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Expectatlons N o©- m, Space
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this is where we would expect the usual new physics
(MSSM etc.) to show up
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Direct Scattering Theory On One Slide

A Rate _y large detector, long exposure
N = ntargetq) Ox,N A2

A Coherent Scattering —s heavy target material
)\deBroglie h hc 197 MeV fm
Bt E §2 ~ fm ~ T'nucleus
27 p mc*v/c  100GeV 1073

A Maximum Recoil Energy _s low energy detector
p>  (100GeV/c? x 1073¢)”

Y9k e ~ = 50keV
’ omn 2 x 100 GeV /c2 i
A Spectrum — shielding, discrimination, multi target
dN =
T & ¢ x (v) / fMp(@)vdv xe™ o« e
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Expected WIMP Spectrum

A isothermal halo

A local density o, ~ 0.3GeV/c?
A vg ~240km/s

A coherent scattering
A Helm form factor
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Annual Modulation

December vg ||
—

expect modulation of
¥ Vg,|| = 15 km/s Arate
June Aspectral shape
at the percent level
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The Power of Discrimination

e/ y: electronic recoill n/WIMPSs: nuclear recoill

electronic recoils

A are most common background

A scintillate and ionize more (for given energy)

b discriminate between the

e.g. measure both energy and some additional parameter
(lonization yield, scintillation yield, ratio ionization/
scintillation, pulse decay times, acoustic signal)

Rafael F. Lang: How To Detect Dark Matter Particles
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Particle Detection Channels
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DAMA/LIBRA

Italy/China: 230kg ultra -pure Nal(Tl) scintillators
by far largest and longest exposure but no discrimination

Rafael F. Lang: How To Detect Dark Matter Particles 10



arXiv:0804.2741

DAMA/LIBRA Data

= 5 Jr exposure now exceeds 1 ton year |00 >
= | v
D o f e 5
5 ¢ =3
i - 1 U i b g > T, re 0) c_jc %
s 4N =25
2 - S ‘%‘
[~ 2 | + (@]
SR S B S I, S TN S eev=sl005 °
0 B 1 1 I. | L 1 ] 1 1 1 I ] | 1 | 1 1 L
2 4 6 8 10 Energy / keV

observe rate modulation in[2,4] keV:
3‘; ﬂ-uﬂi_l | | | L | I { | L | | L L] | | L | | L | | L | | | LI | L | L | L | LI |_:§£
s 006 £
£ 00E * =
,_§ 0.02 - —
5 o =
3 omE % E

-U.IH;— ‘ ]l =

Y= =

-0.08 = —

v TN TN I TN T T T T T T I Y T T T T T O T T T T T T O T T T T T T T O T O O I I =

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500
Rafael F. Lang: How To Detect Dark Matter Particles

2
]
e
=
$=
e

data from arXiv:0804.2741 and arXiv:1002.1028



DAMA Interpreted as WII\/IPS
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a bit low in mass and a bit high cross section,
1
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CoGeNT

USA
4409 P -type point -contact Ge detector

A smallerp * electrode
= smaller capacitance
& smaller noise

A no radial degeneracy for
multiple interactions

\

stahtygyed poaxtiabnteéiGe

Rafael F. Lang: How To Detect Dark Matter Particles
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CoGeNT Performance
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CoGeNT Results with 18kg d
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CoGeNT Interpreted as W||\/|PS
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CRESST-II

Germany, UK, Italy collaboration at the Gran Sasso lab
scintillating 300g CawWwO , calorimeters (phonon/light)

thermometer

threshold <20eV \ %

light — .

ae Ttemperature AlosieiorEy /_

clamps
crystal —

phase

transition =

thermometer /%
scintillating

reflector
Rafael F. Lang: How To Detect Dark Matter Particles 18
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CRESST-II

currenty 9 CawO , and1ZnWO ,
modules installed

only preliminary results available
(WONDER2010, IDM2010 talks)

thermal
shields

module
holder

Rafael F. Lang: How To Detect Dark Matter Particles
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CRESST Preliminary Run32 Data

example: channels 5&6 from current data taking
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CRESST Background

precise calorimetric measurement of

electron recoll energies L CHEIRCRN O o ISl "
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CRESST Background

what are all these events below the electronic recoil band?
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CRESST Discrimination

where are g-events and O/W/ Pb recoils?
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CRESST Background

what are all these events below the electronic recoil band?

