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v" YT0 HaM M3BECTHO O MaTepun?

v CoBpeMeHHoe npeacTtaBneHne o BceneHHow.

4 OTKpbITUE YCKOPEHUS pacluMpeHusi, TeMHas
SHeprus

4 I3mepeHne napaMeTpoB 1 cocTaBa BceneHHou

v’ TemHas MaTepus

v [anbHenLwmne nepcrnekTuBb|



Kak u3y4yaertca martepus

Po)xaeHne HOBbIX YacTul
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(ansa npoToHa 3Heprmnsa nokos mc2=0.93 3B)

Ha cerogHsa MakcuManbHas AOCTUMHYTas 3Heprmua Ha yckoputenax ~ 1000 2B
3aperncTpupoBaHbl KOcMMYeckue Yactuubl ¢ E~1011 B (<0.1 wt/km2Z/ron)
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CERN from the AIR (LEP = LHC 1)




Assembly welding of LHC magnets in the tunnel Hauyano pa6botbi 2009 r.




NeTtekTop ATLAS Ha LHC




dyHOaMeHTarnbHble YacTuLbl
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MecaL, Ha3aa

asts of the Standard Model - EPS 2005 - July 25 - Sijbrand de Jong




KBapku

Macca,  Ou. 3apsng bap. Apomar
Tun M»B 3aps
u 2—-3 +2/3, 1/3 —
d 4-6 -1/3 1/3 —

100 -1/3 1/3 strange
C 1 300 +2/3 1/3 charm

4 200 -1/3 1/3 beauty
t 175000 +2/3 1/3 truth

P(npotor)=UUd  N(ueitrpon)=udd r=ud

Y KaXkaoro KBapka ectb 3 uBeTa (aHanor anekTpuyeckoro 3apsiaa).
B3anmMoaencTsytoT nyteM obMeHa rntooHaMu (aHanor goToHa).
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OTHOLUEHNE cevyeHnn poxXaeHnd agpoHosB 1 MIOOHOB
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[eTekTop HeUTpuHO Super Kamiokande (SnoHus)

50000 T Boabl, 13000 ®3Y

HenaBHO 66111 OTKPbIUIN
B3aNMONPEBPALLEHNS HEUTPUHO
OAHOro TUNa B Apyron (HEMTPUHHbLIE
ocuunnauumn). HEMTpMHO UMeLoT
HeHyneByto Maccy < 0.1 3B.

Pa3pelleHa 3aragka HeAOCTaOLLMX
CO/MHEYHbIX HEUTPUHO.
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Tun

Y

TJIFOOHBI
W=
/

IPABUTOH

KannbpoBo4yHble 6030HbI

Macca,

I»-B
0

0
80
91

JIEKT.

3apsj

0
0

+1

Crun

IlepeH.

B3aUMO/I.
JneKTpomar

CunbHoe
Cnaboe
Cnaboe

[ paBuTaL.



Cenvac nmeetcsa “CtaHoapTtHasa Mogens” Mupa,
COCTOSILLErO N3 KBAPKOB, NENTOHOB, DO30HOB ...,
MOXEM paccunTaTb Nbble NPoLECcChl C NX Y4acTUEM,
O[HaKoO, OKa3blBaeTCs, 3T BUAbl MaTePUN COCTaBASAOT
BCcero okosio 5% ot Toro, 4YTo umeeTcsa Bo BceneHHou!



[Ilpobnema N9 1 pu3nku n acTpodPuUsnKm

Ob6bl4yHas MaTepus 5%

TeMHaqa MaTepus 25%
(Hen3BecTHOM NpUpoabI)

TeMHaqa 3Heprus /0%

(BbI3blBaloLLI@A aHTUrpaBUTaLUIO B
KOCMOJIOrmyeckux macwrtabax)




[peacrtaBneHns o BceneHHow.

*B cpegHeM BceneHHasa n3oTtponHa 1 oagHOpoAHa, OAMHAKOBA
BO BCEX TOYKAX — KOCMOIOrMYECKMUM MPUHLMIN.

BceneHHas paclumpsieTcs: nobble ABe penepHble TOYKK
(HanpuMep ranakTuymn) yaanstoTcsl CO CKOPOCTbIO

o V=Hr - 3akoH Xab6na (v << c).
B HacToswee Bpema Hy,~70 kM/cek/Mnapcek.

B obwem cnywae  a(t) = H(t)a(t),

a(t) - macwTabHbIM hakTOp NPONOPLIMOHANBbHbLIN pa3Mepy
BCENEHHOM (BCeNeHHas Kak bbl pacTarmBaeTcs)

I3 paclumpenuns cneayet, 4To BceneHHast BO3HMKIA NPUMEPHO
10-15 mna.net Hazaa (t~1/H) B pe3ynbTtaTe “Bonblioro B3pbiBa”



doTomMeTpunyeckum napagokc Onbbepca

(Hemeuknn actpoHoMm XVIII Beka)

“peacrtaBum cebe 6eCKoHeYHYI0 cTaTudeckyto BceneHnyto, B
KOTOPOW 3BE3/bl M ranakTUKN HaxoasTCs B MOCTOSHHOM
(CTaTUYeCcKoM) MNOJIOXKEHUN ApYr K Apyry. Jlyd 3peHus 3eMHOro
Habnoaatensa B NtO60OM HarnpaBfeHUN B KOHLIE KOHLIOB
HAaTKHETCS Ha NOBEPXHOCTb 3Be3/bl, MO3TOMY BCS HebecHas
cdhepa A0/MKHA nepeKkpbiBaTbCA 3Be3AHbIMU ANCKaMK”.

