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Direct Detection of WIMPS

7 Halp model
v WIMP model

Nuclear Recoil energy v’ Detector properties
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Direct Detection of WIMPS

X« Bunergy conversion into visible
signal is very different
pepenoiing ow tihe aetection

MECNANLS AND PAVELCLE -'crd'pa

Nuclear Recoll energ Y Conventional vs hybrid detection
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Direct Detection of WIMPS

dN _N leocal J' max do f(V) vd3

A T M., Vimin o

REF for nuclear recotls
Lsemiboonductors

— 0.25-0.3

Bitd

Vighl energ;; (ke\;;e) : bolometers ~ 1.
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General strategy for DD

very low energy thresholdl

- nkrinsie and tnduced radioactivity: very low
- environmental: located in underground taboratories,

in a radiopure environment: active / passive
shieldings

- capabilities to discriminate the signal from the
background (hybrid detectors)

Large detector mass (to tnerease the prooaotlity o
detection)

Good stability and control of systematics
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Discriminating stgnal
from backgrownd

NUCLEAR VS. ELECTRONIC RECOILS

DISCRIMINATION

NEUTRONS REMAIN AS THE MAIN BACKGROUND
SOURCE

Awnd thew...

experimewcat set-up

-Tracking the nuclear recoll energy deposttion:

directionality
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Annual modulation of the
stgnal
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General Strategy for
DM Direct Detectlon

D LOMDLINE S MUCh Lntormation as
avaLLaole/possiole to oecovple

VORWDWINS /WG eV AL

Rbufferewt targets

- Different signatures
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Dark Matter Search




The Canfrane Underground
Laboratory

Umndler the Spa nish Purenees

In the old railway T = A
Sonort Twnnel UM
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The Canfrane Underground
Laboratory

eaveh has beewn

Bliect WIMP senven ) —o
v Bouble betn decay 2
v Other “rare” processes L e
v Radiopurity measurements
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The Canfrane Underground

La bom’corg

\ /. /7 _
1925 fLrst visits to the Somport Tunnel

First Canfrance Underground Facility
1989, Mounting BP/y
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The Canfrane Underground
Laboratory

e L -'.
TR Y

2450 m.w.e.
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The NEW Canfrance Unaderground
Laboratory Facilities

canfrane Undergrouna Laborator



The NEW Canfrane Underground
La bomtorg Factlitles

canfrane Undergrownd Laboratory
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Site Expe rim ent Tec hnique Target Stat us
Baksan (Russia) IGEX lonisation 3kg Ge Operational
Bern (Switzerland) ORPHEUS SSD 0.5kg Sn Operational
Boulby (UK) Nal Scintillator Skg Nal Completed
NalAD Scintillator 50kg Nal Operational
ZEPLIN I Scintillator Skg Lxe Operational
ZEPLIN II/IIT | Scintillator/Ionisation 30kg/Tkg Xe Construction
ZEPLIN-MAX | Scintillator/Ionisation 1000kg Xe Planned
DRIFT-I TPC 0.2kg CS, Operational
DRIFT-10 TPC 2kg CS, Planned
Canfranc (Spain) COSME Ionisation 0.2kg Ge Completed
IGEX Ionisation 2.1kg Ge Operational
ANAIS Scintillator 107kg Nal Constrcution
ROSEBUD Thermal Al,0,,Ge,CaWO, Operational
Frejus (France) Saclay-Nal Scintillation 10kg Nal Completed
EDELWEISS I | Thermal/Ionisation 0.07kg Ge Completed
EDELWEISS II | Thermal/Ionisation 1.3 kg Ge Operational
Gran Sasso (Italy) Hdlberg/Mscw | lonisation 2.7kg Ge Completed
HDMS Ionisation 0.2kg Ge Operational
Genius Ionisation 100kg Ge Planned
DAMA Scintillation 100kg Nal Operational
LIBRA Scintillation 250kg Nal Construction
Xenon Scintillation 6kg Xe Operational
CRESST-I Thermal lkg AL O, Oprational
CRESST-II Thermal/Scintillation 10kg CaWO, Construction
CUORICINO Thermal 40kg TeO, Construction
CUORE Thermal 760kg TeO, Planned
Otto-Cosmo (Japan) | Elegants V Scintillation Nal Operational
Elegants VI Scintillation CaF, Operational
Rustrel (France) SIMPLE SDD Freon Operational
Stanford (USA) CDMS-1 Thermal/lonisation 0.1kg Si, 1kg Ge Completed
Soudan (USA) CDMS-II Thermal/lonisation 0.3ks Si, 0.75kg Ge | Construction
SNO (Canada) PICASSO SDD 1g Freon Operational

APPEC Peer Review Committee, C. Spiering

torg_



COSME, A
IGEX-DM

Ge

U. Zaragoza / Pt B,
South Carolina /
PNNL /INR/ITEP

Collaboration

Ionization\
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WIMP searches with Ge