ool keV

| _ yand e~ band
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CRESST Background

0P 0 B9Pb (104kev) + ¢ (5.4MeV)
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CRESST Combined Results

few events in W band, but 32 events in O band

take all 9 detectors together and estimate events from
known backgrounds that could leak into O
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Seidel, IDM2010 energy/ keV
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-band:
n-source: ~0
(b/c multiplicity)
M_induced n: ~1
degraded ¢ =7/
leaking : ~1
sum: ~9
observed: 32
ol eavi ng ¢
for a |1 ght
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CRESST W: L|m|t (2008)
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CRESST-0: Events as WII\/IPS’?
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CDMS -1

USA/Canada/Switzerland
located at Soudan

199 Geand 11 Si o0Zl Po
with phonon (TES) and ionization signal
data -taking finished

final analysis of 2 years data
from 14 250g Ge detectors

, IDM2010

¥ Armengaud

next step: SuperCDMS wit

Rafael F. Lang: How To Detect Dark Matte



CDMS -1l Results
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calibration data:

bulk electronic recoils
surface events
bulk nuclear recoils

Rafael F. Lang: How To Detect Dark Matter Particles
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CDMS -1l Results
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Ge dark matter search data
two detectors with signal
candidate events combined:

bulk electronic recoils
surface events
bulk nuclear recoills

two events observed,
consistent with (revised)
background expectation of
0.9 0.2 events. In addition,
neither event golden

Rafael F. Lang: How To Detect Dark Matter Particles
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CDI\/IS Limit & WII\/IP Interpretatlon

107"

il

DAMA
CoGeNT
CRESST
CDMS
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WIMP-Nucleon Cross Section / ¢m®
arxXiv:0912.4264

N Science 327 1619 (2010), arXiv:0912.3592
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H}.;m Lo | [ L1 L I T T I
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WIMP Mass / GeV/e”

CDMS collaboration does not claim any Dark Matter
signal (2 events observed over 0.9 0.2 expected)

Rafael F. Lang: How To Detect Dark Matter Particles
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CDMS -1l SI Results

0.5

I

0

40 60 80 100
Recoil energy (keV)

t hhereds al so a tal k and conf
analysis of 6 Si detectors (important for light WIMPS)

, Lagphuile 2009 and Nuovo Cimento C 3245

no events observed in 54kg d
Rafael F. Lang: How To Detect Dark Matter Particles
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CDMS

il

Si Limit
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46
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WIMP Mass / GeV/e”

severely constrains CoGeNT WIMP interpretation

Rafael F. Lang: How To Detect Dark Matter Particles
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EDELWEISS -II

France, Germany, Russia, UK in the Frejus Lab
germanium crystals with phonon/ionization readout
NTD phonon sensors

Interleaved electrodes (ionization)

phonon
% Collect veto
—

sensor
¥ i S —
AAVASARA STA A

Ge
crystal

i fiducial '
i XVmume |

Rafael F. Lang: How To Detect Dark Matter Particles
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EDELWEISS -II

data from 1 year with ten 4009 Ge crystals
meanwhile four 800g modules installed

<
........
{ Al

4009 Ge Cu holder

Interleaved NTD sensor
celectrodes

elweiss.in2p3.1r



EDELWEISS -l Data

Kraus, IDM2010

data from 1 year with ten 4009
meanwhile four 800g modules installed

lonization/phonon yield

['ENTRIES” ' " "~ " 1 67202 |

;.'.j'Wlth 210Pb B'source at LSI\/I

450

ER (ikei?lo
energy (phonon channel)

befibee fiducialization

lonization Yield

1.4

Ge crystals
SRR [ TTE L R
£ 322 kgdeff_EDELWEIS_SID

1.2

0.8

0.6
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EDELWEISS (Prellmlnary) 2010
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XENON100: Dual

