 0, the event contains N narrow jets..

In this thesis, the cross section is measured as a function of track-based cvent shape variables:
zeto-jettiness (_r&), -0ne~j'ctt_in_ess (1) and the sum of the tfansvetse momentum of-part’ic]cs.

Beside the track based variables, the so called jet based variables ate also measured. ‘These

vatiables use jets reconstructed with the anti-ky algorithm, Jet based variables, are defined via:



S—

’Ci'

where plr and y; are transversal momentum and rapidity of jet j and Y is Z boson rapidity. The

cross section measutements depending on. T = max ¥ and Ty, = 2T are presented.
' j j

The measurements of event shape variables are petformed for the events whete pairs of muons
are produced in the decay of a Z boson on-shell with an invariant mass between 76 and 106 GeV'
and.also for off-shell Z bosons with an invariant mass between 125 and 150 GeV, 150 to 350
GeV and 350 and 1500 GeV and in four different 7 boson transyerse momentum regions.

The measutements have been compared with two theoretical predictions based on fixed-order
parton-level cross sections calculated at LO or NLO gccuracy in QCD for different ligh-paston
‘multiplicities, mefged and matched with parton shower. They have been ._compﬁtcd with.
:MadGraphS__aMC@NLO‘. The fonner.mcr_ges multiplicities from zero to’ four at- LO, and the
latter from zero to two at NLO. T
NNLO at fixed order combined with the resummation of higher-order terms in O-jettiness and

he.measurements are dlso (’:orn'pa'r.cd with 2 predication. at

‘miatched with patton showet obtained with the Geneva event generatot.

Part of the thesis is devoted to the studies of the performance and the calibration of the
Electromagnetic calorimeter (ECAL) of CMS during the Run 2 data taking period (2016, 2017
and 2018 years). This subdetector is crucial for the detection of photons, clectrons and posittons
and is therefore very important for many analyses in CMS.

This thesis consists of an introductory part, five chapters and a. conclusion. The list of figures
and tables are provided, The dissertation is preceded by an abstract written in. Montenegrin,
French and English. The theoretical introduction to the Standard Model is described in chapter.
1. In chapter 2, the CMS detector is presented: Intercalibration and petformance of ECAL is
described in chapter 3. The measurements of track-based ¢vent shape variables are presented in
chapter 4, and-the measurements of jet-based event shape variables are presented in chapter -5.

Sumnmary and conclusions follows.

Chapter 1 desctibes the theorctical basis of hie Standard Model. The theories and Lagrangians
that describe fundamental interactions are biiefly summarized: quantum electrodynamics,
‘quantuin chromodynamics and electroweak theory with electroweak symmetry breaking; Main
concepts. Beyond the Standard Model theory ate discussed and conclude section 1.1 of this
chapter. The theoretical treatment of the computation of the cross-section of proton-ptoton
jnteractions, with collinear factorisation and Parton Density Functions -are descried in séction
1.2. After this general part, in section 1.3 Drell-Yan processes are explained in detail. The main
diagranis, LO and NILO associated to them ate discussed as well as higher otder diagrams which
include. loops of quarks and gluons. With these additional terms the logarithms of the form
(slogQ?/M® )" “where tis the number of quark (gluon) loops and M the renormalization point
of the strong .cdupling, o, , ate introduced. Also, additional fadiation that can occut by quarks
and leptons is explained.



The section 1.4 introduces Monte Catlo (MC) simulations which include physics processes and
alse the response of the detectors and have very important role for measurements and new
discoveries. The main concepts of gencritors used in the comparison of data and theoretical
ptedictions, MadGraph5_aMCc@NLO and Geneva are described.

Chaptet 2 desctibes the experimental sctup. Protons are accelerated in the Large Hadron
Collider (LHC) and the pasticles produced in their collisions are detected with the CMS detector.
CMS:is 2 very sophisticated apparatus’ made of subdetectors using different rechnologies: By
combiﬁin_g_ the information from the subdetectors, the cornplc_tc__-'kincmatics...of ¢ach collision is
reconstructed: the produced particles are identified and their momenta and encrgies. are
measured. In this chapter, the accelerator system and the detector with its subsystems are
presented. In section 2.1 a brief description of LHC, iis design, performance, opeération -and
future plans are given. Section 2.2 is devoted to the CMS experiment. The CMS$ coordinate
system and the miain the kinematic variables that describe particles created in proton-proton
interactions are defined. The design and performance. of the key components of CMS are briefly
desctibed: the superconducting solenoid, the tracker, the electromagnetic and hadtonic
calotimeters as well as the muon system. After this, the concept and logic of the trigger system is
explined. The reconstruction of particles inside the detector is' described in secdon 2.3. It
explains track and vertex teconstruction, electron  and  photon recornistruction, muon
ceconstruction as well as the particle: flow algotithm based on information froin different
detector systems, This chapter is concluded by section 2.4 in which the CMS apgrade for the
phiase of high luminosity (HL) is described. |

As mentioned -above, a partt of the thesis is devoted fo intercalibration.and pcrfo.rrnance._;studics
of the CMS electromagnetic calotrimeter, which is described in Chapter 3. The. excellent
resolution of the CMS electromagnetic calosimeter plays an important tole in many physics
analyses performied at CMS, In partcular, its precise measutemnerit-of the eléctron and photon
energy had an essential contribution in the discovery-of the Higgs boson through the H — vy
channe} duting the LHC Run 1 period. In order to optimize the petformance, a calibration. of the
relative response of the LCAL channels and corrections for the tesponse vatiation in tiine ate
pexformed. The Run 2 data taking period, with the increased pileup and radiation level, created a
challenging envitonment for ECAL.

The eriergy and s'igna] reconstructions in the FCAL are deseribed in sections 3.1 and. 3.2. Since
the response-of the ECAL varies with time duc to the ctystal transparency vatiation induced by
irradiation, constant calibration of the detector is performed. The laser monitoting system used
for monitoring the crystal transparency is described in Section 3.3. A part of this PhD work was
devoted to the intercalibration of the. ECAL using the Drell-Yan process where electron-
positron pairs are ptoduced. The intercalibration constants were obtained for all three yeats of
the Run 2 period. In addition, this thesis includes work on resolution’ studies for the Run 2
period and a comparison of the petformance of ECAL during Run 1 and Run 2. In section 3:4
the different intercalibration methods ate described while section 3.5 provides more detail on the
one exploiting the Drell-Yan processes. The plans forthe ECAL barrel readout electronics for
the HL-LHC are described in Section 3.6.



In Chapter 4, the measurements of the differendal cross section for the production of 2 Z
boson as 4 function of track based event shape variables, to and 7;, and as function of the sum of
the transverse homentum of ‘chatged particles are presented. The Z bosons are selected by their
decay channel into two muons. The measurement is done fot both on- and off- shell bosons and
includes also the contribution from y*. The ¢vent shape variables ate computed with charged
particles only in order to constrain the contributions coming from the pilcup particles. The-
measurements are performed in four different transverse momentum, pr (Z), regions and in
three- different dilepton mass. (M) regions: In the first-part of this chapter (Séction 4.1), the
measuted variables ate defined. In Section 4.2, data samples and simulated samples are
presented. The selection criteria for the events and for the particles used for the N-jettiness
calculation are described in Section 4.3. The cvént sclection is based on the identification of two
muons with high quality tracks combined from the tiacker and muon systems. Beside the track
qUaIi'ty these fmuons -are required to be well isolatéd from jets O exclude muons produced in
hadron decays. In addition, it is required that one of the rwo muons-has 4 fransvetse momentum
above 25 GeV and the other above 20 GeV. Charged particles. selected for the calculation of
track-baséd ‘variables are requited to have a. minimum transverse fhomentum of 1 GeV. Only
particles' within the tracker pseudorapidity full-precision acceptance, |#] < 2.4, are considered.
‘The main challenge for these measurements is the presence in the recorded events of many
overlaping proton-proton collisions, 35 on average, called pileup and occutrifig at the same time
as the collision’ producing the 7 boson because of the high luminosity of the cblliding beams. To
suppress the contribution from pileup, the sclected patticles are: fequired to issue from the

primaty vertex of the interaction of interest,

The fesponse of the detector s simulated in detail with a sophisticated software modeling the
intetaction of eich particle with its material and emulating the readout electronics. The
simulation is compated with the real data to measure any differerice. The Seetioni 4.4 describes
the extraction of cotrcctions which -ate then applied to further improve the accuracy of the
simulation, These. cofrections are comimon to all the analyses pcr’fofmedw&th-:the CMS data. The
caleulation of the trigger scale factor was part of the thesis work and has been done using the
Tug-and-Probe method, while the ‘other corrections were computed by some other CMS
collaborators. After the corrections were applied, the detector distributions of muon and muoen
pairs were compared with the simulation. The comparison was also done for the track. variablés.
In otder to compate the obtained results with the theoretical predictions or with the results from
other expetiments; the mcasurements have to be corrected for the detector effects such as obiject
reconstruction, inefficiency inside the: acceptance of the detector and the misidentification of the
objects of -interest. I addition, since the reconstruction system has a finite resolution, the
‘measured value of an observable usvally does not correspond to the-true one. The techniques fort
the deconvalution of the detector effects ate presented in Section 4.5. In section 4.6,_ the
following systematic-uncertainties were explained and calculated:-pileup, luminosity, background;
lepton energy scale, lepton enctgy resolution, lepton. teconstruction and trigger efficiency, track
momentum, track efficiency and unfolding method. This section also includes a detailed
explanation of " the theoretical prediction uncertaintics. The measurements of track-based
variables are shown ia section 4.7. The measurements are performed for events with-a Z boson
with invariant mass between 76 and 106 GeV, c'orres__pondi'ng to the peak region, 125 and 150
GéV‘,_ 150 and 350 GeV and 350 and 1500 GeV. Track-based vatiables are also measured in four



different 7 boson transversé momentum regions: bellow 6 GeV, from 6 to 12 GeV, from 12 to,
25 GeV and above 25 GeV. For all the cases, the detector level distributions are also shown. The.
measutements have been compared with the three theoretical predictions described in the

introduction.

Chapter 5 contains the results of measurements of jet based event shape ‘obsetvables in the
production of the Z boson in association with jets. These obsetvables are measured in events
with. a2 Z boson in the mass pcak tegion. The definitions of the jet based observables, tmx and
Toum, L€ presented it Section 5.1. The importance of the cross section measurement depéndence
on such variables and theit advantages with respect to. the jets selection according to their
transverse. momentum value is éxplained. Section 5.2 describes jet reconstruction and selection.
Two methods of suppression of the pileup contribution from the jct reconstruction ate
compared and the one more appropriate: fot the N-jettiness measurements is adopted. Section
5.3 explains additional systematic uncertainties which arise due to the jet selection: the jet energy
scale and jet energy resolution uncertaindes. The results are presented in section 5.4 starting with
results on all the uncertainties of the jet based variables. The detector level distributions
compatison between data and Monte Catlo are shown:; The results on the  differential cross
sections on jet based variables conclude this chapter. The experimental measurements are

compated with the same theory calculations as used in chapter 4.

Finally, the results of the thesis-are summarized in the Conclusion.

Conclusions

Differental cross sections have been measuted as 2 funiction of track-based event shape variables
and as a function of jet-based event shape variables. ‘The mcasutements hayve been compared
with two theoretical predictions based on fixed-order parton-level cross sections calculated at.
1O or NLO accuracy.in QCD for different ligh-parton multiplicities, merged and matched with
parton shower computed with MadGraph3_aMC@NLO, -one mc’rg‘ihg multiplicities from zero
to four at 1O and the other from zero to two at NLO. They have also been compared with a
predication at NNLO at fixed order combined with the resummation of highet-order tetms in 0-
jettiness and matched with parton shower obtained with GENEVA. Track-based vatiables that
havé been measured are the zero-jettiness, one-jettiness and the sum of the transversc
momentuimn of charged patticles: These variables can be used as a veto for hard tadiation or jets
and to define a theotetically well-controlled exclusive N-jet cross section. Track based vatiables
are very sensitive to. the underlying:events and soft radiation, therefoge studies of these variables
give valuable inpuit for everit 'genef_atjor developments. The measurements are performed fot the
events with paifs of muons produced in the decay of an on-shell Z boson with invariant mass
between 76-and 106 GeV, and for the off-shell Z boson with invatiant mass: between 125 and
150 GeV, 150 and 350 GeV and 350 and 1500 GeV. Track based variables are also measured in
four different Z boson transvérse momeritum regions. The measurernents for on-shell Z bosons
showed that the low zero-jettiness region in the inclusive case is best described by the GENEVA
prediction. In the higher Z boson transverse momentum region, where we expect (o have one of
‘more jets accompanying the Z boson, among the predictions MADGRAPH5 aMC@NLO is



doing best. For rhc-'-'h'igh't:r-ir’wa:‘riant mass regions, all predictions show a fdir agreement-with the,
data, Measurements of these variables show a good potential for studies of the underlying events.
By studying trick based vatiables for the invariant mass above the Z peak, the regime similat to
the Higgs boson has been. explored. Jet-based variables that ‘have been measured ar€ Tme 20d toum-
These variables are defined using the jet transverse momentum weighted by a rapidity dependent
funetion. Jet-based variables introduce a possibility to apply a tight veto on central jets while at
forward rapidities the veto constrain gets Joosct. THC Tun vatiable showed 2 good agreement with
the predictions, especially with M adGraph5_aM C@NI.O. This variable can be used asa jet veto.

‘Opinion and proposal of the commision

The thesis presents the first measurernents of the N-jettiness vatiables in the production of real
and virtual Z boson events with the CMS detector and petformance of its electromagnetic

calorimeter.

Because of the good convergence of its cross section perturbative seties, the production of 2 Z
boson is an excellent playground to test resummation and confront the calculations with
measurements. Resummation regimes similar to the Higgs boson can be feached requiring an.
off-shell Z boson with a high Z mass.

The clectromagnetic calotimeter plays a crucial role within the CMS detector -system and such
good sesolution achieved with the contribution of the work presented in this thesis is of vital
interest for the seientific program of the collaboratien.

Results of the dissertation have been shown at-international conferences and. CMS workshops.
The results on the electromagnetic ‘calotimeter have been published in the Jouinal of
Instrumentation which is a leading journal it particle physics instrumentation.

Jelena Mijuskovi¢ on behalf of the CMS collaboartion

L The CMS electromagnetic calorimeter upgrade: high-tate readout with precise time and
energy tesolution®,

Journal of Instrumentation (JINST) 2022 17 CO1004

A publication of the measurements of the N-jettiness variables is in preparation. The'.analysis
and the paper draft are currently under review within the CMS collaboration.

Having in mind all the above, the commission is pleased to. propose to the Council of the
Faculty of Natural Sciences aiid Mathematics of the University of Montenegro to accept the
doctoral dissertation entitled “Measurement of the: N-jettiness variables in the 'produ'cfio_n of Z
boson events with the CMS detector and performance of its. clectromagnetic calotimeter”™
of candidate Jelena Mijliékovié:, as well as. to. propose to the Senate of the University of
Montenegro, to appoint a commission for the defense of this doctoral dissertation.

28.3.2022.
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Na osnovu ¢lana 32 stav 1 tacka 14 Statuta Univerziteta Crne Gore, u vezi sa ¢lanom 41
Pravila doktorskih studija, Senat Univerziteta Crne Gore, u postupku razmatranja
predioga Vijeéa Prirodno-matematitkog fakulteta i utvrdivanja ispunjenosti uslova iz
Pravila doktorskih. studija za ocjenu doktorske disertacije i dalji rad na disertaciji mr
Jelene MijuSkovié, na predlog Odbora za doktorske studije, na sjednici odrzanoj
08.03.2022. godine, donio je sljedeéu '

ODLUKU
|

Utvrduje se da su ispunjeni uslovi iz &lana 38 Pravila doktorskih studija za ocjenu
doktorske teze i dalji rad na disertaciji ,,Mjerenje N-dZetnosti varijabli u dogadajima
sa produkcijom Z bozona u CMS detektoru i performanse njegovog
elektromagnetnog kalorimetra® kandidatkinje mr Jelene Mijukovié.

J!
Imenuje se Komisija za:ocjenu navedensg d_oktcsrs_k_e disertacije; u sastavu:

1. Dr NataSa Raicevi¢, redovni profesor Prirodno-matematickog fakulteta
Univerziteta Crne Gore, _ _

2. Dr Federiko Ferri, istraZivag Instituta CEA-IRFU, Saclay, Pariz

3. Dr Marco Deimastro, istrazivat Univerziteta Savoie Mont Blaric, Annecy,
Francuska

‘4. Dr Ula Blumenschein, senior predavad u Skoli fizike i astronomije, Queen Mary
Univerziteta London, Velika Britanija _

5. Dr Philippe Gras, istraZivag Instituta CEA-IRFU, Saclay, Pariz

|

Zadatak'Komi_'sije_je da, u roku od 60 dana od dana dostavijanja odluke podnese Vijeéu
Prirodno-matematickog fakulteta i Senatu izvieStaj o ocjeni navedene doktorske.
disertacije:

Odluka stupa na snagu danom dono$enja.

