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Direct Dark Matter search W|th cryogenlc bolometers

»galactic DM halo models
» WIMP detection strategies
» direct DM search
= detection schemes
= DM search using cryogenic bolometers:
o ionisation & heat
o scintillation & heat
»where do we stand? what to come next?
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T

galactic DM halo models

p(r)

2
oo X1+

-~ }TTTTifTE Navarro,Frenk&White, Astrophys.J.490, 493 (1997):
halo shape spherical, independent on halo mass

(ke Milky Way: pg = 0,3 — 0,5 GeV cm™3
(r=8kpc) Vims 22 270 km s~ 1

Vese & 650 km s71

- galaxy rotation curve

- DM halo also in Milky Way
Maxwell-Boltzmann distribution of WIMP s in halo without net velocity:

- 2,2
—(vtv ) /v
e 0

f(\7,\7)=e
T

with v=(v*)"=v.>  and v,=220km/s, <v>=270 km/s

with v,,.=650 km/s = escape velocity; Ve =235km/s + 6% annual modulation
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I WIMP(y ) detection strategies T

direct searches * nuclear recoills:

scattering -mass 50 GeV to ~ 1000 GeV
- relative speed 270 km/s

(~ our orbital velocity around galactic center)

only a few keV of recoil energy

elastic scattering on a nucleus

&X

7ZGe

- cross section o, <10“cm?
- local WIMP-density  p =0.3 GeV/cm®
(local density 0.3GeV/cm3 2 ~1 WIMP/200cm3?)

—> very very rare scattering events
(<1/week/Kkg)

Coums'day’ ka'keV

requirements
e M =10 GeV .
Wk LN annual modulation
0w w0 @ W - background suppression (active&passive)
EColl Energy (ke
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I WIMP@ detection strategies AT

scalar interaction

X X
annihilation Sl elastic scattering v

X ~ X H, h
f > ---- o < /\

q q q q

Y Y vector interaction
SD elastic scattering

£ ~ X
Z >§"'<
q q

extract from q q
Jungman, Kamionkowski, Griest (1995)
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I WIMP(y ) detection strategies

r‘

indirect searches _ PR
annihilation PN o el s

2

[=]

>
—

EZ * flux [GeV cmZ s 'sr]

lceCube

|
it

|
l

Antares|

Sl é wm |sruhe
i il i
H i schaft
Eiffeltornet
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I WIMP(y) direct detection strategies AT
X

X

0 spin-independent interaction (SI):
coherent scattering of y off nucleus with A nucleon
wave functions

GWA/M

o Z+(A- Z)

p

x-A reduced
mass

effective y-p(n)
coupling

Events/keV *o

form factor from
nuclear calculation

10°F o= 1075b. """"
. 1 | ki

PR PR R R N N TSI BT
0 20 40 60 80 100
Energy (keV)
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I WIMP(y ) direct detection strategies

spin structure
function

effective y-p(n)
coupling

x-p reduced
£ X. X g X mass
\

2

_\HA

Z Ow_a =¥ 7

Hp

. 10

\ q

Z | total nuclear spin

spin-dependent interaction (SD):5 -
different amplitudes a(p), a(n)

depending on nucleon carrying « 0
nuclear spin J

BGe: J=9/2 (Z=32,A-Z=41)~>a(n)
2TAl:  J=5/2 (Z=13,A-Z=14)>a(p)
Li:  J=3/2

127 J=5/2 10

[ A7 T | T 1
-~ -~

F
—{

-
FAV
K

_~SIMPLE _|

BF: J=1/2

)
| L’I | | | }
0
a
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| WIMP(y) direct detection strategies IT

A
o Lo annual modulation: ~2-7% effect

different effective velocity December
of the earth against the
(non-moving) WIMP halo

O \log dN/dE

Y

recoil energy E

Drukier Ffeese, Spergel PRDE6 =232 km/s (Sun velocity in the halo)
Freese ctal. PRDSS Vorp = 90 km/s (Earth velocity around the Sun)
*g=m/3
60° \ 30 km/s sw=2/T  T=1year
¢ - * ty=2" June (when vg is maximum)
232 km/s Sun
Earth ve(t) = v, + Vv, cosycos|o(t-t,)]