-Phase Xe TPC

USA/Europe/lsrael/China

(e]¢)
PMT array

_ anode 3 t-

N

cathode (=)

bottom
PMT array

gas

liquid

35000

30000

25000

15000

10000

5000 |-

Rafael F. Lang: How To Detect Dark Matter Particles

3D position information
with mm resolution
S2/S1 -based discrimi -
nation better than 99%

drift time
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bottom PMT

Dark Matter Particles



16bkg
liquidstxenon
total

PTFE TPC,
field shaping

bottom PMT
array

veto PMT — W B
Dark Matter Particles ) /' 3 | I ,*{



Inelastic Scatters & Fiducialization

Electronic recoils during 4! AmBe calibration:

-
o
]

events / kg

10

100 150 250 300
energy / keVee
Rafael F. Lang: How To Detect Dark Matter Particles

42



Example 9keV rr Nuclear Recoll
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645 PE detected

Time / psec

(from 32 ionization electrons which

generated ~3000 S2 photons)
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Nuclear Recoil Band

Neutrons from 2*1AmBe
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Electron Recoil Band

Compton scatters from ®°Co

32
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50% nuclearrecoil acceptance gives
>99% discriminationat  low energies
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Discrimination

11.17 days, 40kg fiducial, 30%  -40% efficiency

I
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energy / keV,,

no events below the nuclear recoil median
(even no events below 4PE or at 84% acceptance)

Rafael F. Lang: How To Detect Dark Matter Particles

+1o

N
o

arxiv:1005.0380



XENON100 Limit after 11 Days

10 K;””” T Tmm " TTH DAMA

: CoGeNT
CRESST
CDMS
EDELW.

107

WIMP-Nucleon Cross Section / ¢cm”
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WIMP Mass / GeV/e”

cleanest limit of all: no events expected, none observed
still some uncertainty at low masses (energy calibartion )
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Alternative: Spin -Dependence

A spin -dependent scattering — light target with spin
N = ntarget(I) Ox,N J(J + 1)

107

latest result:
(two weeks ago)

—
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Spin—dependent proton cross—section {cm‘?}

107 -
: 10 10° 10
WIMP Mass (GeV)
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Alternative: Inelastic Dark Matter

=A allow only vector interactions

X~

S y

_s heavy target

originally proposed to reconcile DAMA with others

4 X* excited state with energy &

\
/
N~

/

f if

PRD 64 043502 (20
Rate

Tucker -Smith&Weiner

| 1

|Jl||l||]!||]l|

mg =100GeV/c 2
a =80keV

elastic
NEES e

0

20 40 60 30
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Inelastic Dark Matter

A allow only vector interactions

_s heavy target
originally proposed to reconcile DAMA with others

A can produce extremely

LLJ
peaked signals i
Lang & Weiner, i
JCAP 06 032 (2010) o
0

Rafael F. Lang: How To Detect Dark Matter Particles
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Inelastic Dark Matter

A allow only vector interactions

_s heavy target

originally proposed to reconcile DAMA with others

]

A can produce extremely = y
L = 260~ ©ZZ2 DAMA/TI allowed
peaked signals sk
Lang & Weiner, 24“;__
JCAP 06 032 (2010) zzué— //,x
A can make the 200 y
scintillator dopant w7
the dominant target e/
Chang, Lang & Weiner, = 4
arXiv:1007.2688 o -l | .
6080 00 120

A or produce delayed coincidences

from magnetic inelastic dark matter
Chang, Weiner & Yavin, arXiv:1007.4200

Rafael F. Lang: How To Detect Dark Matter Particles
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News Forecast for 2010

A CoGeNT: release of higher statistics spectrum.
Measured K -shell lines will allow to subtract L -shell
lines, which will shift the spectrum to lower energies
(which, if interpreted as WIMPs, will point to lower
masses around 7GeV). What about M -shell lines?

A CRESST: write -up of run32 data (2009/2010) will
clarify many open questions and allow for checks of
consi stency. Hopefully, they
detectors and time -distribution of events.

A XENON100: release of x10 more data, covering for the
first time the next decade in sensitivity. Probably only
one or two events expected from background.

A WARP, XMASS, LUX, DEAP/ miniCLEAN : come online
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A very active and versatile field of research
many hints to follow up, many promising experiments
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UK/Portugal/Russia collaboration, at Boulby mine
liguid xenon dual -phase TPC
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calibration:
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first science run 2008
3 months data taking
resulting data:
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