lMouck aunomemu4eckKux 4Yacmuuy
memMHoOU Mamepuu (3KcrnepuMeHm)

A.M. ['anbnep
(HAAY MNOIN)
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IIposiBJIeHHMEe TEMHON MaTepUH
B PA3JIMYHBbIX ACTPO(PU3UUYECKUX 00bEKTAX o

nsmepeHue opbutanbHbIX cCKopocTei nepudepurimHbiX 06bBEKTOB
ralakTUK U ralIakTUYECKUX KNacrTepos;

rpaBUTaLLMOHHOE IMH3UPOBaHUE;
PEeHTreHOBCKOe CBeYeHMe ralakTUK, CKONJeHU raNakTuk;

NPOCTPAHCTBEHHAA aHU3OTPOMNUA PE/IMKTOBOro Paauoun3iyyeHums.
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KocMosiornueckue napaMeTpbl

I"t

total l ~ 3HA(Y)

—

total  Pen Perit.” 822G

(Universe is flat)

Qo = Q)+ Qy Qv=Qcpv 2

~72% ~23% ~5%
= Q + Q + Q
total b DM DE

stars, galaxies ?7? candidates ??? quintessence
N3mepenue mocTossHHOM Xa001a H=71+4 km/c 1/Mnk
N3mepeHue TeMriepaTypbl peJJUKTOBOIO T.-2,725K
63ﬁ1ggz[e§114efrlme Bo3pacra BceenHoii t,=(13,7£0,2)*10° et
Ilepexoa B paguanMoHHYI0 (pazy t. ~4*10° jger

w
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YpaBHenue boabumana 1151 H3MeHEeHHU IVIOTHOCTH N
BHUMIloB Bo Bpemenu B I'anakTuke

dn
; = —3Hn, — (n°

eq,2 .
r ﬂ*;gq’ ) < Oagnnl >

_ 2
Meq X (m’T}%e T

n,(to)m, 3x10~ 2" cmsec1
Pc{tﬂ:] - < Tannl! = hg

Q, =

QX = QDM ~ (.23

(ov) ~3-107*°cm®s™*

2
a /
(o) ~ =5 for M<120 TeV
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OueHp Jerkue
(m < eV)

Kananagarsl
(dark matter)

axino

4

OueHb THAXKEIBLIC
(m =100 GeV)
WIMP

AN

Mogaeib cynepcuMMeTpUn
The lightest stable particle
(LSP) — neutralino (y)

- gravitino (g)

Moaesib MHOTOMEPHOIO
MPOCTPAHCTBA
The lightest stable particle
(LKP) — Kaluza-Klein
particle (B1)
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TTpambrie metoasb:

Peructpauua s3aumopeucteua cnabossammonenctsyrowmx
MACCUBHBIX YaCTUL C OObIYHBLIM BELYECTBOM.

PoxneHue yactuLl TeMHOU MaTepum Ha yCKOpUTenax

KocseHHbIE meToabt
Peructpauua npoaykros aHHurunauvm WIMP

By t+By—ytypvtve te ..
y+y—->bb,tt,r v ,2°2°, 2y WW ™ ,HH —

S Y4V, e+, pp+..,dd +..
Peructpauus npoaykros pacnaaa WIMP

B, — Il 720720 WW-
y — v, 20y, WEE
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IIpyHIMI PErucTPANMM YACTUI TEMHONM MAaTEePUH NPH
YHPYIMX CTOJKHOBEHHUAX C BEIECTBOM JA€TEKTOPOB B
MOA3€MHbIX YCTAHOBKAX

