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Review

on the dissertation of Baiseitov Kassymkhan Mukhtaruly
“Kinetic and wave properties of quark-gluon plasma™.
submitted for the degree of Doctor of Philosophy (PhD) in the specialty 8D05306 — “Physics”

The dissertation is devoted to a comprehensive investigation of the kinetic and wave
properties of the quark-gluon plasma (QGP). a new state of matter that was the dominant form
of matter in the Early Universe during the first microseconds after the Big Bang. The primary
aim of the research was to analyze the behavior of this plasma under extreme conditions of
temperature and density within the framework of kinetic and hydrodynamic theoretical model
descriptions. Specifically, these models were chosen to account for dissipative physical
phenomena: the kinetic model considers the effects of pair collisions between particles. while
the hydrodynamic model considers the influence of viscosity, a measure of the plasma's internal
resistance to flow.

T'he main challenge of this study is the inclusion of interactions via strong forces in the
QGP, which 1s formulated in the scope of quantum chromodynamics (QCD). While QCD is the
fundamental theory for strong interactions. ab-initio calculations are nontrivial and diverse from
experimental results for a system as complex as the QGP. In order to cope with this complexity.
the dissertation focuses on collective effects within the QGP. addressing the macroscopic
behavior that emerges from the interactions in the many-body system of quarks and g¢luons.
Understanding these collective properties is essential to characterize the new state of matter

T'he methodology of the dissertation includes the application of a previously derived and
published dielectric function. This function. which describes the response of the plasma to
electromagnetic fields. is now accepted as an approximate and sufficiently accurate approach. It
allows for the description of the QGP's chromo-permittivity by showing an analogy with the
well-known theory of electromagnetic permittivity in simple electromagnetic plasmas.

In order to address the characterized problems. the candidate Kassymkhan Baiseitov
derived and analyzed the mathematical relationships for the dielectric response functions.
which describe how the waves propagate in the plasma medium and its surface. This is
achieved by deriving dispersion relations for a spectrum of wave modes. These calculations
were performed for waves propagating both through the bulk of the QGP medium and along its
two-dimensional plane surface. A key aspect of the Investigations was the comparative analysis
of these advanced models against a simplified and idealized (Hard Thermal Loop) model —
namely, collisionless and zero-viscosity regimes. This comparative approach was crucial for
1solating the properties of each dissipative effect,

The findings of this research are substantial and reveal several key insights:

l. Frequency Reduction: The study conclusively established that the inclusion of
dissipative factors, namely inter-particle collisions and viscosity, leads to a measurable decrease
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in the oscillation frequency of waves within the QGP.

2. Inhibited Charge Separation: It was further demonstrated that an increase in the
particle collision rate, particularly in the long-wavelength limit, results in a reduction of
oscillatory mode frequencies. This damping effect. in turn, acts to complicate the process of
charge separation within the plasma, a fundamental process in plasma dynamics.

3. Emergence of New Modes: The research revealed that accounting for collisions and
viscosity 1s not merely a damping influence but also a generative one. leading to the emergence
of previously unobserved oscillation modes within the spectrum of QGP surface waves.

4. Strong Wave Dispersion: Subsequent analysis confirmed the presence of strong wave
dispersion in the QGP at long wavelengths. a phenomenon directly attributable to the combined
eftects of particle collisions and the viscous nature of the medium. This means the wave speed
becomes strongly dependent on its wavelength. significantly affecting how signals and energy

propagate through the plasma.
The results obtained are novel and provide information on a more detailed physical

picture of QGP dynamics. They open promising new prospects for both fundamental theoretical
research and potential applications in experimental studies in high-energy physics.

The research work of Kassymkhan Baiseitov, as evidenced by this dissertation and his
accompanying record of achievement, demonstrates his ability to conduct independent research.
This is validated by multiple publications in peer-reviewed international journals such as
"Contribution to Plasma Physics" and "Physics of Particles and Nuclei Letters." Furthermore.
his active participation and presentation of these findings at international conferences. including
the 47th European Conference on Plasma Physics (EPS2021) in Spain and the 17th Conterence
on the Physics of Nonideal Plasmas (PNP2021) in Dresden, Germany, shows his ability to
engage with the global scientific community.

