Tabesaa 5.1 Cneundukanija npeaMera Ha CTYIHjCKOM MPOTPaMy JOKTOPCKHX CTYIHja

Ha3sus npeamera: Teopujcka HykieapHa pusnka

HacraBHuk win HacTtaBHuIM: 1p MarnaneHa Dopheruh, np bojana bnarojesuh (3a BexOe), np I[lacu
XoysuHeH (3a /IOH)

Craryc npeamera: u30opHU

Bbpoj ECIIB:

Yciaos: duzuka CJICMCHTAPHUX YCCTUIlA WJIN TeopI/Ija CJICMCHTAPHUX YCCTHUIA

Insb npeagmera

VYno3HaBame CTyJeHaTa ca OCHOBaMa MOJIEpHE HYyKJIEpHE (HM3MKE, KOHKPETHO TEOPHjCKMM MOJEInMa KOju
IIpoy4aBajy HOBO CTame MaTepHje Koje HacTaje MpH CylapruMa TEeIIKHX je3rapa Ha BeoMa BUCOKHAM €Heprujama.
OBo HOBO cTame Marepwje ce HasuBa KBapK-TiayoHcka rmasma (KI'TI), 3a koje KBaHTHa XpOMOJAWHAMHKA
mpensuha a ce cacToju oX CIOOOJHHMX KBapKOBa, aHTHKBapKOBa W TIyOHa KOju MelycoOHO mHTeparyjy. Y
OKBHpY ommTer Imba pasymeBama KITI-a, mpemmer mma cieneha Tpu KOHKpeTHa Iba: i) PasymeBame
ommTHX BenmdnHa Koje kBaHTHOUKYjy KIIl m penmaruBucTmuke cymape TemKHX joHa. ii) PasymeBame codt
mporeca y KI'TI-y, omHOCHO Mojena KOji ONHCY]y TII00aTHO MOHAIIake HUCKO-eHeprujckux gectura y KI'TI,
iii) PasymeBame xaps nporeca y KI'TI, onHOCHO mpolieca y KOjeM YUeCTBYjy PETKEe BHCOKO-CHEPTH]CKE YSCTHIIE
Koje ce ¢opmupajy y miasmu, a uuju eHeprujcku ryounu y KI'TI cy BakHa omcepBabia momohy koje ce
ucnutyjy ocooune KI'TI-a.

Hcxon mpeamera

CrynenTn pasymejy mpouec Hactajama KI'TI-a, ka0 ¥ OCHOBHE BEJIIMUMHE KOj€ OMHUCYjy pa3nuuute ¢aze y
eBONYIIMjH OBOT CTaba MaTrepHje, KOHKPETHO IMOYETHOT CTama, TepMalu3aldje, Ihpema U Xialema,
xaaponu3anuje. CTYACHTH Cy YCBOjHJIM OCHOBe MopenoBawma copT mpoueca y KI'TI-y, KOHKpeTHO eleMeHTe
pETaTHBUCTHYKE KHHETHYKE TEOPHjE H PEIATUBHCTHYKE TepMoanHamuke. CTYACHTH Takole pasyMejy H OCHOBE
xapx npoueca y KI'TI, oxHOCHO OCHOBHE MeToze epTypOaTHBHE XPOMOJHMHAMUKE U KBAHTHE TEOPHje I0Jba Ha
KOHaYHMM TeMIlepaTypama, KOji ce KOpPUCTe 3a MpopavyH ryourtaka enepruje ksapkosa y KI'TI-y. CtyzneHTu cy
TIOBE3aJIM CTCYCHO 3HAhE Ca PAaHUjHM 3HAHbEM KOje Cy CTEKJIM U3 KBAHTHE TEOPHje M0Jba, (PU3UKE eNeMEHTAPHUX
YeCcTUIla, pelaTHBUCTHYKE (GH3MKE, DMHAMHKE (QIydIa W CTaTUCTHYKEe (QH3HKE. Y TOM CMHCIY TeMaTHKa
npenMeTa je MoMOria CTyJCHTHMa Ja Ha OpHMepHMa CaBPEMEHOT HCTPaXHBama W3 HyKJIeapHe (u3HKe,
MHTETPHIY HU3 3HaIa KOje Cy paHHje CTEKJIM M3 Pa3IMYUTUX 00JacTH (DHU3HKeE.

Canp:kaj npeamera

Teopujcka nacmasa

VYBoA: cylnapu TELIKHX je3rapa Ha BHCOKMM €Heprujama, HyKJeapHa MaTepHja Ha EKCTPEMHO BHCOKUM
eHeprujama W Ttemmneparypama; OCHOBHE BelIMYMHE: KMHEMaTH4Ke Bapujadlie, paBaH CyAapa, LEHTPaTHOCT
cyJlapa, eleunTHIKH ToK; [ 1aybepoB Moen: 3aBUCHOCT NPOJIYKIMje YeCTHLIA O/l eHeprHje, POGIIN I'YCTUHE U
TIONIPeYHN Tpecek cynaapa; Pase y Hactajamy n eBomyumju KI'Tl-a: mponmyknuja dectuia, Tepmanusanyja,
mmpeme KI'TI-a, xanponmsanuja; JemHaunHa crama KBapK-TIyoHCKe masMme u npumena QCD mpopauyHa Ha
pemrermim ("lattice" QCD). PenaTuBrcTnika KHHETHYKA TEOpHja: TCH30P €HEpPIrHje-MOMEHTA, CTPYyje YeCTUIIA U
SHTpONHje, YHYTpalllbM CTeleHH cloboxe, Op3MHA TOKa, cucTeMH ca W 0e3 cynmapa. PemarmBucrmuka
xuapoauHamuka: OjiepoBe jeHAUMHE y KapTe3WjaHCKUM M LMIMHIPUYHHM KOOpIMHATaMa, arpoKCHMalldja
unenanor ¢urynna, bjopkeHoBa ekcraH3uja.