Target Atom /

(mass Mga) =4

ﬁ::'1|:|'3

wWIMP

Recoil

Tmax = 2 Mac2p2
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INCOS MEPRT

NamocTpanusa mosiBJJeHUS TOANYHBIX MOAYJISIIAA
TEMIIOB CYETA MOJA3EMHbBIX YCTAHOBOK

l

Earth

June

WIiMP

wind Sun December

NRRE

FIG. 1: A smplified view of the WIMP velocities as seen from the Sun and Earth. Due to the
rotation of the Galactic Disk {containing the Sun) through the essentially non-rotating dark matter
halo, the solar system expenences an effective “WIMP wind." From the perspective of the Earth,
the wind changes throughout the year due to the Earth's orbital motion: the wind is at maximum
speed around the bepinning of June, when the Earth 15 moving fastest in the direction of the disk
rotation, and at & mimimum speed around the beginming of December, when the Earth 15 moving
frstest in the direction opposite to the disk rotation. The Earth’s orbit i3 melined at ~607 relative
to the plane of the Disk.
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FOIIOBI)IC MOAYJ/JISAIIUU TEMIIA CUECTA YCTAHOBKH

DAMA/Libra

0.1f 0.1¢
: 2-6 keV . 6-14 keV
% 0.05F % 0.05 F
E — :
E ; F o
~ E 3 ‘_‘}—_‘
- S -
I : |
E -0.05 ¢ -E -0.05 ‘
8 Eh
= [~ .
7 7 ] P VS R E ) 75 [ P SIS B
300 400 500 600 300 400 500 600
Time (day) Time (day)
2-6 keV
2 : : ED:’ﬂvl-\y’LIBRik =250 kg (0.87 tonxyr) : >
EI | | il | 1 IEI | | l: | | I| 1 1 IEI | 1 I | |EI | I| | 1 :i 1 | | 1 |EI 1
5230 3500 3730 4000 4250 4500 4720 5000 5250
Time (day)
9

14 Hos16ps 2012 roga, Ceccust OS® PAH 8 HUAY MUDU



OrpanuyeHue cedyeHUs B3aMMOIEeHCTBUSA — MACChI 110

WIM P-nucleon (S1) cross-section, pb

JAAHHBIM INOA3C€MHBLIX IKCIICPUMCHTOB

-4
0 cMSSM
Y mSUGRA
-5 74
10
-6 i
10 |
-7_
10
-8
10 |
- | | I | | | | |

~
S

WIMP mass, Ge v/’
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! INCOS MEPhI ‘

Cxema HeUTPpUHHOIO YKcnepuMenTa IceCube

IceCube Lab

50 m

1450 m

2450 m
2820 m

lceTo
—_— 680 Stations, each with
2 leeTop Cherenkov detector tanks
2 optical sensors per tank
420 optical sensors

2010: 72 strings in operation
. ' 2011: Project completion, 86 strings

IceCube Arrady
/”/”'36 strings including 6 DeepCore strings
] 60 sensors on each string

5160 optical sensors

; AMANDA Arra
ﬂ L Precursor to IEECIEJE

DeepCore

strings—sensor spacing optimized
far lower EHEI'QFEE

Eiffel Tower

324 m
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NOOS MEPRE

Juanazon snepeuii:

nporousl, antunporons  0.08-150 I'>B

snextponsl, osutponsr  0.05-200 I'9B (o

1013 3B)
Anpa, aHTHAIpa 0.1-200

['>B/nykion
Macca 450 kr

T'abapumnvte pasmepur 1 Mx 1M x1.25m

Hnoykyua maznummnozo 0.48 T
noJs

Inekmpuueckasn 350 B
MOWHOCMD

12
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INCOS MEPRT

OcHoBHbIe pe3y abTaThl IKcnepuMenTa <ITAMEJIA»

-3
o 10

=9

------- Donato 2001 (DRC, o=500MV)
.............. Moskalenko 2002 (A<D, =157}
Ptuskin 2006 {(PD. o=550MW}

Donato 2001 (DRC, 6=500MW}

10
Kinetic energy (GeV)

e (te o)