Ha camom gene Hebo yepHoe. O6bsICHEHNE: KOHEYHbIV
BO3PACT BCE/IEHHOM U ee pacLLUMPEHME.



[ eoMeTpna OAHOPOAHOIO NMPOCTPAHCTBA

[paBuUTaLMSA UCKPUBASET X0A4 Nyyen cBeta. MoxHO
CYUMNTATb, YTO rpaBUTALNS UCKPUBIISIET NPOCTPAHCTBO
(cymMa yrnioB B TPeyrosibHMKe MOXET bbITb HE paBHa ).
CyLecTBYIOT TpU C/ly4asi reoMeTpun M30TPOrHOro
NPOCTPaHCTBA: njockoe rnpoctpaHcTBo (k=0), np-Bo C
nonoxmtenbHon kpusmnaHou (k=1), np-Bo ¢ oTpuLATENb-
HOW KpuBU3HOW; k=-1
Mpn k=1 06beM 1 pa3mep 3aMKHyTOM “chepmnyeckon”
BCE/IEHHON KOHe4eH (HO rpaHuu HeT). ObbluHas cdepa —
3TO ABYMepHoe np-Bo ¢ k=1. B aToM cnyyae a(t) — ato
paanyc KpmBu3Hbl. Halwe np-Bo TpexmepHoe, TpyaHO
BOO6Pa3nNTb UCKPUBSIEHHbLIM.
B cnyyae k=0 n -1 o6beM n paamep beckoHeyeH.
B KakoM Mupe Mbl xunseM? OTBET He O4YeBUAEH, 3TO
MOXXHO OnpeaennTb 3KCnepuMeHTasbHO.



Paclumpstowytocs BceneHHyto yaobHo Boobpa)kaTb Kak
PACLUMPSAIOLWMNCSA PE3NHOBBIN LWIAP, Ha MOBEPXHOCTM KOTOPOIro
HaHeceHbl METKU-TaNnakTUKN. ManakTnkm SBnaoTCs
rpaBUTALMOHHO-CBA3aHHbIMU 0O6bEKTaMN, UX pa3Mepbl

HEe MEHSIIOTCS, HO PacTEeT PacCTOSIHUE MEXY FanakTUKaMM.
CBeT pacnpoCcTpaHAeTCs BAOSIb MOBEPXHOCTN CO CKOPOCTbIO
CBETa.

XuTtenu Takon ABYMEpPHOM BCENIEHHOW NNIOCKME U NON3atoT
MO NMOBEPXHOCTN, NX PyKa HE MOXET yKa3aTb, rAe HaXOAUTCS
LleHTp cdepbl, 0AHAKO OHM MOTYT U3MEPUTb KPUBU3HY KX
BCE/IEHHOM MO CYMME Yr/10B B TPEYrO/IbHUKE.

Pa3mep Takom BCEEHHOW KOHEYHbIW, HO MPaHUL, HET.



KocMonormnyeckoe KpacHoe cMelleHune

Ecnv Hekas ranakTtuka WCNyckaeT CBETOBOW UMMYSIbC B
MOMeHT t., a HabnogaTenb NPUHUMAET CUHAN B MOMEHT t,,
TO OTHOLUEHWE AJIVH BOJH

}LO _ a(to)
Ae B a(te)

T.€. I/IMHa BOJIHbI CBETA YBEMUYMBAETCA MPOMNOPLMOHANBbHO
«pa3mepy» BceneHHoW.

3amMeyaHue. YTBepXXaeHne, YTO KOCMOJSIorM4yeckoe KpacHoe
cMeLLeHne 0bbsicHseTcsa apdekToM [onnepa (CKOpOCTbio
yaaneHus), HEBEPHO. B paclumpstolencs BceneHHON Henb3s
BBECTWN €AUHYI0 cncTeMy oTcyeTa. CBET, UCMYLLEHHbIN B HalIEM
HanpaBNEHNN, MOXET HMKOrAa HE JOUTU A0 Hac: “"rOPU30HT
cobbiTn” (panblue He BuamMm). “onnep” Tonbko npu z<<1.

l+z=




[1nHaMmnka BceneHHoMW.
YpaBHeHUa ®puamMaHa.