S, [n(0)] = j X =8, , +5, , cos|o (1—1,)]

EL;, R

Anntml modulation of the rate
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from exptl. spectra to WIMP parameterw("

v,=10-3p, p(DM)=0.3GeV/cm? Eorec™ Eykin X Mreq.
monoenergetic for simplicity =1/2 m,c?B* x 4m, mg/(M, +Mg,)?

mX~7ZGeV - E ~ 3b6keV

O,rec

Nrec | mx< Mge

9Eka
>M 4

. eEO rec
—n, 7

O,rec

thresh.

number of WIMP-nucleus scattering events

101 102 103
WIMP Mass [GeV]
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from exptl. spectra to WIMP parameterw("

v,=10-3p, p(DM)=0.3GeV/cm? Eorec™ Eykin X Mreq.

. . . . 2R2 2
monoenergetic for simplicity = 1/2 m,c?p* x 4m, mg /(M +mg,)
“ m ~144GeV > E; .~ 64keV

= 10

b Nt

§ rec m, = 2mGe

o 41

< 10 +

o

E eEx k|n

£ >M. 4

% 16 9EO rec
(]

£ 2n, v

% EO,rec:

2 164 thresh.

0

B :

5 no events > exclusion curve

-
o

-

Q,

2 3
10 10
WIMP Mass [Gev]  events & (m,,c, ) with errors
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[ WIMP(y) direct detection schemes T

WIMP ...via elastic scattering off nuclei
> ~ | ce o | Edelweiss,
HDMS .10% (.anergy , CDMS
lonization —

WATrP, ArDM
liquid Xe/Ar Target

Zeplin-3, LUX\
Xenon-10/100
fastest

Light
v Cawo,, BGO
no surface effects

Nal, liqu.Xe e CRESST-2
DAMA, Libra, Zeplin-1,
XMASS, KIMS, ANAIS

Heat — | ALO,, LiF

100% energy
slowest

cryogenics C R ES ST_ 1

1% energy
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I WIMP(y ) direct detection schemes

DUSEL.:
(Majorana)

Soudan:
2000 m.w.e
SNOlab:
6000 m.w.e.
DUSEL
6200 m.w.e

...where to go

Boulby: LNGS:

ZEPLINII, Drift XENON
CRESST
WARP

DAMA/Libra

Kamioka:

Canfranc:

ANAIS | Kamioka:
Rosebud % 2700 mw.e
ArDM .

P P Ipf; HELNHOLTZ |- Forschungszentrum Karlsruhe
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I WIMP(y) direct detection schemes AT

...what to do ' V}lhell"e t|0 go | ] | oy
S Muon flux vs. Overburden -
it’s all about shielding & » - -
background suppression: T3 3
= A »
. 2 [
» cosmic rays S..s WIPP
: H - Soudan 3
» cosmic p-induced n,p,m,a,... S ot =

| IIIIJJJ.l

» ambient activity:
» (a,n) from rock 10°
» v’s from concrete
» 222Rn in air (=2'°Pb)

Kamioka

Gran Sasso

e
T T

Fréjus

. . . 43 | N
» material activity: 0" 3 Baksan 2
> ancient Pb shield i MomcRidne |
» HOFC Copper . 10% o Sudbury
» detector purlflcatlon : DUSEL :
> PMT selection i (Homestake) B
¢01 — i
NN 5 N AN TN

» and active suppression!!