Positron fraction

- @ CANTED A

+

100
Energay (GeVW)
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INCOS MEPRT

N3yuyeHue npupoabl YACTHIl TEMHOU MaTEePUU

Hooper and Zurek
arXiv:0902.0593v 1
arXiv:0808.3725 T I —
Bergstrdm, Bringmann & Edsjb (2008) - mpo=600 GeV, BF=415, \'z/dof 0.97 .
0.2/ ' ' ' 0.20 | mu=800 GeV, BF=1100, ?/dof=1.20
. % MAMENA . =
¥ HEAT g Gler :‘1;’ E
" C |
s 1 3\' 0.05 [= ! =P
\ o “nee. Mop,enb pacnpocTtpaHeHns A
: " - L ... 4
\ - 0.02 Tt
I - -
+ 0.5 | l | 1 | l |
T % 001 PO | 1 1 11 1.1
o |
-~ | 1 o 10 20 50 100 200
n [ \ m, leB
|
L) . L | l l T LI LR | /)
‘ - mg=600 GeV, BF=700, x”/dof=0.86 prat
""" BM5* (m,=132 GeV) 0.20 | mu=800 GeV, BI"=1800, X' /dol=0.80 /// |
0.02 .
T T T BM3 (m, =233 GeV) “-
r . — e.w 0.10 =
3 : :
®oH & 4
0.01 : ' n e, e ]
5 10 20 50 100 200 P [ LT 1
E.. TaB
0.02 Mopenb pacnpoctpaHeHusi b
AHHUTMNALMUA HENTPANUHO C Pa3NUYHbLIMU 0.01 b=l R E—— 1
Maccamm 5 10 20 50 100 200
Be 9B By, .
TemHas maTtepus Kanyuyua-KnanHa
fICI(
f
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INSIDE SCIENCE RESEARCH --- PHYSICS NEWS UPDATE The American Institute of Physics
Bulleting of Research News Number 879 #1, December 22, 2008 www.aip.org/pnu by Phil

Schewe * SUPERCONDUCTORS

* LARGE HADRON COLLIDER
* PLANETS

* QUARKS

®* FARTHEST SEEABLE THING
* ULTRACOLD MOLECULES
* DIAMOND DETECTORS

* COSMIC RAYS

Another mystery pertains to the findings of two detectors held aloft-one by a
balloon and one on a satellite-looking for oddities in the number of
antiparticles arriving with regular particles among cosmic rays reaching Earth.
They see an excess of such particles which some interpret as evidence for
“dark matter,” a class of very-weakly-interacting particles not seen before.
Scientists associated with the balloon-borne ATIC detector (Nature, 20 Nov)

and the satellite PAMELA (http://arxiv.org/abs/0810.4995)
* LIGHT PASSES THROUGH OPAQUE MATTER

* MACROSCOPIC FEEDBACK COOLING
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Curves are from GALPROP '
diffusion propagation _ TE+0Z¢
sumulation code > :
(&h) K
— Solid curve 1s local - 1.E+01
interstellar space N
— Dashed curve is with solar £ 1 E+00 L
modulation (500 MV) Le §
§ |
“Excess” at about 300 — 600 S 1.E-01}
GeV t._lo @ ATIC A HEAT O BETS ‘f
: ¥ AMS O EC X PPB-BETS
Also seen by recent PPB- 1.6-02F | ) ) 1
BETS ool v comeil v aav i
1 10 100 1000
Energy (GeV)
03/18/08 "Advances in Cosmic Ray Science" 35

Waseda University
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CyMMapHBIH MIOTOK 3JIEKTPOHOB M MO3UTPOHOB B

Bergstrom, Ed
T T T | T T T T

TFAUJIAKTHYICCKOM KOCMHYC€CKOM HU3J1YYCHHUHN

sjo & Zaharijas 2009

T T T |
Mpm = 1.6 TeV, 100% pu'p, E=1100
— |00
5
-IV)
£
ﬁl>
) 5
2, 10 100 - ¢
had E-[GeV] " o  Fermi Y
H ¢  HESS (x0.85) -
& HESS LE (x0.85) \
Total
o —=—=- Background (x0.85) %
S mmemee DM signal 1
|0 1 J‘I’” 1 Loy | 1 1 Lo 'In
100