Ipaxmuuna nacmasa

CTyneHTH uWTajy HMCTpakKMBauke paJioBe M3 HOBHjer HcTpaxkuBama BesaHor 3a KITI, 3atum Te pamose
JUCKYTYjy ca HACTaBHHUI[MMA U CapaJHUI[MMAa Ha TPEAMETY, U3 Yera Ha Kpajy MPHUIpPEMajy Mpe3eHTaIHje Koje
YCMEHO M3JIaKy.

IIpenopyyena Jqureparypa

e  Florkowski, W. (2010). Phenomenology of ultra-relativistic heavy-ion collisions. World Scientific
Publishing Company.

e Kapusta, Joseph, Berndt Muller, and Johann Rafelski. Quark-gluon plasma: theoretical foundations: an
annotated reprint collection. Gulf Professional Publishing, 2003.

e  l3abpaHu UCTpaXMBAYKH PaIOBH

BpOJ JyacoBa aKTHBHC HAaCTaBC | TeOpI/IjCKa HacTaBa: I HpaKTI/I‘IHa HacTaBa:

Mertone u3Bohema HacTaBe
[IpenaBama, caMOCTaIHU pajl CTy/E€HATa KPO3 YHTakhe UCTPAXHUBAUYKHX PaJOBa, JUCKyCHja MPOUYNTAHUX PasIoBa,
NIpUIpeMa M Npe3eHTallja CeMHHapa

Ouena 3Hama (MakcuMaJHu 0poj moena 100)
Cemunapu: 40; Ycemenu ucnut: 60

HaunH mpoBepe 3Hama MOTy OWTH pasiawyuTH : (MMMCMEHHW WCIUTH, YCMEHHW HCIT, NMpPE3eHTalHja IMpojeKTa,
CEMHHAPH UTL......

*MakcuMaliHa ny>kHa | crpannma A4 gopmata




Table 5.1 Specification of subjects in the doctoral studies study program

Name of the subject: Theoretical nuclear physics

Teacher(s):
dr Magdalena Djordjevic; dr Bojana Blagojevic (examples/practices); dr Pasi Huovinen (additional)

Status of the subject: elective

Number of ECIIB points:

Condition: Basic course in particle physics

Goal of the subject

The course aims to provide the basics of modern nuclear physics, in particular theoretical models that study the
new state of matter created in ultrarelativistic heavy-ion collisions. This new state of matter is called Quark-
Gluon Plasma (QGP) and is predicted by QCD to exist at extremely high energy densities. QGP consists of
interacting quarks, antiquarks and gluons, which are no longer confined. The course aims to provide an
understanding of: i) basic parameters that quantify QGP and ultrarelativistic heavy-ion collisions; ii) soft
processes in QGP, i.e., models that describe low momentum (bulk) QGP constituents; iii) hard processes in
QGP, i.e., processes that involve rare, high-momentum, particles formed in QGP, where energy loss of such rare
particles presents an important observable to explore the properties and interactions in QGP.

Outcome of the subject

The students will understand the process of QGP creation, as well as the basic variables that describe different
phases in the evolution of this form of matter, in particular: initial stages, thermalization, expansion and cooling,
hadronization. Students will understand the basics of modeling the soft processes in QGP, in particular the
basics of relativistic kinetic theory and relativistic thermodynamics. Students will also understand the basics of
hard processes and energy loss in QGP, i.e., the basics of perturbative chromodynamics and finite temperature
quantum field theory. Students will connect this knowledge with the previous knowledge gained from quantum
field theory, elementary particle physics, fluid dynamics and statistical physics.

Content of the subject

Theoretical lectures

Introduction: relativistic heavy-ion collisions, nuclear matter at extremely large energy densities. Basic
parameters: kinematic variables, reaction plane, collision centrality, collective flow. Glauber model. Phases in
the QGP evolution: particle production, thermalization, expansion and cooling, hadronization. QGP equation of
state and lattice QCD. Relativistic kinetic theory: energy-momentum tensor, particle current, internal degrees of
freedom, flow velocity, systems with and without collisions. Relativistic hydrodynamics: Euler equation and
conservation laws, ideal fluid approximation. Bjorken expansion.

Practical lectures

Students read recent, QGP-related, research papers, then discuss these papers with teachers/associates, and
consequently prepare seminars and oral presentations.

Recommended literature

Florkowski, W. (2010). Phenomenology of ultra-relativistic heavy-ion collisions. World Scientific Publishing
Company.

Kapusta, Joseph, Berndt Miller, and Johann Rafelski. Quark-gluon plasma: theoretical foundations: an
annotated reprint collection. Gulf Professional Publishing, 2003.

Selected research papers

Number of active classes | Theory: 2 | Practice: 3

Methods of delivering lectures
Lectures, independent work of students through reading research papers, discussion of papers, preparation and
presentation of seminars.

Evaluation of knowledge (maximum number of points 100)
Seminars: 40; Oral exams: 60

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