* Ultrahigh pun‘ctd material: very low

© For  splm-lndependent  coupling  wo
enrichment needea
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. Ortiz de Solorzano, J. Puimedon,
. L. Sarsa, J. A. Villar
: Zaragoz:

F.T. Avignone lll, .I. Collar
University of South Caroline, USA

R. L. Brodzinski, W.K. Hensley, H.S. Miley, J.H. Reeves
Pacific Northwest National Laboratory, USA



COSM 6 PNL/USC/UZ

. 1990-1992
234 g natural Germantum

Search for WIMPs and solar

Low energl threshola 1,2 ieevee
: COSME 92 / COSME 98
6 130,7 kgd / 72,8 kgd

Phys. Rev. D 51 (1995) 1458

Counts/Rev/Ro/day

Jung 24 2006 canfrane Undergrownd Laboratory




Cebrian, E. Garcia, D. Gonzalez

Drtiz de Soelorzano; J. Puimedon; A

Z, l. B J astorza, A.

Vioraie
oalinas; Vs Jafsa, JJ A. Vi
51 / orzamgo—/a

. 1. Avignone lli, .I. Collar

Jm\/ﬂyu/ of South Caroline, USA
R. L. Brodzinski,

me

H.S. Miley, J.H. Reeves

Pacific Northwest National Laboratory, USA
A.A. Klimenko, S.B. Osetrov, A.A. Smolnikov, A.A. Vasenko, S.l. Vasiliev
Institute for Nuclear Research, INR, Baksan
L.V. Kirpichnikov
Institute for Theoretical and Experimental Physics, ITEP, Moscow
V.S. Pogosov, A.S. Starostin, A.G. Tamanyan
Yerevan Physics Institute



IGEX BB

IGEX Collaboration searched for 7¢Ge double
beta decay with enriched detectors (26%)

canfrane Undergrownd Laboratory




IGEX-DM

" (GEX-DM used one detector (2.1 ko)

"An lmproved neutron shielding allowed |
3 signifioant reduction of backgrownd |

T

-

archaeological lead
side 60 cm
2.5 tons

Plastic

Low activity lead scintillator
side 100 cm
10 tons
PVC bags
with N,
Cadmium layer
2 mm
Polyethylene /
borated water A d:tg::ltf)r
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IGEX-DM

10 B ACKGROUND 194 Ifeg—dags with 40 cm
09 | 4-10 keV back d: 0.22 c/keV/kg/d 5l Al
M| e et neutron shielding
_ i 25-40 keV background: 0.04 c/keV/kg/day ,
< 0.7 g -
E‘% i
Zos |
S0l 4 kevee threshold
503 IGEX-DM
: 2000
02 1
01
00 - = P IGEX-DM
0 10 2 0 0 0 2001-2002
Energy (keV)
10-8 AN
Astrop. Phys. 20 (2003) 247 tj
Astrop. Phys. 21 (2004) 523
-9
Phys. Lett. B 532 (2002) € 10°7 T T
Phys. Lett. B 489 (2000) 268 M, (GeV)
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Ionization\

COSME,\\
IGEX-DM

Ge

DM32,
ANAIS

U. Zaragoza /

South Carolina /
PNNL /INR /ITEP
Collaboration

June 24t 2006 ML, SAYSA

Light

Nal

U. Zaragoza
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WIMP searches with Nal
seuntillators

* 100% wnuclel with now-zero spin: 2*Na ()=3/2)
27 ()=5/2)

+ Heavy tlight nuclel, A=127# § 23

* Basy scale up to large mass

+ Pulse shape discrimination (PSD) capab’LL’Ltg

+ Swmall quenching factor (R<10%) for |, awnd
medium for Na (R~20-40%)

SN Juenamoooe ML SArsa canfrane Undergrownd Laboratory




Nal Scintillators at Canfranc

14 detectors, used Lia Pre\/’wu.s exper’umev»ts,
underground sinee 1988

PMT EMI9765
quartz window 127 om
stainless steel : —
vessel 0.5 mm 762 cm
5 233 cm
crystal 10.7 kg 20.32 cm
Nal (TI) 5 :
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Nal22
Experimewt

E. Garcia, A. Morales, J. Morales, A. Ortiz de Solérzano, J.
Puimedédn, C. Saenz, A. Salinas, M. L. Sarsa, J. A. Villar

University of Zaragoza




looking for the annual
modulation effect

carried out in the Canfrance
Underground Laboratory

from 1993 to 1995

Mt=4¢&14 Rg.day

l Phys. Lett. B 386 (1996) 458

Phys. Rev. D 56 (1997) 1856

ANALS

:ﬁ;\iﬂ June24% 2006 ML, SAYSA canfrane Undergrownd Laboratory




ANAIS
experiment

J. Amaré, B. Beltran, J. M. Carmona, S. Cebrian, E. Garcia,
H. Gomez, I. G. Irastorza, G. Luzén, M. Martinez, J. Morales,
A. Ortiz de Solérzano, C. Pobes, J. Puimedén, A. Rodriguez, J. Ruz,
M. L. Sarsa, L. Torres, J. A. Villar