10

Overburden (mwe)
’SA PP ,ﬁ HELMHOLTZ [T  Forschungszentrum Karlsruhe

A P g | CEMEINS CHART I.- in der Helmholtz-Gemeinschaft



I Direct DM search using ionisation&heat  SIT

...via elastic scattering off nuclei

\ ‘ 10% energy Ge, Si

lonization
v‘ Heat —
100% energy

slowest
cryogenics

Target

N

1% energy \

fastest
no surface effects

Forschungszentrum Karlsruhe
in der Helmholtz-Gemeinschaft
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I lonisation&heat: principles ﬂ("

advantages:

» bolometric measurement of E

» good energy resolution (e.g. 150eV@6keV)

» low threshold

» nuclear recoil = phonon signal > WIMP sensitivity
» PID capability via ionisation yield cryogenic mono-crystal
» modular detectors L

—> scalability
disadvantages: : - WIMPs and Neutrons
scatter from the
» temperature few mK ' Atormic Nuclfus

—> technical challenge
» slow phonon signal B — L.
> surface events with lower |[EENEREESS— T ) Mo
ionisation yield - =R =]
» limited target mass (so far)

in der Helmholtz-Gemeinschaft
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I lonisation&heat: principles ﬁ(“'

measuring principle:
y scattering with energy deposit E leads to AT which can be read out

via thermometer - detector with small V-C,, needed

Thermometer P heat

Electrodes (charge
collection )

_Thermometer

parameters for Ge bolometer: lonization
E = 3V/icm
Top = 20mK

m = 300g (d=20mm; r=35mm)

VC, ~1ndlIK@ T,,

G ~ 5nW/K thermal link to heat bath
USAPP i, T e
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| lonisation&heat: pulses & signals AT

. lonization Al electrodes ~ 100 nm
Ge-NTD detector in EDELWEISS: (center channel)
amorphous Ge
E~10 keV,_, o or Si ~ 60 nm
heat: AT=1.3uK; AU=1pV I(oﬂzglgt?annel)
t...~10us-10ms; t.,~100ms |

jonisation: AU=0.5mV
t..e~100ns-1ps; t;,,~100us

rise
Heat
channel

after amplification&signal shaping: _

S

E 20 L — Signal lonization signal N
® -- lonization fit E
°

3 -

= 0

o

E 1 1 1 1 1 L 1 1 1 1 1 1 1 1 1 1 1 L 1 L 1

2 25 3 35 4 45
. Time (ms)
S20————7 7 T T T T T T T T
E L . Heat fit Heat signal ]
100 |- 3
@ C . ]
© C
2 0Ff
s I \ ]
E -1 00 -_I 1 L 1 L I L 1 L 1 l 1 I' 1 1 I 1 1 I 1 'l I 1 1 F
200 300 400 500 600 700
Time (ms)

Forschungszentrum Karlsruhe
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| lonisation&heat pulses & signals A(IT

Templates built by event summation:

(Exapoiated tempiate] ionisation heat

600—

o
500 Exponential extrapolation
a0 500~
300 B
= -1000(—
2002— B
1002— -1500:—
0F -
E -2000—
100 -
04060 2000 3000 4000 5000 6000 7000 8000 S T T T I

e [us]
original “trace

Entries 20480
Mean 2121
25 RMS 1126

20 ionisation

Fourler transform&filter [ms]
|on|sa’r|on

Relative amplitude

' ||1' L tm' 1N W ”w““ 10 -

o e b Lo L Lo L Ly | = ; .
0 500 1000 1500 2000 2500 3000 3500 4000 2 : 1:30
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| lonisation&heat quenching of ionisation AT

quenching of the ionisation signal - particle separation
for nuclear recons (|n electron equwalents)
2 =< 40
0.8 A Chasmanﬁﬁ =
0.7 | ¥ Chasman 67 (S 35
Lindhard 4 Chasman 68 g 30 L
0.6 # Jones 71-75 e |
0.5 ; ::j:?::g% *% 25][ O 77 K (Chasman 1968)
L = 0 X 77 K (Jones 1971)
2 o4 | B Simon 03 <2 20 [0 77 K (Messous 1995)
= A 25mK Q/Q°’ (Shutt 1992)
2 15 ® 35mK Q/Q’(Simon 2003) ]
S 0.3 F 4 . — Lindhard . . 1
g + 10 0 20 40 60 80 100 120 140
:g - Recoil Energy (keV) L
o . o 1.5
- g | schematic Q- reglons N
S 02+t + 5 )
e
Ge 5
0.1 Lol L ool L ool _
1 10 10° <
_ Eecoil (kEV) ST ‘ ‘
A. Benoit et al. NIM A577 (2007) 558 o 50 100 150 200