In conclusion. the body of work presented in this dissertation. through its
methodological rigor, novel findings. and significant contribution to the field. tully satisfies all
the requirements for the Doctor of Philosophy (PhD) degree. I believe that Kassymkhan
Baiseitov has proven himself worthy of being awarded the PhD in the specialty 8D05306 -
Physics.

Wroclaw. 19.11.2025 Prof. dr hab. Dr h.c. David Blaschke
(Foreign scientific consultant)
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OT1T3BIB

Ha qucceprauuto baicentosa KacsiMxana MyxTapyJisl
«KN1HeTH4ecKkue 1 BONHOBBIE CBOMCTBA KBAPK-IIIOOHHOM IIIa3MbDy,
MPEACTABJ/ICHHYIO HAa COMCKaHHUe YYEHOU cTeneHn nokrtopa durocoduu (PhD) no
crienuanbHocTi 8D05306 — «Dusukay

Juccepranms nocssieHa KOMIUIEKCHOMY HCCIEIOBAHIIO KHHETUYECKUX U
BOJIHOBLIX CBOHCTB KBapK-MmOOHHOH Tutasmel (KITI) — HOBOrO cOCTOSIHUS
MaTte€puu. JIOMUHHPYIOLWIEr0O B paHHEH BceleHHONH B TedyeHue mepBbIX
MHKPOCCKYH/I 1ocyie bosnbinoro B3psiBa. OCHOBHON LENBIO MCCIIEIOBAHUS ObLI
AHAJIN3 TTOBEICHHS STOM [UIa3MBI B SKCTPEMAJIbHBIX YCIOBHSX TeMIIEpaTyphl U
[UIOTHOCTH B paMKaX KHHETHYECKUX U TMAPOJAMHAMHYECKHUX TEOPETUUYECKUX
MozZened. B 4acTHOCTH, 9T MOJEeNU ObUIM BBIOpAHBI VISl yUETA JUCCHIIATHBHBIX
hUsHYecKuX SBICHUN: KUHETHYECKAs MOJENb YUHUTHIBAET 3G PEeKThl MmapHBIX
CTOJIKHOBCHHH 4YacCTHL, a THAPOJAMHAMHUYECKas — BIUSHHUE BA3KOCTH — MepEI
BHYTPCH!ICT'O COMPOTUBIIEHUS [1J1Ia3MbI TEYEHUIO.

OctioBias 3ajaua TaHHOTO UCCIIEIOBAHUS — BKJIFOUYEHHE B3aUMO IeliCTBHUI
mocpencrsonm cwipHbIX cUII B KlTI, cpopmynnpoBanHyo B paMkax KBaHTOBOI
xpomoantamuky (KXI). Xors KXJI sBnsercss ¢yHZaMeHTaIbHONH Teopueid
CUTIBHLIX B3aUMONEHCTBUH, Pacy€Thl M3 MEPBbIX MPUHIUIIOB HETPUBUAIBHBI H
OTIIMYAIOTC OT SKCIIEPUMEHTANIBHBIX PE3YJIBTATOB AJISI TAKOH CIIOXHOM CUCTEMEL,
kak KI'TL “1100br cnipaBuTeCs ¢ 3TOH CIOKHOCTBIO, AUCCEPTALIUS poKycupyeTcs
Ha Ko/iekTuBHbIX ¢ dexTax B KITI, paccmarpuBas Makpockomnuyeckoe
[MOBEACHIIC, BO3HHKANOLICEe M3 B3aUMOJIECHCTBUM B MHOTOYACTUYHON CHCTEME
KBapKoB ! [JIIOOHOB. | JoHUMaHNe 3TUX KONIEKTHBHBLIX CBOMCTB HEOOXOIUMO TSt
XapaKTepiCTHKH HOBOI'O COCTOSIHUSI MaTEPHH.