Broj: 03- z22 /4 _
Podgorica, 09.03.2022. godine

REDSJEDNIK SENATA

) b |
5 \ﬁgmﬁq‘%{
rafl dr Vladimir BoZovié, rector
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Clana 18 Statuta Univerziteta Crne Gore, Sepat Univerziteta
Crne Gore, na sjednici odrzanoj 28 1 0.2010. godine, donio je

Ele‘ktro.m_'a‘gneﬁzam i Fizika elementa

Pri ro.cmo-matema-iiékom fakuliety,




Curriculum Vitae

Li¢ni padaci

Ime i prezime: Nataga Ratfevié

Datum i mjesto vodenja: 12.08. 1970, Srbija

Djevojacke prezime: Saveljié

S trani jezici: engleski — aktivno Znanje
ruski— dobro razuinjevanje i ¢itanje.

Koniakt

Adresa: Univerzifet Cre Gore, Prirodno-matematicki ﬁk’fﬂtet?, DZordZa Vasingtona B’B__; 81000
Podgdrica?_..Ci*ila Gora

E-mail: natasac@ucg.ac,nie

Obrazu_vanje

1993 DipIﬂm'ir_an'i‘-ﬁ'z;iEé;r,: Univerzitet Cine Gose, Priro dno-matematiﬁki"faku'ltét
(progjetna oejena na studijama 9.90}

1997 Magistar fiziflih nauka, Univerzitet u Beogradu, Fizicki falultet
(prosjecna ocjena ha studjjarma: 10.0)

2000 Doktor fizifkik nanka, Univeizitet u Beogradu, Fizicki.fakultet

Studentske nagrade i priznanja
1990 Decembarska nagrada za najboljeg studenta Prirodno-matematitkog fakulteta

1993 Nagrada Univerziteta Crne Gore za najbolieg studenta zavrine godine Prirodno-
matematickog fakulteta Univerziteta Cme Gare 22 Skolsku 1992/93, go_'.di._nu

Profesionalne p ozicije

19931997 Saradsik u nastavi na Privodno-matematidkom fakultetu Univeiziteta Crne Gore u
Podgorici, Crna Gora

19972000 Asistent na Pﬁrodnﬁ«ma‘_tcmaﬁt’i_ﬁ:_’kqm fakuitetn Univetziteta Crne Gore u Podgorici,



Crna Gora

2000-2005. Docent na Prirodno-matematigksm fakultetn Univerziteta Crne -G’o‘re-uy Podgorici,
Crna Gora

2005-2010  Vanredni profesor ga Prirodno-matematickom fakulteti Univerziteta Crme Gore u
Podgorici, Crna Gora

2018-danas” Redovni pro'fés_o’r na P'r_h'd‘_dnoﬂmaté’mgtiékom fakuilfetu Univerziteia Cine-Gore u.
Podgerici, Crna Gora.

Nastava
Vijezhe na matitnoin i nematitnim fakultefima (u zvanju saradnika j asistenta)
Elektromagnetizam, Optika, Statistitka fizika, Fizika &vestog stanja, Nuklearna fizika (PMF);

Elsperimentalne vjeZbe na.nematidniimi fakulfetima

Predavania na predmetima (u ‘zvanju docenta, vanrednog iredovnog piofesara)
Elektromagnetizam — osnovne studije na Priradno-matematickom fakultety

Fizika eleraentarnih Sestica ~specijalistike studije na Prirodno-matematickom fakultetiy
‘Ratunari I programiranje — osnoviic studijec na Pifiro'dno-'ma_t'éma't‘ic”:k,o_m fakulietu
‘Teorijska-elekfrodinamika - osnovne stu’d_ij_e-ha'..le‘iJFOjd_nq.—'matcmati&'ikom fakultetu

Vi kurs fizike elementarnih cestica 1 - magistarske studije na Prirodno-matematidkom.
Jakultety

Eksperiment u savremenoj fizici Yestica - magistarske studije na Prirodno-matematickom
fakultetn _ o _

Visi kurs fizike élemeritarnih Sestica - magist‘ar_s_kc--'stuc_'lije_.na,}?rirodno-ma__teihatic‘.:‘k_o_m fakultetu:
Biofizika na Medicinskom fakultetu

Poglavlja iz fizike u-okviri: predineta-Fiziologija na Medicinskon fakultetu

Oblast istra¥ivanja

Eksperimentalna fizika elementarnih estica

1995 - 1999 Cian medunaredne istra#ivaike kolaboracije eksperimenta CERES u
l_abﬂrat_tlf__'li iji CERN 4 Zenevi (akcelerator SPS). ' '

1__9'95-1'-996' Testiia'nje- performansi .trigbra_pwdg nivoa na eksperimentiz CERES
Ujedinjent institut za nuklearna istraZivanja u Dubni, Rusija
1996-1597 Unapredenje softvera za amalizu dogadaja sa‘eksperimenta CERES — relkonstrukeija

verteksa za interakeiju jezgara olova sa segmentisanom metom od zlata,
Ujedinjent institut za nukiéﬁr_na;'istrai'ivanja u Dubnj, Rusija



1996-1989  Prouavanje emisije e'e” parova u.interaketjania teskih jona
Fizicki institut Univerziteta u Hajdelbergu, Njemadka
Univerzitet Crie Gore’

2002 Clan medunarodne istraZivacke kolaboracije eksperimenta H1 u labotatoriji DESY u
‘Hamburgu, Njemagka (akcelerator HERA) N B

Ova istraZivanja realizovana su na Univerzitetu Crne Gore i kroz vedi broj viSemjesetnih borayaka
godi$nje na institutu DESY u Hamburgw i Berlinu '

2002-2005 Analiza podatataka za mjerenje efikasnog presjeka za duboko neclastiéno fasijanje
elektrona (pozitrona) na protonu pri malim i srednjim; vrijedriostima  levadrata predatog
kvadri-impulsa

2004-2005 Rad na unapredetiju softverskog rjeSenja za simulaciju kaskada gestican Kalorimetr

H1 eksperitenta koji detekiuje elektrone sa mal'i_m_.ug_'lom;-rasijanjg_

2005-2087 Analiza: podatdtaka za frjerenje efikasnog presjeka za duboko neelastidno. rasijanje

glékirona (pozitrona) na protonu pri velikim vrijednostima neelastignosti Titetakelje

2006-2007 UteSée u priprema seansi 2a €'p interakeije sa redukovanim: energijama protona.sa

HERA akeeleratora (kroz anafizu tada postojeéih eksperimentalnih ‘podataka)
2607-2011 Mjerenjé longitndinalne strukiurne furikgije protona

2017- Clan mednnarodne istra¥ivasks kol

) _ dne is _ abariciis ekspesimenta CMS u Iaboratoriji CERNu
Zenevi, Svaj carska (akcelerator [ HC) '

2017 - Analiza produkeije Drell-Yan parova u proton-proton interakcijama,

Projekti (sa rukovodesom ulogom)

2004-2007 Uesnik na medunarodnom projektu finansiranom od stratiec DFG-a (Deuische
Fon:hu'ngsgemcips_c};;aft_)':.- n»Priizisionsmessunpen ungd. Analyse der
El_e_ktmp-QuarkiWecIi'seIWi_rkung' bei hichsten Energien sowie suche nach Phiinomenen
auflerhalb des'Standardimodels”, braj GZ:436.IUG]_’,1'3[3/0—1,-._U'dt')'br'_en 2007.. godine (partnersie
strane: Uniiverzitet Crne Gote, institut: DESY Hamburgy, institut DESY-Zeuthenuy i Berliniu {
institut Max Planck & Minheny). ' -

2007-2010  Produzstak pretho dnog projekia od DFG, pod brojem GZ:436JUGT13/3/0-2

2005-2007 Rukovodilac _n_a_ut';n_o‘»istra%ivgékd’g_: projekta odobrenog od Minisfarstva prosvjéte: i

nauke Crne Gore ,H1 eksperimerit na HERA akeeleratoru”

2008-2011 - Rukovodilac naudno-isirazivatkog projekta odabrenog od Ministaistva prosviete 7
nagke Crne Gore ,,Duboke neelastidno rasijanje eléktrotia (pozitrona) na protonu®’

2012-2015 - Rukovodilag naucno-istraZivatkog projelta odebreno g od Ministarstya. hauke Crne
Gore ,;Zavrina faza analiza Hi :ko'{a,bofacijé".,



2019 — 2023 - Kljugni partnor u ptojekiu odobrenog u program HORIZONT2029 «The strong

interaction at the. frontier.of knowledge: fundamental research and applicaﬁpns”. 3

Ulesée t radu upravljackih struktura velikih kolaboracija

2004-2012 ugedée u.radu Upravnog odbora Hi kolaboracije koji donosi najvainije odiuke za.
kolaboraciju

2007-2009. §lan Izvrénog odbora H kolaboracije
2012-2014 &lan Upravneg odbora H1 kolaboracije

2017- &lan Uprayno_g__ odboia CMS kolaboracije

Ute¥ée uradu tijela/centara &Gji jerad povezan sa obrazevanjem

:2015-2017 — glan Nacionalnog-savjeta za obrazoviije Crné Gore

2015-2017 —élan Odbora za obrazovnje Crne. Gore
Od 2015 —&lan Centra za studije 1 kontrolu kvaliteta 'i_[Jniverzit'tet'a Grmmie Gore
04 2615 --¢lan Odbora za monitoring magistarskih studija Univerziteta Crne Gore

0d 2016 - gl Vijeda za privodne i tehnidke-mauke Univerziteta Crrie Gore

Informatitka pismenost
Operativni sistemi: UNIX 1 WINDOWS.
Programski jezici: fottan; C, python.



Nataga Raitevié
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Odabrani radovi u zbernicima medunarodnih kenferencija

24.N. Raitevié, High y DIS cross sectiori measurement with H1, Procedings of 15
International Workshop on Deep-Tnelastic Scattering and Related ‘Subjects, Munich,
‘Germany, April 2007, vol. 1,293, editors:.(7. Grindhammer, K. Sachs. ISBN 978-3-935702-23-2.

25. N. Raievié, Structure furictions and ‘extractions. of PDFs .at HERA, Proceedings of 419
Rencontres. de Moriond: QCD and Hadrotiic Interactions, La Thuile, ftaly, 18-25 March 2006;.
181, editors: Eticnne. Auge and Jean Tran Thanh. e-Print: hep ex/0605050; **

##* Radise o publikacijama koje gbuhvataju najzapazeni JB rezultate kofaboracija koji su
predstavi_;am na medunarodnim konferéngijana; a kojé jeN. Raigevit' predstavljala u imé jedne ili
vife kolaboracija.

Svi navedeni kalaboracioni radovi su radovi sa preko 100 citata tzv. TOPCITE: 100+ i1. bazarna
podatalka,

Kompletna lista od oko 140-referentnih radova n'kejima je N. Ralcewc autor ili
koauntor nalam se u bazi poda‘iaka na web~stramcama T

hilps: /inspirehep. ne"lf::mmli"ln"&ﬂ&lu—en&n =fnd+adn +mlcawc&of~hb&actmn searchi= Séarc
"h&sf‘-earlIeqtclate&*so-‘—*d&rm"’&ri_—?S &se=0.

https: f/znsuueheri net!secnch’T’lu"'en&!.n“—“en&p ﬁhd%a-f—'n.é-saive liic&of=hb&action search=Searc
hé&sf=car hcsz‘date&so—d&rm—&rgﬁ&qc—O ' ' o
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FEDERICO FERRI ~ CuURRICULUM VITAE ET STUDIORUM

Personal details:  born 15111978 in Milang, Tealy; iralian nationality
Contact: federico.ferri@cern.ch

CAREER

Scientific Associateat CERN

Staff researcher at CEA Siclay, IREU/DPRP

Po_s_t—do'c_turdl researchér at C EA SQC!@y-'IKFU/DPhP _ .

Post-doctoral researcher at Istitute Nazionale di Fisica Nucleare (INEN), Iraly

Ph.D.in Physics ind Astronomy, at the Ecole Pc:lyrec'hﬁiqu_e Palaiseau and atthe. Uni\feifsit}_"'
of Milano-Bicocta., Thesis: “The CMS Electfomagx_l_e_tf_it -Cafoi‘iniétq:r-for the. Higgs Boson
Search £ — ZZP) — 4 ar the LHG” (supervisors: T. Tabarelli de Fatis, ¥. Sirois)

Fellow rescarcher ar [stitizzo Nazionale di Fisica Nucleare (4thiin nationzl-ranked adrission)
Lavreain Physics.at the Univ’e-r,é‘it_-ybf’ Miiano-Bf_{:occa, g_ziark of 11o/iio cum daide

RESEARCH HIGHLIGHTS PHYSICS ANALYSES

- Discovery-of the Higgs bosen with the CM Siid:::_;_ector, in the diphoton decay channel
- ‘Obseryation of “associated pr‘dductio_n-_of the Higgs boson with top'quarks
Measurement of ';l_xc‘-Higgs boson. couplings, fiducial and differential production cross.

sections with the diphoton de_cay-_cﬁan'ne_l;- Editor of j‘HI’:‘_P‘_:991(2;019)’18.3
Measurement of the Higgs boson mass in the diphoton decay thannel
Measurementof the production cross section of pair of isolated phozbns-in- CMS.
Study dnd optimization of the dleciron and phqrél_n.recoﬂst_r.;n:_,t_i_on in CMS
DETECTOR PEREORMANCE

Construction, commissioning, calibration, and pérformance optimization of the CM$

-ECAL {clectromagnetic catorimeter), from the installation in CMS to physics with collisions

Preparation of ‘the upgrade of the CMS$ ECAL for the H igh-Lumin osity LHC, consisting
in the réplacement of the Frone-erid and back-end electronics

Stady.of radiation-induced effects in PbWQ, sﬁin_t-i]lajtin’g.cry'stﬁlé'

Calibration and performarice of the HARD Time-of-Flight system.

Developmentand cfhgnaf:tcriZacion;-Qf glass-made Resistive Plate Chambers

Rovres AND-RESPONSIBILITIES WITHIN THE CMS EXPERIMENT

System Manager of the CMS ECAL

Depyty ;S_';.a:t_em_Méz'nger of the CMS ECAL.

Convency of _rhetana_lysis'group of the Higgs boson decaying into two photens
Convener of the Detector Performarice Group of the CMS ECAL
Responsible of the CMS ECAT. calibration

Responsible of the -.CMS"-"ECAL I__asc_r _'nl_onitori:hg‘-sy'stemz

Resporisableof the CMS ECAL reconstrirction software

Member of the CMS Managemeiit Board

LMember of the CMS ECAL Editorial Board

Member of the CMS -EC’ALanférence_ Committee

PUBLICATIONS

More than 1000 publications in internarional peer-reviewed journals, of which more than 20

among the: pr'ima%‘xy_ contributots, Full up-to-date list available online.



PUBLICATIONS WITH MAIN GONTRIBUTIONS

[1] €MS. Collaboration , “Observation of a New Ba;‘s:’bh:gt‘h Massofrzg GeV with the
' CMS Experiment at the LHC,” Phys. Lett. B, vol. 716, pp.30-6 I,2012.

[2] CMS Collaboration, “Observation:of a New Bosgn with Mass Near 125 GeV in pp
Collisions at s =7 and'§ TeV,” JHEP, vol, o6, p. 081, 2013,

[3] CMSCollaboration, “Observation of the Diphotot Decay of the Higgs Bosonand
‘Mleasurément of Tes Properties,” Eur, Phys. /1. €, vol. 74, no. 10, p. 3076, 2014.

[4] CMS Collaboration, “Measurements of Higgs boson properties in the diphoton
decay channel i proton-proton collisions at A5 = g3 TeV,” JHEP, vol. 1, p- 185,
2018.

{s] CMS Collaboration, “Measurerment of inclustve and differential Higgs boson pro-
cil,_tc'ti’(’jn- cross sections in the d.ipht)ton::d'erfay' thannel in proton=preron collisions

ar s = 1y -TémleEP, vol. o1, p. 183, 2019,

[6] CMS "Coll_abm;i_t__-_ion, “Performance. of Photon Reconstiuction and Iden tiﬁi:fatiqn
with the CMS$ Detector in Proton-Proton Collistons at sqri(s) = 8 TeV,” JINST,

vol. 10, no. QS_, 'p.'Po_S'Or_Q;-zms.

[7] CMS _C'bllzibdration;-“lf‘erfomnan_{:e-c:f“ Blectron Reconstruction and Selection with
the CMS Detector in Proton-Frotan Collisions at s = 8 TeV,” JINST, vol. 1o,
no, 06, p, Po6oos, 201s.