University of Zaragoza




ANAIS PROJECT

10 X 10.7 kg Nal dark watter search experiment Looking
for annual
modulation

40 cm neutron shielding

Active vetos

20 cm lead

To be tnstalled at
the new canfranc
Unaderground
Laboratory

PVC box

2 mm Cd

10 cm Roman lead Vibration isolator

June 24 2006 M L Sarsa Cﬂ V\/{Ya nwe MV\/dng YO‘/(V\/Ol Lﬂ bOYﬂtOYM




PROTOTYPE |
10.7 Rg Nal

PSD diserimination to Veject E
PMT wnolse: lLowering
threshold

Nucl. Phgs. B (PS) 114
(2003) 111

IMPROVED PROTOTYPE !

Understanding and
Lmprovement of background

/ﬁ%\' June 24 2006




IMPROVED PROTOTYPE |

Ea C lQ@ YO l/( V\/d fro VM, _ PMT9302
10 1460keV — PMT9765
PMT ] j OpticGuide
2614keV

Counts/keV/kg/day

A\

0 00 800 1200 1600 2000 2400 2800

e N i Energy (keV)
EMI9765 EMI9302
?1%Pb + x-Rays Pb |
X N oo

Counts/keV/kg/day

0 100 200 300 400 500
Energy (keV)
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IMPROVED PROTOTYPT |

l 210Pb + x-RaysPo |

B 210Bi (Q,=1161.5keV)
w K@ 1ke) [

CoMK | | 208T] + o's

Counts/keV/kg/day

01 1

mu I\ I}I Wl h

! | ! |
0 400 800 1200 1600 2000 2400 2800
Energy/keV

B e 247 2006 cCanfrane Underground Laboratory
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PROTOTYPE I (200=-)

Rewmoval of the old PMT and

steel vessel _ Nalee
: 9
Coupling to 2 wultra-low W
ba CK’,@ round PMT + LL@ ht — ‘{?jﬁi‘ R C Vg Sta L
e W
- Awnticoincidence AN !

- Light collection efficiency
- Background Lmprovement

Selectlon.  of high  purity
materials tn Canfrane usi

LV\/@
a Ge detector /

- Background Lmprovement

j‘:ﬁ June 24% 2006 canfranc Underground Laboratory




PROTOTYPE |l N

Light guides

10.7 kg Nal

Flextble set-up

Test reflector/diffusor
materials and thickwness

Optimal light guides length

June 24t 2006 M.L. SArsa canfrane Undergrownd Laboratory




Light collection results

v Teflon thickness

30 /7 /7 Ve
o slig Mt% Lnereases Light
g 20 —e— 1 cm teflon COLLectLDV\/
E 15 -
§107 —a— 1.5 cm teflon
55 e 2o teton v Reflectant mproves
B 0+ [ Lon ~
g, o etons Light collection ~20%
O external reflectant
°\°_1 5 —e— reflectant
I v Reflectant decrenses
0 2 4 6 8 10 12 14 16 18 20 22 'PDSLtLOI/LﬂL dC‘PeV\zdeV\z05
Distance LED-PMT (cm) , ,
of light collection

[ Teflon
I Reflectant

v we lose ~10% light
every 5 cm opt’waL
guide

5 10 15 20

Guide Length (cm)
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STRIPPING THE CRYSTAL




COUPLING PROTOTYPE Il

— ——

PN Jneoevzooe ML SArSa canfrane Undergrownd Laboratory




PROTOTYPE (I: Canfranc measurements

10 eve avcheologieal Lead Anti-radon PVC box

10 cevn Lead
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PROTOTYPE (I: Canfranc measurements

2227 contamination! -
Identifieo at the

238.6 keV WCLO{/LI/\/@S Of the
— Improved Prototype | COPPBV bO)(
10k 338.3 keV Prototype Il
; M
g i >8keV 2614keV SGTAW
° . wry “N'rt'.', i
s Wl 1911keV
§ | 1
}H i o \ \ I
0.1 | \1 Lt ]!l i
P O | [T
0O 400 800 1200 1600 2000 2400 2800 3200
Energy/keV
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PROTOTYPE II: Nolse reJ' ection

Trigger at photoelectron Level tmplies nolse tin
councLaence
Ol/(_ts a'P'Pl,Led D{DWV\, to 2 Rev Pl — areal 100 — 600 ns) Pa_ areall — 50 ns)

areall — 600 ns) area(ll — 100 ns)
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PROTOTYPE (I: Canfranc 38
MEASUYEMLNES |

lnner Cu shielaing
Nolse rejection

‘10:n

c/keV/kg/d
o
c/keV/kg/d

—
MR |

|
|

wa

0 1000 2000 3000 O 20 40 60 80 100
Energy / keV Energy / keV

0.1 .




