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[lepBble NOOO3PEHUSA O CYLLLEECTBOBAHUN TEMHOMN
MaTepumn — CKpbITas rpaBUTMPYIOLLAsA Macca ranakTuk

 LIBukkn (50e-60e rogbl 20B): ancnepcusd
CKOPOCTEMN ranakTUK B CKOMMEHUAX HAMHOTIO
bonbLie Tpebyemoun BmpuanbHbIM
COOTHOLLEHUEM — Pa3reT CKONNeHnn?

* bocma (1977): KpuBble BpaLLeHUs
ranakTuk, nonyyeHHole no HI 3A
npenenamm 3ee3gHbIX AUCKOB, - MITOCKME



CoBpeMeHHbIe CBUOETENBCTBA CYLLECTBOBAHMS
CKPbITOM MAcChbl B ranakTukax
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Fig. 5.— An updated Mateo plot. Mass-to-light ratios are plotted versus absolute mag-
nitudes for Local Group dwarf galaxies, following a style suggested by Mateo [Mateo etal
(1993);(1998, his fig 9, lower panel)]. The solid line is the relation for a constant mass (dark)
halo.



HeobxogMmMoCcTb TEMHOM MaTepPUn B
Kocmosnormun. B pacwunpstoulenca BeceneHHoON:

 Temneparypa nagaet Kak (1+z).

« CoBpeMeHHasi TeMmriepaTtypa penuvkra —
okono 3 K; pekombuHaumm cooTBETCTBYET
okosno 3000 K; -> kpacHoe cmelleHune
anoxun pekomounHaumm okono 1000.

e OTO 3HA4YUT, YTO NMOCIe peKoMOMHaLNK
donykTyaunn 6apnoHHOU NMIOTHOCTU MOIYT
BbipacTu Tonbko B 1000 pas; a pnyktyauuu
penukToBoro dooHa ~ 10-.



PennktoBbln OH=NOBEPXHOCTb
nocnegHero pacceaHuga

LSt Satlering ‘o

Yie can only see
the surface of the
cloud where light
was last scattered

PRESENT
13.7 Billion Years
after the Big Bang
The cosmic microwave background Radiation's
*surface of last scatter” is analogous to the
light coming throwgh the clouds to ouwr
cye on a cloudy day.



KocMmunyeckne o630pbl pacrnpeneneHus
Temnepartypbl CMB no Bcemy Heby

COBE WMAP Planck



OnykTyaunum pennkToBoro ooHa




CneKkTp MOLLUHOCTU QonyKTyauun
DENNKTOBOIoO POHa
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Pe3ynesrathl 9ro roga WMAP
(Bennett et al. 2013, Hinshaw et al. 2013):

e Hy=69.32 +/- 0.80 km/c/MnK

* Bospact BceneHHon 13.772 +/- 0.059 mnpg net

* [1noTHOCTb BapnoHHas — 4.64% OT KpUTUYECKOWN,
NOTHOCTb TEMHOU MaTepun — 23.5% oT
KPUTUYECKOWN, NNOTHOCTbL TEMHOU aHeprum — 71.85%



Pesynbtatel 2018 Planck
(Aghanim et al. 2018):

e Hy=67.36 +/- 0.54 km/c/MnK

* Bo3pacTt BcenenHon 13.797 +/- 0.023 mnpa net

* [1noTHOCTL BapuoHHasa — 4.93% ot
KPUTUYECKOWN, MMOTHOCTb TEMHOUN MaTeEPUN —
26.4% OT KpUTU4YEeCKOomn, NMOTHOCTb TEMHOW

9Heprun — 68.5%



Kocmornormusa ¢ KoMOMHMPOBAHHbIMM
HabnogaTenbHbIMU AaHHBIMU

« ConocTtaBneHue
CBEPXHOBbIX, CNEKTpa
donykTyaunmu
PENNKTOBOIO ooHa U
CTaTUCTUKUN OIN3KNX
CKOMJMeHU ranakTuk
NO3BOSIAET TOYHO
onpenennTb

| Clattors KOCMonormn4yeckue
4| napamMeTpbl:
) ¢ Q =0.3, Q,=0.7

No Big Bang



OBOSIIOLMA KpyNMHOMaCLUTAaObHOW CTPYKTYpPbI:
TeMHast matepus - XOJIOAHAA

e OCHOBHOW MEXaHU3M —
nepapxmyeckoe
CKy4YMBaHMe maTtepum
nog AeNCTBUEM
roraBUTaALIMOHHON
HEeyCTONYNBOCTU

* [logbop napameTpoB —
YTOObI MOSTY4YNTb
NpaBUSIbHYIO KOHEYHYIO

KapTUHY K MOMEHTY
z=0




[Tony4yeHo cornacme TeopeTnYeCcKon KpynHomacLuTabHON
CTPYKTYpPbl MO TEMHOW MaTepumn U Habnogaemoun
KpynHOMacCLITabHOWM CTPYKTYPbI MO ranakTukam

Figare 11 The galuny Shtrieion shtaned from spectrocopic il saness and Tram sk
atabegoes construcied Trees cwamodogicsd dbmadationn. T >
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[lppooa TeMHOU MaTeEPUN

WIMP??
CTtepunbHble HENTPUHO?
[lepBMYHLIE YepHble ObIPbI?

Heun3BecTHble YaCTuLbl,

PACINMAOAKLWLNECH Ha kocmonornyeckux
BpeMeHax?



YacTtuubl-kaHanaaTbl B TEMHYIO
MaTeputo
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OKCNepUMEHTbI MO MOUCKY TEMHOW
MaTepum
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Figure 5: Current and future limits on DM direct detection spin-independent cross section, n;f'. as a
function of DM mass, m,. The current limits are shown with solid black (LUX [171]). gray (PandaX-
I [172]), brown (XENONI100 [197] and XENONIT [170]) and violet (CDMSIite-11 [173]) lines. Future
projections correspond to CRESST-II1 (Phase 2) [208] (light blue), DarkSide G2 [206] (violet triple-dashed
line), DEAP3600 [204] (blue double-dashed line), LZ [202] (black long-dashed line), SuperCDMS at SNO-
LAB [207] (pink short-dashed line) as well as XENONIT /nT [201] (brown dash-dotted lines). We also show
the 95% C.L. region for the 19-parameter version of the MSSM (green shaded area) [209] and posterior

plot for the allowed parameter space of the CMSSM (brown area enclosed with the solid brown line) [210].



Cymmupyem:

« [paBuUTHpyOWLaa TEMHaAA MaTepma Heobxoamma,
4YTOObI CornacoBaTb 3BONOUNIO CTPYKTYpPb
BceneHHon ¢ HabnoageHnamu.

« OU3NKN rOTOBbI AOMNYCTUTb, YTO YaCTULbl TEMHOM
MaTepun — eLle He OTKPbITble afieMEeHTapHbIe
yacTuubl 3a npegenamm CtaHgapTHOW Moaenu.

 OOgHaKo HMUKaKNX curHasros cywecTBOBaAHUA 3TUX
YaCTUL B 3KCrNepmmMeHTeE NMoKa He 06Hapy>|<eHo.



