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" M
H

UHcmumym sidepHoU ¢hu3suku u mexHosioaul

Jlabopamopusi akcrnepumMeHmarsibHOU s10epHOU hu3uKu
http://enpl.mephi.ru/

A.UN. Borno30biHSA

OkcnepumMmeHTanbHasa agepHas dpusmka

Jlekyusi Ne29

S10epHasi acmpogu3uKa
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Mogoenb paclumpstowenca BeceneHHon
HykneocuHTes

IBoONOLUNA 3B8E3A

Kocmunyeckne nyuu

TeéMHaga matepus 1 TEMHas 3Heprus



" A
1. Modenb pacwupsirouletcsi BcesnneHHoU

BcenéHHasi ®pudmaHa — neppasi U3 HeCTauMOHaAPHbIX Moaenen
BcenenHon, npeanoxeHHaa A.A.@pudmaHom B 1922, B obuiem cny4vae
onuncblBaeT HecmauuoHapHyro BeceneHHyto, obnagarouyo KpMBU3HOMN.

PeweHne ®puamaHa ObIfio BHa4vane otpuuaTenbHO BOCNPUHATO
A.OnHwTenHom, Brnocreactemm A.O. He pas noaTBepxaarn, YTo Ha4Yano
Teopun paclumpstowienca BeenenHon nonoxun A. A. dpuaman.

CoBpemMeHHas ACDM mopernb no-npexHeMy sBnsetca moaensto dpuamana, A-A(-f’S%"gﬂﬂa;'gzgﬁ r.
HO yXe C Y4ETOM KOCMOJSI0rm4ecKkom NOoCTOAHHOW N TEMHON MaTepPUMN.

B 1929 rogy 9aBuH Xab6n obHapyXun 3aBUCUMOCTb MeXAY KPaCHbIM CMELLEHMEM ranakTuk u

paccTosiHnem o Hux (3akoH Xabbna):
— 19

v = Hyr, Ho= 67.80+0.77 (xm/c)/Mnk (IMnk =3.09%x10%° km)

' 1 nk = 3.26 cBeT.roga

YTO NOATBEPAUNO HECTAUMOHAPHOCTL BceneHHown, BBeaeHHY0 dpramaHoMm
1964 — amepukaHckue paguoacTtpoHoMbl A. [leH3nac n P. BUNICOH OTKPbITN MUKPOBOJSTHOBBIN

KOCMMYECKMUA OOH 3.-M. U3nyyeHns n namepunm ero temnepatypy = 3 K, kak n 6b1510 npeackasaHo
mMoaenbto «bonblioro B3pbiBa»

B 1998 rogy 6b1r10 06HapyeHo 4To BceneHHasa ycKOpsieT pacliMpeHue
3a CYET «TEMHOW SHEeprnm» 3
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BonbLuoii
B3pbIB

[MpeobnapaHne
KBapk- MaTtepumn
KoHel BoNbWOro  afpOHHLIiA OGpa3soBaHue
] 00beanHeHNs nepexop aTomoB
paeuTaumsa Hykneo- CBA3kL BellecTea
CUHTE3 l W U3ny4eHus
1030 1025 1024} 1015 1Dm 105 1

FrT I T JrIrqrmmrmierr T e T T =TT =TT
10 10* 10*" 10" 10" 10" 10° 10° 10° 1 10~ SHepruq, aB

Temnepatypa, K
i

BHGOKHJGHQDFHH HnepuHanq AToMHas
KOCMW4YECKUX JTy4eld  sHeprus cBasu 3Heprud ceBA3u

10-20 10-%5 10-20 1015 1010 10°° 1 Paamep, cm

Hid—ld-lidd—l-lid—l—l-rlddd-li—ldd-lu—ld-lu—l—l-ﬁ—ld—hll—.