B 1922 r A.®puamaH, pewms ypaBHeHun OTO SiHWTENHA Ans
OHOPOAHOW BCENEHHOM, MONY4YM/ 2 HE3AaBUCUMbIX yYpaBHEHUS ans a(t)

2
(@j = §7rG,0 a’ —kc’ (1)
dt 3

2 3 3
d(pc a ) +p d(a ) =( (2) - COXpaHeHne sHeprum
dt dt ANS BblAENEHHOro 06beMa
30€Cb pC? - MIOTHOCTb BCEX BCEX BUAOB dHEPruun, p -AaBEHNE.
N3 (1),(2) nony4yaeTcs ypaBHEHWE AJ151 YCKOPEHUS
d’a 4
= ——nGa(p+3p/c?) (3)
dt’ 3 (p+3p

[AnHaMmnka paclumpeHns 3aBUCUT OT NMJIOTHOCTU SHEPrun 1 AaBneHus !
YpaBHeHue (3) (Ho 6e3 P) nerko nonyunTtb B HbIOTOHOBCKOW MEXAHWUKE.
Bknaa P - UnCTO pensaTUBUCTCKO-rPaBUTaLMOHHBIN 3 deKT (coaepxuT c).




Yauteisas, Yto  da/dt = Ha,
u3 (1) cnepyet

ke 8

5 —7Z'G,0— H2

A 3 3[_]2

BceneHHas nnockas (k=0) npu KpUTUYECKOM MAOTHOCTN P,.= ﬁ
T

Y106HO BBECTU MapaMeTp MIOTHOCTU Q)= p/ p.

Ecnn Q=1, To k=0, BCeneHHas nNnockas;
Q>1, To k=1, BceneHHast 3aMKHyTas;
Q<1, To k=-1, BCceneHHas oTKpbITas;

[N peleHns ypaBHeHU He0bxoamMMo 3HaTb p=p(p), Hanpumep:

p. ~10%2/cm’

p=0 NbleBUAHAsA MaTepus 0 o a3 (132 -ro yp.OpuaMaHa)
p=(1/3) pc? paauaums o ocad



[1NOTHOCTb N AaBfieHMe BaKyyMa

Bakyym MoxeT o06nagaTtb NNOTHOCTLIO SHEPrnn, OAHAKO OHA He
OOJIKHA 3aBUCETb OT CUCTEMbI OTCYETA N MEHATLCA NPU pacLUMPEHNN
BceneHHon. PaccMoTpuM pacwumpenune ob6beMa 3anosIHEHHOIO
BaKyyMoM 6e3 nosoza Tenna (aanabatnueckn): AE=-AA

dE=-p dV
Pvr Py pVCZ dv = —deV/ (p,~const)
= Pv= _pvc2

U3 ypasrenns (3) g oc —(p+3p/c?)
Ecnun p 1 p nonoxurtenbHbl (06bIYHO TakK) , TO pacluMpeHne 3ameanaeTcs. Ang
nbinesmnaHon sceneHHon (p,,=0) ¢ ydyeTom Bakyyma (p,=—p,C?)

aocc—p +2p . Ecm p >p /2, TO BceneHHas bynet

PACLLUMPATLCA C YCKOPEHMEM - KOCMOornyeckas aHturpasmTaums!



HeKkoTopble pelleHns

e k=0, p, p=0, p, =0 - nnockasa neineBnagHasa BCeleHHas

2
qoct?? 4=
3H,

Ona Hy~70 km/cek/Mnk  t,~1010 net
e k=0, p, p=(1/3)p - nnockas paagnalMOHHO-AOMUHAHTHAs

-BO3pacT BCESIEHHOM

1/2
aoct

e k=0, p=—p,=const, p,~ 0- BaKyyMHO-AOMWHAHTHAsA BCeI.

Hyt

e\/ (8/3)mCp, 1 _ a,e’” -MHonauMoHHas BeerneHHas

a=a,



HekoTopble cLeHapun pasBuUTUS BCENEHHOM

distance

/

dark energy dominant

expands forever
\ever slowing

dark matter dominant

collapses

age of the universe
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3aja4va 3KCrnepuMeHTa

B obLeM cnydae BceneHHass COCTOMT U3 pa3HbIX BUAOB
MaTEPUMN-3HEPTUN: Mblb, paanaLms ...BakyyM, BKNaz
KOTOPbIX MEHSIETCS MO MEpPe pacLUMpPEHUS.

3aga4a - onpeaennTb reOMeTPUI0 BCEIEHHON U €e COCTaB.

PelwlaeTca nyTeM U3y4yeHus:

* IMHAMUKM pacluMpennst BceneHHom B pa3nnyHbIe

3noxu (u3MepeHme NoCTosHHOU Xabbna);

+* CBOMICTB MUKPOBOJIHOBOIO PENIMKTOBOrO U3/Ty4YEHUS;

% FANaKTUK U ranakTU4ecKmx KIacTepoB No MX pa3Mepam
1 pacrnpeaeneHunio B NpoCcTpaHCTBE u ap.



I3MepeHne napaMeTpoB BCENIEHHOM MO
CKOPOCTWU pacLUMpPEHUS

H(2)=H|1-Q,,)1+2)+Q,, (1+2) +Q, (1+2)" +..]