1000
Positron energy, E.- [GeV]
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CpaBHeHWe pe3ynbTaToB
PAMELA, Fermi un IceCube

10"

1079

PAMELA ——

[ Natural scale

-26 , et e g iR
10
10°
m, [GeV]
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OTHOLIEHHNE TOTOKA AHTHIIPOTOHOB K IIOTOKY IIPOTOHOB
B T'JIAKTHYCCKOM KOCMHUYCCKOM U3JTYYCHHUH

* PAMELA (2006-2009)

10

} ---------- Ptuskin et al (Secondary) 2006
—— Bringmann & Salati (Secondary) 2007
----- Bringmann & Salati (7 TeV KK) 2006 |

OO0nacTe CONTHEYHOI MOAYJIALMA
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INCOS MEPRT

®
EG
=
Reg3 'T
Einasto -
. E 1%
W >
=, I
= =)
=
'.'.‘:-lr::
Regd
Contr. a=1.15
BE
9,
1 } 1 } 1 1 } I - 'l
20 A 100 200
E [GeV]
80 -0 -40 -20 0 20 40 o0 80 Fig. 2 Energy spectra - SOURCE (black) and
£ [deg] ULTRACLEAN (magenta). Dashed lines show
Fig. 1 Target regions the EGBG + residual CR’s, dotted lines — power law.

Cristoph Weniger, “A Tentative Gamma-ray Line from Dark Matter annihilation at the Fermi Large Area Telescope”, ArXiV: 1204.2797v2 20
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INCOS MEPRT

OoOHapy:xeHHe raMMa-U3JIy4YeHHUs OT HEHTPA rAJIaKTUKH
(Fermi-LAT)

N, Dark Matter prediction for y flux Gamma-rays from N model

lm T I T I T I T I_IIIIIIIIIIIIII|||||IIIIII|||||||||||||||||||||||||||III||||||||III|||||||||||||||||||||||||||IIIIII||||||||||||||||||||||||||||||||||||||||Il
i ] | [— Tem i
i B B FERMI-LAT (Weniger, Reg 3. source) ] ——- [oamal Bremstmmbhog
! : 15 7 |- |-—-- 7y Ena {prosent FERAE-LAT rasal ) T .
L —-—- Background fit. E™ power law i —.— Zyline (peosrs FERMI-LAT ruscl} _\
— N, (m, =133 GV) & ----- Com. v fom Z in Ty line
i 7 = 01 -~ Cont. y from dimct 7't S 3
___ : L Jf \.I 3 :
e - ) = N ; A W IL :
=} 1_:; - i L]
'E s = R ' - \ |
& ;_.-\- .," i II
= . = - . \
£ S 0ol ? - \ 4
- b . # ! : S
'E [ o Ca i I| ]
r 2 5 1 l ]
" [ i !
10— [+ : \ I
- - H 1 I| 1 7
L - . ! | L.
' ' . ' ' ' ' 000% 40 s0 6 70 8 o0 100 110 120 130 140 150 160
50 100 150 E (GeV)
E [GeV] T
FIG. 2: Comparison of the total y-ray differential energy re- FIG. 1: The differential photon spectrum for the process
. . P i - - " T T B e T, o a1 1 VT W 4
sults (multiplied by E?) for a 135 GeV right-handed neutrino NrNr — £7£7 v, yy and Z, smeared with the present Fermi-
- - - - I\ + - e = / f LT B " . - " - e
dark matter candidate with the Fermi-LAT public data [5], as L_-:‘T energy resolution, AE/E ~ 0.1. The total spectrum is
analyzed by Weniger [7]. A simple power-law fit ~ E~2% to given by the black solid line, the internal bremsstrahlung by
the continuous background has been made, and is also shown.