Recoil Energy (keV)

’SA PP ,ﬁ HELMHOLTZ [T  Forschungszentrum Karlsruhe
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I lonisation&heat: calibration
calibration of a 320g Ge bolometer with 2°2Cf (EDELWEISS)

1.5

3Ge(n,n’y) 68.8 keV

¥
*

i..¢
13.3 kev\‘;* !
v .'.t}r #
) M ¥ 3 ¥,
. o . o | "
n/y discrimination 7% N g e
> 99.90% i A T T M e Lt ¢=99.9%
for E, >15 keV s |bX ,
N b L -
c Ll
S y +
Recoll threshold —_ uclear recoil band
20 keV £=90%
lonization threshold . :
— 0 50 100 150 200
3.7 keV Recoil Energy (keV)
’SA PP ﬁ HELHHOLTZ Forschungszentrum Karlsruhe
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I lonisation&heat: calibration ﬁ("

1 | | U L L L L L

20F GSA3 (7.20 kg.d) -

Va’as V?'-as = -
ER_(1_|_‘ b ‘)EH_‘ b ‘Efa“) FWHM 1.1keV__
A b 4

o BERMHT, ) T aterataattotites T

Ep ~
Q=5 -ande =3.0V(Ge) "y "¢ g 10 12 14 16 18 20 22

Vblas_'4-ov EJ60:_"'""""l"'l"'l"'I"'|"'I"'_:
~ ok GSA1(7.60kg.d) -
%403_ FWHM = 0.6 keV -
c 20 .
55Zn EC (8.98keV) [ 3~ |

4 6 8 10 12 14 16 18 20 22

60 -_' AL DL L DL L I L AL DL L L DL L L DL L L L L L ,_-

GGA3 (7.86 kg.d N

68Ge+"1Ge EC (10.37keV) So3 (780 109)
20 7

0 % o

4 6 8 10 12 14 16 18 20 22

nghted Heat+lonization (keV)
’SA PP ﬁ HELMHOLTZ [T  Forschungszentrum Karlsruhe
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EDELWEISS @ LSM AT

®artsruhe Instiute of Technology

Pointe du Fréjus
France 2032 m

LSM

LA RATONEE SOUITEREAIN OE MOHARNE

e L

LAUISAMNME

B
g
P S
SUISSE

al ; = .
.l-..-'l.u-Nm L /

=Coealy _'::' et chi

Tis 'H-:r|::.- l._.rrr-i 8 Bherrmrtd

fient Blome

ERAMECHT)

b2 ’S A P P g [T  Forschungszentrum Karlsruhe
i HELMHOLTZ
22 | K. Eitel | ISAPP Summer Institute at KIT | 23.7.2009 | INTERNATIGNAL SCHOOL ON | GEMEINSCHAFT I— in der Helmholtz-Gemeinschaft

vigrno?uxrcu Puysics




| EDELWEISS @ LSM

®artsruhe Instiute of Technology

Mlcryostat for up to
L 120 bolometers
in 10 towers

features:
» reversed cryostat (100l volume)
» shielded by 20cm Pb & 50cm PE
» atmosphere filtered against Rn

» hermetic active p veto (100m? modular)
» 4 types of detectors in operation

» data taking since end of 2007

>
ISA PP # weLumovrz
INTERNATIONAL Sc;nm oN

'\1{1!0? LBIiCLE PHYSICS |“EHEIH5M"FT

W %
w4
A

in der Helmholtz-Gemeinschaft
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| cbMs @ Soudan SIT

oudan Mine, Minnesota

features:
» 30 detectors = :
installed in 5 towers T I
> 4.75kg Ge & 1.1kg Sidet's -~ '~~~ == "7 M an
> data taking since 10/2006 “E\ = I %%