=P, /(3[{§ /8nG)

N3mepue H(z) paet nHdopmauuto o coctaBe BceneHHon,
T.€. CKOJIbKO MbINEBUAHON MAaTEPUN, NU3JTYUYEHUS, BAKYYMHO-
nogobHon MaTepun U.T.A., AN 3TOrO HYXXHO 3HaTb PACCTOSAHUE

A0 NCTOYHUKA CBETa N €ro KpaCcHoe CMELEHHNE.



CBA3b KpacHOe cMelleHne-pacCcTosaHue

I3aMepeHne KpacHOro cMeuleHnst obbekTa AaeT z

2=,/ —1

[nsa HaxoxaeHns H(z) HeobxoauMo elle 3HaTb
paccTosiHue A0 06beKkTa, KOTOpoe HaxoAuTCcs Mo
HabntogaeMon ApKOCTU UCTOYHUKOB C M3BECTHOM
CBETUMOCTbIO ( CTaHAapTHble cBeyn™)



PaccTtosaHua Bo BceneHHOM

CBeToBOW oA ~ 1018 c™m

Mapcek  ~ 3.2 cB.roga ~ 3:1018cm

Ctocen ~4n~ 108cM  M~1020-21 M.
CynepckonnieHnss  ~100 Mn M~101>-16 M.
Ckonnenus ranaktnk ~10 Mn

[anakTuka ~30 Kn M~1011-12M-

3MepeHne paccTosiHUA, CTaHAapTHbIE CBEUU

e[lapannakc
ol ledbenapl
eCBepxHoBble
/lpyrue



ABSOLUTE MAGNITUDE

SCALED MAGNITUDE

CBepxHoBble 1a

—15 1 1 1

=20

b
17 = \.‘ ™
. 8 ’o.

-16

-15 L ] ]

-20 0 20 40

60

(cTaHaapTHas cBeyva, 40 KOTOPOW
N3BECTHO PacCTOsIHME)

MoTyxwas 3Be3aa, 6enbin
Kapnuk ¢ M~M_B cucteme
NBOVIHbIX 3B€3[, 3aTArMBaeT
B-BO OT cOCeiHen 3Be3abl U
npn M~1.4M.cHoBa

BCMNbIXUBaET.

YacToTa BCnblWweK B [aflakTUKE
~1/300 net, BO BCEN BUAMMOM
BceneHHon ~ 1 B cek.

[ocne nonpaBKkn Ha AJIMTENBHOCTb
BCMbILUKK SABMISIETCA XOPOLLEN
CTaHAAPTHOM CBEYOM



[lepBoe yka3aHue Ha YCKOpeHue paclumpermnst BceneHHoun (1998 r.)
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[aHHble rpynnbl SNLS 2005 ropaa
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MNIOTHOCTb BaKyyMa

F.Riess et al.
[laHHble ¢ Teneckorna Xabbn stronoh 0402512

3[

I3mMepeHnst NpsiMO MOKa3bIBAKOT, YTO
Oblna arnoxa 3aMeanieHnsl, YyCKopeHue

e . | nauanoch npu z=0.46+0.13.
0\5’0--" al
" .1 Ons N1OCKON BceneHHoW (cnen.ns pen.usn.)
1 Q,=0.29+0.04, Q,=0.71.
(ai‘;‘g 05 A \) v
o1 [1na BaKyyMHOM COCTaBNSAOLLEN
1 (p=wpe?) -1 <w< -0.76
" epandsoiiny 1 (—]1 COOTBETCTBYET YACTOMY BaKyyMy).

[ MnoTe3a NornoLweHnsa CBeTa
Cepou Nblbio, 06pa3oBaBLUENCS

_1_IJJl|JlIJllIll|IIlIlIII|: anZ>2,HenpOXOﬂMT-

00 05 10 15 20 25
Qy

MNIOTHOCTb MaTepum (B eANHULIAX KPUTUYECKOM MNTOTHOCTY)



BapuOHHbIN aKyCTUYECKUM MUK B pacrnpeaeneHnm
MO PACCTOSHUSIM MEXAY ranakTUKaMu

0.3

£(s)

0.1}
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0.02
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Comoving Separation (h~! Mpc)

®noKTyaumMm naoTHOCTU

B paHHen BceneHHon agatot
pa3beratowmecs
akyctmnyeckune (nsa3MeHHble)
BOJIHbI 06bIYHOM (6apPUOHHOW)
MaTepuu, B TO BpeMsl Kak
NIOKTYyaUmMm TEMHON MaTepumn
OCTaeTcsa Ha MecTe. [nK
COOTBETCTBYET PaCcCTOSIHUIO
Ha KOTopoe ybexana
3BYKOBad BOJIHA. JTuU
Heo4HOPOAHOCTU CTaNu
3apoAblllaMu ranakTuk.