[8] CMS'CQll_abofat‘iOh,_ “Observation of rth production,™ Phys. Rev.. Lets, vol. 120,
1no.23, p: 231801, 2018,

fo] CMS Collaboration, “Measurement of e Produc-fi'qgi- Crass Section for Pairs of
Isolated Photons in gp collisions at 5 = 7 TeV,” JHEP, val. o1, P. 133; 2012,

[10] CMS Collaboration, “Search for a standard maodel-ike Higps boson in the mass
range berween 70 and 110 eV in the diphoton final state in proton-proton: colli-
sionsat 4/ =8 and 13. Te,? Phys. Lett, B, :vci--7.93,lp_p. 320347, 2019,

] CMS C{)Iiabo_ratién,\""fimé Recopstruction and Performance of the CMS Eliec-

Tromagnetic Calofi-metc:r;-’f jINST, vol.s, p- Tozomn, zoro.

2] CMS Colfaberation, “Radiition hardness q_ualiﬁ'ca:i_qn of PbWO(4) scintillation
crystals for the CMS Eleceromagnetic Calori meter,” JINSE’] vol. 5, p. Pozoro, 2010,

[13] P, Adzic ¢t al,, :“i-'nterc-al'{br‘a tion. of the bartel electromagn cti'c. ealorimeter 6f the
CMS experimentat statt-up,” JINST, vol. 3, p: Proooz; 2008.

2,



[i4] CMS Collaboration, ""Thcj'CM.SiExpczimer;r atthe CERN LHC,” JINST, vol. 1,
P S08004, 2008,

fis] CMS Collaboration, “CMS rechnical design report; volume 1I:-Physics perfor-

mance;”J. Pléy.f. @, \'rfbi.‘g_lg 1o. 6, pp. 99515795 2007.
[16] PAdz:c et al., “Energy resolution of the barrel of the CMS electromagnetic
calorimeter,” JINST, vol, 2, p- Po4604, 2007.

[i7] CMS Callaboration, “Resules of the firse performance tests of the CMS electro-
magnetic caloritnetes,” Bur. Phys. . C,vol. 4481, pp: 110, 2006.

(8] P. Adzic ér al. »“Reconstruction of the signalamplitude of the CM§ clectromag-
netic.czlofimeter,” i, Phys, J. C; vol. 4651, PP 2335, 2006.

[19] S.Baffioni;, C. Chadlor, F. Ferri, N. Godinovic, P. Meridiani, I. Puljak, R, Salerno;
and Y. Sirois; “Discovery pocential for chic SM Higgs boson in the H ~—> Z Z(")
—> &+ e- &e-decay channel,” | Phys. Gyvol. 34, pp: Na23—Na6; 2007.

[20] S. Baffioni, C. Chatlot, F. Ferri, D. Putyai, P. Meridian, 1. Pk, C. Rovell
R. Salerno, and Y. Sirofs, “Electron reconstruction in CMS,” By Phys.J:C,vol. 49,
PP-1099—116,; 2007: .

[_2.1'] A Calcaterra ¢t al., “Analysis and interpretation of the performarice -degrada-
tion.of glass Resistive Plate Chambers operated.in streamer niode;” JINS Tyvol.2,
p. P10003, 2007,

[22] HARP E'o_]laboi‘at_id_n,_-"":’f’he HARP detecror at the CERN PS,” Nucl. ]mrhzn_:i;
Meth. A f vol. S71,.pp- 57_‘;7.—_5:_6;2 2007.

[23] HARP Collaboration, “Measyrement of the production cross-section of positive
pionsin‘p-Al collisions at 12.9-GeV/e,” N, Fhys, B,vol. 732, PP- 1-45, 2006.

[14] M_."Bé_]ﬂo—(?colin,e:--ai., “The ime-of-flight TOFW dewecror of the HARP exXperi-
ment; Conistruction and ;_;_)crﬁ-;rm ance,”-:M:cL"ﬁz:zmmg Meth. A, vol. $32, Pp-§48—
561, 2.004.

[25] _M..'B_o_ne'sfniﬂ et al.; “Laser-based calibia tion for the HARP time of flight system,”
IEEE Trans. Nud. Sei,, vol. 5o, Pp. 1053-1058, 2063,



CONFERENCES WITH PUBLISHED PROCEEDINGS

1. The CMS ECAL Phase:s Upgrade for High Precision Timing and Energy Mea-
surements, VCIzo019: 15th Vienna Conference on Instrumentation, 18-23 Feb
2019, Vienna (Austria)

2. Role of the CMS electromagnetic calorimeter in the measurementof t'hf:'.'HiggS_':-
boson properties-and search for new physics, ICHEP 2014: 37th International
‘Gonferénce on High Energy Physics, 2-9 Jul 2e1¢; Valéncia (Spain)

3. Monitoring and Cotreciing for Response Chaniges in the CMS Lead:tungstate
Electromagnetic Calorimete, ‘CALOR 2012:-15th International Conferenceon
Calorimetry in High Energy Physics, 48 Jun 2oz, Texas Tech Universicy; Santa
¥e; NM (United S tates)

4. Mﬂﬂi_t‘\?'ﬁﬂg-the"smﬁﬂif}’-_ of the GM'S’E:IECEEQFI_Iagnetic-:calorimeter, CA-LORz_,bm; '
i4th International Confereiee for Calorimetry in High Energy Physics, 10-14
May 2010, THEP, Beijfng -(Chinﬂ,_} ' '



DIRECT SUPERVISION EXPERIENCE

1. Post-doctoral supervision of -Chiara-ﬁm'en'c[olq_? for the wotk on timing recon-
seruction and calibration for the ECAL Phasez upgrade, 2020-(2022)
“The work consises in the study of the timing reconstruction’for-electrons
-and photons for HL-LHC. This implies the improvement of the current
performance, understanding of its limitations,2nd plans for the upgraded
elecrronics:for HL-LHC, irr terms of reconstruction and calibration meth-
ods.. Also, the timing information will be fully integrated in the simulation
of the CMS detector. '

2. Ph.D. supervision of Giulia N egro; “Search for heavy neutrinos with the. CMS-
experimentand studies for theupgrade of its electromagnetic calorimeter”, 2615-
3,018 ' '

‘Heavy neutrinos, produced in the decay of a right-handed W boson, ‘were:

searchedina f1'illy' reconstiucted ﬁ'n:?l_l'si‘ate:;:bn'caiﬁing two 5ame'-:ﬂavciur_lep‘~-
tons and fwo jéts; with-data from 2016 collisions (35.96b71). Limits were
-set, becoming the most stringent result at the time of the publication, The
analysis work done forso%in.collaboration Wit}i-':ihoth'er'(_s_mal[) group and
for 50% comipletely alone. The thesis also comprised the supervisioti and
participation-of beam test studies for the Phisez eléctronics prototypes.

3. Ph.D: sipervision of Laurent Millisher, “Meusurement of thé inclusive produc-
" “tion cross section of promptphoton paits with the CMS detéctor at the LHC?,
3008-2011
Events with two isolated phiotons have been-analyzed from the early col-
lisionisof the LHE (7TeV, 36pb~1. Animportant Cross-section meastire-
ment preparatory to thesearch for the Higgs boson in its two photon decay.
‘Comparison with several theoretical predictions have also been.petformed,
providing useful input for theoreticians.

4- Superyision of the Mz stagé of Francesco Bonacina, to work'on the CMS ECAL
Jaser monitorin g system for channel,.dligﬁmen vin time, 2017
Three monthof supervision, from te_ac‘h‘fng:rhe bsisof ROOT and Ch+ to
the dard a_n‘:zl'}"Sis"m.-dere'i-.mine-me.-féasibilify-of using'the ECAL laser mon-
itoring system to align channels i time '

5. Supetvision ‘of Mz student Stefano. Marelli, for.che final year thesis (abour 16
-month of work), 2006
The work consisted in the 'f’eaSihility--:study'.t}F'_thé cdlibration of the:CMS
ECAL with minimum ibnizing particles from collisions. This work: was
precursory for the ECAL calibration with'cosmiic rays-prior installation in
the detector, which has been donein the stibsequent years:



TEACHING RESPONSIBILITIES

1.

7.

-Laborato'_tﬁy assistant for theMa physics la'boratoz__'y, Paris-Suzd Uhivers'i'ty, for the

years 2009, 2010, 20If

Particle physics laboratory (spectroscopy, muon life-time; erc.)

Labiotatoryassistant forthe “Physics laboratory”, Departmcnt of Physics, Milano-
Bicocea University, 2006

Mechanics and optics experitnénts. of the first yearphysics:students

Laboratory assistant for tf'he..‘.‘Gom'puter-s;;ience_iaborator}l”_; Department of Physics,

Milane-Bicocea University; 2004

Linux, C, C++,R0AT

.- Laboratory assistant for the “Compurer science for physics labararory”, Depart-

ment of Physcis, Milano-Bicocca 'U_ﬁi'vc_rs'ity, 2004
Linux, €; numerica) analyses-

- Assistantprofessor for che lectiires “Physics”, Department of Geelogical Sciences

and Technologies, Milano-Bicocea Universiry; 2004
Teaching and exercising for the Hrse year physics corse: motion, mechan:
fcs, stress tensors, fuids

Assistant professor for the lectures“Physics”, Depactment of Geological Sciences
and Technologies, Milano-Bicocea University; 2003

Teaching and-feifﬁ.f@ising'for'-_ﬂ'}e'ﬁrst'--}it_fai;';pliysi'{:s eourse: mortion, mechan-

-cs, stress rénsors; fluids

-C‘E_R_Nroﬂic-iall.gu'i’dt_:;s‘incﬁ 2602 ind CMS guidesince 2018, with related activities
during periods a0 CERN

. Didactic collaboration for the exposition “Tiys, experiments, ideas{GEI)”, real-
ized by the “Centro Laboratorio perla Didattica della Fisica del CIRD dellUniversita -

degli Studi di Udine” for the serup in the.municipality of Bresso (Milano, Italy),
2006 _
Realization of toysand experiments for elementary schaol students and
general publickids, with guided vours {isochronous. pentdula, shaped bub-
bles, water rockets, elecerostatic experiments with Va‘r’i'-der-Graaf_’,' ete.)

. Didactic collabaration forthe exposition "‘Tqrs-_g'nd.sfcience?’} realized by the Physics

Department of the Trento University, for the serup in the munieipality of Bressor
(Milar;o,- Tealy); 1990
Realizarion of foys and expetifents for elementiry school students and.
general publickids, with gaided toars {isochronous. pendiila, shaped bub-.
bles, warer rackets; efectrostatic expesiments with Van-der-Graaf, érc.).



OTHER MAIN RESPONSIBILITIES

f.- Systent Managet of the CMS Electromagnetic Calorimerer

The work consists.in managing the electromagnetic. calorimeter of CMS
(ECAL), a detecror composed of’ PoWO; crystals {75k channcis) with:twb

layers of 2 silicon/lead “preshower” {138k channels) in front. of the.two for-

ward: parts. The ECAL ¢ollaboration consists-of apprnxnnately 150 phys;-

cists from 40: Institutes from 15 countries, with 2 total budget of about’
600 KEUR / year, “The responsibility includes the maintebance:and opet-

‘ations-of the existing détector, the optiniizarion of fits petformance, from

event tiggering to particle téconstruction;, the preparation-of the néw elec-

tronics For thé High Luminosity, LHC upgrade, It also includes the ap-.
proval of results, whose pubhcatmn fs;supervised with the help of an edito--
rial boacd, and their submission toconferences,

This. respanszblhcy was mkcn durmg the ﬁrsr mlllsmn of thaLHC at 13 TcV
a crucial moment of the machine. The Higgs' boson was'* “rediscovered” at
the new collider énergy and the exaof precision measurements started, The
work consisted in part;crparlng to and supérvising the analyses of the Higgs
bason decaying into'two pliotons: rotal and differentiaf cioss-sections; sim-
plified template:cross-sectivns, low mass-an alysis, Dalicz decays. About 40
people-worked on these analyses.

3. Convener of the CMS ECAL Detector Performance group
The responsibility consisted jn- coordinating the work on. the detector to.
reach the-uldmare pcrformance for electron‘and photon reconstruction..
Calibration; pl[e—up arid detécror effect mitigation, mphmde and timé re-
construction, Thishasbeen carried-outafier the lasér monitoring and then
calibration rcsponmb:htles which were at the time of the Higgs boson dis-
Covery, when theicalibration z__md resolution have been fundamental.

4. -Evolution of computing tools at IRFU for the LHC experiments

This is2 shared responsibility that has been givento myself; a phyncmt of
thie Departmentof Particle Physics {(DPhPyand an computerengineer from
thé Detector Depirtment (Dedip), by the head of the Irfii of CEA/Saclay,
upoi proposal from the head of the' DPhI*and Dedlp Ic mamly consists.
in establishing the status of the compuiti ng atirfugestimaring the evgliition
of theneeds, in tetm of compurting and;human resouirees; representing the
LHC experiments within the Irfs arid oueside the instizate, also.in the con-
text of CEA-IN2P3 collabosations. It is. closely refated to the computing:
Grid for LHC and the developrient:of High Paralle] Coinpuiting (HPC)

~and tiew :echnaingles such as usage of Graphics Processar Units (GPUs)
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Philippe Gras - Curiculam vitae

Bbm aft May _2 1974 in Montchmar France Comact:-__.pliilippe-_ gr_a_s,@gcm,t;h_
Nationality: French

Work history
2015-now  Staff researcher at fhe Institute of research in the fandamental laws of the Universé (Irfn) of the Frénch
' Alternative: Energies ¢ and Atomic. Energy Comniission (CEA).
20132015 Postdgetoral researcher-at the Institute of reseasch into {He findaimental faws of the Universe (lifu) of the French

 Altemative Encrgics and Atomic Energy Commission (CEA)..
199%-1999  French civil service at CERN as engiacer in the LHCb group.

Education

2003 PhD in Science, University of Katlsuhe, Facully of Physics. 4 Front-End electronics conifiguration system for:
CMS subdetectors and Obser vabilityof an MSSM. Higas boson in the 4+5; f' inal stdate.

(993 Graduated from Ecole Nationale Supérieure de Physique de Strasbourg: {now Télécom. Physique Strasbourg),

;option physms and modelmg
D.EA. (equivalent to Master IT} Subatomic physics; instrumentation, ard modeling from Louis Pasteur
, Umvermty of Strasbourg, TReS.
1996 Bachelor of Science degree i Physics from Louis Pasteur University of Sirasbourg..
1992-1995 -Classes de mathématiques supéricures (Lycée St-Yoseph; Avignon). Classes de mathématiques speclales P
(Lycée, Champollion, Grenoble):

Languages  French (native), English (fluent)

Responsibitities in international collaborations

202 1-now 3Cha:rperson of the CMS BCAL éoniference.commitiee

202]:nioty  Menuber 6f the CMS ECAL editoriat board

2021:pow  Memberof CMS Institution Board

2021-tiow  Member of the CUPID collaboration Technical coordination board

2021-ngw  Co- coordmator of the CUPID expefiment computing and data storage

2019:2020  Pliysics event generator ecbtdinator for the CMS Higgs-in-two-phiotons analysm group

2015-2016  Co-convener of the CMS-Physics analysis group “Vector boson-plus-jets”

2013-2014  Physics cvent gencrator coordinator for the CMS *Vector Loson- plns-;cts -analysis-group

2006:now  Responsible for the GMS ECAL selective readout system '

J006-now  Responsible:for the data-acquisifior system and conirol systep of the CMS'ECAL laser monitoring system.

Editorial and conference organization activities

202i-now.  Member of the CMS ECAL editorial board

2020 ‘Reviewer for-Physics Letier B

20162021 Memiber of the Editoriat Board. of Advances'in High Energy PI:_;rsrw
2013-now  Member of the Les Honches Physics at Tel/ workshop organization commiltee.
2010-now  Internal reviewer of CMS phiysics analyses

Participation in PhD thesis juries

2022 ‘Reviewer for Lorenzo Scavarda’s Phb, Des:gn and.development of thie Calos imieterfor the FOOT experiment,
_ dirécted by Prof. S. Argiré and Piergiogio ‘Ceretlo, PhD.
2020 Jury Member for Louis Moreauy’s PhD; Measiwement: of the {rausverse moniehiini of Diell-Yan lepton pairs
over a wide muss.range-tn proton-proton:collisions at \ls =13 Te¥ iy CMS, dirceted by Prof. L. Favart
2015 Jury member for Alexandrc Leonard's PhD Measwrement of Z bosoit, prodiiction i association with jefs.at thé.

LAC and study of a ,DAO systent for-the Triple-GEM detécior inview of the CMS upgiade; directed. by Prof. L.
Favart



Research activity highlights

Probing the-effects of soft radiations on the preducfion of boson at the LHC, mecasutément of Dreil-Yan process

over4 wide range and comparison with predictions. using transverse momeniuh parton distribution functions (TMD),

measurement of n-jettiness; son-pertubative cffeet and Pyth1a8 generator funing to CMS data,

Study of the pradiction of a:véetor bosen in association with figlit-and heavy flavour jets at the LHC, validation. of
simulation used the:standard model backgroinds io new physics;searches, constraining parton distribution ﬁJncllons
Measurement of the production of two prompt.photons at the LHC.

