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OCHOBHble aprymMeHTbl B MoJib3y
CyLLleCTBOBaHUA TEMHOW MaTepum

«HeBuanmsie» 6apnoHb

TeMHOoe rasio nnn TEMHbIV ONCK?
[Tpob6nema kacna

TemMHada marepus 1 npouecchbt B ANCKE



PakTbl 0 TEMHON MaTepun

OnHamMmuka raiakTuk
[InHaMKUKa CKONeHUW ranakTuk
"OpAYMN ra3 B CKOMIEHNAX

paBuUTaUMOHHOE JIMH3NPOBaHNE

Obpa3oBaHue CTPYKTYP 13 Masbix
BO3MYLLIeHW B ropaven BecenieHHoN
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[ NHHBIE NIOCKNE KpUBLIE
BpalleHna — He r1aBHoe!

NGC 247

APKOCTH CKOpPOCTb

DDO 154 DDO 154

NGC 3109




V(R) 2~ exp(-R/IRy)

2 = const
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NMPOB/IEMA CKPbITOW A TEMHOW
MACCbI BO3HUKIJIA N3-3A CUW/IbHOI'O
PACCOIMMACOBAHNA NMPAMbIX
(knHemaTuuyeckux) 1 KOCBEHHbIX
(bboTomeTpuuecknx) OLULEHOK MACCbI
FAJTAKTUK (1 nx cucrem)
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Dunkle Materie in Galaxienhaufen

S —

B 2013 r 80-netme oTKpbITNA
LIBUKky Dunkle Materie - TeMHown
MaTepun —

Fritz Zwicky:
Die Rotverschiebung von Extragalaktischen Nebeln
(The redshift of extragalactic nebulae)

] A A Q

Um, wie beobachtet, emen mittleren Dopplereffekt von 1000
km/sek oder mehr zu erhalten, miisste also die mittlere Dichte
im Comasystem mindestens 400 mal grosser sein als die auf Grund
von Beobachtungen an leuchtender Materie abgeleitete!). Falls
sich dies bewahrheiten sollte, wiirde sich also das tiberraschende
Resultat ergeben, dass|dunkle Materiein sehr viel grosserer Dichte
vorhanden 1st als leuchtende Materie.



[uraHTckasa ayra B ckonneHumn Cl 2244-02




TémMHass maTepus: rpaBUTaLMOHHOE JIMH3NPOBaHUe

HaonogeHna ganéknx ralakTuk
CKBO3b JIMH3UpPYHOLWME NX CKONJIEHUA
raJlaKkTuK nNo3BoJiIAOT OLeHUTb
Maccy cKonaeHua-InH3bI

Galaxy Cluster Abell 1689
Hubble Space Telescope * Advanced Camera for Surveys

MNASA, N. Benitez (JHU), T. Broadhurst (The Hebrew University}, H. Ford (JHU), M. Clampin(STScl),
G. Hartig (STScl), G. lllingworth {(UCO/Lick Observatory), the ACS Science Team and ESA
STScl-PRC03-01a



Hot X-Ray Gas In Clusters of Galaxies
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Abell 2029 CHANDRA X-RAY DSS OPTICAL

Most of the baryonic mass in a typical galaxy cluster
resides in hot, x-ray emitting intergalactic gas - 3TOT ropa4Yvn ras He MoO)XxeT

6LITb YAEp)XaH CBOUM FPaBUTALMOHHLIM NONEM - HY)KHa DM




Sky Distribution of Galaxies (XMASS XSC)

http://spider.ipac.caltech.edu/staff/jarrett/2mass/XSC/jarrett_allsky.html



Galaxy Distribution in the Sky

h H”cy Way

z<0.0I
0.0 <z<0.02
0.02<z<0.03
0.03<z<0.04

0.04 <z <0.05

Sky distribution (equal area Aitoff projection) of the
2MASS

Extended Source Catalog (> 1.5 mio galaxies).
Color coding according to redshift.