MK COOTBETCTBYET PacCTOSHUIO Mexay ranaktukamm 500 MnH cB. neT



CocTaB BceneHHon ¢ yyueToM 6aprUOHHOI0
akyctnyeckoro nuka (BAO)

2

1.5

0.5




VACUUM ENERGY DENSITY Q,

No Big Bang

Su pernovae

(1998)

4y SN1a(2004)
A4 SNAP (2010) nnaHbl

CMB

. forever
a Cosmos expands foro

i; Recollapses eventually
Clusters \

CR o

MASS DENSITY

m

KpoMe npaMoro namMepeHus
PACLLMPEHNS BCENEHHOM
OYEeHb BaXXHble AaHHbIE MO
reOMEeTPUN N COCTaBY
BceneHHou gatoT

*MUKpPOBO/IHOBOE
PENMNUKTOBOE U3TydYeHne

eKflacTepbl ranakTuk

(cM.pnanee)



MWKPOBOJTHOBOE PEeNIMKTOBOE U3J/1y4yeHue

(CMB —cosmic microwave background)
[peacka3aHo B 1946 (I'.'amoB), oTKpbITO B 1965 (IMeH3uac, BunbcoH).

Okono 400 Teic. neT (z~1100) nocne «60nbLLOro B3pbIiBa» TeMnepaTypa
ynana 0 HECKONbKUX TbIC. rPaAyCcoB, 31EeKTPOHbI U NPOTOHbI
peEKOMBbUHMpPOBanu n BceneHHasa ctana Npo3payvyHoun ans hOTOHOB.

[pn paclwmpeHnn TemnepaTtypa hoToHOB yrnana Ao T=2.725+0.002°,

MJIOTHOCTb ny=410.4:I:0.9. CkopocTb 3emninm oTHocuTenbHo CMB

V5=370 KM/cex.
Kpome TOoro, Yto peniMKToBOE U3NydeHne SBASETCS OAHUM U3 BaXKHENLLNX

NOATBEPXAEHMN «BONbLLIOro B3pbiBa», OHO AAET YHUKA/bHbIE AAHHbIE O
paHHEN UCcTopumn BceneHHoU (MHMNAUKNS B NepBbIE A0NN CEKYHAbI),
ee reoMeTpum u CocTaBe.

OCHOBHOWM UCTOYHUK MHMDOPMaLMN: aHU30TPOMNUS PENTMKTOBOIO
N3Ny4eHnst Ha OTHOCUTENBHOM YpoBHe AT/T~10>, oTKpbITOM B 1992 .,
(COBE). Hobenesckas npemus 2006 .



WMAP Sky Maps: 23 to 94 GHz

e Bandwidth: ~20%

eBeam FWHM: 0.85° (23 GHz) to
0.21°(94 GHz)

Systematic around 15uK? for C," vs

the ~1000 pK? nominal TT and ~100 (EE),




MuKpoBO/IHOBas KapTa Heba

XapaKTepHbI MacwTab TeMnepaTypHbIX NATEH ~ 1°

AT/T~10-5




CnekTp MynbTUNOSibHbIX rapMoHnK CMB

Angular scale
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[MponcxoXaeHne NMMKOB — 3BYKOBbIE BOJTHbI 3apOAMBLLMECS U3 KBAHTOBbIX
NyKTyaLumn B NeEPBbIE MOMEHTbI XW3HK BceneHHon, MHDNSALMOHHAS
TEOPUS XOPOLIO OMUCBLIBAET aHHbIE U MO MOSIOXEHWUIO N BbICOTE MNKOB
NO3BONSIET HANTU MHOIME NapamMeTpbl BceneHHoM ¢ BbICOKOW TOYHOCTbIO.

Tak nonoXxeHue nepsoro nuvka ~ 1°, roeopuT 0 TOM, YTO BceneHHas
nnockas: Q=1+0.015.




OCHOBHbIe pe3ynbTaThl
nony4yeHHole u13 CMB

CMB temperature
total density

matter density

baryon density
Hubble constant
baryon-to-photon ratio

decoupling redshift

age of the Universe

age at decoupling
reionisation redshift (95% c.l.)
reionisation optical depth

1.02 4-0.02

0.044 4+-0.004

227310002 K

0.27 +0.04

0 717004 |
0,717 0%

61702 % 10~

1089 + 1
13.74+0.2Gyr
379 2 kyr
20+$0
0.174+0.04

~10
~0.1



KpynHo-mMacwTabHble CTPYKTYpPbI
BO BCEJIEHHOM

B MOMEHT pekoMbuHauMm HeOAHOPOAHOCTb HAapMOHHOM MaTeEPUN
coctaBnana 10 npu z~1000, cenyac ~1, ectb 3Be3/bl, FaNakTUKN,
CKOMMEHUs ranakTuk, CyrnepcKonieHus.

CTpyKTYypbl 06pa30BannCh 3a CHET HEYCTOMUYMBOCTU [KUHCA. MI3yyeHne
CTPYKTYP NPV pa3HbIX Z NOKa3blBAET, YTO CHavana obpa3oBbiBa/INCb Masble
CTPYKTYpbl, 3aTeM b6onblume. nsa nbineBnaHon BceneHHon HeoaHOPOAHOCTY
S oc a(t) oc (1+2)1, ecnn 10> npu z=1000, 10-2cenyac - He npoxoanT!