Search and discovery of the Higgs Loson-in tho d1photon decay channel. Mcasurement of production. differential cross-.
sectibn and couplings. Prospect for Yukawd cotipling measurement from triboson production involving an off-shell
Higgs boseit. Search at the CHC for ng s boséns in the context'of the minimal supersymmetry model.

Jet substructures and tagging:
Unveiling _ﬁj'e-_nalu'rc of the neutrinos: with néutrinoess double-beta 'decay and the C UP]D;-_ex:Qerfiinem:pmjer_il,
Online monitoring of erystal-response of the:CMS clectromagnetic calorimeter monitoting, from test beans to operation.

Reading a fine-grain calorimeter with-a limited bandwidth and sptimal éric'r’g‘y’meas'nrément-:td@i gn; ‘realization and

commissioning of the CMS clectiomagnctic calovimeter selective réadout processor.

Work experience prior PhD studies

1998-1999. Evaluation of the OPC-interface in view of its usage for LFIC expériment control systein, GERN

1998 ‘Measurement of the absolute. gain of gaz mixiures and cffect of temperature and’ pressure for thic BaBar
experiment drift chﬁmber, CNRS;’LAPP Auvhecy

1997 Design of a'new UV ¢al ibration system fot the RICH detectgr of the DELPHI experiment, CERN

1996 Commissioning '6fa cufved elastic analyser for the threc-axgs neufronic specirometer IN20 and study-of porous
silicon with neutronic-spectrometry, Laue-Langevin Institute, Grenoble

Publications

More:ihan 1000 publications in intexnational peer-reviewed journals, the full listcan be consulted at hitg://cem.ch/zo/VbW9

Selection of publications with a major personal contribution

. "'f:()hservqtio_n- of a'New Bason ata Mass of 125 GeV witlr-the CMSExpcrIment.at th‘e.'-LﬂC?’:, Phys.Lett.B716
(2012) 30-61,.S. Chafrchyan ct al.
2. “Observation of a'new boson with mass near 125 GeV. in.pp.collisions at Ns=7 and § TeV”, JHEP 81 (2013),
doi:10. 1007/IHEPOG(2013 08}

3. “Light quark’ Yukawas in-tribosan final stites™, A, I"aIkas{n 5. Ganguly,P Gras, J. Miguct, K. Tobioks,
N. Vignaroli, T. You, JHEP-04 (2021} 023, doi:]10,1007/JHEP04(2021)023

4. “Systematics of quark/gluon tagging”, P. Gras; S. Hoche, D. Kar, A, Larkoski; L, Léinblad, S, Plitzer,
A. Siédmok, P. Skards, 6. Sayez, and J: Thaler, JIEP (07 -(2017} 091 dm 10; IOOWJHEPO?(?_OI?)ON

5. “Measurements of I-llg__gs;b_osun production cross-sections:and ¢ouplings in the diphoton decay channel at
V=13 Tey™, A. M Situniyair-et al. JHEP 07 (2021),d0i:10.1007/JHEP07(2021)027

6. “Measurements of différential production ctdgs seetions for a'Z boson‘in association with jets in pp collisions
at \/s=8 TeV™, V., Khachatryan et al,, JHEP 04-(2017) 022, dot:10.1007/IHEPO4(20173022

7. “Measurements of differential cross sections for associated progduction of a W boson and Jets.in proton=proton
colligions at \/ =8 TcV" V. Khacharryan etal., dot10 b m3:1’hvsRch 95.052002

8. “Measurement of assaciated Z + charm production in proton-proton colfisions at 1/s=8 TeV, AM. Sirunyan ct
al., Eur.Phys.J.C T8 (2018} 4, 287, dvi:10. 1140/epje/s10052-018-5752-x

9.  “Measurciment of differential cross secilous for mchlswe isolated-photon and pl}otonﬂets produgtion. in
protou-proton-collisionsat \/ s=13 TeV*, AM. glrunyan ctal.,, Eur.Phys. JC 79 (201 91,
doiz10.1140/epje/s10052-018-6482-9

10, “Measurcment of the differential cross sections forthe associated production of'a W boson and jetsin proton-
proton collisian:at \/s=] 3 TeV™, A.M. Sirunyan et'al., Phys. Ren.I¥96'(20175 7, 072005,
doi:10.1103/PhysRevD.96.072005



11,

12.
13.

4.

16..

1.
18,
19;

20.

21,

24.

“Measurement of differential cross sections forZ hoson produttion in a_ssogi'ﬂﬁ'qn with jets in profon-proton
collisions at \/ s=13 TeV”, A.M. Situnyan ef al., Eui:Phys JC.78 (3018) 11, doi:10.1140/epjc/s10052-018~

6373-0
“Energy resolution.of the bairel af'the CMS .élt_;cttomagheﬁc-calorimeter.", P. Adzic et al;, JINST 2 (2007)

PU4004, doi:10:1088/1748-0221/2/04/P0A004

< gser monitoring system fot-the CMS lead ningstate crystal calorimeter™, M. Anfreville et al.,

Nuel fnstrun Meth A 594 (2008} 292-320, doi: 10.1016/j:nima: 2008:01. 104

“Measurements of differential Z boson prodaction &ross scetions in proton=proton collisions:at .ﬁs"'-“'l'S TeV”,

AM: Siruziyan et L., JHEP 12 (2019).061, doic10.1 007/1HEP12(20153061

“Measurements of ‘trip]e'-'cliffcrt:nli_a]' crosy sections for-inclusive isolted-photon-jet zvents in pp-collisions.at
/s=8TeV, AM. Sirunyan et al,, Eur-Phys:J.C'79 (2019) 11, 969, doi:10.1 1407epjc/s10052-019-7451-7
“Measurement of the Production Cross Section for Pairs of Isolated Phiotons in pp collisions at /s=7 TeV™;
JHEP 01 (2012)-133, doi:10.1 007/JHEPO1(2012)133

“Extraction-and validationof’a new set of CMS PYTHIAS tunes fromunderlying-event miéasurements”,

A: M; Sirunyan, Eur. Phys.JiC 80 (202 0), doi:10.1 140/epjcfs! £052-019-7499-4

“Phonon-mediated crystal detectars: with netallic.filiy coating capableiof rejéeting o and B events-induced by
surface radioactivity”, I. C. Bandac et al,, Appl Physien. 118 (2021) 18, doi.org:] 0.1063/5.0050124: '
“Commissioning and performarce of the CM3 ¢atorimeter system with proton-proton collisions at the LHC",.
P. Gras.foc ihe CMS ‘collaboration, dol.org:1 0‘-.-223233‘ 1.120:0082

“-Ihc- Selective Read-out Pracessor for the CMS electromagnetic calorimeter”,; N. Alinéida; J. Varela,

P. Busson, J. L, Faure, O. Gachelin, P. Gras, L. Mandzhavidze, M. M, JEEE Trans.NuclSci. 52 (2005)772-

777, doi:10.1 109/TNS.2005.850946

“The control system for the CMS tr'aéke’r- front end”; F. Drouhin, P. Figueitedg, P. Gras, C. Ljislin,
€. Maazonzi; A, Marchioro, N. Marinelli, €. Paillard, P: Placidi, P+ Sicgrist, A. Tsirou,P. G. Verdini, [EEE-
Trans.Nucl.Sci. 49 (2002).846-850, doi:10.1109/TNS.2002:1 039576

2. “Results of the OPC evaldation done within ICOP for the.contro] of the LHC experiments”, ‘Conf ProciC

991004 (1999}, R, Barillere, V. Buggiolini, M. Beharell, D. Chmiclewski, P. Gras, H. Mileerit, K. Kostro,
A: Lijou, V. Khomutnikoy

93, “The CMS ¢lectromagnélic calorimeter barrel upgrade:for High-Luminosity LHC*, P. Gras forthe CMS
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Jelena Mijuskovic
Q Address: Vi Crnogorske T10, 81400 N ik3i¢, Montenegro
& Email address: jelenamijuskovic@yahoo.com R, Phone number: (+382)68660343

Date of birth: 14/12/1993 Nationality; Montenegrin

WORICEXPERIENCE

[ 07/204 7~ Current ] Trainee researcher
CERN - European Qrganization for Nuclear Research

Address: GGeneva, Switzerland
Main activities and responsibilities:

Included in projects as a member of CMS.group of University of Monten egro and
University Paris-Satlay '

{03/2018] International Master Classes 2018 - handson particle physics
Main activities and responsibilities: _
»-teaching basic concepts.in particle physics.experimental techniques
«'teaching students to perform measurements.on real data from particle physics
experirnents themselves (ATLAS data) '

hf:t_p-:ﬁwww.mna.gpv_.mej!vijesti}l83-’1'ZGIO'd;“zanudrq_gi'-medunarb‘.dn’i.—M'asterc]asjs_-_l-‘l_ands-
on-Particle-Physics.htmi
11072017 ] pssistant at Open Science Days 2017
Main activities and responsibilities:
¢ Promoting €MS-experiment
o Assistingin the project Art@CMS
htt_p;!!wmm.mna;gov-.me'{\;ijesti’/{?_':__'f'.-?.{)_sg'nzvlo_zb’cm-ARTfCMS—-s'.\'zec-ario.-‘ﬁtvore’ni'».sedrni—
Otvoreni-dani-natuke.htmi
[01/2017 - 10720171 Physics teather
Grammar school “Stojan Cerovic"
Address; Niksic, Montenegro

{03/2017T pgsistant at Winter Science School Ivanova Korita,Montenegro
Montenegrin Science Pramotion Foundation PRONA
Main activities and responsibilities: _
= supetvision of high school students working-on different physics
projects

03720171 International Master Classes 2017 - hands on particle physics
Main activities and responsibilities:
» teaching basicconcepts.in particle physi ts:theory
< teaching students to perform measurements on real datafrorn particle: physics
experiments themselves {CMS data)

http:/Awww. mna;-gg_)\.r'-.m'efv'ij"e'st'i!‘l 70365/0drzan-prvi-medunarodni-Masterciass-Hands-on-
Particle-Physics.html



06/2016 -19/08/2016] Student at CERN Summer student Pragramme
CERN - European Orgunization for Nuclear Research
Address: Ganeve, Switzeriand

Mairi activities and responsibilities: |
< work on.a project (4 - 8 hours. per day), the réport on which you can find at. http://

'c_ds.c'e_m,t:_h'irecond_/zzog_‘l-aﬁf-fi'leslaepart_lM;pdf
« attending lectures on different topics
= visits to experimental facilities, data and control centers.

109/2015 - 25/09/2015 1 assistant at CERN's exhibition at Open Science Days 2015

Ministry of Science

Address: Monteénegro
Main activities and responsibilities:
» dernonstrating interactive experiments
o teaching about basic concepts of particle physics:

‘EDUCATION AND
TRAINING
[1 172018 ~ curkent ] Phnin Physics
University of Montenegro and Uniyersity Paris-Saclay

[ 10/2017 = 10/20181 Master Degree in Physics
Faculty.of Natural Sciences and iathematics, University of Montenegro.
Address: Podgorica, Montenegro
Thesis: Emisison of |4+ - pairs in ppinteractions at
experiment

‘thie energy of 5 TeV at CMS

[ 0972015 - 10/20161 Specialist Dlegl’eeﬁih.PhySiCS__'-'
Faculty of Natural Sciences and Mathematics; University of Montenegro

Address: Podgorica, Montenegro
Thiesis: Efficiency of detection 134C5 by gamma detector pairs at the angles of 90° and

180°

[09/2012 -.09/2015] BSc Physics
Faculty of Matural Sciences and RMathematics, University of Montenegro

Address: Podgorica,. Montenegro-



LANGUAGE SKILLS

Mothier tongue(s): Montenegrin

Other language(s):

English

u‘s)ra‘mma-cn READING C1 WRITING €1

<POKEN PRODUCTION C1 SPOKEN INTERACTIONC

Itatian,
LISTENING AZ ‘READING AZ WRITING A2
SPOKEN PRODUCTION A2 SPOKEN INTERACTION A2

DIGITAL SKILLS
python [ C+ | Root CERN | tinux | GIT Hub | Working with CMS Offline Software
{EMSEW)
CONFERENCES AND
SEMINARS

571172021 - 1974172021 1 Resummation, Evolution, Factorization Workshop 2021
httnsy/findico.desy.de/event/28334/

/0742021 - 14/07/2023] Divisien of Particles and Fields of the American Physics Society (DPF2021)
The CMS Electromagnetic Calorimeter calibration arid petformiance duiring LHC Run 2
_ _httD_s‘:-Hihdito cern.ch/event/1 034460 contributions/4431722/

770612021 ~'01/07/2021 ]
22nd International Workshop on Radliation imaging D.etectqu-f(§WQRi_D 2027)
High-rate readout with p_’recis‘e-tii-ne resolution of & high-granularity calori meter: the case
of the CMS Electromagnetic calorimeter upgrade
'hic;-p_s:ﬁir‘rdico'.cerh’;chieventhZDd?Sfco ntributions/4372898/

2/07/2020 - 17/07/20201 PYHEP 2020 Workshop
https://indico.cern.ch/event/g82824/

2/07/2020.- 03/07/2020:) CiMI$ Z(+jets) Run It an alysis workshop (1)
-httos:',_ffindi_coidesv.de!evenv-zezgsftim_eta_biex#al'l.detaﬂed

3_!@1‘{2020—14{0112020] CMS.Z_:(ﬂvjie’ts)‘Run It analysis workshop Brussels
ht‘_tns:/‘fihdi_co--,cern,chfgventf85s439f_

2/05/2019- 18/05/2079 ] New Trends in High-Energy Physics  Qdessa, Ukraine

:8/01/2019 - 017022019 CWiS Data Ana!’ysis school Pisa 2012 lN_'FN Pisa



[/06/2017 - 16/06/2017 ]
Fifthy Inteinational Conference-on Radiation and Applications in Various
Fields of Research (RAD 2017)
Budva, Montenegro
o THE REGISTRATION OF Cs-134BY GAMMA DETECTOR PAIRS AT AN -ANGLE-OF 90°
Nikola Svrkota, Jelena Mijuskovit and Nevenka M. Anitovic

10.21175/Rad|.2018.01.604

ORGANISATIONAL
SKILLS

Organisational skills
4, experierice in organising the events- for sciehce premotion

M MUNICATION AND
TERPERSONAL SKILLS

Communication and interpersonal skills
¢ good gommunication skills gained through my wark with students tedching physics

and seience promotions.
a experlence in intensive collaboration-and interaction with-many

peaple researching within CMS coliaboration
o experienced at giving presentation to. large. aydience

AWARDS'
Awards and scholarships

o International Boctoral Action Program (ADI-2018) of the IDEX Université Paris-

Saclay
¢Scholarship for doctora! research in Montenegro from.Ministry of Science

‘Mantenegro,
< City of Niksi¢ scholarship.for academic achigvement



COMMUNAUTE UNIVERSITE GRENOBLE ALPES

ATTESTATION DE REUSSITE AU DIPLOME

Le Président atteste que
' HABILITATIGN A DIRIGER DES RECHERCHES Spécialité PHYSIQUE -
a-élg décermnée

Monsieur DELMASTRO MARCO
né le 26.adilit 1973 & TORINO (ITALIE)

autitre de l'année gniversitaire 2015/2016

Date-desoutenance 193 mars 2016 -
‘Etablissement soutenance : COMMUNAUTE UNIVERSITE GRENOBLE ALPES -
J.ur'y" T M GIOVANNI LAMANNA. Président di Jury, DIRECTEUR DE REGHERCHE
' CNRS DELEGATION ALPES
M. MATTEO CACGIARI, Rapporteir dijiiry, PRORESSEUR
UNIVERSITE PARIS 7

Mme LYDIA ICGNDMIDOU-FAYARD Rapporteur du jury; DIRECTRICE DE REGHERCHE
CNRS DELEGATION [LE BE-FRANCE SUD

-M.YVES SIR0IS; Rappcrtaur dLrJuty. DIRECTEUR DE RECHERCHE
CNRS DELEGA’“DN ILE DE FRANGCE SUD

Mme. ISABELLEW[NGERTER—SEEZ Membre dir § }ury, DIRECTRIGE DE- RECHERCHE
CNRS DELEGATION ALPES:

Ecole doctorale : Physique (Grendble)

Fait 2 Grencble; le1.avril 2016

N® étudiant: 21560762




Marco Delmastro | Curriculum Vite

Born on August 26, 1973~ Torino; ltaly LAPP ONRS/IN2P3 B (+33) (0}4 BO 09 17 &5
Italian nationatity 9, Chemin de Bellevue F 1) (0)75 411 86 90
Married, one daughter 74941 Annecy, France Harco.Delmastro@eera.ch

|-Areas of specialization and interests

Experimenta] high-energy physics, from detector prototyping, 'operaﬁoﬂs-.and’_pertjc@mgnce opti« |
tization 10large-scale dara analysis-arid phiysics interpretation Higgs physies » BSM searches.
with photon and jet final states « QCD precision measurements * Calorimetry, * Readout elec-
tropics + Signal processing - Science education, communication and dissemination

Y .