0.05 <z <0.00

T.H.Jarrett, PASA 21 (2004) 396
arrett/2mass/LSS




Obpa3oBaHue CTPYKTYp BO BceneHHon

Structure forms by
gravitational instability
of primordial

density fluctuations




PocTt chnykTyauum B pacumpsaiowiemncs
BceneHHOM

Bo3MyLLeHNA GAPMOHHOII KOMIMOHEHTBI

0 o1
Ha MoMeHT peKoMOUHAIIUN Py 3— ~ 107" ;

Pb T

Ha JIMHEMHOM CTaJIUU BOSMYIIIEHUA MOI'YT BBIPAaCTH B
_ 3

aO/arec =1+ Rrec = 10 pas,

9qTO dBHO HEeJOCTAaTOYHO JJIA O6pa30BaHHH raJlaKTHUK.
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Heo6xoanmo, 4TOObI BO3MYLLEHUS NIOTHOCTU U rpaB. NoTeHUuana
oGecneunBanncb Apyrum (He6apuoHHbIM) BeLLECTBOM,
He cBA3aHHbIM C N3/1ly4YeHUeM K MOMEHTY peKoMOuHauumn

\ 4

ApPrymMeHT B NOJib3y CyLeCTBOBaHNA HEGAPMOHHOI TEMHOW MaTepum




Bullet Cluster: «npsmoe cBuaeTenbCTBO»
B NOJ/1b3y 6€eCCTO/IKHOBUTE/IbHOU TEMHON MaTepuu

KpacHbIM — HaGMIOAEHNSA PEHTITeHOBCKOro U3JTy4eHUs TOpPAUYero MeXraslakTu4ecKkoro rasa;
CMHMM — paccuuTaHHOe pacnpegesieHne TEMHOW MaTepuun, CONyTCTBYIOLLEV ra/lakTUKaM.




TémMHasa maTepusi: Ha6naaTenbHble CBUAETE/IbCTBA

OOpa3oBaHUe KpynHOMacLUTaOHOU CTPYKTYpbl BceneHHouU

MN30bITOK MacCbl BO BHELUHNX YaCTAX raslakTUK
(KpuBbIle BpalleHUA raslakTUK)




[TPOBJIEMA
U3yuyeHusa pacnpeneneHusa macchbl rno
N3MEpPEeHNAM CKOPOCTeN 3BE3/rasa

e HeonpeneneHHOCTbL caMOoro NoHATUA «Macca
faJ1aKTUKU»

« HekpyroBble AB/WKEHUS ra3a 1 3BE3/1 B ANCKE

¢ HeobGXoaAMMOCTb y4eTa ANCRepCu CKOPOCTEN
(Ans 3B€3A)

e HeoOXoAMMOCTb OLIEHKM NapaMeTpoB
opueHTalun gucka (ona yyeta sgppekToB
NpoeKkLunmn)

e 3aBUCUMOCTY pelynbrara OT NPUHATOR Moaenn
pacnpegeneHus NnoTHOCTU B ra/lakTUKe
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|IC 719, a rare case:
Two counterrotating disks

THE ASTROPHYSICAL JOURNAL, 769:105 (10pp), 2013 June 1

2100 : 300
2000 . 200
' 100
0

0
= 1900
-
2 1800
Q
S
o 1700

-20 -10 0 10
Radial distances, arcsec

KatkoB, CunbveHko, AjpaHacbeB



Bbicokne M/L
B npeaeniax onTMYeckoro Ancka

PekopacMeHsl
JGC 3303, dlrr, M/Lg = 31, KapaueHues u ap. 2004

JGC 128, Irr, M/Lg = 34, zavala et al. 2003
JUGC 7170, Scd (?), M/Lg= 43, Cox et al, 1996




NGC2915

Elson et al., 2010

‘2kpc'

At the last measured point on the rotation curve, this galaxy has a total-mass-to-
light ratio of M/L ~ 140 (M /L), making it one of the most dark-matter-dominated
galaxies known.
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MAXIMUM DISK

Blais-COuellette, 2002
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Dark matter halo
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[ 110THOCTb B T M-rasio B pa3HbiX
Moaenax

Jlna mpodunss Hasappo u jap. (1996), NFW:

onFw (R —_——
pNrw (7)) = R l + R/r
g npodbunsa Bypkepra

pp(R) = ﬂuf—,)
‘ (R + reore) (R2 + 12 )

g npoduna Mypa:

pr(R) = (R/r.)45( 1+ (R/rs)'?)




