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OTkpbiTe HenTyHa

NMnaHeTsl

VYuabsam Nepweab otkpbia YpaH B 1781 roay

HabAloAeHWs BbISBUAM AaHOMAAUM B ABUXKEHMUU HOBOM MAAHETbI
TpaekTOpUA ABUXKEHUSA OTAMYAAACh OT PacYETHOM
[MnoTtesbl cpopmuposasumnecs k 1832 roay

B3anmoaercTBue ¢ ra3o-nbiA€BOM CPEeAOM, KOTOpPas 3arOAHSET MEXMNAAaHEeTHOEe NPOCTPaHCTBO.
HeunsBecTHbIM cnyTHWK YpaHa, KOTOpPbIN Bbi3biBaeT HabAIOAAEMblE OTKAOHEHMUS.

3akoH nputskeHnsa HbloToHa HapylwaeTca Ha 60AbWKX paccToAHMAX OT CoAHUa

Ha aABmxeHune YpaHa okasbiBaeT BAUSAHUE eLLLE OAHA, AO CUX NOP He OTKpbITasi U He U3BeCTHas
NAaHeTa

K 1836 roay naes o HoBoM nAaHeTe cTaAa obLLEenpUHATOM
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OTkpbiTe HenTyHa

NMnaHeTsl

> Yuabsam 'epweab oTkpbia YpaH B 1781 roay

HabAloaeHUs BbISBUAM aHOMaAUM B ABUXKEHUU HOBOMW MAAHETHI
K 1836 roay naes o HoBol nAaHeTe cTaAa obLLENpUHATOMN

BbluncAaeHMs BbIFASIAEAU CAOXKHBIMU, 2 HABAIOAEHUS HEAOCTATOUYHbIMM

C 1841 no 1845 AxoH Kyx AaaMc (MOAOAOWM YYeHbIN) pacCUUTbIBAA TPAEKTOPUIO HOBOM MAAHETbI, HO
TOYHOCTb NMPeACKa3aHMs Bblaa HEAOCTATO4YHA

Hezasucrmo ot Apamca B koHue 1845r YpbeH AeBepbe npoBeA TWATEABHOE BbIYMCAEHME
TpaekTopun YpaHa U cMor npeAackasaTb HoAee TOYHO NOAOKEHUE HOBOM MAAHETbI

23 ceHTab6pa 1846 ropa NoranH MNaaAe no npeackasaHuam Y. AeBepbe cMor o6HapyXuUTb
HOBYIO MAQHETY
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CKOpOCTb BpalLeHMSA 3BE3A Ill

: ‘totational ueldcitv
(km/s)

50000 © 100000
distance from center (light years)

B 30x roaa XX ctoAeTus NosBMAUCH NMepBble HABAIOAEHUS CKOPOCTHU
BPALLLEHUSA 3BE3A B FNAAAKTUKAX U FAAAKTUK B CKOMAEHUSAX, KOTOpbIE He
COOTBETCTBOBAAMU MPEACKA3AHUAM

v

v

3arapka: HoBasi MaTepMsi MAM 3aKoHbl HbloToOHa HapyLueHbi?
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Distant Galaxy Lensed by Cluster Abell 2218 HST+* WFPC2 ¢ ACS

-

-

-

ESA, NASA, J.-P Kneib (Caltech/Observatoire Midi-Pyrénées) and R. Ellis (Caltech)) STScl-PRC04-08

CoraacHo DMHWTENHOBCKOM 0obLLer TEOpMM OTHOCUTEABHOCTU MPOCTPAHCTBO
MCKPMBASIETCA B 0OAACTU CUABHOIO FPaBUTALLUOHHOIO MOAS

TemHas MaTepus npo3payHa 1 ee rpaBUTALLUOHHOE MOAE BbIMOAHSIET POAb
YBEAUYUTEABHOIO CTEKAQ
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H
CToAKHOBeHuUe [ aAaKTUK I|I| ]

> PaccTosiHMs MeXAY 3B€3AaMU - HECKOABKO CBETOBbIX AET

> [laoTHOocTb TemHoM MaTepuun B COAHEYHOM CUCTEME ~
| 3B 8 3 c™m?

» Mex3Be3aHas MbiAb B Hawen raraktuke ~ 10® atomos B
| cm3

> Mex3Be3aHas MbiAb B3AUMOAEUCTBYET CUMAbHEE TEMHOM
MaTepum
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Chandra 0.5 Msec image

“Buanmas’” yactb cnekTpa

Buanmoe n peHtreHoBckoe usayveHue Bullet Cluster (IE

0657-558)

December 6,2016 TemnHasa Matepus, Dmytro Kovalskyi



I H
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TemHas [ anakTUKa I |||
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AAbTEPHATUBHbIE
MoaeAu



HbloTOHOBCKas AMHaMmMKa

MoandunumposaHHas I I I i

> M. Mwuarpom B 1983 roay 3ameTuA, 4TO HBIOTOHOBCKAS
CUAQ FPaBUTALMU MOATBEPXKAEHA TOABKO AAS
OTHOCUTEABHO BOABLLMX YCKOPEHMM, U MPEAMOAOXKMA,
YTO AASl MaAbIX YCKOPEHMI 3aKOH BCEMUPHOTO
TAroteHns HbioToHa MoXkeT He paboTaTs.