J

Appointments held
2020-present Scientifie Aswcia'te_,- CERN, Switzerland,
2017 present Directeur de Recherche, CNRS/IN2P3, LAPP, Annecy, Franze.
20112007 Chargé de REc_h.e_rcihe‘-l‘”""Clqss”e, CNRS/INZP3, LAPR, Atinecy; France:
2007-2011 -Research Physicist Staff; GERN, Switzerland,
200s-2007.  Fellow, CERN, Switzerland,
2003-2005 Pés't.—"dbt:toral Research Assdciate, Unitversity of Milano, Traly:
19992003 Ph.D. Stdent, University of Milano, Italy:
2998-1909  Post-graduate Research f__\sso,ciate,_fMicroefét:tronicsiqnd Silicon Deteitor Group, CERN, Switzerland.

Education

016 Accreditation to Supervise, Research (Habilitation & Diriger des Recherches, HDR), University. of
Grenoble-Alpes, France,

THESIS From ADC counts to the Higgs boson: phatons for physics measurements with the
-ATLAS experiment gt the LHC Run 1 (HAL 1el-02312862)
REFEREES Prof. M..Caceiari (LPTHE, Paris, France)

Di'L. Ijr:o;;qmid'qu'-'Fayardﬁ_(LAL,__Orsqy;- France)
Dr. Y, Sirois (LLR, Palaiseau, France)

2003 PEDin N uclear and Subnuclear Physics, Uh‘ive}fs:‘.ty'ofmﬂano, [taly (highest honours),

THesEs Energy. réconstruction and calibration digorithms for the ATLAS. electromagnetic-
calorimeter (CERN-THES! _'_».?.003.—033)_

SUPERVISOR Prof. L. Mandelij {Unijversity of Milano, ftaly)

REFEREES Prof. W.E. Cleland (University of Pitesburgh, USA)

Prof. 8. Centio (University of Padova, Ktaly)

158 MSc 6“Lau#ea") in Physics, University of Torine, Traly. (110/110 énm laude, highest hongurs).

THESS Measurement of the 1 ipmdﬂ'c‘tidn;a,‘: the CERN SPS with- the NASG experiment
_ Supzrvisor Profi E. Chiavassa: (University of Totinp, Italy)

| CosuptavisoR.  Dr N, De Marco (INEN Torino, Italy)

Awards
2014-2017  CNRS Scfe_r'z_ciﬁ__‘t Excellence Prize (Prime d‘iEicce'E_{eirz_ce-Scferit'f'ﬁqmz):,.,rewarding the 2010-2014 period
and awarded for the 2014-2017 period.
2015 Award It;_zh‘_a:: Excellence on the Web,. awarded hy the Treccani Institute for. the _Itzilian'-EncydOPEl;Iia__
for the-arficle The particle that wasn't.
204 Literary award Le Due Cultitre (Thé Two Cultures) “Maria Antonia Gervasio”, awarded 1o the besr.
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‘Matco Delmastro-

poplil'ar-:scimc;e ‘book published-in 2014 to Particelle familiari (Editori Laterza, _ItE{l}{‘-'.‘?;ﬁl‘i-):..

Recent research grants

Principal mvesngator of the French ANR PhotonPortal PI’DJ ect (LAPP-LPNHE-LAL joint project, ses
lected for, funcimg in'2016 for 485’000 €).

Services to the profession

Responsibilities and eoordination roles:

Convener of the ATLASS:Higgs:Working Group:

Convener-of the LHC Higgs Cross:Seetion Working Group.2 Higgs Properties.
ATLAS Analysis Contact for the H ~ v coupfmgs analysis.

Member of the ATLAS quuld é\rgon {LAr) Phase 11 Upgrade Steering Group.
Convener of the ATLAS LAr Phase II Calibration Upgrade Working Group.

Coordiriator.of the ATLAS LAr activities ar LAPP Annecy.
Convener of the ATLAS Higgs HGamina Working Group (K — 4, H — 5%, low and.high-mass

vy resopances, HH -3 -yybh, HH — W W, mono- -Higgs Dark Mattér and heavy scalar searchies

with yy.+ Biniss)

ATEAS Analysis Contact for the Search for Higgs-liki v+ resondnces: analysis:
Member. of the ATLAS Physics Cooerdination group,

Convener of the ATLAS « /q {electron/phioton) Combined Performarice. group,
Member of the ATLAS LAr Calorimeéters Management.and Steering Groups
Convener of the ATLAS LAr Calotimeters Softwaie and. Data Preparation. group.
Coordinator of the ATLAS Photop Identification’ workitig group.

Convener of the ATLAS Standard Model Direct Photons ‘working:group.
Coordinator of the photon analysis activities of the CERN ATLAS Teari,
Convener of the ATLAS LAr Calori imeter Electronic Calibration; working group.

Conference and school organization

Organlzer of the paralié] session Qucel avenir pouit la physique des particules? (Whar future for par<
ticle physics?)- at the 25¢ Congrés Général de lu Société Frangaise de Physigue, Nantes, France, July
8-12:2019.

Merber of the organizing committee of Les Houches Workshop Physics at the TeV Colliders;

Member of the organizing committee of the ENIGMASS Lectures Netityinp Physics, LAPP Annecy,

France
Member of the orgafiizing committee of the ENIGMASS Lectures Searching for Daik Matter at the
LHG, 'LSPC: Grenoble _France.

Member.of the organizing committee of the ENIGMASS Lectures Probing Naturalness and Elec:
troweak Symumetry Breaking at LHC Run 2, LAPP Annecy, France,

Orgamzer and Chairman 'of the Higgs session, Physitie ATLAS France Workshop 2014.

Organizer of the Workshop:on Photon Physics and Simiilation at Hadron "chlfide'rs,__ Paris, March
2012. )

Organizer and chaiirhan of the. Photon Reéconstruction and Identification session, ATLAS e/~ Work-
shop, Leysin, Switzerland.

Organizer and chairman of the Electronic Cai'fl}tat'iqn' session, ATLAS Electfamag_neu‘ci: Calorimeter
Calibration Workshap, Annecy; France.

Reviewer of the procedures of prediction of the ionization signals of the ATLAS electromagnetic
calorimeter forits electronic calibration, ATLAS Calonmetry Calibration kashops (2004; Slo-
vakia; 2{}06 Spain).
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Marco Dehnastro

Research managemerit and evaluation
Member-of the Plénary Européan Commitee for Future Accellerator (ECFA)..

Member of the Register of Expert Péer Reviewers for Ifaliah Scientific Evaluation (REPRISE).
ATLAS Liquid Argon Group Representative for the LAPP Annecy grotip.

Member of the French. CERN Fell owship. Selection Committee,

Member of LHGC Panel'in ‘charge to review the Technical Design Repon:.. of the Phase-2 Upgrade of
the CMS Barrel Calorimeters.

Osganizer and chairman of ATLAS LAPP Weekly Group Meetings,

‘Editorial activities

Reviewer for Journal of Instrumentation.

Reviewer for The European Physical Journal C.

Reviewer for Computer Physics Commun ications.

‘Editor.of the Rapport d’Activité LAPE 2009-2012,

Chairman and mémber of Editorial Boards for internal review of ATLAS ‘papers.

Member of the Publication Coriimittee.of the ATLAS, Collaboration.

Responsible of the graphics.and typesetting-templates for the ATLAS Collabbration articles and
plots.

Management and communication training

Ménaging Teams program, CERN fraining cowrse, Divonne-les-Bains,-France..

Introduction to commumnitation and outreach, CERN training course; CERN, Switzerland.

Teaching

“Faculty .of the. Stimmer -School in Par:z‘dé»un’d'-Astropgrﬁdé Physics. of Anriey-le-Viewx (GraSPA),

Annecy-leVieux (France). LHC Expérimental Physics (2-hour lectures: 2014, 2015, 2016, 2017,
2018,:2019; no'session in, 2020-due to COVID sanitary conditiong).- '
Faculty of the European Schaol of Instrumentation in Particle atid Astroparticle Physies (ESIPAP),
Archamps (France). Experimental Subatomic Physics (15-hour lectures and tutorial:- 2014, 2015,
2016, 2017, 2018, 2019, 2020).

Physies and Communication: science and the media INFN Researcher Training Course;

Case study: scientific blogs (1 heur).

Atcreditation as Assa__t':iarg P’l:ofe_ssor, Experimental Physics of Fundamerital Intéractions _
(Abilitazione Scientifica Nazionale, Profeéssore di-Seconda Fascii,. Setiore 02/A1, rornata 2012) , raly.
CERN Italian 'Téache_: Program 2014. CERN (Switzerland), Cerober 12417, 2014,

Introdiiction to Experimental Particle Physics: (4-hour lectures and ‘turorials),

Summer School -“S_ciéng-,communicéitio'n-Sc;'c_i_ety"z_(iM”.._ La Morra (Itily), September 7-12, 2014.
The visible researcher- (8-hour Jectures and exercises on scientific blogging).

XXIV Seminario Naziopale di Fisica Nucleare e Subnucleare; Omanto (italy), September.21-27,
2012, N S

Session ‘on ‘Selentific communication.and relationship with media, general public.and industry (2
houys)

Computational Physics Laboratory: (lectuwrer). BSC in Physics, 'Unfl-fe_rsiﬁr'prﬂano; ltaly,

‘Rerenint: Prof. L. Perini (University of Milano, Tialy),
Physics (secondary level professor in leave of absence for research reasornis), 1L.TLS. “Faccio”, _\?ercel_l_i-, Jraly:

Mathematics (secondary level professar), LTLS. “Bodoni”, Torino, Italy, and Liceo Scientifico “Galilei”,
Cirig, Italy.
Qualification to teach Physics in all Italian secondary sehiools {f%‘&i’!itaz:iqne”’_,_ class 38/A).
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Marco-Delmastro

Student supervision

Supervision and co-supervision of PhD ‘theses

Luca Franco.PhD at LAPP, France, Thesis Supervisor, _ . o

PHD THESTS: Precision Higgs Plysics and sedrek for .thsic-:s; Beyond the Standard. Model with the:
Higgs Boson decaying into two photons with the ATLAS experitiient at LHC,

Saskia Falke, PhD au.LAPP, France. Co-supervised _with-f‘Dr: ‘T. ‘Guiiftzmin:. _ _ )

PHD THESIS: Medsiirement of Higgs boson properties in the Higgs :tr_)‘_diphatqn*d_zqnnel-with.-tﬁg AL

LAS experimient, EFT interpreration-of the Simplified Temp’late_cﬁos_'s Sect?on_'meqsurcmenti’ﬁnd eriergy

Kirill Grevtsov. PhD ar'LA}?B France, _'C'c.-_j.supewis'ed'--w?irh Dr: L Wz’ﬁggrffgr-Seaz; _
PHD THESIS: Explaring the diphoton final state at-the LHC at /5 =13, TeV: searches for new particles,

and the Higgs boson wiass mieasurement with the ATLAS detector. (defended on 4/7/2017. CERN-

THESIS-2017-138).

Currently Fellow at DESY; H__aznbo'upg_,- Germany,

Sinone Mazza: PR at- University of Milario, Italy. Co-supervised with Prof L. Carminati:

PHD THESIS: Searchk for new physics in the diphoton channel at fhe ATLAS experiment at the LHC.
(defended on'27/2/2017. CERN-THESIS-2017-010),

Currently PostDoc at SCIPP, University of Califérnia Santa' Cruz; USA,

Zuzana Barnovska. PhIY at LAPP, France; Thesis Supervisor.

PHD _'I_‘Hssx-s':-Diphqmn‘_qusuremejnts with ;ﬂre'ATLAS"dﬁmé'mr'at_tﬁe LHG: .seqrfch for: new resonances
and study-of diphoton prodiiction in-association with jets: (defenided on.29/09/2015. CERN-THESIS-

2015-167).

Currently Post-doe at USTC Hefei, China, based at'CERN, in maternity leave.

Maud Schwoerer. PhD. at LAPP, France. Co-supervised with Dr: I. Wingertei-Seez,

PHD THESIS: Efudes des états finals diphoton.dans Vexpérience ATLAS au LHG: mesure de sections:
¢fficaces différentielles, découverte dune nouvelle résonance. dans la recherche di bosonde Higgs er
étude de ses. propriétés (defended on 27709/2013. CERN-THESIS-2013-193), '
Gurrently Data sciéngist at ProbaYes, Grenoble, Frange,

Supervision of other PhD projects
Angel Campoverde, PhD.at Stonybrook Un iversity; USA. Co-supervised with Prof R. McGarthy:

PHD THESIS: Search For Gravitons. Decaying To Vector Bosons In Hadronic. Final States in proton-

proton Collisions at /5 = 8 TeV Collected With The: ATEAS Detector {défended on 12/08/2015,
PDR). | | | |
PROJECT: Studdy of the Calibration Constants of the Electromagnetic Cai_’drinie'tzr'(A?ILLARG-IN’E
2013-006). . '

Currently Post-doe at University of Siegen, Germany,

Guillaume Lefebvie. PhD.e LPNHE, France. Co-supervised with Prof M. Ridel. _
PHD THESIS: Etalonnage des jets et mesure de Ig section efficace de production de paires de quarks
top dans le canal h_ﬁdrthc_;(qg- & 5 = 8BV avec lexpérience ATLAS auprés du LHG, (defended on.
26/09/2014: CERN-THES]S 2014-234),

PROUECT: Impdct of the LAr High Valtagé corrections, or the electromagnetic energy response resolution
(ATL-LARG-INT:2013-001), B

Gurrently Consultant at InovenAltenor, Paris, Erance.

Stefanfa Bordoni. PAD ai LPNHE, France, Co-supervised with Prof: M. Ridel.

PHDTHESIS? Mesuye de la section éfficace de production des quarks beaux et charmés & partir de legr

désintégration semi-leptonique en électrons-avee Uexpérience ATLAS dars les .c_ollfsfom'_prorons-pratons

‘a5 =7 TeV-au LHC (defended on 16/0972011. CERN-THESIS-201 1:248).

PROJECT: Effect of-eléczranic'calfbratibn constant variations-orn reconstructed cell energy inthe ATLAS

electromagnetic calorimeter {ATL-LARG-INE201 1:001).

Currently Fellow at CERN, Switzerland.

Carolina Gabaldor. Ruiz: PRD-at University of Madrid, Speiin. ‘Co-supervised with Prof J. Del Peso.
PHD TRHESIS: Calibration of the ATLAS 'ele'cn'amq,'gﬁatia calorimeter and search of the W exotic.boson
(defended-on 24/03/2010. PDE),
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2018

2017

2018

2010

2007,

2006.

Marco Delmastro

‘PROJIECT: Electronic.calibration of the ATLAS. electromagretic calorimeter endcaps. Measurement of

the. drift time in the ATLAS. electromagnetic. calorimeter using ‘cosmic-pidses (ATL-L&RG-INTQO’__(JQ%.

"Cu{rent]_'yAre'q Petforimance Manager at Inmarsat, Nyon, Switzerland.

Master studeént internships

Luca Franco. M2 /Erasmys internship at LAPE France. Cossupervised with Prof E. Meoni, Univérsita
della Calabria, Laly, _ o

MASTER THESIS '-(‘_‘LAUR'I_:A MAGISTRALE"): Study-of the Higgs boson: prodiiction in Vector: Boson,
Fusion through its decay into two photons with the ATLAS detector at LHC

Florian Eble. M1 internship at LAPP, France, Co-supervised with Dr. N. Lorenzo Martines.
PROJECT: Study of LAY calibration from Run2:for phase Il upgrade. (ATL-COM-LARG:2017:028).

Summer Student projects
DimitrEOS'i-SidiIOP'OuIos‘-.-l{_on:ti:_)s.- CERN Summier Student. _ _

PROJECT: 'Mdr:ht'ne_--Leam'ing technigues for precision Higgs physics,. exploiting the Higgs Boson decays
into, two phptons, -

Maud Schwoerer. CERN Summer Student, _ _ .
PROJECT: First evideiice of T — eFe™ svenes at /3§ =7 TeV'in the ATLAS détector; (ATL-PHYS-INT-.
2011-054). .

Kilian Mueller. CERN. Summer Student,

PROJECT: Studies or. longitudinal weight extidciion forvery low enérgy clectrons.

Martin Skou Andersen. CERN Summier Student.

