Tabesaa 5.1 Cneundukanija npeaMera Ha CTYIHjCKOM MPOTPaMy JOKTOPCKHX CTYIHja

Ha3zus npeamera: CDeHOMeHOJ'IOFI/Ija (1)I/I3I/IKe CJICMCHTAPHUX YCCTULA

HacraBuuk nin Hactapuunm: Jlunuja XXuskosuh, [Ipeapar Munenosuh

Craryc npeamera: M36opuau

bpoj ECIIB: 15

YeaoB: Teopuja EnemenrapHux uectuna win ®usnka eneMeHTapHUX decthna, CTaHIapIHW MOAENT WM
Teopujcka HykneapHa ¢usuka nin KsanTHa Teopuja nospa

Insb npeagmera

Vno3HaBame ca (PEHOMEHOJIOIIKMM acHeKTHMa (pU3MKE eNeMEHTApHHUX YeCTHLA y BEIUKUM eKCIepUMEHTHMa y (Qu3HIM
BUCOKHMX €Hepruja. ['paluBO yKJbydyje Hperies pasinuuTHX HAuMHa TECTHparma CTaHAApAHOr MOJeNa, MeToa IoTpare 3a
¢u3nukuM (peHOMEeHHMa BaH CTaHIPAJHOT MOJENa, Kao U Imperyie U oOydyaBame y NMPUMEHH CTaHAAPIHHUX TEOPH)jCKHUX,
(CHOMEHOJIOKUX W EKCIICPUMEHTAJHUX ajara Koje ce Kopucre y (GHU3MIM  eJIeMETapHUX  YECTHIA.

Hcxon npeamera

boJsbe pasyMeBarbe CTaHIapIHOT MOJENA U 3Ha4Yaja Mepera heroBUX MapameTapa, IITo YKJby4yje OCHOBHE Ipoliece
€JIEKTPOCIa0NX MHTEPAKIHja, KBAHTHE XPOMOANHAMUKE, (hr3HKe XUrcoBOT 0030Ha, Kao U (H3MKe TON KBapka. PazymeBame
TEOPHjCKHUX METO/a MPOIINPEha CTAaHIapIHOT Mo/iesla Kpo3 HEKOJIMKO IIPHMepa U3 CyIepcUMeTpHje, Kao U puMepa MoJiena
KOjH YKJbYUYjy HolaTHe XHIrcoBe OTHOCHO BEKTOPCKE 0030HA. YTIO3HABamE ca HAjHOBUJUM METO/aMa U COTBEPCKUM
ajaTUMa KOjH ce KOpHCTe Y pU3NIN BUCOKUX CHEPTHja.

Canp:kaj npeamera

Teopujcka nacmasa

deHOMEHOIOTHja CTaHIAPJHOT MOJIeNa: MPOLeCH KBaHTHE XPOMOJIMHAMUKe, (JM3HUKa 1IeTOBa ca MOJICTPYKTYPOM, oJabpaHa
noryasjba (u3MKe TOon KBapka. DeHOMEHOJIOTHja eJIeKTpoCIabnux WHTEpakiuja: oJadpaHu HNpuUMepu (U3HKE BEKTOPCKUX
0030Ha, ¢pu3uka XurcoBor 0030Ha, husnka HeyTprHA. DEHOMEHOIONIKE UMIUIMKAIMjE MPOIIUpPEHha CTAaHAPAJIHOT MOZETa
KpO3 IpUMepe KOHKPETHHX TEOPHjCKHjX MOJeNa, YKJbydyjyhnm Monene ca CymepCHMETPHjoM, MOJEIE ca MPOLIMPEHUM
”XUrcoBUM CEKTOpOM™ CTaHZApAHOT MoOJeNa, Ka0 W JApYre jeJHOCTaBHHje (EeHOMEHOJNOIKe Mozene. PeHOMEeHOIoruja
MPOIIMPEHha CTAHIPAIHOT MOJIENA Y OKBHPY KOHIIENTa e()eKTHBHUX TEOpHja M0Jba.

Illpaxmuyuna nacmaea

Yno3HaBame ca COPTBEPCKUM allaThMa KOjH ¢€ KOPUCTE y (PM3UIHU BHCOKHX €HEPIHja, a YKIbYUyjy anaTe 3a MO JeIipame
MPOU3BOJFHUX (pr3MUKKMX Moena eneMeTapaux yectuna (FeynRules), Monte Kaprno anate 3a uspauyHnaBame npeceka u
reHepucame norahaja 3a sxesbeHe mpoiiece pacejama (Madgraph, Pythia), kao u anare 3a MoJieNiOBambe 0/13UBa IETEKTOpa
(Delphes). [Tpumena anata y npakcu, TeHEpUCamkE U CHMYyJalrja nmporeca. CEeMUHAPCKH pajl.