» MOND ycTaHaBAMBaET, YTO YCKOPEHUE 3aBUCUT
HEAUHEMHO OT CO3AAIOLLLEU €rO MaCCbl AASl MAABIX
YCKOPEHUMN.

» CTOAKHOBEHME raAakTUK B KaacTepe [lyan
OornpoBepraeT 3Ty TEOPUIO

» Ho ee moaAMPUMUMPOBAHHBIE BEPCUM BCE €L He
OMPOBEPrHYThI
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Moaeab Aambaa-CDM

NAU
CTaHAQpTHaSA
KocMoAormyeckas
MoaAeAb



H
KocMoAorus I|I||

CsobogHble BOAOPOA N Frenuni

. 0.3%
TemMHasa maTepus HeﬁTleHO

3BEé34bl

TéMHasa aHeprus

> CtpykTypa PeanktoBoro usayvenus (2.7K) —
napaMeTpbl MOAEAU

> ObbacHseT 3pPeKT YCKOPEHUS paclUMpEHUS
BceAaeHHOM

> TemHaa MaTepus KAIOMEBOM SAEMEHT

» Hanboaee To4YHble OLLEHKM NAOTHOCTU TemMHoM MaTepum
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N3 yero coctour
TemHaa Matepus!?



bapnoHHas [émHaa MaTtepus I|Ii|-

» Massive Astrophysical Compact Halo Objects,
MACHO

> Matepusa coctoswas us 6apMoHOB, KOTOPbIE U3AYHAIOT MAAO
3HEpPruu, Ho obaaaatoT HOAbLLOM MaccoM

> YepHble Ablpbl, HEMTPOHHbIE 3BE3AbI, KAPAUKOBbIE 3BE3AbI U IOMUTEPO-
MNoAOBOHbIe MAaAHEeTbI

» MACHO npotuBopeunT Teopum boabLioro B3pbisa
3aBMCUMOM OT HEro KOHLEHTPALMUMU AETKUX DIAEMEHTOB
NOCA€ MepBUYHOIO HYKAEOCUHTE3A.

»  OTCyTCBUE CUABHBIX TPAaBUTALMOHHbBIX AMH3 B HalLeWn
BceAeHHoM Takke onposepraet MACHO.
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HebapnoHHaa TémHaa MaTtepus Illil-

> Twnbl TemHon MaTepum

> PeAsTUBMUCTCKas ropAYvas TeMHas maTepus - /Aérkme HEMTPUHO
»  CBoboaAHbIM Npober 6oAbLLe pasMepa NMOPTO-FaAAKTUK
»  HeBo3MOXHO $OpMUPOBAHME MAAAKTUK U FAAAKTUHECKMX KAACTEPOB

»  Macca u3BecTHbIX 3-X MOKOAEHUI HEMTPUHO HEAOCTATOYHA

> TenAas TeMHas maTepus

»  CTepUAbHble HEMTPUHO

> XOAOAHas TeMHasi MaTepus

»  HeusBecTHble YacTULbI
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[ louck 1 eMHOM
MaTepun



Tunbl DKcnepMMeHTOB I|Ii|-

thermal freeze-out (early Univ.)

indirect detection (now) > Direct Detection

E
> PaccemBaHMe Ha sppax u
HYKAOHaX
S . .
= ? |Indirect Detection
D
D ?  AHHUMMASLUUSA TEMHOM
g
g MaTepum
= > Colliders

DM SM
» Co3paHMe TEMHOM MaTepuUM

productlon at colliders
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MoaeAn I|Ii|-

NMSSM

MSSM R-parity

violating

Supersymmetr
/ persy y

\\ Gravitino DM )

Hidden Sector

Self-In

DM 8 |

teractin
s ‘

Dark Photon .
Conserving

Light

Force Carriers

Extra Dimensions

—

Solitonic DM

Quark
Nuggets

Sterile Neutrinos

—

Warped Extra
Dimensions

Little Higgs

QCD Axions

Axion-like Particles
Littlest Higgs
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Direct Detection Ill.-

¥ Y Dark Matter
(mass ~ GeV - TeV)

Germanium

recoil energy

-
Outgoing
Particle

E~3V . » ~r~ (tens of keV)
2 N

phonons

Incoming
Particle
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Sanford Underground
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LUX Experiment

Top Thermosyphon

—e

Titanium Cryostats —

Xenon Circulation

Anode and Electron and Heat Exchanger

Extraction Grids
PTFE Reflector Cage 300 kg Liquid Xenon
Cathode Grid

Photomultiplier Tubes

Bottom Thermosyphon
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LUX PesyAbTathl
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FIG. 3. Upper limits on the spin-independent elastic WIMP-
nucleon cross section at 90% CL. Observed limit in solid black,
with the mean and 1(2)-o ranges of background-only trials
in dotted gray and shaded green(yellow). Also shown are
limits from LUX WS2013[9] (gray), XENON100 [44] (red),
DarkSide-50 [45] (orange), PandaX-I [46|, and PandaX-II [47]
(both purple). The expected spectrum of coherent neutrino-
nucleus scattering by ®B solar neutrinos can be fit by a WIMP
model as in [48|, plotted here as a black dot. Parameters
favored by SUSY CMSSM [49] before this result are indicated
as dark and light gray (1- and 2-0) filled regions.