TM B LSB-ranaktukax
(HU3KOW NMOBEPXHOCTHOW APKOCTI)

e lllenkaHoBa,bnnHHukoB,CabypoBa,Jonros, MNAX (2013)
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Theoretical schemes “cusp — core”

2010 On the isolated dwarf galaxies:
from cuspy to flat dark matter density profiles
and metallicity gradients

Star formation; hydrodynamic
numerical modelling

S. Pasettol2, E.K. Grebell, P. Berezik!#4, R. Spurzem®5!, W. Dehnen®

Cosmological random motions
of matter ‘heat up’ the DM particle
in collapsing halos, suppressing
cusp-like density profiles.

A. G. Doroshkevich! V. N. Lukash, E. V. Mikheeva Analytical approach

A solution to the problems of cusps and
20f2tation curves in dark matter halos in the
cosmol 'J_L{]{‘;-l] standard model

The interaction of dark matter cusp
with the baryon component in disk galaxies

Star formation, Supernova

, . | o i feedback. Numerical modelling.
29]&211110persk0v_." B. M. Shustov,! and A. V. Khoperskov®
' Tnstitute of astronomy Russian academy of sciences, Moscow, 119017, Russia
?Volgograd state university, Volgograd, 119017, Russia

BusiHue B3pbIBHOTO, 3BE3/1006pa30BaHs Ha pasMbiBaHue Kacna pa3BuBaeT creaytolias,

yacTo LuTMpyemMas ctatbs (mouti 100 ccbinok 3a rof):




of the
ROYAL ASTRONOMICAL SOCIETY

Mon. Not. R. Astron. Soc. 422, 1231-1240 (2012) do1:10.1111/).1365-2966.2012.20696.x

Cuspy no more: how outflows affect the central dark matter and baryon
distribution in A cold dark matter galaxies

F. Governato,'* A. Zolotov,” A. Pontzen,’t C. Christensen,*] S. H. Oh,>°
A. M. Brooks,’§ T. Quinn,1 S. Shen® and J. \?ﬁ.’ads.ley9

Ho HabnwgaTenu yTBepxaatoT, UTo Takoe OypHOe 06pa3oBaHue 3BE3/ He NPOXOANT:

CSIRO PUBLISHING
Publications of the Astronomical Society of Australia, 2012, 29, 395-433
http://dx.do1.org/10.1071/AS12005

The Dark Matter Crisis: Falsification of the Current
Standard Model of Cosmology

P. Kroupa

Argelander Institute for Astronomy, University of Bonn, Auf dem Hiigel 71,
53121 Bonn, Germany
Email: pavel@astro.uni-bonn.de




OTHoweHua M, /M

lum

B npepenax ontnyeckoro paguyca:
CpegHee 3HayeHve Ans ranaktuk S-S0 Mgr/Miym =1

Williams+ arXiv-0909.0680,
Zasov et-al, arXiv

M31 B npegenax 38 kNc (=2 Ry ) Mg/ Migm ~ 4
Chemin+, arXiv 0909.3846

[lapbl ranakTuk

CO CpeflHuM paccToaHuem ~120 knc My/M,;n ~ 10
Karachentsev, Makarov, 2008

Kapnuk npenenbHO HU3KOW Macchl Segue-1 Mar/Mium =200
Meng+ arXiv 0909.3496



Dark Energy 73%
| (Cosmological Constant)

(of this only about

10% luminous)

- Dark Matter

23%

Neutrinos
0.1-2%




detected barvon fraction

Missing baryons (McGaugh+2010)

and arXiv:1301.0623

Ms560 (M-::a)
51 T 12 13 14 13

g 9 10 11
10 10 10 10 10 10 10 10 10 10

1

02 04 06 0.8

1 =0.17£0.01 (Komatsu et al. 2009)

Figure 2. The fraction of de-
tected over expected baryons fg =
(My/Mso0)/ fp as a function of po-
tential well and mass. Each point
represents many objects. Orange
squares are Local Group dwart
satellites, light blue circles gas-
dominated disk galaxies, dark blue
circles star-dominated spiral galax-
ies, grey triangles galaxy clusters.