(>1000kg.d raw data) |
» data published for 121.3kg.d effective exposure
(arXiv:0802.3530v2; PRL 102, 011301 (2009))

’SA PP @HELHHUL‘II [T  Forschungszentrum Karlsruhe
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| EDELWEISS @ LSM

data taken with 8 Ge-NTD-detectors
(corresponding to 19.3kg.d)

o

O 14 |
-4: o
®
| -
- 1.2
@)
O
o
L
~~
C
O _
"(B' 0.8 o
N E:
= €
9 0.6 -

0.4

0.2

. Hasmas e e
0 60 80 100 120 140 160 180 200
recoil energy [keV]
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®artsruhe Instiute of Technology

events with incomplete charge
collection: “surface events”

Cu few mm
206pPh e-
'Y 46 kev Ol 10keV - 100keV - 1MeV
® o)

Forschungszentrum Karlsruhe
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I EDELWEISS @ LSM: bgd from Rn

Y 46.5 keV (4%)

€ 61kevmax o

210B;j

IT

Rarlsruhe Instriute ¢f Technology

238 ... >226Ra(1600y)->222Rn(3.8d)>218Po(3.1min)=>

@ < 219Pb(22y)

22 yr

(@)
€~ 1.16 MeV max

214Pp(26min) =>214Bi(19min)->214Po(19min)->

206pp e-
E Y a6kev QL 10keV - 100keV - 1IMeV
o ®
210Po
& |
c
8
206ph v o 25
c
o
S e ©
L
100 keV 5.3 MeV
| Particule  Energie ‘ Cu | Ge ‘ Pb ‘
10 keV 9pm | 170 pm | 18 pm
Gamma 100 keV | 6 mm | S mm | 400 pm
1 MeV | 40 mm | 80 mm | 30 mm
10 keV | 200 nm | 350 nm
Electron 100 keV | 11 pm | 20 pm
1 MeV | 340 pm | 700 pm
Alpha 5.3 MeV | 11 pm | 19 pm | 15 pm
Polonium 100 keV | 40 nm | 68 nm
3«\*‘“‘?
. " r Forschu m Karlsruhe
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| lonisation&heat: AT
the challenge of rejecting surface events

strategy:

1. reduction of background sources
(cleaning, material selection, air filtering, ...)

2. active suppression via phonon signal

3. active suppression via ionisation signal

ISA PP .ﬁ HELMHOLTZ ll: Forschungszentrum Karlsruhe
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I rejection of surface events AT

risruhe Insi

. via phonon signal (Edelweiss):
70nm thin film thermometer made of Nb,Si,
comb structure: 0.5mm gap, width 50um, x=0.085

thermometer NbSi A

thermometer NbSi A

thermometer NbSi B thermometer NbSi B
Heat signal of thermometer NbSi A: o
200 — E
Surface event Bulk event after g
150 — . . g
Transient I'ejECtIOI’] g
100 — — (Imm) 2]
| Therma| 0_0_',,,,,I,iil — |||
50 0 50 100 150 200
recoil energy [keV]
T . . : .
0 20 40 60 80 discrimination improvement of a factor of 20

Time (ms) [fiducial volumereductlon of ~10% only

’SA PP @HELHHUL‘II [T  Forschungszentrum Karlsruhe
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I rejection of surface events AT

risruhe Insin

. via phonon signal (CDMS): effective and fast phonon
' read-out (t;,~5us)

== - Isurface evts = fast evts

erererererer

Hl“l|'l|l 1| ll"'; | | _”_!____,_IHI IHl
1.2pr—
llﬂm 2 |
WTES E’ ; SRS N
J \I O
i "'m\ S ol Y..?/@!.@QPFQDS ......
! r=H . . ; :
un;i =11l L E ’L: surface evts
E’d-l-' o
0o . . 9
Al Collector quasiparticle 02f i M et e
diffusion 5 S neutrdns
timing parameter [pse] R
Rol
phonons
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I rejection of surface events