MoaennpoBaHue (~10° yacTuu) NoKa3bIBAET, YTO TaKoe BO3MOXKHO
TONBbKO €CN NPEeAnonoXUTb CyLLECTBOBAaHME «XOJI0IHOM TEMHOW MaTeEpPUn>»
cnabo B3anMoaencTByOLWEN C 0ObIYHOM MaTeEPUEN, KOTopas Havana
rpynnMpoBaThCs elle A0 peKoMbunHaumw.
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250 000 red shifts, 5% of sky — paboTa 3akoH4YeHa



JlokanbHbIM cynepknactep Virgo
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MoaennposaHne (OPMUPOBAHNSA CTPYKTYP
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DopMUPOBaHUE CTPYKTYP NPU HaNnymm obbIYHOM
N TEMHOW XOJTIOAHOW MaTepum

Formation of Structure
Smooth ” Structured




Toxxe, HO ¢ JO06aBKOM ropsivyen TEMHOW MaTepun,

CTPYKTYPbl pa3Ma3sbiBatoTCS

3 cpaBHeHUs MoaenupoBaHus C AaHHbIMKM SDSS BKknapg Bcex
HEUTPUHO B TEMHYIO Maccy TeMHOM MaTepun < 12%, ninm Q <
0.035u Em <0.7 eV. (Bce actpopu3s. agaHHble ¥m  <0.17 eV)

Formation of Structure
Smooth ” Structured

A fraction of hot dark matter
suppresses small-scale structure
The Dark Universe in Munich, §-7 May 2004, Munich, Germany|



TEMHaAA MaTeEpUA

dark matler

=06 Uw

6apnoHHas matepus

MoaennpoBaHue

BCe/IeHHOU

(1 mec. Ha caMOoM 6bICTpOM
B MMpe KOMMbloTepe)

Figure 4: Time evolution of the cosmic large-scale structure in dark matter and galaxies, obtained
from cosmological simulations of the ACDM model. The panels on the left show the projected dark
matter distribution in slices of thickness 154~ 'Mpc, extracted at redshifis z = 8.55,z = 5.72,z = 1.39
and z= 0 from the Millennium N-body simulation of structure formation®. These epochs correspond to
times of 600 million, 1 billion, 4.7 billion and 13.6 billion years after the Big Bang, respectively. The
colour hue from blue to red encodes the local velocity dispersion in the dark matter, and the brightness
of each pixel is a logarithmic measure of the projected density. The panels on the right show the
predicted distribution of galaxies in the same region at the corresponding times obtained by applying
semi-analytic techniques to simulate galaxy formation in the Millennium simulation®. Each galaxy is
weighted by its stellar mass, and the colour scale of the images is proportional to the logarithm of the
projected total stellar mass. The dark matter evolves from a smooth, nearly uniform distribution into a
highly clustered state, quite unlike the galaxies, which are strongly clustered from the start.



OnpepnenexHne nioTHOCTU 6apMoOHHOW MaTepun
MO KOCMOMIOMMYECKOMY HYKIEOCUHTE3Y

Fraction of critical density

[pn BbICOKOW TeMnepaType 001 002 0.05

BCENIEHHOW M/IOTHOCTU
HEUTPOHOB M MPOTOHOB ObIN
O4HOro nopsaka. lNpu

T<1 3B HENTPOHbI NepecTanu
06pa3oBbIBATLCA N UX K-BO :
cTano 6bICTPO YMEHbLIATLCS. -
BbI>KMM TONbKO T€, KOTOpPbIE
BOLUSIN B COCTaB NErkux siaep
(D,He,Li...). Mo nx nnoTHOCTH
HaxoAMUTCS NNOTHOCTb HapMOHHOM
MaTepuw.
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N3 kKoHueHTpauuu D cnepyet
pp=3.8+£0.2:1031 r/cM3 ~ 0.04p. .
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obnakax ¢ 60bLWKM Zz) Baryon density (107! g em™)




OnpeaeneHne NIOTHOCTU TEMHOM
MaTepuun rno KiactepaM ranakTuk

M3yyast XapaKTEPUCTMKU KITACTEPOB raniakTUK yaaeTcs
onpeaenuTb UX NOMHY Maccy U Maccy 6apMoHHOM MaTepun.

BapuoHHas Macc cneayeT M3 HabnJaeMoro peHTreHOBCKOro
U3STYYEHNS FrOPSAYEro rasa.

[lonHas mMacca Hanbonee TOYHO onpeaensieTcs no
rpaBUTALMOHHOMY JIMH3UPOBAHMIO.

[ns 50 knactepoB oTHOLWEHWE NOMHON 1 BapUOHHOM MacC
M. /Mg~8. Cuntas, 4To 3TO OTHOLLEHNE B KIlacTepax u
BCE/IEHHOM paBHbl N UCMNONb3YS pg N3 HYKNEO-CUHTE3a,

nonyyaem p,,~0.04:8~0.3 p., B cornacum co cBEpxHoBbIMU U
CMB.
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| paBUTAalIMOHHOE JIMH3UPOBAHUE KJIIACTEPOB

Hubble Space Telescope
multiple images

of blue galaxy

N
CLUSTER OF
GALAXIES .