the dashed red line, the smeared ++ line by the green dash-
dotted line and the smeared Z+~ line by the blue double-dash-
dotted line. At the lower left corner the small contributions

from the 777 final state as well as that from Z decays can
s€ Seel.
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T T T T T T T T T ' ' T T
60 = 'F{Eg-'-"r l i'!-.—.—q;‘_.'.'._
-
|75 -3
— 10 -
30 7y i
15 B hx"hnzﬁ_‘
& & :
) 5] -6 = "
-15 L""“'t 10
-30 =
| 1 1 1 1 | | 1 |
a0  -60 -40 20 0 20 40 G0 a0 10'? L Ll
£ [deg] 10° 10° 10°
E[GeV]
FIGURE 1. Left panel: Target region Regd from [2]. optimized for large S/N in case of slightly

confracted profile. Right panel: Gamma-ray flux measured within that region by Fermi-LAT. An excess
of events around 130 GeV is clearly visible in the data. We show the fits to the data in the energy
range 80-210 GeV (see Ref. [2] for details). For direct comparison we show a very hard spectrum
with super-exponential cut-off (left dotted line: ~ E 13 exp[—(E /20 GeV)?]) and the ICS emission from
monoenergetic 230 GeV electrons at the GC (dashed). both with arbitrary normalization.
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JKCIEPUMEHTHI, MOJYYMBIIME YKAZAHUA HA
CYIIECTBOBAHUE YACTHUI KTEMHOM» MaTePUH

JKCcnepumeHT KommeHTapuit

DAMA/LIBRA roaoBsaa moaynaums HeT 06bACHEHUA; HET NOATBEPKAEHMA APYTUMMN
3KCNepumeHTamm

CoGeNT n36bITOK cobbITUI M FoA0BaA MoayNaumA [MpoTUBOPEUUT APYTMM AAHHbIM

EGRET 136bITOK raMma-KBaHTOB C 3Hepruen ~3B He noarteeprkaeHo FERMI

INTEGRAL nnHua 511 k3B ot o6nactu ueHTpa He obnapaeT chepnyeckom cMMmeTpuen —

[aNaKTUKN aCMMMETPUA, XapaKTepHaa ana aucka (?)

PAMELA: oTHOWEHME NOTOKOB aHTUNPOTOHOB U IpdeKT MoXKeT bbITb CBA3AH C aHHUTUAALMEN

NPOTOHOB TEMHOM MaTepUn NN B3aMMoaencTBnem
KOCMUYECKUX NTy4en

PAMELA: aHOMaibHOE OTHOLLUEHNE KOCMUNYECKNX IpPeKT morKeT bbITb BbI3BaH TEMHOW MaTepUeEn UK

NMO3UTPOHOB/3N1EKTPOHOB Ny/NbCapamMn — He yKa3blBaeT 04HO3HAYHO Ha

FERMI nO3UTPOHbI+3/1EKTPOHDI TEMHYIO MaTeputo

FERMI n36bITOK ramma-n3ny4eHmna B HanpaBaeHUn HeT 06bACHEHNA; BOSMOXHO 3TO aCTPOPM3NYECKUI

LeHTpa ManakTukm apdeKT. HeT KommeHTapuma oT Konnabopaummn FERMI

WMAP paguo “haze” CootBetcteyeT “FERMI bubbles” — Bo3amoxHo
BbI3BaH NOTOKaMM, UCXOAALMMN U3 LEHTPA
anakTukm

23
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N3yuyeHue npupoabl YACTHIl TEMHOU MaTEePUU

1 1
- T T T ||||| T T T T TTT T T |||I: F T T 1T |||| T T |||||| T T .I T T |||:
[ Mass=12TeV @ F Mass = 1.2 TeV, lifetime = 5*10” sec i/
- B-L (lifetime =510 sec), 1 ! {
- l"., _.--"_-—-- - | -
| 4 - i
v B el Y I ] © B ]
+ L - + L 2
o _ oness .. 1 fe T 7
=T = (lifetme=8"10"sec)| 1 ~ [ E“‘*-x.ﬁ_m 1
) il T . ] | o - /;----_,____x___ .
® PAMELA Reackgpoand i " - m PAMELA background ) i
001 o HEAT ERRP S ==
E ¢ AMSO ] M - MED :
[ 4 E — MIN ]
1 1 11 ||||| | 1 1 |||||| | | | 1 1 111 i 1 | 11 | |||| | 1 1 |||||| 1 1 11 1 III_
| 10 100 101 1 10 100 1000
E (GeV) E (GeV)