IIpenopyyena aureparypa

e  G. Dissertori, I. G. Knowles, and M. Schmelling, Quantum Chromodynamics, High Energy Experiments and Theory,
Oxford University Press, 2003

e D. De Florian, et al., Handbook of LHC Higgs Cross Sections: 4. Deciphering the Nature of the Higgs Sector, CERN
Yellow Reports: Monographs, 2017

e P.A Zylaetal. (PDG), The Review of Particle Physics (2020), Prog. Theor. Exp. Phys. 2020, 083C01 (2020).

e Dainese et al., Report on the Physics at the HL-LHC, and Perspectives for the HE-LHC, CERN Yellow Reports:
Monographs, 2019

e T.Sjostrand, et al., JHEPO5 (2006) 026, Comput. Phys. Comm. 178 (2008) 852
e OpnabpaHu TperjeHA PaToBH

Bpoj yacoBa akTHMBHE HacTaBe | Teopwujcka HacTaBa: 4 | ITpakTnyna HacTaBa: 1

MeTtoae usBolhema HacTaBe

IIpenaBama, pauyHapcke BexOe, caMOCTAIHU paj] CTyIeHATa KPO3 YUTake UCTPAKUBAUYKUX PaIoBa, JUCKYCHja
U Tpe3eHTanuja Marepuwjasa. CaMocTamHU paj] CTyACHTa y TNPUMEHH CO(PTBEpCKHMX ajaTa W Mpe3eHTaIruja
pe3ynrara.

Ounena 3Hama (MakcuMaJHu 0poj moena 100)
Teopujcku cemunap — 30, npakTnunu cemuHap — 30, yemenn ucnurt - 40

Haumn npoBepe 3Hama MOTy OWTH paziau4uTH : (MMCMEHHW HCIMTH, YCMEHM HCIIT, IIPEe3eHTaluja IpOojeKTa,
CEeMHHApH UTL......

*MakcumaiHa aykHa | crpanuna A4 ¢opmara



https://cds.cern.ch/search?f=490__a&p=CERN%20Yellow%20Reports%3A%20Monographs
https://cds.cern.ch/search?f=490__a&p=CERN%20Yellow%20Reports%3A%20Monographs
https://academic.oup.com/ptep/article/2020/8/083C01/5891211
https://cds.cern.ch/search?f=490__a&p=CERN%20Yellow%20Reports%3A%20Monographs
https://cds.cern.ch/search?f=490__a&p=CERN%20Yellow%20Reports%3A%20Monographs

Table 5.1 Specification of subjects in the doctoral studies study program

Name of the subject: Particle physics phenomenology

Teacher(s): Lidija Zivkovic, Predrag Milenovic

Status of the subject: elective

Number of ECIIb points: 15

Condition: Theory of elementary particles or Physics of elementary particles, Standard Model or
Theoretical nuclear physics or Quantum field theory

Goal of the subject

Introduction to phenomenological aspects of elementary particle physics in large experiments in high energy physics. The
material includes an overview of different ways of testing the standard model, methods of searching for physics phenomena
beyond the standard model, as well as an overview and training in the application of standard theoretical, phenomenological
and experimental tools used in elementary particle physics.

Outcome of the subject

Better understanding of the standard model and the importance of measuring its parameters, which includes the basic
processes of electroweak interactions, quantum chromodynamics, Higgs boson physics, as well as top quark physics.
Understanding the physics and the methodology behind a building of the extensions of the standard model through several
examples from supersymmetry, as well as additional Higgs or vector bosons. They will learn about the latest methods and
tools used in high energy physics.

Content of the subject

Theoretical lectures

Phenomenology of the standard model: quantum chromodynamics, jet physics including jet substructure, selected topics
from the top quark physics. Phenomenology of electroweak interactions: selected topics from vector boson physics, Higgs
boson physics, neutrino physics. Phenomenological implications of the extension of the standard model through examples of
specific theoretical models, including models with supersymmetry, models with the extended Higgs sector of the standard
model, as well as other simpler phenomenological models. Phenomenology of standard model extension within the concept
of effective field theories.

Practical lectures

Introduction to software tools used in high energy physics, including tools for modeling arbitrary physical models of
elementary particles (FeynRules), Monte Carlo tools for cross section calculations and generating events for chosen
scattering processes (Madgraph, Pythia), as well as tools which model response of real detectors (Delphes). Application of
software tools in practice, generation and process simulation. Report preparation and presentation.

Recommended literature

e  G. Dissertori, I. G. Knowles, and M. Schmelling, Quantum Chromodynamics, High Energy Experiments and Theory,
Oxford University Press, 2009

e D. De Florian, et al., Handbook of LHC Higgs Cross Sections: 4. Deciphering the Nature of the Higgs Sector, CERN
Yellow Reports: Monographs, 2017

e P.A Zylaetal. (Particle Data Group), The Review of Particle Physics (2020), Prog. Theor. Exp. Phys. 2020, 083C01
(2020).

e A Dainese et al., Report on the Physics at the HL-LHC, and Perspectives for the HE-LHC, CERN Yellow Reports:
Monographs, 2019
T. Sjostrand, et al., JHEPQ5 (2006) 026, Comput. Phys. Comm. 178 (2008) 852
Selected review articles

Number of active classes | Theory: 4 | Practice: 1

Methods of delivering lectures

Lectures, computer/software exercises, independent student work through reading research papers,
discussion and presentation of materials. Independent student work in the application of software tools
and presentation of results.

Evaluation of knowledge (maximum number of points 100)
Written report — 30, practical report — 30, oral exam - 40

Ways of testing the knowledge may vary: (written tests, oral exam, project presentation, seminars

*maximum length 1 A4 page



https://cds.cern.ch/search?f=490__a&p=CERN%20Yellow%20Reports%3A%20Monographs
https://cds.cern.ch/search?f=490__a&p=CERN%20Yellow%20Reports%3A%20Monographs
https://academic.oup.com/ptep/article/2020/8/083C01/5891211
https://academic.oup.com/ptep/article/2020/8/083C01/5891211
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