DARK MATTER MAP The total mass within giant galaxy cluster

CLO025+1654 is the sum of the galaxies themselves, seen
in yellow as ordinary luminous matter, plus the cluster’s
invisible dark matter shown in blue. The cluster’s dark
matter is not evenly distributed, but follows the clumps of
luminous matter closely. Credit: J.-P. Kneib Observatoire

Midi-Pyrenees, Caltech. ESA, NASA

TUraHTCKuUmn
Knactep ranakTtuk

4.5 mna.ce.net
OT 3eMNu

HeBnanMasa TeMHas
MaTepus, paccyMTaHHa4
No rpaBUTALMOHHOMY
NMTMH3NPOBAHMIO,
rnokasaHa rosy6obiM
LBETOM



CocTaB BCeJieHHOU

DOTOHbI 0.005%
HentpuHo <1.5%
BapnoHbl/3Be3bl 4.5/0.5%
TeMHasa (HebapuoHHas) MaTepus 25%
TeMHasa sHeprusg /0%

O6bwas nnoTHOCTb 6nnsKka K p. (N10cKas BceneHHas)

[laHHble B COrMlacuKn C MHPMALMOHHOM MOoAENbio (KpUTHUYECKaS
MNIOTHOCTb, U30TPOMUS N aHN30TPONUSA PEN. U3TYYEHUS)

OaHako, TeMHas MaTeEpund N TeMHad 3HEPIrnn — MNOJiHasd 3araka.



3aMeyaHus 0 SHeprnm BakyyMma

BceneHHas BEpOSATHO Yy)xe npoxoamna ¢aly BakyyMHO-MOA0OHOro COCTOSAHUS
B-Ba npu t~10-4-10-39(?) cek — nHdnaumoHHas moaenb: a(t) « exp(Ht), roe
Ht>50, koTopast 06bSACHAET OAHOPOAHOCTb, CNEKTP (hyKTyauun...

YTo cenyac onpenenseT nAoTHOCTb BakyyMa? DHeprusa “HyneBbix”
(KBAHTOBbIX) KOMEHGaAHNN 3NEKTPOMarHUTHOro Nons NMpeBbIWAoT
Habntogaemyto naoTHoCcTb B 10120 pa3! MNpuBneyeHmne SUSY yMeHbLLaeT
pacxoxaeHne ao 102> pa3 (6030Hbl N hEepMUOHBI AAKOT B SHEPrUO BaKyyMa
NPOTMBOMOJIOXHbIE BKNaabl). Moka OTBeTa HeT.

BonbLLIOWM BOMpPOC — NOYEMY MIOTHOCTb BaKyyMa B HacTosiLLee BpeMs
HeHyneBasi U NPUMEPHO paBHa NIOTHOCTU MaTepun? Ha doHe Takmx
60nbLUMX NOPSAKOB Takme “coBnaaeHns” KaxKyTcsl NOA03PUTENbHBIMMN.



[poncxoxkaeHne Maccobl BceneHHou

N3 61M30CTN K KPUTMYECKOW NNOTHOCTM BceneHHon cneayet
Q=1+£0.01, cneayet 4TO ee pa3Mep no KpanHen mepe B 100
pa3 6oblle pacCTossHUS BO rOPU30HTa BUAMMOCTHU (ct), T.e.
6onee 1039%m. Otctoga macca M> pR3~ 1022 -10°0~10°1 -,

EAnMHCTBEHHAs BEIMYMHA C pa3MEPHOCTLIO MaCChl, KOTOPYHO
MO>XHO COCTaBWUTb U3 PyHAAMEHTaNbHbIX KOHCTAHT 3TO Macca
Mnanka m, =(hc/G)"* =2-107¢

BO3MOXHbIN OTBET: Ha Ha4albHOM CTaauM MHMNALNK
BceneHHas cocTosina n3 BakyyMHO-NoAobHOro sewecrtsa ¢ P=-
pc2. ObbeM Bo3pacTasn, a NIOTHOCTb HE MEHsINAch, T.€. Macca
pocna. 3aTem npowusoLen ha3oBbiv NEPEXOs U 3TO cybCcTaHLms
NpeBpPaTUIOCh B 0ObIYHYIO MaTeputo. CyMMa OTpuULIaTEe/IbHOM
SHEPrUKN rPaBUTALMOHHOIO B3aMMOAENCTBUS U NMONOXUTETbHOW
SHeprum Matepum pasHa (Mnu 6nunska) K Hysno!



TeMHaa MaTepud

TeMHOW 3Heprnmn 6onblue BCEro, HO NPOSIB/ISIETCA OHA
TONIbKO HA KOCMUYECKMX MacluTabax, OTHOC. NJIOTHOCTb B
[anakTuke ~ 10->.

TeMHoOM MaTepuun B [anakTuke Ha B cpeaHeM B 5-6 pas
6osblue, yemM 0H6bIYHOMN MaTeEpPUN.

