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It is a pleasure to write this report on the thesis “Dark matter profiles in galactic bulges and halos”,
submitted by Zhumakhanova Gulnur Duysengalikyzy to the Department of Theoretical and Nuclear
physics at the Al-Farabi Kazakh National University to obtain the degree of Doctor of Philosophy (Ph. D.)
in specialty 6D061100 - Physics and Astronomy.

The main body of the thesis consists of five chapters. Chapter 1 provides general information about
various phenomenological profiles of dark matter. The distribution of dark matter in spiral galaxies NGC
2403, NGC 3627, NGC 2976, NGC 1560, NGC 5585 and dwarf galaxy DDO 154 is investigated using the
following density profiles: isothermal, Burkert, Navarro-Frank-White, Einasto and Moore. Chapter 2
examines the distribution of dark matter in the spiral galaxy U11454. Several density distribution profiles
were used to study the characteristics of the galaxy U11454. The equation of hydrostatic equilibrium is
solved and pressure profiles are constructedas a function of the radial coordinate for each profile. Chapter
3 considers the Ruffini-Arguelles- Rueda (RAR) model, in which the density (and pressure) distribution of
dark matter in the wholegalaxy by solving the Einstein equilibrium equations for a spherically symmetry
(namely, the Tolman-Oppenheimer-Volkov equations) for the energy-momentum tensor of an ideal fluid
of massive fermions at a finite temperature. Chapter 4 calculates the distribution of dark matter in the
Milky Way in two scenarios for the galactic core (Sgr A*). The first case assumes the traditional scenario
for Sgr A* as a supermassive black hole in vacuum while, the second scenario, assumes there is no black
hole but a distribution of dark matter whose density profile follows an exponential function of the radial
distance. Chapter 5 is dedicated to calculate the trajectories of the motion of stars around the galactic
center in the above two scenarios. The trajectories are obtained by solving the equations of motion in
Newtonian gravity.

Although my general opinion of the thesis is positive, I have some remarks and suggestions thatl
expect may help the candidate with her thesis defense; and the perspectives of futureresearch in this field.
The candidate calculates the rotation curves in the galactic halo and stellarorbits around Sgr A*, assuming
a variety of phenomenological dark matter density profiles, Newtonian gravity, and two scenarios on the
nature of Sgr A*. On the above general procedure:

Newtonian gravity is not appropriate for a precise analysis of the orbits of stars near the galactic
center. Observational facilities such as the GRAVITY instrument on the Very Large Telescope (VLT)
measure with high precision position and velocity, leading to constraints on the relativistic orbital
parameters. Such accurate observations allowed to measure the gravitational redshift of the S2 star orbit
near its pericenter passage and constrain the orbital precession. The theoretical analysis of stellar orbits
near the galactic center needs the theory of general relativity.
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The phenomenological density profiles do not give physical information about dark matter, in fact,
they are not solutions to the equilibrium equations, either Newtonian or general relativistic, for any matter

fluid A discussion on what kind of matter could they represent is missing. Some of these

phenomenological profiles diverge at the center of the configuration (r=0). _
Therefore, I would like the thesis to have discussed more broadly physical and astrophysical

considerations on the dark matter nature. Therefore, I consider the research performed in the thesis as a
good starting point to explore in future works the effect of different distributions ofthe dark matter

directly connected with the microphysics of the dark matter particle.
Four publications in scientific journals have derived from the research results presented by the

candidate. In particular, one of the publications is in a prestigious high-impact-factor journal, theMonthly
Notices of the Royal Astronomical Society. This is very positive. The articles are well written, the reading
runs quite smoothly. The articles have written in co-authorship with foreign researchers which is positive
for the candidate to cultivate exchange with peers and international collaborations. Summarizing, In
consider this Ph. D. thesis work has the merits of being accepted for a doctoral dissertation.

Please do not hesitate to contacting me for any additional information.

Sincerely yours,

h ARAN.