MVeronosorus auccepranyy BKIOYAeT NpUMEHEHHE paHee BhIBEIeHHON U
OIMyONHKOBAIHON IUONEKTPUUECKON (QYHKIUHA. DTa (GYHKIUS, OMHUCHIBAIOIIAS
PCAKLHIO 11Ta3MBI HA 3JIEKTPOMArHUTHBIE TTOJIS, B HACTOSIIee BpeMsl NPUHATA B
KagecTee npUOMDKENHOO M JOCTAaTOYHO TOYHOro mnoaxona. OHa ITO3BOJISET
Onucarh — XpoMoIMdJIeKTpuiecKyro mponunaemocts KITI, nmemonctpupys
AHAJIOTHIO ¢ W3BECTHOW TEOpHEH 3JIEKTPOMAarHUTHOH  IHMIJIEKTPUYECKOM
ITPOHULICMOCTH B TTPOCTOH BJIEKTPOMArHUTHOH IJ1a3Me.

Jl7i9 pelueHuss NocTaBlIEHHBIX 3afady couckaTenb KacbIMXaH bBaliceuToR
BRIBEJT 11 [IPOAHAIH3HPOBAI MATEeMaTHYECKHE COOTHOILIEHUS IS (DYHKLUNA
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TUDJIEKTPIYCCKOrO  OTKJIMKA, OINMCHIBAIOIIMX pPACHpOCTpaHEHHE BOJH B
MIa3MeHHON cpele W Ha €€ TOBEPXHOCTH. JTO MOCTHUraeTrcs IyTEM BBIBOIA
AUCHEPCHOHHBLIX  COOTHOILUEHWH [JIA CIEKTpa BOJHOBBIX MOJZ. PacuyéThl
[IPOBOANTICL ST BOJIH, paclpoCcTpaHAromuxcs Kak dyepe3 B cpenge KITI, Ttak u
BZIOJIb €€ JIBYMEPHOH INIOCKOH MOBEPpXHOCTHU. KITI0UeBBIM aclieKTOM UCCIeI0BAHNH
CTall CPUBHUTENIBHBIM aHallu3 3TUX YCOBEPIIEHCTBOBAHHBLIX MoOAeeil ¢
YOPOWICHIION U UIAEeATU3UPOBAHHON MOJenblo (3KEcTKasl TeruioBas IeTis — hard
thermal loop), a uMeHHO B pexxrMax 6e3 CTOIKHOBEHUH U HYJIeBOH BI3KOCTH. DTOT
CPAaBHUTC ILHBIA TIOJXOJ HMMeJN pellarollee 3HadeHHe UIsI BBIIEeJeHUS CBOICTB
Ka)KI0ro 1cCUnaTUBHOIO 3 dexra.

PesyIILTAaThl 9TON0 UCCAEIOBAHMS CYILECTBEHHEI U PACKPBIBAIOT HECKOJIBKO
KITFOUEBLIX HJ(eH:

. Crniokenue 4actotThl: McclienoBaHue OKOHYATEIILHO YCTAaHOBUJIO, YTO
YUeT JAUCCHIIATUBHLIX (PAKTOPOB, @ UMEHHO MEKYaCTHYHBIX CTOJIKHOBEHHUU U

BSI3KOCTIL. [IPHBOANT K H3MEPUMOMY CHIIKEHHUIO YaCTOTHI KOJIeOaHUH BOJIH BHYTPH
KITI.

b9

- SuMeJyleHMe pasjelieHus 3apanoB: beulo Takke IpoIeMOHCTPUPOBAHO,
4TO yBEJIIUCHHE YaCTOThI CTOJIKHOBEHUN YacTHULl, OCOOEHHO B IIpeJelie MINHHBIX
BOJH, MPIBOJIUT K CHIKEHHIO YacTOT KoJIeOaTeNbHBIX MOA. ITOT 3(PGEeKT
3aTyXakisl, B CBOK o4epe/b, 3aTPYAHSET IPOLECC pa3ieseHus 3apsaoB B IIJ1a3Me
— (YH)1a\CHTANbHBIA MPOIIECe B [UIA3MEHHOUM NUHAMUKE.

5. ltlosBneHne HOBBIX MOJ: WCCIeIOBAaHHE I[I0KA3aJl0, YTO y4YeT
CTOJIKHOLCIHIH W BI3KOCTH OKa3blBa€T He TOJBKO JOeMIIGUpYIOLIee, HO W
PeHepaTiBHoe BIMSHHUE, NIPUBOMASA K IOSBICHUIO paHee He HaONIOMaBILIUXCS MOJI
Konedauiiil B criekTpe noBepXHOCTHEIX BoH KITT.