PROJECT: :Optimization of cf ustering algorithms for very low energy electyors,
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Brief overview of research activities

Higgs physies at the LHC.
Search for the Higgs boson and measurenient ofits properties.
* Search.and discovety of the Standard Model Higgs 'boson;vufi!th,thé;-}’{. — ¥y decay with 7 TeV and'8 TeV
pp-data. ' ._ o
* Measurement-of 't’hé?Hig_g_s boson couplings with the & -7y with. 7 TeVang. B'Tev-pp;.data-.
* Measurement of the Higgs boson masswith the Jf - Y decay with- 7 Tev and 8 TeV pp data; ATLAS.
FHiggs mass Run.1 combination with-f —+ 22" 3. 4¢; ATLAS and GMS Run 1 mass ‘combination.
. Meas‘u:em'ents;_of"the-.Higgs.:bd_'sbn -couplin'g's,__---S_irnp}i_f_i_ed Template: Gross Sections (STXS), inass and
width with the H - yydecay with 13 TeV Pp-data, )
*- Effective Field Théory (EFT) interpretation qf'Higgs:propzerﬁif;s‘,_ both Inthe H.—s 7 chanmel and in the
global coupling combinativh. Global EFT fit (Higgs+EW +rop).
Prompr photoiis prodicction at the LHC
* Measurernent of inclusive prompe photon eross sections iri g collisions at VE =T TeV:
* Measurement of differential prompt diphotoii.cross sectivns in pp. callisions at /5=.7 Tev,
* Measurement. of prompt diphoton Dbroduction in assaciation with jets ifs pp collisions at v/5.= 8 TeV.

. _Stud_y-’of sensitivity porential of 2 Y47 8 TeV/13 TetVr crass-section _'r]oubieraﬁq.
ATLAS detector, performance dptimization and upgrade

Electron and photon energy calibration

* Electron and photon response calibiation, using in-sity techniques and MC-based calibration, ar fest-
beam and with pp.data.
* Data:driven correction ‘to. the: clectromagreric calorimeter response; interéalibration of longitudinal
layers of elet:r._mmagnéti_g-c’alé’riirhetei_"with photons,
* Final Run ] electron.and photon calibration. for the measurement of the'Higgs boson mass,
* Run2improved electron and photon calibration é:c_plojting_l'ate_ralpli:ctr'brnaignetic-shbwﬂr information:
* Developmerit of an'improved correction for-the LAr Medjum Gain electronic -b_alibfatiort"t_zsing_"sp_ec_ia_j
Z-yete™ data, to bg used to improve the extrapalation. of the.-'é__Iectrom_ag'netic_;t:albritrle'_r"er response
‘between the Z and the 7 bosops® kin_ematii:al._re_'_gimes,_ '
Photorcideritification
¢ Optimizationof photon identification critexia for 7 Tev and 8 TeV data taking:
* Data-driven measurement 4nd ¢orrection of Data/MG discreparicies of electromagneti¢ shower shapes.
= Data-driven measurement of photon identification efficiencies.
Liquid Argon calorimerry

* ATLAS li_qilfd-ﬁr;gon.-.'(,bz\r} calorimerer detector pretotyping, test-beam, assembly.and ::'in_é'tal_lation.

* LAr electronic calibiation development, from ADG count-to cell gnergy:”

* LAfreconstfuction software; simulation and-condition database development and mairitengnce.

. LAr'dgt'a quality (software setup’and maintenance, shifter trainingand c’."bordi_nat_Iaﬁ).

* Development of the new front-gnd calibration board for the LAr &ilorimeter Phase Il HL-LHC upgrade..
Other activities.
Search for physics beyond the Standard Model at the LHC

* Search for low-and high-mass Spin-0 and spin-2 resonances decaying in photon paits with 8 TeV/ and
13°TeV pp data;
Study of physics potential of a Future Circular Gollider (FCC) _ _
* Projection of Higgs property medsurement sensitivity with H — e at FCCpp collider at /g =100 TeV

.'Ulfra-rela'tivisﬁc heavy ions at the. Spp$

* Measurement of the-.//t suppression in-Pb-Pb-collision at 158 .Gev/e pez nucleon with the py, decay

Rad'—}t_grd- micro’elér.’fz’rdnfég for the. LHC detectors .
* Development and test of rad-hard enclosed trinsistorsfor the front-end electronics of the LHC detectors
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Marco Delmastro

Sumniary of scientific production

Publications.

-As of November 29, 2021, more than 900. publications-on peer-reviewed scientific journals, All

publications available on INSPIRE; eitations and h-index available on SCGOPUS, INSPIRE or Google
Scholar,

" Selected publications.

- 15.publications selected ameng those representative of rity research commitments and achieve.
menits, and counting major personal contributions.

[i] A’I-‘LAS,.CO]I‘abdrzirion; “Methodology for EFT interpretation of Higgs boson Simplified Template
Cross-section resilts in ATLAS,”. https: //cds. cern.ch/record/2694284,

E2] ATEAS Collaboration, “Combined measurements of Higgs boson production. and decay using up to
80— of pfatqn-prdro'n“coﬂision-data_::aj;_ﬁ = 13:TeV collected with the ATLAS experiment;" Phys:
Rev, P 101 n0. 1, (2020) 012002, arXiy :1909.02845 [hep-ox].

{3] ATLAS Collaboration, “Observation of Higgs boson production in association with a-top quark paif
- at the BHC with the ATIAS detector,” Phys. Leit. B784 (2018)173<1 91, arXiv: 1806..00425 '
[hap-ax].

[41. ATLAS Collaboration, '“Méasuxements of Higgs boson properties in the diphoton d_ec_\ay-'(iha_nng'l- with
36'f~" of pp-collision data at /8= 13 TeV-with the ATLAS-detector,” Phys.. Rey. D98:no. 5, (2018)
052005, axXiv: 1802, 04146 [hep~ex].

[5] ATLAS:Collaborarion, “Ssarch for resonances in diphoton evenss at V/#=13 TeV- with the ATLAS

detecror,” JHEP 09 (2016) 003 » aZXivi1606. 03833 {bep-wx]..
[6] ATLAS Co!laboration,;-‘fMe'asurement of Higgs boson produittion in.the diphotosi decay charinel in

pp collisions at center-of-mass. energies of 7 and 8 TeV with the ATLAS detector,” Phys. Rev. D0
D16, 11,.(2014)-11 2015, ar¥iv:1408.7084 {hep-ex],

(7} ATLAS and'CMS Cbllabqra_tions,_ “Combined Measurement of the Higgs Boson Mass'in pp Collisions.
at y/&=7.and & TeV with the ATLAS and CMS'Experiments,” Phys. Rey. Lett. 114 (2015) 191803,
arXiv:1503. 07589 thep~ex].

(8] ATLAS.Coliaboration, “Measurement of the Higgs biosén mass from the &~ 4y and
H - 7227 5 4L channels with the ATTAS detector using 25 fiy~ of pp collision data;™ Phys. Rey,
D90-no; 5, (2014) 032004, axXiv:1406. 3827 [hep-ex]. S

[9] ATLAS Collaboraion, “Electroin and photor energy-calibration with'the ATLAS detector using' LHG:
Run 1 data,” Eur. Phys. J. €74 no, 10, {2014) 3071, arXiv:1407.5063 [Rep-ex]. '

[20) ATIAS Cb.llaborzlciort,-f‘bbsewa:fon-pf a new particle in-the search for the -Siﬁnda'rﬁ_ Model Higgs
boson with the ATLAS detector atthe LEIC,” Phys. Lett: B716 (2012) 129, aryiv: 1207.7214
thep-ex].

1 [11] ATLAS Collaboration, “Search.for the Standard Model Higgs boson in the dibhth_décéy channel

with 4.9857% ofipp colllsions at /3 = 7 Tey with. ATLAS;” Phiyis: Rev. Lett, 108 (2012) 111803,
arXiv:1202, 1412 [tiep-ex].. '

[12] .-A_TIAS_'_.CDI_Iaborat'ign,“M’ga_s‘u;jem_ent_ o:f._iiso[gtéd‘:-pho'mn.pa_ir. production-in pp collisions at /5 = 7
TeV with the-ATLAS;detecgnr,;’f'JHEP 01 (2013) 086, ar¥iv: 12111913 {hep-ex].

[13] A’I’.[.AS"Cdlléﬁor'atibn-,_.“Measurqrqerl_tf q’f-ﬂ:é.'.i_nc_luﬁva isolated prompt phaton ¢ross-section in P
‘collisions at /5 =7 Tev using 35 pb™" of ATLAS data,” Phys, Letr B706 (2011) 150-167,

. aiXiv:1108.0253 [Hep-ex],

1 1147 ATLAS Collaboration, “Readiness of the ATLAS {igquid Argon Calotimeter for LHCG _c:nms_ians;"'_{jsu;

Phys, J.-C70 (2010) 723753, ArXiv:0812.2642 [physics.ing-det].

[15]. D. Banfi, M. Delmastro; and M; Fanti, “Cell response equalisation of the ATLAS ¢lectromagnetic
«calorimeter withotit the direct knowlédge of the: ibnisation signals,” JINST 1°(20086) PO&OOI,




‘Marco Delmastro

Communications at international conferences

[11 M, Delmastro, “Higgs couplings and properties measuienicnts: recent results as well as fuil run-2 and
HL-LHC prospects (invited tatk)," in. 31% Rgnc_qnrr_e.'s..c_fe'Bi“bis;..-'Ba:“_tfde:P}zysi\cs ad Cosmalogy. 2-7 June,
2019.

[2] M..Delmastro, “Diphoton ‘searches in ATLAS," in 515 Rencontres'de :Mmionc{;pn_: Electroweak Interactions
and Unified Theories. 12-19 March 216, 2016. https://eds. cern, ch/record/2 150667.
ATL:PHYS-PROC-2016-046,

{3) M. Belmastro, “Results-of #/ — ¥y and 2y from ATLAS,” inAspen 2013 “Higes Quo Vadis™ confevence..
Aspeil, CO, USA, 10-15 March, 2013.

[4} M. Delmastrs; “Photon and diphoton production at AT 8," in Proceedings of the-15% Lomonosov
Conference, Moscow State University, 8=24‘August, 2011, pp. 57-60, Moscow, Russia, 2013.
arXivi1iil. 2223 [heprex. ATL-PHYS-PROC-2011-236,

[57 M: Defmastro, “Searches for the Higgsboson at the LHC,™in Proceedings of the XX Rencontres de
" Blois", Blois (Franice), 21-26 june, 2009. arkiv 10908. G493 [heprex]. ATL-PHYS-PROG-2009-077,

6] M. Delmastro, “Recent results of the ATLAS barrel combined test beam,” Alp Conf Proc:. 867 (2006)
358-365 - Proceedings of the 12™ Internatiorial Conlftrence on Calorimetry in High Energy Physics; CALOR
2006,.Chicago, USA, June 5-9, 2006,

7] M. Delmastro, "A-‘s'tandﬂlané_-_js'ignal reconsteuction ard calibration algorithm for the ATLAS
electromagnetic: calorimerer;” in Procecdings of the IEBE NutlearScience Symposium 2003 Portland, Or,
USA,; 19-25 October, 2003.

81 M. Delmastro, “The ATLAS Ligiid Argon 'cal_n:‘imetgr_s_read—;o'ur system,” i Proceedings bff-"tﬁe'IEEE
Nucléar Scighce. Sympostunr 2603.. Portland; Or, USA, 19-25 October, 2003

[9] M. Delmastro, “The ATLAS Hquid Argon electromagnetic. calotméter: main-ﬁatures,-._ requésted physie
Ppetforinances ahd test-beam results,” in Proc. 6 " World Mudticonferecé on Systemics, Cybernetics and’
Informaties (SCI2002). Orlando, Fl, USA, 14-18-July, 2002 ' '

Recent communications at national conferences and workshops.

{11 M. Delmastro; “Higgs. Review,” in Workshop Physics ATLAS Friarice 2017, Vogiié, France, 29-31 Mars,

2017. heips: //indic o.cern.ch/event/573873/.
[2] M. ﬁelmas_t_m_, “ATLAS electromagnetic physics,” in 2'% LPEE Workshop on LEIC detector: sifnulations:

status, needs.and prospects. CERN, Switzerland, 18-19-Marcl, 2014.

https:)findiégaCarn.dh/conferenceDisplgyij?coand=27953Q.
f3] M. Delmastro, ‘:?I_)irect-.p'hotons' at ATLAS,"I.in s Workshop on Photon Physics.and Simulation at Hadron
Colliders. Paris, France, 30 Maf@hg‘ 2012 hyrps: 7/ indico. inlp3.fr/event/5709/.
[4] M. Delmastro, “Four gogd reasons to be a-visible researcher (invited talk),” in ro2m¢ Congress of the
 Italian Physics Seciety (SIF). Padava, ftaly; 26-30 Seéprember; 2016.
bttp;//hwﬁ.sif;dtjattiuita{tpng:3350/1D2;

51 M: Delmastro; “Commanicate phySiCS;_lﬁrith the guise of daily experience (invited: talk),” in Comunicare
Fisicg 2012. "Torino, Traly; ‘October-8-12, 2012. '
‘http://agenda. infn. it/conferenceDisplay. PY ?conf Td=4955,

Recent technical reports

{11 F. Bedeschi, M, Convery; H. Danielsson; M. Delmastro, G, Eig_en; F. Ford, D. Glenzinski, A. Kluge,
A. Kuzmin, F. Lanni, M. Morandin, F, Siman, apd A: Sthith, “UCG Report on thé TDR for the Phase-II.
Upgrade of the CMS Bariel Calorimeter,”. kittps://cds. cerii. cli/record/3304338,
CERN-LHCC-2018-004, UCG-027.

{2} A. Collaboration, "Technical Design Repoit for the Phase-1l Upgrade of the ATLAS ‘LAr-Calorimeter,”
“Tech. Rep. CERN-LHCC-201 7-018. ATLAS-TDR-027, ‘CERN, Genieva, Sep, 2017, '
htipsi//eds. cern. ch/record/2285582. .

[31 ATLAS _.LA'r-_Ca]_éri_l_‘_n'e_ter-Grqup,- “Initial Design Review.of th_e ‘ATLAS 'I';_Iq_l,i_ld Argon Cai'oti_m_éter--S}{stém _
“Phase Il Upgrade,”, H¥tps://éds -Cern, chi/Tecoxd/2248382. ATL-C OM-LARG-2017-006., '

[4] ATLAS Cfol_labpraﬁon, “ATLAS Liguid Ar.g_'i:in-3'Cé_l'brjm'eter-'Phas_el-[ Upgrade Tethnical'ﬁesign Report, &
- Tech. Rep. CERN-LRCC<2013-01 7. ATLAS-TDR-022, Sep, 2013, '
h;tps;/fcdﬁ,carn.ch!récord{1602230. '
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Qutreach

Public events

Il: bosone di Higgs in un-bicchiere-d'acqua (The Higgs Boson in a glass of warer):"d papular $cience
conference targeting students, presented in-numerous: Italian high-schools and public events-{and
virtually held in 20201).

Da dove viene il 89%.délla massa della materia ordinaria? (Where does 9% of ordinary matter
come.from?). Virtual conférence for the Leeds EN-IT Interpreting Practice Sessions.
Misurare.le-proprieti det bosone-di Higgs (How to. measuré the Higgs boson properties): virtual
conference for the “La Via delle S¢ienze” Spring 2020: cyele,

Mattoncini elementari (Elementary Brick): virtual workshop at the 2020 INFN Kids Summer Camp.-_
Comunicare la fisica al tempo def socicl? (How fo communicate physics in the social network era?).
Public seminar at Universita degli -Studi di Milano, Milane: (I taly), Fehruaty 28, 2017,

Féte de la Science 2016, LAPP Annecy, France.. Presentation and projection of BBC docurnentary
movie Inside CERN, and anitation of following question-and-answers session.

It compendio delle teorie squinternate (The compendium of tattered theories), Conference at the

Festival della Comunicazione, Camogli, Ttaly, September 10, 2016

Explaining the Higgs Boson with LEGO hricks, Conference ar the: Festival delle Scienze, Rome, Iraly;
October 2, 2015,

The dance: of science; invited presentation and round:table discussion on LHC Physics at Orvietp
Sciensa 2015, Orvieto, Italy,_Fébl‘%uaxy 27-28, 2015. In collaboration with INFN.

Si.pud. spiegare il bos_m_'_l_c;di 'Higg;g'?- {Can the Higgs boson be explained?), Confererice at the Festival
della-Comunicazione, Camogli, Italy, September 12, 2015

FameLab 2014. Communication trainer for the participants-to. the Geneva Regional Edition.
Lecturer and volunteer for the CERN Open Days 2013.

Looking For the Immeasurably Small. TED talk at TEDx Lake Como, November 19, 2012..

ATLAS G;ifdé; ‘Guided tours of the ATIAS undefgroind experimental area and control xoom in
English, French and Italian.