Jorge Armando Rueda Hernandez
Faculty Professor, International Center for Relativistic Astrophysics Network (ICRANet)Piazza

della Repubblica 10, 65122 Pescara, Italy
Dipartimento di Fisica e Scienze della Terra, Universita di Ferrara

Via Saragat 1, 44123 Ferrara, Italy
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CeTb MEXKIYHAPOJHBIX UEHTPOB PENSTHBACTCKOMN acTpod [lecxapa, 07 104/2022

C pajocTbio THUly 5ToT OT3bIB Mo auccepramnu “Tlpo¢uan TEMHOH HaRc ;[:13;
rallakTHYECKNX GAl/bKaX M rano”, npeacrasieHHol JKymaxanoBoi 1'yTbHYP Hy“ceﬂraﬂnme}m
Kaepbl TEOPETHUECKOI 1 siiepHoil (u3uku Kazaxckoro HaMOHATBHOTO yHUBEPCHTETA H i
anb-Papabu U1 COHCKaHMs cTenenn jokTopa (uiocodum (Ph.D.) mo cneunalbHO
«6D061100 - dusuka 1 acTpOHOMHSIY. Gyt

OCHOBHAsl uACTh JMCCEPTALMH COCTOMT W3 NsTH rias. I'nasa 1 comepxuT 0OUILY
MHQOPMAIHIO O PA3THUHBIX (CHOMECHOIOTHYECKHX POQUIISX TEMHOH MaTEepHH. Pacnpeﬂeneﬂgz)e
TEMHOIi MaTepuu s crnmpanbibix rataktik NGC 2403, NGC 3627, NGC 2976, NGC 1560,
NGC 5585 u kapnukoBoii razaktuku DDO 154 uccnenytores € HCHOHB3OBanH€M CJIEAyIOIHX
npoduIieli MIOTHOCTH: H30TepMudeckii, Bypkept, HaBappo-®paHK-YaiiTa, Ditnacto 1 Mypa. B
rJaBe 2 pacCMaTPHBACTCS paclipesie/ieHie TEMHOM Marepuy B CIIHPaTbHOH rajlakTHKE U11454J
JInsg  M3y4eHHWs XapaKTePUCTHK TajlakTHKH ObUIO HCMOJIB30BAHO  HECKOJIBKO npodueH
pacnpenenctus miotHoctn U11454, Pemactes ypaBHEHHE TMAPOCTATHYECKOro paBHOBCCHSA H
cTposiTCss TPO(GUIN NaBJICHHS B 3aBHCHMOCTH OT pPaJHaJIbHOH KOOPAMHATBI IJIA Kaxc,uorg
npoduis. B rnase 3 paccmarpusaeres moxens Pyddunu-Apramieca-Pyesl (PAP), B KoTOpOH
pacnpesiesieHue NJAOTHOCTH (M JaBieHus) TEMHOH MaTepMM BO BCEH TajakTHKe OINpeacsicTCA
TMyTEM PELICHUS YPABHEHHUI paBHOBECHS DHHLITEHHA Ui CPEePUIECKOH CUMMETPUH (a HMeHHCE’,
ypasHenuii  Tonmana-Onnenrciimepa-Bosnikosa) Juis TE€H30pa JHEPrHU-HMIYJbCa HWACATBHOU
JKHJIKOCTH MACCHBHBIX (DEPMHOHOB NpH KOHEYHOW Temmepatype. B riaBe 4 BBIYHCIACTCS
pacripe/ienicHue TEMHOM matepud B MuteuHom IlyTH B JIByX CUEHapHsX Ul TaJTaKTHYCCKOro
aapa (Sgr A*). B nepsom caywae npeanonaraetcs, TpaAMIMOHHBIM cueHapuil mis Sgr A*, co
CBEPXMACCHUBHOH 4EpHOM JbIpoii B BaKyyMe, B TO BpeMs Kak BTOPOH CLIEHapHil mpearnosaraet,
YTO YEPHOIl JBIPBI HET, @ €CTh paclpesic/ieHue TEMHOI MaTepHH, ONMHCHIBAEMBIH MpoQuieM
SKCMOHEHUMAIBHON TUIOTHOCTH (DYHKIMH paJHalibHOrO paccTosiHus. [J1laBa 5 mMoOcCBsALIEHA
BBIYMCIICHHIO TPACKTOPHH JIBHIKEHHS 3BE3 BOKPYT LIEHTpa TAJIaKTHKH B JBYX INPHBEICHHBIX
BbILIC CICHApHAX. TpaekTopunm nosydalorcsi myTéM pEIICHWS YpPaBHEHWH J[BW)KEHHS B
HbIOTOHOBCKOMH I'pABHTALIUH.