— nonsa 6apuoHoB B NR BelliecTBe




Ectb 11 DM B ancke ['anaktnku?

Kinematic data+
analysis of the input of
all visible components

2000 K-dwarfs data; a
new method of solution
of ) eans-Poisson
equations

Spatial and velocity
distribution fora sample
of

9000 K-dwarfs

Dec omposition of
rotation curve: the
original method

Local DM density
and velocity
dispersion

0.5-0.8 GeV/cm3
~(1-1.5)- 104 g/cm3
Vel.disp=480-515
km/s.

0.95+0.05 GeV/cm3
~2:10%4 g/cm3

0.28+0.08 GeV/cm3
~610%° g/cm3

0.43+0.10 Gev/cm3
~0.8102% g/cm3

B. Burch and R. Cowsik,
2013

S. Garban etal., 2012

L Zhang etal.,2012

Nesti & Salucci,2012

PROBABILITY INTERVAL.:
0.3-0.8 GeV/cm?3




NOVCKU HOCUTENEW DM

* ManomaccuBHble 3Be3bl WU BbiPpOXAEHHbIE
XOJ1I0AHblIE TEJla

 [a3 npn T-3 —5 K.

* beccTonikHoBUTeNbHaa cpena n3 WIMPS
(Weakly Interacting Massive Particles)




TpyaHoctuu ACDM mopenn

The Cusp/Core (1991)

Missing Satellites (1999) — nerde B WDM
The Disk of Satellites (2005) sBokpyr MW 1 M31

Isolated Massive Galaxies (2010) — 3 B MeCcTHOM rpyrnne —
BAa/X OT (puiameHTa

The Local Void (2010) — c/inMiiKoMm nycTon

 The Thin Old Disk (2011). The MW has a thin disk

which has stars as old as 10 Gyr. Such old thin disks have
still not been produced in the SMoC (House et al. 2011).



Supersymmetric particles
* Neutralines
* AXINos

e Gravitinos Gauge hierarchy problem

Little Higgs models

AXIONS CP Problem of strong interactiongs

Kaluza-Klein excitations Large extra dimensions

Mirror matter Exact parity symmetry.

Sterile neutrinos Right-handes states should exisi

Wimpzillas (superheavy particles] Super GZK cosmic rays

MeV-mass dark matter Explain cosmic-ray positrons

Q-balls
Why not ?
Primordial black holes




Supersymmetric particles
* Neutralines
* AXINos

e Gravitinos Gauge hierarchy problem

Little Higgs models

AXIONS P Problem of strong interactions

Kaluza-Klein excitations Large extra dimensions

Mirror matter Exact parity symmetry.

Sterile neutrinos Right-handes states should exist

iImpzillas (superheavy particles)f Super GZK cosmic rays

MeV-mass dark matter Explain cosmic-ray positrons

Q-balls
Why not ?
Primordial black holes




CBuperenbCTBa CyLLLEeCTBOBaHUA
TemHon MaTepun:

ANHaMKUKa ranakTtuk U nx CKonseHum,
ropsuunii ra3 B CKOMAEHUsX,
rpaBUTaLIMOHHOE JINH3UPOBAHUE,

obpas3oBaHue CTPYKTYp U3 MasblX

BO3MYLLIeHUI B ropauen BeceneHHou,

- BCE 3TO TpebyeT rpaBuTauuun, oonee CULHON, YEM MOXET
AJaTb Buagumoe sewectso. EAUHLIM 0Gpa3oM BCE MOXXHO

OO BbACHUTb TAroTeHnem Hesngumoun TémHon Matepun. Ho B
ACDM mopgenv MHOTO TPYAHOCTEN.

Apyron nytb — moaudukauma rpasutauun, MOND n T.n. —
NpoTUBOpPEUUT pagy HaonwaeHnn. Tpedyrorca moaenu TM, ¢
Gonee 6orartbiMmn B3aumogencreuammn, vem WIMPs.