Books

'Pdrtic'el_lefamiliarji' {Famﬂfar parriﬁfésjz A popular science book where the job ofa _p_ar_t’_ic-_:le'physicist

“looking for the Higgs boson gets unveiled in.the dialogues with his five-years old daughter, his-wife

and other members.of the family: Published in Italy by Editori Laterza in July2014. Second edition
in 2015, paperbackedition in 2016. '

Podcast

“Tu che sel.un fisico (You who are a ‘phf_ys’icik"]. A podcast where a particle Physicist-answer to-any
-question. sent from the audienes, 8 -episodes:produced in 2020, '

Blogs:

Boiborigmi di un fisico renitente (“Ruribles of d Tesistant physicist”). Papular-science blog in italian,
focused.on particle physics vulgarization, About 2 milliens unique visits since 2009,

Blogging IGHEP 2030, Fearured blogger of the collective: forum. about the 35t edition of the

Intétnational Confererice on High Energy Physics (Paris, July 2010),

TV and radio

Participation 10 the Inside CERN docuimentary miovie by BBC 2 Horizon.

'Partii:ipation ta the TV show it’s all Einstein’s fault! (-“%ru_t_'r'a:-cqua di Einstein™), Ttalia 1, Italy.
N umerous interviews and interventions at panels on the Italian and Swiss public radios; addressing
the,s___t-“a!:e»o'f-'t}_';e-'a‘rt'-_q'f'-partfic}e-.jjhysics.



2014

2012-present

2012-2015

2016
2016

2014

Mar¢o Delmastro.

14/02/2019 “What happens during the LHC, shutdown?:
08/06/2017 The practical value of science
28/02/2017 Interview by Breakinglab podeast
17/09/2016 Interview with It's all Einstein’s fault! conductor
30701/2016 Einstein’s sarden: the electroweak force
1070272015  The history of the Higgs boson
11/13/2014  The sciénce of Interstellar |
05/08/2014  ‘Interview abour Famitiai paiticles book
08/10/2014 Seeing the invisible
16/10/2013. A riearly-Nobel Prize for CERN
26/06/2013  Particle:physics and LEGO bricks .
05/07/2012  Emations and reactions after the Higgs discovery.
02/07/2012  Rumdurs and scientific communicatiorn:
25710/2011  Superlurinal neutrinos?
0571072011  What'’s béhind superluminal neutrinos?
09/05/2011 What else is thiere in'the cosmos?
0570472010  The particle physics “comntie”

Press-

Le O¢he, Radio Popolare Milano.
Milleveci, RST

Radio Statale

RSIT

RSI

StoccolmaRoma podeast.
Radio 3 Scienza, Radio- 3
Radic 3 Scienza, Radio 3 .
Menmios; Radio:Popolare Milana
Scintille; RSK '

Scintille, RST

‘Radio 3 Scienza, Radio 3.
Radio:3 Stieriza, Radio 3
Séienz_a Speciale 42, RSI

Radio 3 Scienza, Radin 3
Milievaei, RS]

Radic 3 Scienza, Radio 3

Coniics & Science: @ CERN,Organizer and co-author of the comic book “OraMai” (“NeverNow"}, in,

collabotation:with the CERN Internal Communication office.
Articles and interviews on various newspaper and magaziiies,

03709/2016  The crackpot index _
1971272015 Somiething newsat the LHC? Only dmewill tell
10/09/2015  Little Einsteins

05/10/2013. A model Nobel,

04/02/2014  Sixty years of CERN

“12/2013 Imagine a night at GERN-

1072012 sclentists and navigdtors

09/2013

Elernentary physics:of everyday time.

1l Manifesto (Alias) _
Le Scienze (Italian edition of Scientific Américan).
Style Piccoli (interview)

La Nazione Ticiito

La Naziane Ticino (iriterview)

Meridiani Svizzera (interview)

Dla-Repubblica: N 813. (interview)

Camminiamo Insieme (interview)

Author of the science section of DafDat (talian monthly-magazine for children-aged 6:11).

05/2015  Why do metal boats float, und metql spaohn sink? DafDal'n. 56
02/2015  My:name:is-Philac; and I ride a comet DafDafn, 53
08/2014 Measuring time Dafbafn, 49
06/2004  Finding the way among the staf's DafDafn. 46
04/2014  Why it is.dark at night?" DafDafn. 43
1272013 Bits of cosinic honey DafDaf n. 39
07/2013  Colursappearing, colors disappeayiniy DafDaf n. 34
02/2013 - Mathematics and soap balls BafDaf n. 29.
08/2012  Water DafDaf n. 23
07/2012  Air DafBafn. 22
05/2012 DY spectroscopy DafDafn. 20
04/2012 It lives; it's-yeast - Dafbaf . 19
0272012 What do plants ear? DafDaf 0. 17
Expositions

Video-presence in'the renewed CERN Microcosm.
Presence {audio interview; personal object locker) in

ence Museum in Milano, italy, a.joftit project with CERN and INEN.
The daily life'of a particle physicist: activity during the Open Night 2014 4t the Science and Tech-

1€ Exlreme pérmanent expdsit_i_bn at the Sci-

‘nology Museum of Milaho, Tealy

Languages

Italian (native speaker), English (fluent), French (fluent).

‘Last updated: November 29, 2021
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“Quéen Mary University of London’
Miile End Road..London E1 4NS.

ueen Mar y Human Resources

uniVEfSitny Lﬁndﬁn Teigphone: N _
v From UK 0207 882 7977
From Abroad  +44 (0)2C 7882 7977

Fax:
-Frdm UK 020 89833440 |
FromAbroad  +44 (0)20 8983 3440

Rhianne Jones

Reward & Ben&fils: Admlmstramr
"Tel: 020 7882 3734

Email: rhianne.jones@gmul.ac,uk

Friday.23 August 2019

Private & Confidesntial:

Dr Ulla Blumenschsin.

Physics:and Astronomy

Science and-Engingering

Mile End '

Dear Dr Blurenschein,

Re: Academic Promotians Rouiid 2019

|:am writing to et you know the progress of the application that you subrmitted-earlier this year for.
the Academic Promotions Round for-Senior Lecturer.

| am pléased to inform you that the Academic Promalions Group. is recommending that you should,
be promoted to Senior Lecturer. This. decision was made after the Group read your application and.

Therefore, with effect from 1. Ottobier: 2019, your salary will be paid atthe rate of . . per
annum, Spinal Paint 45, Grade 7 of the Queen Mary Pay and Grading Skucture. All othet terms
and conditiens remain uncharged.

Fwill implement this variation of contract on réceipt of confirmation of your acceptance via email to
me. Followirig this, you will receive-an updated job profile for your new appointment.

‘Congratulations on your sticcessful application, which is well deserved,

Yours sincerely,

Rhianne Jones
Reward & Benefits Administrator

cC Head of School
Personat File-
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ichool:of Physicatand Cheinical Sciences: | .Staff | Academics | Profiles
Dr Ulla Blumenschein

Senior Lecturer in Pa rticle
Physics

Email: ublumenschein@gmul.ac.uk

Telephone; 0207882 6967

Room Number: G. 0, Jones Building, Room 407
Office Hours: Tuesdays, 9-10 am, Mondays, 1:2pm

Profile Teaching Research Publications Supervision. Public Engagement

Profile
Qualifications:

* Diploma in Biology-{corresponds to an MSci); Mainz _t"}ni'\?ers'i_ty'
* PhDinPhysics, Freiburg University

° Habilitation (hi‘gl_]e'r education.qualification), Gorttin gen University
Research Expertise;

¢ Plant bio’[ogy__(physiolq'gical indicators of forest dama ge)

¢ Particle detectors, Ca lorimetry: Construction of a. PbF2 calbrimetarafid
commissioning and operation ofa steel-scintillator sampling calorim eter,
«calibration and monitorin g-readout, DCS_and-manitcriqg software

* Particle detectors, Trigget: Mon ftoring; simulatior, electron/photon trigger
development, opecation

* Particle physics data ana lysis:QCD and EWK physics: analysis:
‘management and review, assotiated.Z/W+jets prad iction; Higgs physics:
Yukawa coupling to fermions; BEyd_'nd-:'_S'tan'da rd=Model physics: Searchfor
Supersymimetry (gauginos, teptons); search for heavy ¢harged and fieutral
Higgs bosons (2HDM and other models), search for heave gauge bosons{zY
© Bigdata, software: Fortran, C++, python, data skimming and slimming
management, analysis software managément



Starting from the atademic yeai 2017/18, have béen PhDprogression tutor
of the Particle Physics department (PPRC) atthe School of Physics'and
Astronomy, | am-also.the STFC contact at the School of Physics and
Astronomy -for mattérs related to PhD scholarships:and the contact for the
Graduate training network GRADnet of the South East Physics

nietwork SEPnet. [ am al$o.the contact for the NEXT Institute.

Starting from the acadernic year 2020/21.1 have been deputy.exam board
chair arid acting-exam board chair of the School of Physics and Astronomy,
In this role, | have managed the-exam paper review and the executicri of the
semesterA and the semester B main exams and of the summer LSR &xams,
dealing with-plagiarism cases, interacted with external examiners and.
chaired several UG SEB meetings..

I have also been:a member of the task forces for the development and
implementation 6f a blended teaching app"roach-at_ the School of Physics and
Astfonomy in the-academic years 2020721 and 2021/22, In this fu nctiomality, |
have worked onthéimple ménta,_t’io rrof new assessment strategies and a
hybrid classroom approach.

tam deputy leader of the PPRCATLAS Level-1 calorimeter trigger group.
Brief reseafch summary

Lhave dedicatsd my physics résearchto High: energy physics at partlcle
collidars.

During myUg studies at Mainz university, 1 participated in the constructlon
of the A4 calorimeter at the MAMI. acceterator at Mainz Unwersmy, and in the
constructiorn 6f the Compass.experimentiatthe SPS at CERNsn Switzerland.

During my MS¢ in Mainz, L. developed and.performed.a search for
supersymmetric particies, sleptoris; indirect production and through gaugino
cascades, atthe electron-positron collider at LEP. | managed to derive the.
first lower limit an the setectron r mass which-was independent of the mass
difference to the lightest Supersymmetric particle:

For my PhD with ¥rei burg university, [ continaed searching for
supersymmetry. | establishéd the first search for associated chargino-
neutratino production. in. tri-lepton final states at the D0.eéxperiment at the.
proton-antiprotén collider Tevatron ifi Hinois. | was alsa tasponsible for the-
calorimeter control system; developed new tnggers forisolated electrons and
photons and designed the electron;‘photon trigger suite.

After the PhD,+ moved to the ATLAS expenment asa postdor: with IFAE.
‘Barcelona, whiere i managed the.online:and offline: commissioning and the:
First: operatmn of the ATLAS Tile calorimeter; | was. also responsible for the
analogue calibration and: roritaring readoutsystem. | developed the first
feaslbrhty study for in-situ jet calibratign,

As-aresearch-assistant with Goettingen University, during LHC Runt, |
developed the first measurement of associated Z+jets production and later
managed all measurements with W and Z bosons, | also searched for Higgs
basons'in decays o 2 tau-leptons. L have developed trigger monitoring
software and partjcipated inthe operation of the:ATLAS detector, as’a
calorimeter, tri'g'g_er-aﬂd.monitori:hg-ex_perit__arid-as- a-shift leader. | was.



reorganized the'software for Run-2.

In LHC Run2; I managed all ATLAS measurermients of QCD and electiowaak.
processes, a position where | reported directiy to the. Rhysics Coordination. |
also published the first Z+jets cross:section measurement at ¢cms energies of-
13TeV'and established the Higgs-Yukawa coupting to fermions, using Higgs
decaystotwo’ tau-leptons. | also warked on tau idéntification and the
reconstruction of di-tau final states, 1. participated in the operation afthe

ATLAS detector as' ARC shift leader. During LHC Run, - moved: to PPRC at
QMUL.

Fam curréntly performing measurements of the production of Zbosons.in
association with high-energetic jets and in association with.charm and
bottom quarks; bottkey backgroindsto Higgs.and BSM searches. | am.also
searching for charged and neutral heavy Higgs bosons arising from 2HDM
models and for n_é_w heavy:gauge bosons, in décays to Z.or W boson and light
Higgs boson.
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Senior Lecturer in Particle
Physics

Email: wblumenschein@gmulac.uk

Telephone: 020 7882 6967

Room Number: G. 0, Jones Building, Room 407
Office Hours: Tuesdays, 9-10 am, Mon days, 1-2pm

Profite Teaching ‘Research Publications Supervision Public En gagemet

Teaching

UG-teaching:

-2008:2016:

e Nuclear dnd Particle Physics {BSe/MSc, moduile-assistant)

'® Physics of the Higgs boson (BSc/ MSc; module organizer)

© Statistical data analysis {BS¢/MSc, mod ule-organizer)

® Physics of the atom-shell (BSc, module-assistarit)

> Physics laboratory (BSc, modute-assistant)

s Electionics- [aboratory (BSc/MSc, moduie-assistarit)

> Physicsifor chemists. and engineers (BSc, module organizer)

2017/18:

° SPA4601 Professionot Skifls for Scientiss {Lst year; Semester A, madul co-
organizer)

® SPA4321 Intredisctionto Ch+ (st year, Se_n_ies_ta;:.B,mOdu[-orgaﬁi-ze_'r}

s SPAT029UfP Collider Physics (4th year, Semester g, deputy module
organizer}

2018/15;

® SPA4601 Professional Skills for Scientists {1st year, Semester A, madule co-
organizer)

e SPA5201 Physics Laboratory (Semester B, qu.ulei‘co-o'_rganize'r_).



organizer)
2019/20:

@ SPA4601 Professional Skitls for Scientists {1st year, Semester A, moduile
organizer).

e .S’PAGEUS:E{émenta;y-Pa_rﬁc_pé'Physic_s {3rd year, Semester A, module
-organiiferj .

° SPAT029U/P Collider Physics (4th year; Semester B; deputy module
organizer) |

2020/21:

* SPAG306 Elementary Particle Pfiysics (3rd year, Semester B, module
orgahizer)
° SPA4122 Mathematical techniques It (1st year, Semester B, module-
assistant)

2021422;

© SPA6306 Efementary Particte Physics (3rd year, SemesterB, madule
organizer}
= SPA4122 Mathematical-techniques I {1st year, Semester 8, module-

assistant)
Tedcliihg devetopment:.

From 2008-2018, | have developad the lecture Physicsof the Higgs boson-and
introduced two new experimentsiti the advanced laboratory co urse. { have
also developed the course work for the new course Nuclearand Particle:
Physics.

At QMUL, 1 have.co-developed the course S PA4601 Professional Skills for
Scientists.and significantly u pgraded the.course SPAG306 Elementary Particpe
Physics.

PG teaching:

« Statigtics.course at'the German He‘_!mholt-z«Ailia'}*:_z_wo‘rk-_shop;.?{}lo

@ Coordihation of seminar presentations and Lecture LHC results at the
German Autumn School of particle.physics, 2011 and 2015

28:Jiine 2018 at QMUL

‘@ The organisationof the i EXT Schadl:

¢ Lecture Standard Modet gnd Electroweak Physics at the:
SummerSchoal 2019 in Goetfingen

© Lectureseries Precision Tests of the Standard Madel at the Départamento
de Fisica de CIVESTAY, Mexico, 2019 in-Mexico City

s Lectiure LHC SM, top ond B physics, London Intercollegiate Particle Physics:.
course; 2020

* Texture Standard Model and.eléctroweal Bhysics, at the Hadron Collider
SummerSchoo 2021 in Goettingen.

PhD Students:







charim quarks at ATLAS

° Yong Qiu: Search for amassive Higgs boson with the ATLAS defector at the
LHC experiment: |

© ArranFreegard: Higher-order QCD &EW cerrections for high-energy Vijéts
production | N

PhD examination:

¢ 5 PhDvivas asan internal examiner at QMUL

* 5 PhD vivas as external examiner

PhD Projects:

* Production ofa 7 bason in assotiation with b.and-c quarks
¥ Productionofa Z boson in-association with jets

e Sgarchfor amassive Higgs boson

» AsSociated Higgsand Zpig

{eptans

BSc and MSc Projects:

¢ Regularized u nféil,din_g in hadron collider- measurements

* -Associated production of Z bosonswith ¢orbquarks:

# Using Machine Learning. to improve the searchfor new heavy Higgs
hosons

= Review of 2-Higgs-Doublet models and. experimeital tests at colliders.

° ATLAS Level-1 calofimeter trigger upgrade: simulation‘and monitori ng

P i AT LY. L N N SN TS L A WIS S SN e

Loy daion My

gy

RSN N D
R Ll f"U s

T S
o SR a0 e

ALt

ayt Dadaiay

<% » ol 13- B VR
321 Staftdiveeim ¥

s fing e

LREEA RS

DOTRENRES 37 I - CTIN
Rt AT 5 PPN




FIND AN EXPERT

ichoolof Physical arid Chemical Stidnces | Staff | Academics | Profiles

Dr Ulla Blumenschein

Senior Lecturer in Particle
Physics

Email: ublumenscheiri@gmulac.ok

Telephone: 0207882 6967

Rooim Number: G: O, Jones Building, Room 407
0'.ﬁcg,H6u rs: Tuesdays, 9-10-am, Mon days, 31-2pn

Protfite. Teaching Research Publications Supervision Public Engagement

Research

Research Interests:

[am interested in the Fundamental forces innature. By recreating
‘conditions of the early universein powerfulsynchrotrons like the Large
Hadron Collider {LHC}, we aim to improve our undefstanding ofthe: var;ous
Torces with the hope'ta eventually be able to describe them in a unified
theory.