XoTs MOE oOliee MHEHHE O JMCCEepTalUM TMOJOXKHUTENBHOE, Y MEHS €CTh HEKOTOpBIE
3aMCYAHHUS W ITPEIUTOKEHHS, KOTOPbIE 110 MOEMY MHEHHIO MOTYT ITIOMOYb COMCKATEIO C 3aLUTON
JIACCEPTALMU; U B TIEpPCTICKTHBE OyMylNX HCClIeN0BaHHH B 9TOH obnacti. Kanaunat Beraucnser
KPHBbIC BpAlIlCHUs B Tajlo TalakTHKH W 3BE3IHBIX OpOMTaxX BOKpYr Sgr A*, mpeanonaras
pasjiuHble  (PCHOMCHOTOTHYECKHE MPO(HIM TJIOTHOCTH TEMHOM MaTepHH, HBIOTOHOBCKYIO
TPABMTALMIO W JIBA CLICHAPHUS TIPHPOLI Sgr A*. O BBILICYIOMSIHYTOM 0011eH npoueaype:

HblOTOHOBCKasl TPaBUTALMS HE MOJIXOMT UI TOYHOTO aHaiu3a OpOMT 3Be3l BOIM3M
ueHTpa ranakTuku. Cpejicrsa HabmoaeHus, Takue kak [PABUTALIMOHHBIN npudop Ha Very
Large Telescope (VLT) wu3MepsitoT ¢ BBICOKOH TOUHOCTBIO IOJIOXKCHHE W CKOPOCTb, YTO
NPHBOJMT K OIPAHHYCHHMAM HA  PCIISTHBUCTCKHE TlapamMeTpbl OpOHTHL. Takhe TOYHBIE
Ha01I0/ICHUS T103BOJIMJIM U3MEPHTh TPABUTALMOHHOE KPACHOE CMEIleHHE opOuTHI 3Be3/bl S2
BOJIN3M €¢ IICPHIICHTPA W OrPaHHYMTh OPOMTANBHYIO NPELECCHIO. Teopernueckuit ananus
3BE3/IHBIX OPOMT BOJIM3HM LICHTPA TAIAKTHKH HYXK/IAETCs B OOLIEH TEOPHH OTHOCHTETBHOCTH.

DEHOMCHONOIHYCCKHE PO TUIOTHOCTH HE JIAlOT (H3MIEeCKOl HHOpMannu
TEMHOI MaTepuH, (AKTHYECKH, OHHM HE ABJISIOTCS PCILCHHSAMH ypaBHe

HBIOTOHOBCKHMX, HH OOLIMX PENIITUBUCTCKUX, JUTSH JIIOOOM SKHIKOCTH (rasa) marepun. Jluckyccus
O TOM, K4KOE BECUIECTBO MPOQHIK IUIOTHOCTH MOIIH ObI

NPCJICTABIISATH, OTCYTCTBYET.
Hekotopele 13 91X deHoMEHOI0THYCCKUX TIpoduiell pacxonstes B LCHTPEe KOHpUTrypaunu
(r=0).

0
HUN paBHOBECHS, HU

IToyromy st xoresn Obl, 4100LI B JtHccepTannm 6oice LMPOKO 00Cy ) alMeh Gpusnueckue u
acTpoU3HUCCKHE COOOPAKCHHSI O TIPHPOJIC TEMHOI MaTepHu.