4. Cunbnast gucnepcus BoyiH: [locienyrommi aHaanu3 MoATBEP AN HAIUYNE
CUNbHON ticinepcenn Boiid B KI'TI Ha Gonbnx nqimmHax BOJIH, SBJIEHKE, HAIPSIMYIO
O0YCIIOB/ICHHOS COBOKYIHBIM BJMSHUEM CTOJKHOBEHUN 4YacTUI[ U BS3KOCTH
Cpenbl. 10 O3HAYAET, UTO CKOPOCTH BOJIHEI CTAHOBUTCS CUJIBHO 3aBUCUMOM OT €8
JUIMHBI, CVIISCTBEHHO BIIMSAS Ha pacpOCTPaHEHUE CUTHAIOB U YHEPTHH B IIIa3Me.

[1o 1vuennble pe3ynbTaTel ABISIOTCS HOBBIMU M Aar0T HH(GOPMALIUIO 0 Gollee
feTalbHo..  (Qu3ndeckod kaptuHe auHamMuku KITI. OHM OTKpBIBAIOT HOBEIE
MHOTOO0O 1L [dIOMIHe MEePCHeKTUBLl KaK s (yHIaMeHTaJIbHBIX TEOPETHYECKHUX
HCCIIC/IOLUITIT, TaK U JUIS TTOTEHUHAIBHBIX MPUIIOKEHUH B 3KCITEPUMEHTAIBHBIX
HCCACNOLLINIX B 00J1aCTU (DPUBUKH BBHICOKHUX SHEPIHU.
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Hayunag pabora Kaceimxana BaiicentoBa, kak 5To [IOATBEPIKAAECTCS JAHHO
AUCCEPTULLIICH W TNpPHJIAraeMbIM CIIMCKOM JOCTH)KEHHUH, NEMOHCTPHPYET ero
CIIOCOOHOCTL K CaMOCTOSITEILHOMY HCCJIENOBAHHUIO. DTO [IOATBEPKIACTCS
MHOFOUHCICHHBIMU  MyOJIMKALUAME B PELEH3UPYEMBIX  MeXKIyHAPOIHBIX
KypHanax. Takux kak «Contribution to Plasma Physics» un «Physics of Particles
and Nuclci Lettersy. Kpome Toro, ero axTuBHOe ydacTHe U MpeJCcTaBJIEHUE
PE3YJLTUTOB Ha MEIYHAPONHBIX KOHQEpeHIHsX, BKIodas 47-10 Esponeiickyro
kongepe:iino no ¢puuxe miasmel (EPS2021) 8 Ucnannu u 17-10 KOH(EPEHITHIO
mo Quzie wHewpeanbHOW TwtasmMer (PNP2021) B lpe3snene, I'epmanmus,

CBUZACTC.LUTBYET O ero CIIOCOOHOCTH B3aUMOJEHCTBOBATE C MUPOBBIM HAYYHBIM
COOGI_MC\ [ BOM.,

B JanoveHde  CTOMT OTMETHTB, 4YTO TIpeNCTaBieHHas B NaHHOMN
fuccepTaii padora Onaronaps cBoel MeTOMOJIOTUYECKOH CTPOrOCTH, HOBU3HE
PE3YALTOTOR M 3HAYMTEJBHOMY BKJIaAy B JAaHHYIO O00JACTh ITOJHOCTBIO
COOTBCTCIVET BCEM TPEOOBAHUSIM, MPENBABIAEMBIM K JOKTOPY (GuiIocohun
(PhD). Cunraro, uro KaceimMxan BaiiceuTos [IPOSIBUJT Ce0s1 JTOCTOMHBIM
OPHCYZ I c il YYCHOU creneHn Jokropa dunocopuu (PhD) no cmemnmanbHOCTH

8D05306 — ©usuka.

/noonuce umeemcs/

—

Bpoias, 19.11.2025 [Tpodeccop, noxrop nHayx /I»Bun b. Biamke
(MIHOCTpaHHbII Hay4HBIH KOHCYJILTAHT)