.. Via ionisation signal (Edelweiss): e -
interleaved electrodes (width: 200pm; gap 2mm) s
‘a’ electrodes: U=+2V ‘b’ electrodes: U=+1V
N
ﬁ,o.s_ —1 ‘a&b’ near- gu_ard ‘g’ U=+1V
0 surface event | \_
g |
] I \. = electron
‘a&c’ | I = trajectories
bulk event |1 I _ :
3T i ‘a,b&c’ event in e hole
0.4 low-field area { trajectories

-0.6
-0.8
-1

Q

1/

| |
1.5 N\ >N\ 55 3 3.5

‘c’ electrodes:U=-2V

30 | K. Eitel | ISAPP Summer Institute at KIT | 23.7.2009
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I rejection of surface events

ionisation yieId

. Via ionisation S|gnal (Edelwelss) Baa o
0] QU fyreeererererererersreserasasasinnilii ®w100% ‘5 ri:;r
8 GO wreererersesreesessesione 0 GO Yy eersereesarersesracsaseessssesas
) a” events m after cut “b” < 5keV : Iab Ca|lbratI0nS Wlth

, ; (30% of evts. survive) collimated 2#1Am: y(60keV),
% 10 % » 0 E) 6500 0 % 0 ] » @ 50 659 n 04 ( 3 M ev )
recoil energy [keV] ______ recoil energy [keV] __ 109Cd: (18,62,84 keV),

D 14 g EDELWEISS-II - PRELIMINARY - 7(22,25,88 keV)

i’ 1.2 . : :. ............................... E: rejeCtiOn >99’7% for Y<50%

S 1 '

S o8 E e e S B

S 06 first data (18.6kg.d)

0.4 in Edelweiss cryostat
0.2 | - no “surface events”
L -:lll.l;Illl"ll'l'l‘l'll-li!--llllll--l-ll]]Il.1|.|l1.|-
%0 "20 40 60 80 100 120 140 160 180 200
recoil energy [keV],
dpen P G T e

A P



I |ID-detector performance

» Gamma rejection

~1 month '33Ba calibration (~10° y’s)

y-equivalent
to ~10°2 kgd

10 |

lonisation Yield

arXiv:0905. 0753

32 | K. Eitel | ISAPP Summer Institute at KIT | 23.7.2009

ID of next generation

o © - -
O 0 = N b
T T

° o
N B
T[rrryJtT

Before rejection a) :
6_x104

o
T

(U
TTTTTT

B equwalent—
to 3x104 kgd:
After Rejection

vaaal 1 NI B A N

Qé; P‘g;r P

{

2
10
Recoil Energy (keV)
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I Direct DM search using scint.&heat AT

Wl M P ...via elastic scattering off nuclei

\ ‘ 10% energy

lonization

Targ et Heat
100% energy
slowest
cryogenics

Light

1% energy
fastest
no surface effects

Cawo,, BGO

WIMP

Forschungszentrum Karlsruhe
in der Helmholtz-Gemeinschaft

W
Wty
* ’ STA P P ¢
= F HELMHOLTZ
TLINTERNATIONAL SCHOOL ON
"'\lé_ naPA‘_g;lrnr Pursics
I, Y

| GEMEINSCHAFT

171

33 | K. Eitel | ISAPP Summer Institute at KIT | 23.7.2009



I Scintillation & heat A\‘("

energy measurement with phonon channel,
PID via quenching of scintillation light:

CRESST-2:
@LNGS; 10x300g CaWO, (r=20mm, d=40mm);,
light detection with Si bolometer; data taking

Rosebud:

@Canfranc; sapphire (Al,O,) crystals,
54g CaWO,~> 10kg.d;

BGO (Bi,Ge;0,,) 29°Bi with J=9/2

- SI&SD-search

Edelweiss-IAS:
@LSM; 50g Al,O4, R&D data taking
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| Scintillation & heat T
the CryogenicRareEventSearch withSuperconductingThermometerS eXpt.

