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Evidence for Dark Matter
at Different Astrophysics Scales

Spiral Galaxies Scale: ~10*' m

Rotation curves remain flat far beyond
the edge of the visible disk.

Galaxy Clusters Scale: ~10* m

 Orbital velocities of galaxies
(Zwicky's discovery in 1933)

» X-ray gas
 Gravitational lensing

The Dark Universe - Scale: ~10®° m
- CMB: Q,,=1.0

- CMB, BBN: Q,=0.045

- Galaxy clusters: Q_=0.27
 Supernovae la: Q_ - Q,

e Structure formation: cold DM

Rotation curves of nearby galaxies
(Sofue & Rubin ARAA 2001)

W. Couch, R. Ellis, NASA
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Direct Search Summar

DAMA G
CRESST s

EDELWEISS

Ge phonon / ioniza tion
XENON100
dual-phase xenon light / ionization
arXiv: | 104.2549
I00H DT —5 H
FCHRLIC?

- LHC constraint
arXiv:1102.4585 <« DN
PRL 104,201301 (2010) Z O CMSSM

JHEP 07, 075 (2007)
PRD 67, 063503 (2003)

Positive DAMADZEiZH], CoGeNTDIEIRILF—ZFER (exponential BGTHH]) .

signal CRESSTDO/\Y RER, CDMSD2ER (BG & consistent)

CONSISLENCY  Na channeling®h®. Xenon LeffDRTEMETEREH D | ?  inelastic DM ?
! 1 A LT FAITHHER



e R BERR DA
@ I EHEEKR->TREDIFS, CMSSMZA/XA—=U 7y (TtonfiL?) o
® DAMA/LIBRADIRIE S S E 1046 cm?

=+ \ -
j (@ ) < Jujb j fc—b @}Emt N j(@{t 77\\/7"\/)¢

o e Low massic BB
EHEEORL — &farb

= H)
A EGRIE
BEHE — IXILF—ART KNI
R+
<CPHZART

DAMATREE  — NalTOIRE (EITEZRD)

=EHt - =8ZE — XMASST = —XIl(FV1ton), 7 = —XIII(FV10ton)
FEAIE — NEWAGE (GE#B)

IVILYaYy (BEE)

PICO-LON (f§&)

\

Nal TDIEER

13



XMASSIEEWRT—ZE YU 70—
YUTNEEE  RERT e/ Y FL—

£ I massivelZXMASSTR DT &

T7VY—REEBETIIBEREDLHL L,

(FV10ton) HINAETZ 2, FV100kg—1ton—10ton @
N0v28, solarv HEB(C

=K7Y > 7 d20ton IHYEFV 100kgh T R

@

ERK

14



XMASS expected sensitivit
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WIMP Scattering Rates
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Schechter-Valle theorem
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Milestone
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low U.Th tracking

mag. field
high resolution High-Q
Ge Cryogenics NDEZIISA3
|GEX
cNO+ MOON  CANDLES .
HM CUORICINO Super-NEMO tagging
GERDA 20|4_ """""""""""";
Majorana XMASS-II MTD E)ft?zgo
CUORE § gzgl -
2013- EXO-1000
EXO-10000

Bl (S KamLAND-Zen

400kg ~ 1000kg 2011-
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EXO-200 @ WIPP  liquid Xenon 200 kg (80% enrichment)

lonization + scintillation
o/E=1.4% @ Qpgp

‘ sensitivity ~150 meV

Subject: postdoc

Dear Juan

nited
as you may know EXO-200 1s now taking data with enriched Xenon. I am looking for

a strong postdoc to help with data analysis at this very exciting time and I would
be grateful if you could point me to suitable candidates

Best Regards

e 200kg x 80% '36Xe detector is running!



KamLAND2-Zen

jj .b\ 7 I\ * j Zero Neutrino

double beta decay search
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(8B 1815 = TR3ELE)
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% 10°E1 - 1°C 90% tag . — e
vz 1 - QRPA T12(2vBB) > 1022y, — " Xe 2v g
$_> - T12(0vBR) = 5.1x1025y 214, )
» 10°0 @ <my> = 150meV __2i0g 14C
c Cc
o - 85Kr g
e > 2 |7 v
i 10 [_ 40 "Be v
FE/EESAY YN fE Y N L e
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o VY FL—% T3 1Xe 2v| 1208T|~ 3 214Bj | 10C | "Be
o 2V2BDHFEAD
1.93 | 118102 (3.15) 2.44 | 10,20 | 1.18 | 8.93 | 17.79 pjpt
£0.15 $0.12x10%_} 1901 +£0.01 £0.01 £0.02 £0.21 :0.02_ Visible Energy[MeV]

29



Expected sensitivity of KamLAND-Zen
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CANDLES Il (about to start) CANDLES IV
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Drift Chamber Beta Ray Analyser

DCBA-T?2

engineering run

Solenoid
Magnet *

=

X

Source plate

V'

B

DCBA Experiment

Drift Chambers DCBA-T3 under construction

(100Mo)
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ty 02
B=600G Bl X 5 5 ey p———— PySI——
A c 20 O o) = 80:—
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BZ Bl = E 20 23
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Kamiokande

I A

KamLAND-Zen

N4
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light concentrator

high light yield LS
shiemty KamLAND?2
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imaging device
19C negligible KamLANDI
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