(a) The predicted positron fraction from AH decay via the kinetic mixing with
U(1)B-L(blue line) and U(1)5 (magenta line), compared with the experimental
data, including the recent PAMELA results; (b) For U(1)B-L case only, using
different sets of parameters in solving.
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Moaeau pacnpeaejgeHus TeMHOM MaTtepud B I'ajtakTuke

=
n Is T:
NFW: pnew(r) = Py (1 ok ?)
, 2 r\“
Einasto: pma(r) = psexp {—— |:(—) - 1] }
a |\ r,
[sothermal : fair) = ks 5
14+ (r/r.)
Ps

Burkert : ppu(r) =

T —1.84
Moore : ph‘iuu(r} = Ps (E) (]_ -+ 1)

Angle from the GC [degrees]
10" 3071 ¥1lr 3017 2* 521090%45°

Moore

_ DM halo a 1 [kpe] p. [GeV/em?®
B
5-?“ NFW - 24.42 0.184
& Einasto 0.17 28.44 0.033
'_:' EinastoB 0.11 35.24 0.021
£ —— Isothermal | — 4.38 1.387

e e Burkert 22 12.67 0.712

x Moore — 30.2% 0.105
1{]—1 | NN 1 L1 iiinl 11 1110 1 L1 iaiin L1 IIIIi‘;’ { I [ |
10-3 102 10-1 1 10 102
T [kpc] 26
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Dus3nuyecKmne MOJIC/IH, B KOTOPbIX pacCMAaTPpUBAIOTCH
qJaCTUIbI TEMHOU MaTepun

« WIMP models

* Dark Stars

* Inelastic Dark Matter
 Dynamical Dark Matter

* Leptophilic Dark Matter
e Supersymmetric Models Beyond the MSSM
 Asymmetric Dark Matter
e Kaluza-Klein Models

* Inert Higgs Doublet

* Non-WIMP Models

* The Axion



-Kaluza-Klein Boson
*Axion

*AXINO
«Gravitino
*Photino

*SM Neutrino
Sterile Neutrino
*Sneutrino
Light DM

-Little Higgs DM
‘Wimpzillas
*Q-balls

Mirror Matter

Kanauaarsl HA PoJib YACTHIl TEMHOM MaTepUU

«Champs (charged DM)
*D-matter

Cryptons
Self-interacting
*Superweakly interacting
*Braneworld DM

*Heavy neutrino
‘Neutralino

‘Messenger States in GMSB
-Branons

-Chaplygin Gas

Split SUSY

*Primordial Black Holes
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Experiment
ANAIS
DAMA/Nal
DAMA/LIBRA
DAMA/1 ton
NAIAD
HDMS

KIMS
Caf2-Kamioka
CDMS
CRESST
EDELWEISS
EURECA
CoGeNT
ROSEBUD
COUPP
PICASSO
SIMPLE
NEWAGE
DM-TPC
Drift
MIMAC

IoazeMHBbIE IKCIEPUMEHTHI

Target
NaI
NaI
NaI
NaI
NaI

Ge

CsI
CaF2
Ge
CaWO0O4
Ge

Ge

Ge

Ge, sapphire
FSH
FSH
FSH
CF4
CF4
CS2
3He gas

Experiment

DAMA/LXe
WARP
XENON 10
XENON 100
Zeplin 1
Zeplin I1 LXe
Zeplin I1I LXe
ArDM

LUX
LZS/LZD LXe
MAX

CLEAN
DEAP
XMASS
MIMAC
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LXe
LAr
LXe
LXe

LXe

LAr
LXe

LXe/LAr
LNe

LAr

LXe

3He gas
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