107 10" 10%  10®  10® 107 10, 10" 10" MnoTHOCTb, r/cM®

HoepHoe’ Bopa' 'Bospnyx 1 atom/cm?
BelleCTBO

1 10°10°10° net

wmmmmmmmmﬂ#ﬁ-ﬁm» Bpems

10 10* 10* 10* 10" 10" 10° 10° 10" 10" cekyHp

Q}ODMHHOBEHHEﬁL dopmMupoBaHue
Manaktukn  ConHe4yHor
CUCTEMBI



PacnipederneHue MUKpPOBO/THOB020 (hoHa (PeruKmMo8o20 uary4yeHusi) rno HebecHou cgepe

9-neTHss akcno3numa co cnytHuka WMAP. [JaHHble noaTBepXgatoT Kocmonormnyeckyto mogens ACDM u
MHGNAUNOHHYIO Teoputo BeceneHHon: Bo3pacT 13.77 mnpg. net, 6apnoHHaa matepus — 4 %, TEMHaa matepus —
23 %, TéMHagqa aHeprus — 73 %. T=2,72548 + 0,00057 K

The signal from our galaxy was subtracted using the multi-frequency data. This image shows a temperature range of + 200 microKelvin.
http://map.gsfc.nasa.gov/media/121238/index.html
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"
2. HykneocuHme3s

Bpesa, ¢
CyLLl,eCTByI'OT TPpW MaBHbIX MEXaHNU3Ma 1o 10 TE 104

HyKneocuHTe3a BO BcerneHHou: I . ; r
1) nepBUYHbIN (KOCMONOrNMYECKNN NI
A03BE3OHbIN) HYKITEOCUHTES, 1
2) CuWHTE3 siaep B 3BE3daxX U Npu B3pbiBax
3B€3/ (3B€34HbIN),
3) HYKNeocuHTE3 Nnog AeUCTBUEM KOCMUYECKNX

loas mo MaACCE
=
L- 2
i,
I/
"
=
[
L
=

ny4yen. A ]
2 1w .
o e . 110
B ropsiuem npoTto-Bellectse BceneHHoN, o — <
CoAep’KaBLUEM NPOTOHbI U HENTPOHbI MpK , L T L
Temnepartype = 10° K, B pe3ynbrate nx CnusiHus 1§ L &% X

00Opa30oBbIBASIUCH FIETKMUE ANEMEHTHI. Tesmeparypa, 10° K

[Mpn nnoTHocTM BellectTBa p ~ 102 - 104 r/cm® BEPOSATHOCTb TOrO, YTO HENTPOH M MPOTOH He
NPOB3aMMOOENCTBYIOT 3a BpeEMSI MEPBUYHOIO HYKNEeoCcuHTEe3a coctaBndetr MmeHee 104

Tak Kak B Ha4yarne Ha O4WH HENTPOH MPUXoaunochb 5 NPOTOHOB, COOTHOLLEHNE MeXAY YMCIoM
agep “He mn p gomkHo 6biTb ~ 1/10. Habniogaemoe COOTHOLLEHME pacnpOCTPaHEHHOCTEN
BoZopoaa v renus cdpopmMnpoBaroch B TeYeHUe NnepBbiX MUHYT CyLLECTBOBaHUA BcerneHHoM.

http://nuclphys.sinp.msu.ru/spargalka/062.htm

-
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llepeuYHbIlU HYKITIeOCUHMe3

time
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10 sec
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[irsl aloms

nuclecsynthesis

confinement

EW transition

end of inflation

big bang



366E30HbIU s ZeN=20 Anders, Gravesse, 1969
HYKJ1IeOCUHmMe3

ney
.l 1 i 1 i | L 1 | 1 L A | | 1 L A | -

4] 50 100 150 200 MaCcOBos wazno A

[Mocne Toro kak BoO BceneHHon obpasoBanuchb 3BE€3a4bl, OCHOBHbIM MEXaHU3MOM HYKIT€OCUHTE3a
CTaHOBATCA SAepHble peakuun B 3B€3ax. Aapa TKENbIX 3N1eMeHTOB (BNMAOTb 40 ypaHa)
obpasyloTca B MacCMBHbIX 3BE3daX U Npu B3pbiBax CBEPXHOBLIX MMaBHbIM 06pa3oM B pesynsrarte
3axBaTa HEMTPOHOB Bornee NErkMMu sapamm ¢ nocrnegyrowmm B- - pacnagom.