December 6,2016
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LUX PesyAbTathl

WIMP-nucleon cross section ( zb )
WIMP-nucleon cross section ( cm 2 )

FIG. 3. Upper limits on the spin-independent elastic WIMP-
nucleon cross section at 90% CL. Observed limit in solid black,
with the mean and 1(2)-o ranges of background-only trials
in dotted gray and shaded green(yellow). Also shown are
limits from LUX WS2013[9] (gray), XENON100 (red),
DarkSide-50 (orange), PandaX-I [46], and PandaX-II
(both purple). The expected spectrum of coherent neutrino-
nucleus scattering by ®B solar neutrinos can be fit by a WIMP
model as in [48|, plotted here as a black dot. Parameters
favored by SUSY CMSSM before this result are indicated
as dark and light gray (1- and 2-0) filled regions.

December 6,2016

Temnaa Matepus, Dmytro Kovalskyi
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Direct Detection Overview |||||

Limits on Dark Matter from Direct Detection
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2FGL J1305.0+1152

Credit: NASA/DOE/Fermi/LAT Collaboration

» BblCOKO 3HepruyHble YacTULbl U3 KOCMOCa
>  @DOTOHbI
> DAEKTPOHDI

>  AHTM-4acTMUbl (MO3UTPOHbI, AHTU-MPOTOHDI)
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Colliders I|Ii|-

v/ 9

MET = 1467 GeV

Jet pr = 1467 GeV

P ¢

CMS Experiment at LHC, CERN
Data recorded: Sat Oct 3 06:58:12 2015 CEST
\ Run/Event: 258159 / 550030997

| Lumi section: 434

December 6,2016
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Dijet Searches

_ CMS Preliminary 12907 (13 TeV) o5y T T ] i ! A ' i
% 1°3|§_ ¢ Data 0-35_ATLAS Pre“mmary - A%V\L/}xrgécszsc)r\?gfz(o16-)()3o E
ORI — Fit Vs =13 TeV; 3.4-15.7 fb High-mass dijet AT
B A a9 (750 GeV) 0.3 . ATLAS-CONF-2016-069 /&
| A qg (1200 GeV) ' Dijet+ISR (y) N
= - g (1600 GeV) ATLAS-CONF-2016-070 .
-cE; 1 0.25 Dijet+ISR (jet) =
g = - ATLAS-CONF-2016-070/ _
8 wi :
S § 0.2 —
10—2 E_ o... B —
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- 453 <m; <2037 GeV T ", 0.15 - ]
104 Ml <25, A <13 -7 ’ . - .
600800 1000 1200 1400 1600 1800 2000 0.1 Wt I<06 7
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10°
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» Mediators coupling to quarks and gluons can be
...... searched for in di-jet final state

do / dmjj [pb / TeV]

—h
<

> one of the most sensitive channels for new dijet resonances

—_
<
\V]

Wide PF-jet . . . R R R
1073 mﬂ' e > Strong limits are set for mediators with couplings to
104 Il <25, Al < 1.3 1 SM as low as gq~0.1
5 3 4 5 6 78

Dijet Mass [TeV]
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nvisible Higgs

2 EXPERIMENT
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S — > Direct and Indirect searches for invisible Higgs
| ATLAS i . . . . .
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Summary Plots

Dark Matter Summary ICHEP 2016
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AILAS

3 EXPERIMENT

Comparison with DD and ID searches

ICHEP 2016
Dark matter — 100
v~ 220km/s (\g - CMS Preliminary _
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E~ O(10keV) g‘ [EXO-16-038]
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CMS DM+y
[EXO-16-039]
., oS D47, > Simplified Models allow for comparisons
[EXO-16-038] . . . .
QusLt o O O DN\ with Direct and Indirect Detection
i DD observed exclusion 90% CL
searches
CRESST-II
" [arXiv:1509.01515]
__ CDMSLie20ts > Relict density is not used in the
[arXiv:1509.02448]
LUX 2015 constraints
[arXiv:1512.03506]
o167 07400] > Results strongly depend on the choice of

1 E R | SM and DM couplings
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BbiBoADI Illi

> CywecTtBoBaHue TemHon MaTepum obLienpusHaHHbIN

dakT

> [lonck TemHon MaTepun OAHO M3 BaXKHEMULLMX
HarnpaBA€HUM PU3NKMN YACTULL, U BbICOKMX SHEPIUM

» DBOAbLUOM KAACC 3KCMEPUMEHTOB YYBCTBUTEAEH K
TemHon MaTtepun

» HeaoctaTok cBepaeHMn o TemHon MaTepun Tpebyet
LUMPOKOMACLLITAabHOIrO NOAXOAA K €e MOMCKY

» HoBble pesyAbTaTbl oxxuaatotTcs BecHon 2017 roaa
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