Ioyromy s pacemarpusaio
HCCIIC/I0BARNC, HPOBCIICHHOC B /IICCCPTAIM, KaK XOPOILYIO OTIpaBHYyIO TOUKY JUISl U3YUCHHs B



GYAYIMX paGoTax BAMAHWS pasiMuHEIX pacnpele/icHuil TEMHON MaTepuH, HEMOCPECTBERHO
CBA3AHHBIX C MUKPODU3MKON YaCTHIIBI TEMHOH MAaTEPHH. T

Yethipe nyGnukauun B Hayumpix kypHanax ObUIH OCHOBAHBI HA PeGY e
WCCICTIOBAHMI,  TIPE/ICTABICHHBIX  KaHJWJaTOM. B 4YacTHOCTH, oiHa M3 Ty J"S‘ hriie
ONMYOIMKOBANA B IPECTHIKHOM XKypHAIE ¢ BLICOKIM ivrakT-pakropom "Monthly Notice 5
Royal Astronomical Society". D10 ouen» xopomo. CTaTbi XOpOLIO HAIHCaHBL netl;T :
yuTadebHbl. CTaThbM HanMcaHbl B COABTOPCTBE € HWHOCTPaHHBIMU HCcCe0BaTeNIIMH,
MONOXKNTEIBHO — CKa3biBACTCS HA  TOM, WYTO KAHAMIAT —pa3BMBAcT  MEXIyHapOXHOC
COTPYZHHYCCTBO M OOMEH ONBITOM cO cBepcTHHKamu. IloaBons WTOr, s CUHUTALO, 4yTO I3Ta,
AUCCEPTAllHOHHAS paboTa MOXKET OBITH JOMYLIEHa K 3allUTe.

” ” . > ne.
[Toxanyiicra, He crecHsiiTech oOpamarbcst Ko MHe 3a J110O0M JA0MOJTHUTEIBHON nH(popmall

C yBaXeHMEM,

Xopxe Apmanao Pyena Epnannec

[Ipodeccop pakynbrera, CeTh MEKITYHAPOIHBIX LIEHTPOB PENSTHBUCTCKOH acTpoQU3NKH
10, 65122 Tleckapa. Uranus

Kadenpa sk v vayk o 3emne, yunpepeuter Oeppapsl

Via Saragat 1, 44123 deppapa, Uranus



Pecny6nuka Kasaxctas, ropoa AjMathl.
OnMHHAILATOE anpelis ABE THICAUM ABajLaTh BTOPOro roa.

TekcT — MepeBOAa A0KYMEHTA ¢ aHIIHHCKOro A3blka Ha pYCCKHH $13bIK BbITOJIHCH |
nepeBoAYHKOM MEPEBOIIECKOro areHTCTBa TOO «Global translation group» bakuiioBo# Euauk

CoseT6ekoBHOM, 29.04.1990 roaa pojxaeHHs, yporKeHKOH ropoia AnMarbl, PESNNN
MUH: 900429402063. £k
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Pecnydnnka Kazaxcran, ropoa Anmarsl.

OJMHHAALATOE anpesis JBE THICSYH ABaaUATh BTOPOro roza.
s, Mytanuesa I'ynpnyp Hyp:kanoBHa. HoTapuyc ropoia Anmatbl,  AeHCTBYIOWMH Ha
OCHOBAHMH TOCYNAPCTBCHHON JuIeH3HH No 17013691 ot 01 asrycra 2017 roaa. BbLIAHHOI
MunucTepeTBoM focTHIMH PecnyGnkn Kaszaxcran CBHACTE/ILCTBYIO MOJUIMHHOCTb TIOJIIHCH
nepesonuuka rp. bakuwosoit Exmik CoBeTOCKOBHBI. JIMUHOCTb NEepeBOAYHKA YCTaHOBJICHA,

IICECHOCO6HOCTI> U MOJIHOMOYUSA NPOBEPECHBI.
/f‘pﬂr*,
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