HekoTopble XMNYECKNE ANIEMEHTLI N Aaxe MONEKysbl 00pasyloTcs B pesynsrare
B3aMMOOEeNCTBUSA KOCMUYECKUX JTyden C MEX3BE3LHOMN cpeon.

B pesynbraTte HykreocuHTesa chopMmpoBarcs CoOBPEMEHHbIN aTOMapHbIM cocTaB BcerneHHon,
roe 6onble Bcero Bogopoaa (= 91% atomoB) u renus (= 8.9%). OctanbHbix atomoB < 0.2%.

HyKJ'IeOCVIHTGS npoaoImnKaeTcAd N B Hactodulee BpeM4. 9
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3. 3eosnrouusi 36€30
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- 108
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o = -
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http://nuclphys.sinp.msu.ru/spargalka/038a.htm

s m? 1010 '
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HacTe monexkynsapHoro obnaxka NMnaHeTapHan TYMAHHOCTL

MNpoTo3sesna KpacHbIA rMrasT benvin Kapnuk

Hayano repmMosAepPHOR peakumn HacToswee (4,57 mapa ner)

XusHeHHbIn umnkn ConHua

yCNOBML
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4. Kocmu4eckue ny4yu

1 epsu4YHble XapakTepHCTHKH KOCMHYECKHX Ty4ei 10 Bxoaa B arMocdepy (IepBHYHBIE KOCMHYECKHE JIVIH)
T'anakTHUECKHE KOCMHYECKHE Ty9H CoNHeYHRIE KOCMHYECKHE TYTH
2 4 Bo BpeMs COTHEYHEIX BCIIBIIIEK
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5. TemMHass Mamepusi U méMHas 3Hepaus

Spiral galaxies of billions of Stars

From the Hubble .
- Space Telescope*
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1933-1970 «Hedocmarowassi macca» BcenneHHou

A Velocity of the star B

Observed velocities

PoTaumoHHaa kpueas /).

TUMNYHOW cnnpanbHOW

ranakTnku




Habnrodaembie aghghekmbi

Atoms
Dark
4.9% FREGY
68.3%
Dark :
Matter
26.8%
TODAY
Neutrinos Dark
10% Matter
63%
Photons
15%
Atoms
12%

13.7 BILLION YEARS AGO

2
(Universe 380,000 years old) Gravitational Lens G2237+0305
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The solar system moves through the galactic halo
at about 230-kilometers per second. That creates

a wind of dark matter particles impinging on
detectors on earth!

Sun 230 km/s




lMouck memHoU x0s100HOU Mamepuu 8 ¢hopme
MaccueHbIx criaboe3aumodelicmeayrouwux 4acmuy,

1. Direct detection (scattering XS)

production

Nuclear (atomic) recoils from elastic scattering
(annual modulation, directionality, A- & J-dependence)
Galactic DM at the Sun’s position — our DM!

Electron Recoil

(gammas)

Nuclear Recoil
\ (neutrons, WIMPs)

)

Mass measurement (if not too heavy)

direct
-

indirect

. Indirect detection (decay, annihilation XS)

High-energy cosmic-rays, y-rays, neutrinos, etc.
Over-dense regions, annihilation signal o n?
Challenging backgrounds

. Accelerator searches (production XS)

Missing transverse energy, monojets, etc.
Good place to look for particles...

Mass measurement poor, at least initially
Can it establish that new particle is the DM?
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Jeyxopa3Hbie aMUCCUOHHbLIe demeKmMophbl

My =50 GeV/c?