TeMHas MaTepus — 3TO, CKOpee BCEro, HEM3BECTHbIN COPT
3M1EMEHTAPHbIX YaCTUL,, KOTOPbIE MbITAOTCA 3aPErMCTPUPOBATD,
MX (U X HECTAbW/bHbBIX NAPTHEPOB) MOXHO POX/AaTb Ha
YCKOpUTENSAX, TOrAa MOXHO OyAeT MoHATb MX MpUpOoAY.



[ @anaKkTU4yeckas TeMHad MaTepus

JJaBHO U3BECTHO, YTO 3aBMCUMOCTb JIMHEMHOW CKOPOCTW 3Be3p - 2Wieky: 1937
B raflakTUKax He COrNnacyeTcs C OXXUAAEMON U3 pacrnpeaeneHns BUANMON
mMaTepun. Ewle Hy>XHO 006aBuUTb cpepuyeckoe rasao ¢ paamepamm 6onblue
BMANMOro pasMepa. baprmoHHoe 06bsicCHEHME BCe MAcChl rasio UCKIOYEHO!
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KaHaAMAaThl HA TEMHYIO MaTepuio

= HenTpmHo — He npoxoasaT, Mano

s AKCMOHbI - TMNOTETUYECKNE YaCTULbI, HYXXHble ANs
HEKOTOPbIX TEOPUN

= WIMPS (Weakly Interacting Massive Particles). N3 Bcex
3KCNepUMeEHTaNbHbIX akTOB O BCETIEHHOW 3TO Hanbonee
BEPOSAITHbIE  KaHAMAATbl HA TEMHYIO MaTEPUIO.
BO3MOXXHO 3TO HEMTPA/IMHO - Hanbosnee nerkue
CTabunbHble cynepcmMmMeTpuyHble (SUSY) yactuupl,
poAMNNCL Koraa BceneHHast 6bina ropsyen.



Examples of Direct WIMP Detectorq

Rejection of background is the critical issue \/
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Pe3ynbTaTbl NO NOUCKY TEMHOW MaTEPUN C AETEKTOPOM
N3 XKNOKOIro KCEHOHA (nyywwun Ha 5.2011, arXiv 1104.2549)
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Henpsamon nonck WIMPS no nx aHHUrunauum
B LeHTpe 3emnun, ConHua, 'anakTnku

Signature Experiment
________ Halo
Positron, Antiproton
Gamma rays BESS, CAPRICE, AMS, CELESTE,
GLAST, VERITAS, MILAGRO,,...
XX > L) 7VY
Earth, Sun, GC
Neutrino SuperK, Baksan,IMB, MACRO
XX —> WW,ff AMANDA, ANTARES, Baikal, ...
W, — vX
Cravitational JKCNepUMEHTbI YXXe uayT

WIMP looses energy by elastic interaction

capture of y .
. =>ifv<v , capture
in earth, sun escape? © L.
. capture + annihilation balance => constant
galactic centre

density in core

50



Declination in "
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TeMHyl0 MaTepUIO ULLYT NO aHHUTUAALUMN BOIN3K

LleHTpa ['anakTuku (B ueHTpe YepHas Ablpa C Maccou
4.3-10° macc ConHua)
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TeMHyo MaTeEpPUIO ULLYT NO aHHUTUNSALUUK BONM3K LieHTpa ManakTuku

XKectkue (>1 T3B) raMma KBaHTbI U3 LieHTpa [anakTUKu
Pe3ynbTaT MOXET ObITb CBA3aH aHHUTMNSALUMEN YAaCTUL, TEMHOM MaTepuu

C Maccon >12 TaB (bonblie 0XXnaaemomn)

T\VERITAS,
. 95% conf.
. region

. \

H.E.5.5.
combined
sysf, & statisiical

8
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CANGAROO Hf
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Fig. 1. Position of the TeV emitting region overlaid on a 21 em radio map [16] tracing
mostly non-thermal (synchrotron) emission features. The bright spot inside the
H.E.S.S. confidence region (marked as a white circle) is Sgr A*whereas the extended
ring like feature to the east of it is Sgr A*East. Note the difference in the accuracy

of the different instruments.



[1paMoe CBUAETENbCTBO CYLLECTBOBAHUS
TeMHon MaTepun astro-ph/0608407

[MocneacTBnst CTOIKHOBEHMUSA ABYX ranakTUYeckux knactepoB. CBETUTCS
0bblyHas MaTepUs. 3eeHbIE KOHTYPbl — pacnpeaenieHne rpaBUTUPYIOLLEN
MaTepUn, HanAeHHoEe MO rPaBUTALIMOHHOMY JIMH3UPOBAHMIO.
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[lpnpoaa 6pocmna BbLI3OB

PU3nKaMm!
Ob6blyHas MaTepus 5%
TeMHasa MaTepus 25%

(Hen3BeCTHOW NpUpoab!)

TeMHaq 3Heprus /0%

(Bbi3bIBalOLLAs @HTUIPaBUTaLMIO B
KOCMOJ10rM4yeckmx macltabax)