Max-Planck-Institut fiir Physik
University of Oxford

Features:

-mass : 10 kg CaWO,

T - threshold lower than 15 keV (recoils)
Laboratori Nazionali del 6ran Sasso  _ oy co]lent background discrimination

Universitat Tiibingen - iden'rificaﬂon of recoil nucleus
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| Scintillation & heat detector module T

phonon channel:
300g CaWO, g = 40mm,
h = 40mm W-SPT 4 x 6 mm?
light channel:
Si@=30mm; h=0.4 mm
W-SPT with Al phonon collec’ror

reflector:
polymeric foil, plastic
scintillator with Al reflector

operating temperature:
10 mK
33 modules in CRESST IT
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I Scintillation & heat

Simultaneous measurement of phonons and scintillation light
to discriminate nuclear recoil signals from radioactive background
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I Scintillation & heat ﬁ("

Simultaneous measurement of phonons and scintillation light
to discriminate nuclear recoil signals from radioactive background

reflecting
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I Scintillation & heat: CRESST Il data
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I Scintillation & heat: CRESST Il data

Light to Phonon Ratio
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Dark Matter run

10.724 kg days
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I European cryogenic future:

» EURECA: beyond 10 pb, major efforts in
background control and detector
development

» Joint effort from teams from EDELWEISS,
CRESST, ROSEBUD, CERN, + others...

» >>100 kg cryogenic experiment, multi-
target : Scintillators and Germanium

» Part of ASPERA European Roadmap

» Preferred site: 60 000 m3 extension of
present LSM (4 1#/m?2/d), to be excavated
in 2011-2012

» Design study start by the end of the year
» Start installation by 2013

EURECA : 2 cryostats in water tanks

1 N
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| where do we stand? what to come next? A‘(IT
3 06 M‘%Eﬁq 5 ;-'-:;.' T

oy evidence of DM in astrophysics: :.\ Zas: o2
34 },“E.- > galaxy motion/rotation foat - £2
L > galaxy crossing
» CMB+BBN—->ACDM

" 1 . . .
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Recoil energy (keV)

no hints for DM from direct searches:
» no coherent scattering off nuclei (Sl)
» no signal from nuclei with spin (SD)

hints for DM from astroparticle physics:
» annual modulation in DAMA/LIBRA
» GeV e* excess in PAMELA data

| R HANA/NAT (0,29 fonaT) —————5 | | <DAVA/LIBRA (0.53 ton¥yrr>
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I where do we stand’? what to come next?  IT

3 EDELWEISS-1
1CRESST-2
4 WARP

| CDMS 04+05

Xenon10
ZEPLIN-3

41 CDMS 04+05+08

4 EDW2-800 kg.d & early 2011

1 EDW2-3500 kg.d & 2012
W Xenon100

SuperCDMS

10°L %, e Lt 4 EURECA - from 2015 on
 dapted from |  Direct DM search:
httwmmmmshmwneduf*“'f- Sl interaction
=10 | Gaitskell Mandic, Filippini
10 : e ' e ' —- , status: o ~5x10% cm?
10 10 10° aim: o~ 1045-1046 cm?

WIMP Mass [GeWcz]

theory: SUSY benchmark
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I where do we stand? what to come next?  A(IT
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Science 319, 933 (2008)
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I where do we stand? what to come next? AT

new experiments starting/about to start/planned:

» direct DM search - 1ton cryogenic / 2-phase liquid
- bubble chambers / scintillators

» indirect search > PAMELA, Fermi, ATIC, AMS-02
- lceCube, CTA

» accelerators - LHC

» cosmology? Dark Energy? (\
» SuSy? N

> remember: (:“

ACDM concordance model _gﬁ\d\
needs 96% unknowns!!!

nld You now finad Dark Matter
t angry?
memo: 13:00 at IK (Bldg.401) \orﬂ have to 9e -9 Y

excursion to KATRIN experiment T
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