G,.e1= 10" pb (104 cm?)

integral rate, counts/tonne/year

0 10 20 30 40 50
threshold recoil energy, keV

Searches for RARE and LOW ENERGY
events: a very challenging combination

H. ARAUJO
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MemopuanbHas
AOCKa Ha Kopnyce
«3» OTKpbLITA

18 Hos6psa 2014 r.




1969-70 lMpuHyun pecucmpauyuu

b.A. Jonmromenn  Bb.Y. Poguonos B.H. JIebenenko

HonrowewuH B.A., llebeaeHko B.H. n PoanoHoB B.Y. HoBbI MeTod pernctpaumnm TPEKOB MOHU3UPYIOLLIMX YacTuL, B KOHOEHCMPOBaHHOM BELLECTBE,

Mucbma B KT, 1970, 1.11, cTp. 351-353. 292

Hutchinson G. W. (1948). lonization in liquid and solid argon, Nature, 162, pp. 610-611.
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1970-73  OMUCCUOHHas UCKpoeasi Kamepa Ha XUOKOM ap20He

R V(2)

o, /dp,

BepOFITHOCTb OMUCCUN IJTEKTPOHOB MOHN3aALIN N3
KOHOEHCMPOBAHHbIX 6J'IaI'OpO,EI,HbIX ra3oB

K 10 r | ‘ | | | | ‘# R
PRILTRE i

04 -

= g +

JonrowewH B.A., llebeaerko B.H. n Poguonos B.Y. 0 H; I ‘ \

HoBkIln MeTof perncrpauum TPEKOB MOHU3MPYIOLLMX YacTuL, B 0 1 2 3 4 5
KOHOEHCMpoBaHHOM BellecTBe, NMncbma B XKOT®, 1970, 1.11, F. kviem
cTp. 351-353.
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NOHN3aLMs cpeabl

1995 AMUCCUOHHbIU demeKmop «6e3 CmMeHOK»
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» «Camo-akpaHnpoBKa»

=

 BbonbLlasa macca

 MoXXHO ncnosnb3oBaTb ANS Noucka
peaknx u cnabblx curHanos

Fig4. LXe time-projection scintillating drift chamber as
wall-less detector for measurements of magnetic momentum
nentrino. 24
Bolozdynya, Egorov, Miroshnichenko, Rodionov.IEEE Trans. Nucl. Sci. v.42, n.4 (1995) 565-569
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4 Drift time
indicates depth
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Outgoing S}
Particle

Incoming
Particle
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2003-2013 3MuccuoHHbIe demekmopbl TM

XENON 100


http://pandax.physics.sjtu.edu.cn/wp-content/uploads/2012/01/pandax-tpc.png

XENONZ100 at Gran Sasso Lab 2005-now

Laboratori Nazionali del Gran Sasso, Italy

LNCS' 1400 m Rock (3100 w.m.e)
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ZEPLIN 1l Boulby, U.K. site (‘Palmer lab’)

SI=2 CCLRC Rutherford Appleton lig?m'd2°8'.‘"‘ water eq;'v'
Laboratory reduction in muon flux
N L7

rAIRN
NI LA

Imperial College London

University of Edinburgh

ITEP

Z 1N
@ LIP- Coimbra (Coimbra Univ.)
f—

Underground Research Laboratory
Boulby
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LUX at Homestake mine (USA)

Homestake Gold Mine
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2015-2025 3kcnepumeHmM emopo20 NMOKOJIeHUs

Instrumentation conduits

High voltage
feedthrough

120 veto PMTs —

7 tonne liquid xenon
time-projection chamber

Water tank

Gadolinium-loaded
liquid scintillator veto

Liquid xenon
heat exchanger

— 488 photomultiplier tubes (PMTs)
Additional 180 xenon “skin” PMTs
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"
OTHOWeEeHMe oXXMaaemMoro curHana ot FeOHeIZTpMHO K CbOHy OT peaKTOpPHbIX HGI7ITpIAHO Ha NOBEPXHOCTH 3emnu
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BMECTO 3AKJIOYEHUWA:

«The existence of dark matter is at present one of the strongest
pieces of evidence that the current theory of fundamental particles
and forces, summarized in the standard model of particle physics, is
incomplete.

...Dark matter therefore plays a central role in both particle physics
and cosmology, and the discovery of the identity of dark matter is
among the most important goals in science today.»

The Report of the Dark Matter Scientific Assessment Group, a joint sub-panel of the High Energy
Physics Advisory Panel (HEPAP) and the Astronomy and Astrophysics Advisory Committee
(AAAC), states (July 2007):
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