The precision of the: theoretical description of interactions in High- -energy

collisions.has increased dramatically over'the pastyears, promptmg us to'fest
themat a high précision level, withtheoption to find. signis for new physics in
devigtians fromi the current models. In'the'ATLAS experiment, ) have been
investigating in particular the Strong Force by. measuring processes where
jéts of hadrons are prodiced in assaciation with the massive carriérs of the
weak force (JHEP 07 (2013} 032 EUr. Phys. J. €77 (20. 17) 361). Currently, 1 am
focusing ontwo challeriging classes of these interactions: Processeswitha Z
boson and bottom or charm quarks in the final state and processes where
acollinear Z boson is radiated by a high-energatic quarkin the final state:
‘Both processes can mimici Iportant new physics interactions, and must
herice be modelled with high precision.

i our Standard Model, the breaking of Electioweak symmaetty by the Higgs.
field leads to massive féTce carriersand atieast one Higgs bosen, which was

B R T I T B T B PSR P



fermiion masses (JHEP 04 (2;01'5') _J.--I?_plai_n

Madels which.go beyond:that and predtct two Higgs doublets {2HDM} with
five massive Higgs bosons, could help understand why we have more matter
than anti-matter in our uriverse: In such a model; a heavy néw Higgs bosorn

could be produced at the LHC, and decay into the iight Higgs and-aZ boson. |

am searching for such-processes in final states with leptons and b-quarks;
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Dr Ulla Blumenschein

Senior Lecturer in Particle
Physics

Email: yblumenschein@qniul.ac.uk

Telephone: 0207882 6367

Room Number: G. O.Jones Building, Room 407
Office Hours: Tuesdays, 9-10 am, Mondays, 1-2pm

Profile Teaching Résgarch Publications. Supervision Public Engagement

Publications
Selected publications:
ALEPH expériment:

o A Heister etal,, JALEPH Collabioration]; Absotut Lower Limits on the
‘Masses.of Selectronsand Sn eutrinosin the MSSM, Phys. Lett. B 544 (2002 73-
38

DO experiment:

© V.M. Abazov.et al. [BO Collaboration], Search for supersyminetry via
associated production of charginos and neitralinos infinal states with three
leptans, Phys. Rev. Lett. 95 {2005} 151805.

ATLAS expefiment, LHC Runi

* K:J.Andersonetal., AMobile Data Acquisition System, JINST 2, PO7002:
(2007).

€« G.Add etal. _{AT,LA;Sco.[ia_bqratinﬁj,‘Méasurement of the Z to tau.cross:
section with the ATLAS detector, Phys. Rev. 184, 112006 {2011},

G, Aad et al, JATLAS Collaboration), Measu'"remeh't'ofthe‘p'roduc'tion CrOSs-
‘section for Z/gamma®in association: with jetsin pp collisions at Ys=T7Tev
with this ATLAS detector, Phys. Rev. D 85 {2012) 032009.



boson if the H to tau+ tau- decay mode inv's =7 TeV pp-collisions with ATLAS
, JHEP {09} (2012 070.

* G.Aadetal [ATLAS C_bliaboration], Measuremeént of the production cross-
s_ei:_ti_qnfo'fjets_-in_’a's_s'dci_éti_on witha Z boson in pp collisions:at Js =7 TeV with
the ATLAS detector, JHEP 07(2013) 032

v G, Aad-et al. [ATLAS Collaboration], Evidence for the Higgs-boson Yukawa
coupting to tal leptons. with the ATLAS detector; JHEP 04 {2015) 117,

* G.Aad et al. [ATLAS Collaborstion), identification and energy calibration of
hadronically decaying tau lgpt_ohs'with the ATLAS experiment in pp collisions
at+/s= 8 Tey, Eur, Phys, J.'C (2015).

ATLAS experiment, LHC Run2

s G_Aadetal. ffATLAS'.'Cnllabo ration], Measurement of W-and Z-Boson
production cross-sections in pp collisions at s = 13 TeV with the ATLAS
detector, Phys. Lett. B.759(2016) 602.

= G.Aad etal. [ATLAS Coliaboration], Meastremients of the production cross-
section of a Z bosor{n assomation with jetsin pp collisions at \/s =13 TeV with
the ATLAS.detector, Eir. Phys. J. €77 (2017} 361.

« M. Aaboud et al. [ATLAS Collaboration], Cross-section measurements of
the Higgs boson decaying into a pair of tau-leptons in proton-pretori
collisions at /s = 13 TeV with the ATLAS detector, Phiys. Rev: D-99(2019)
072001

= M.Aaboud etal, [}QTLAS*C-O!lahoration],’E'uiden('e for'the production of
three massive vector bosons with the ATLAS detector, Phys; Lett. B 798 (2019)
134913

= M.Aaboud et al. [ATLAS Collaboration], Measurements of the production
‘cross=saction foraZ bosonin association with b-jets in proton-proton
coltisions.at \f§ =13 TeV withthe ATLAS. detector, JHEP0T {2020) 044

= ATLAS collaboration, Measurements of the production.cross-sectiori of.aZ
boson in association with hlgh transverse momemumjets in.pp collisions:

at /s = I3 TeV with the ATLAS detector, ATLAS-CONF-2021-033

@ ATLAS collaboratior, Search for heavy resonances decaying ifitoa Z bioson
and a.Higgs boson in final statés with leptons and -b-j_ets in 139 fb=1 of pp
collisions at ¥s= 13 TeV with the ATLAS detector; ATLAS-CONF-3020-043

Reviews:

@ U. Blumerischein etal,, Pushingthe precision frontier atthe LHC with
'V.+jet5.'; hép-ex/1802:02100 .

& U, Blumenschein, Jet production in association with vector boséns or top.
quarks;int. J. Mod. Phys. A, 30, 1546007 (2015),

Complete list of publications with my involvernenit:

© Aad G, Abbatt B, Abbott DC et al, (2020}, Measurements of the production
cross-section fora Z boson in assaciation with b-jets in proton-protor
collisions at Vs'= 13 TeV with the ATLAS detector.

DOI:10:10074) HEt:'oz{g_g._2_{;_&_)13__.!_@5

QMRO: https://gmro.qmul.ac.uk/xmiuifhandle/12:3456789/66059



three massive vector bosons with the ATLAS deteétor:

DO 18.1016/j,physletb.2019,134913

QMRO: ﬁl;tni;;ﬂqmtgggmu!;ac.uk{kmlui{hggdie(l23456_z_85'[6-1153_ '

° AadG,AbbottB, Abbott DC et al, {2019). Measurement of the inclusive
cross-section for the production of jets in association with'a Z boson in
proton-proton collisions at 8 TeV usin gthe ATLAS detector.

DOI: 10.1140/epjc/s1p052-019-7321-3

QMRO: https://gmre.qmulacul/smiui/handie le/123456789/55562

* BLUMENSCHEIN U {2019). Cross-séction measurements of the Higgs'
boson decaying irito:a pair of tay- -leptons in proton-proton collisions at
sy=13 TeV with the ATLAS detector.
DOI:10.1103/PhysRevD.99.072001

QMRO hitpst//gmro.qmul.ac, uk{ggmlulzhgndlea“
® Aaboud M, Aad G, Abbott B et al. (3019), Measurement of the four-lepton
invariant mass spectrum in 13 TeV proton-proton collisions with the ATLAS.
detector.

DOI: 10.1007/JHEPQ4(2019)048.

QMRO: hittps:/fqinro.gmul.ac.uk/ximn tui/handle/123456789/59499

¢. TheATLAS collaboration (2013), Measurement of dijet azimuthal
decorrelations.in pp collisions at s =8 TeV with the: ATLAS detector and.
determination of the strong coup[mg

DOI 10. lloglpbysﬂev[} 98. 03_2,00

QMRO: hitps://gmro.qmul.ac.iy [xmlui/handle/123456789; 54884

¢ -Aaboud M, Aad G, Abbott B et'al. {2013). MeaﬁurementoftheSoft-Drop
JetMass in-pp- Co{hsmns at 5qrt[s]=13 TeV with the ATLAS Detector..

DO 10, 11Q3ZP ysReviett, 121.092001

OMRQ: https://gmro.qmut.ac. uk{xmiuujhamd!91123&55789[548§§

»  Aaboud M, Aad G, Abbott B et al. {2018). Measurement of inclissive jet and
dijet ¢ross-sections in proton-proton collisions at+/s=13:Tey with the ATLAS
detector.

DO, m@ﬂﬂﬂﬁ&(&lﬁﬁs
QMRO: hitps://amro.qmut.ac.u handle/123456789/43508
< Aaboud M, Aad G, AbbottBetal (2018} Measurement of differentiat

cross sections and W*W cross-saction ratios-for W boson prodection in
‘association with jets at Vs=8 TeV with-the ATLAS. detactor.

DOI: 1. JAM&E@_(&QL)OTT
OMRO: h_tl:p_ﬂ[g__rg__q fiub.ac. uk 34567 3506

® Aaboud M, Aad G, Abbott B et 3. (2018} Measurement of the cross
section for isolated- -phioton plus jet production in ppeollisions at vs= 13TeV:
using the ATLAS detector..

DOI: 20. 1015(,;p_hysletb_,_zols.oa_.ggg'

QMRO: https://gmro.qmuL.ae. uk/xmlui/handie/123456789/43503

¢ AaboudM; Aad G, Abbott B et al. (2018). Measuremenit of the: praductton
crosssection.of thirée isolated photonsin PP collisions.at 5=8 TeV i usingthe
ATLAS detector.

DOI: 10.1015/j, physletb.2018.02.057

QMRO:; _gg_LLqmy__qmu -ac.uk/xmiui/handle/123456789/43436

* Aaboud M, Aad G, ,Abbett B et al. {2018} Measurement of ¥ polarisation in,
7} ¥*» U decaysin proton-praton collisions at Vs=8 TeV with the ATLAS
detector

123456789/59459

123456789/36185




massinpp colllsmns atv\!s-TTeU w&th the ATLAS detector.

DOk 10:1140/epjcls. :
QMRO: hitps://lamro. gmgi,gc gk{}gml i/handle/123456789/36154

¢ Aaboud M, Aad G, Abbott B et al. (2017). Measurement of the-ex¢lusive yy
-+ [ process in protan-proton collisions at s=13TeéV with the ATLAS

detector,

DO¥: 10.1016/i.physleth.2017.12.043

QMRO: bttps://grro:gmul.ac.uk/xmivi/handle/123456789/36183

'« Aaboud M, Azd G, Abbott B et al. (2017}, Detdrmination of the strong:
coupling constant asfrom transverse energy-energy correlations in
multijet events at Js=8TeV using the ATLAS detector.

DOL: 10.1140/epjc/s10052:017-5442-0

OMRO: hitps://qmro.gmulacubk/xmiui/handle/123456789/31344

© Aaboud M, Aad G, Abbott B etal. {2017). Measurement of the Drell-Yan
triple-differential cross section in pp callisions at /s=8 TeV.

DOt 186, IUQYJJHEPIE{I.’G-].TJUSQ

QMRO: httpsi//gmro.gmutac.uk)
» The ATLASC, Aad G; Abbatt B et al. (2017). Measureriient of the double-
t;t_lfferenttai.hqgh mass Drell-Yan cross section'in ppcollisions at s=8 TeV
with the ATLAS detector.

DOI: 10.1007/JHEPOB(2016)009.

QMRO: hittps://groro.qgmul.acuk/xmivifhandle/123456789/18505

o Aaboud M, Aad G, Abboit B et al. 2017). Measurement of differential
cross sections of isolated-photon plusheavy-flavour jet productionin pp
collisions at s=8 TV using the ATLAS detector. |
DO 10.1016/j.physleth.2017.11.054
-QMRO:-ht'tps:f'fdmro.amu{.ac,-uIgfxm[hi!hz_mdI'esz:ISS:TBBIE’.?.TOS-.-

» Aaboud M, Aad.G, Abbott 8 etal, (2017}, Measurement of the cross-
section forelectroweak production of 'd'ij'ets in.assaciation with a Z boson in
pp collisions at 5513 TeV W|th the ATLAS detector,

Dok mllliijjzghy leth.2017.
QMRO: https://gmro.c qwm&wﬁ_

»  Aaboud M, Aad-G, Abbott B ¢tal, (2017). Measuremént of inclusive. and:
differential cross sectioris iithe H > ZZ'.-)\IE.Ed'Qcay-cha'nnel‘in' pp collisions
at Vs=13 TeV with the ATLAS detector. -

DOl 10.1007/JHEP10(2017)132

‘QMRO: https:/ /qmro.qimul.acuk/xmiui/tiandle/123456789/28738

° Aaboud:M; Aad G, Abbott B étal: {2017): Study of WWY arid W2y
production in pp collisions at Vs=8TeV and search for anomatous quaritic
gauge couplifigs with the ATLAS experiment. . |

DOk 10. 1140[&;)1 {_510052 QI_!,?-SJ,SO 3

QMRO hit:;;s*__[Lqmro gmul.ac ykhtm[u {han 161123456?89;'28555

o Aaboud M, Aad G, Abbott Bet al. (2017). Measurement of the inclusive jet
cross-sections in proton-proton collisions at vs=8 TeV with-the ATLAS:
‘detector..

DO!: 10.1007/JHEP09(2017)020

QMRO? https:/gmro.qmul.acuk/xmlui/handief123456785/28303
¢ AaboudM, Aad G, Abbott Bet al, (2017). Measurement of the W+ W-
production crosssection in pp collisions at a centre-of-mass energy of root
$=13 TeV with the ATLAS experiment.

DOI: 10.1016(f.physleth.2017.08.047

QMRO: https:/fgmro.qmul.ac.uk/smiui/bandle/123456789/28773




differential cross sections for isolated photon pair production in pp
collisions aty's =8 TeV with the ATLAS detactor,

Dok &M&YM

QMRO: &MMMMMM

°  The ATLAS collaboration £2017). Measurement of WW/ W27 l?_.qq
production with-the hadronically decaying boson reconstructed as-6ne.or
two jets in pp collisions at vs=8TeV with ATLAS; and constraints.on
anomalous gauge couplings.

DOI: 10.1140/epjc/s10052-017-5084-2

QMRO: https://qmra.qmul.acuk/xmtui/handle/123456789/25866

® Aabdud M, Aad G,Abbott Bet al. (2017), Measurementof the k t splitting:
scales'in Z 528 events in.pp collisions at vs=8 TeV with the ATLAS detector.
DOI: 10.2007/JHEPOR(2017)026

QMRO: httns:ﬂlqmro.-qmu!.a&%ﬂmmgwmggﬂ‘

* The ATLASC, Aaboud M, Aad G et al. {2017). Studies.of Zy: production in
association witl @ high-mass-dijetsystem in pp.collisions at vs=8 TeV with
the ATLAS detector. |

DOI: 10.1007/IHEPG7(2017)107

QMRO: httpsi//qmro.qrul,a¢.uk/xmiui/handle/123

o '-Aaboud'M Aad G, Abbott B et al. (2017). Precision measurement and
interpretaticn of inclusive W+, W-and Z/gamma* production cross sections
with the' ATLAS detector,

DOk 10. 1140£gpjc $16052-017- 49_ 19
QMRG https://gmro.qmulac, g;ig{;gmiu:{hgngﬂg1123456789{2§0§

= Aaboud M; Aad G, Abbott Betal, (201?) Measurements of the production
cross section.ofa Z boson in assoc:atmn with jets inpp collisions at ys=13
Te¥ with the ATLAS detector,

DO 20.1.140/6jc/s10052-017:4900-2

QMRO: hittps:/fqmro.qmul.ac.u /3 l_": handle/123456789/25056

¢ Aabdud M, Aad G, Abbott B etal. (2017): Meastrement of the cross.
section forinclusive isolated-photon production in pp collisions at foot:
s=13 Tev using the ATLAS detecsor.

DOl 1 0.1016/j.physleth.2017.04.072.

.QMRO _t_mgﬂgmm gmul.ac. uk!xm[w{handleg 123456789/25090.

o Aaboud M, Aad G; Abbott Bet al. (2017). Measurement of charged-particle
drstnbutlons serisitive to the underlying event in ¥s=13TeV proton-proton
«collisions with the ATLAS detector at the LHC.

DOI: 10.1007/JHEPO3(2017)157

‘QMRO: hitps:/igmre. gmul.ac.uk/xmlui/handle/123 56789/2449
° AaboudM,Aad G, Abbott Betal. (2017). High-ET isotated-phaton plusjets
production in pp collisions-at s=8 TeV with the ATLAS detector.
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