Diapositiva 45

MLS7 Comparar el fondo con Cobre con el fondo antes de colocar el cobre
Maria Luisa Sarsa; 08/06/2006



PROTOTYPE (I: PSD for O
discrimination

o 350p
= -
b [
= =" 300}
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g 250}
20 [
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B 1005
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PROTOTYPE l: PSD for @
discrimination

-
o

]
-
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T T —TTTTTT
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—

i

0.01

o
—

0.01
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0O 500 1000 1500 2000 2500 3000 35000 500 1000 1500 2000 2500 3000 3500
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PROTOTYPE l: PSD for @
discrimination

Contamination (nBqg/Rg)
Parent (sotope Pl EP-058
=5 0,017 * 0,007 -
2R 0,14 * 0,01 0,22 * 0,05
210l 1,2 0,1 0,54 * 0,42
2227 0,02# * 0,00 -
2ERY 0,07 * 0,02 0,021 %= 0,006




PROTOTYPE l: PSD for @
discrimination
GEANT-4 Stmulation of internal U-Th-Pb-K

Cuentas /keV/kg/dia

0.1

10

—
i |

prototipo Il
“K (9+4) mBq/kg
; : *"°Pb (1.2+0.1) mBg/k 40K has been
= Q | assuwmed to
i [ S |
1M § be completely
Ol I. y ’
Rt S of/w/vcerwat
A A i‘é;;;: = 12 DYL@ LW
I
L 10 100 1000

Energia / keV



Background Unaerstanding
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Energy callbration
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Low |

140

Energy callbration.

HV=1000V QDC 1' A‘PYD)(. Linear behaviowr
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& keV line from >Fe at
Lower enerpies than
extrapolation

Superficial effects can
be responsible



New Nal(Tl) 9,6 kg
crystal

Last week mounting in Canfra

PN Jneoevzooe ML SArSa canfrane Undergrownd Laboratory




Design of a new
encapsulation

Teflon diffusive

OFHC copper tlahly sealed
PP I Lager

Ruartz opt’wat
wlndows

canfrane Undergrownd Laboratory




sy

Exclusion plots in different scenarios
without modulation search (90%CL)

c) FONDO b) UMBRAL
10 T 10
‘.\.‘ . c/kevV/kg/d ' 5\ 1 kev
\ 5 c/keV/kg/d U 5 ke e
10 \:\ 1 c/kev/kg/d H 1072 3 kev H
\ c/keV/kg/d 4 keV
3 c/kev/kg/d — A
10 q 1o
e
H
10 W5 10
10 10_5
10 10_6
1 10 100 1000 1 10 100 1000
my, (GeV) m,; (GeV)
2-8 keV energy window 1 c/keV/kg/d

5x107 kg.yr exposure 5x107 kg.yr exposure



E.GE;L (pb)

Expected sensitivity for a dark watter
modulated signal in different scenarios
(0°=5.6, Astrop. Ph Ys. 14 (R001) 339)

c) FONDO
107t
0.1 c/keV/kg/d
0.5 c/kev/kg/d
1072 _
1 c/kev/kg/d
2 c/keV/kg/d —
-3
e 3 o/kev/kg/d - [
107*
107° —— -
107° ;:__
107’
L 1o 100 1000
m, (GeV)

2-8 keV energy window
ox107 kg.yr

Eog; (pb)

b) UMBRAL
107 F—
Vo 1 kev
I."". 2 keV """"""""
1072 : : |
\ %\ 1 key
1073 . s
\ ‘.\
1074 =
™~
107 =
107° -
1077
1 10 100

m, (Gev)

1 c/keV/kg/d
5x107 kg.yr

1000



ANAIS PROSPECTS

-New copper ewcapsutatlow LA Prepa vatlown

- 9,6 kg radiopure crystal to be tested in the
PROTOTYPE Il set up (taking data)

- PMT tests (background and response)

-Alpha PSD measurements to select the best crgstats
anmong available

-Main Llimitation seem to come from internal
contaminants: *°K requires more study

-2 kevee threshola achieved (further calibration)

- Optimized shielding conditions in the new LSC for
Prototupe (I



/= COSME, A 4 DM32, A
O | IGEX-DM - ANAIS

gt =

© Ge (o)) Nal

N N a

.E U. Zaragoza / ~

o South Carolina / U. Zaragoza

— PNNL /INR / ITEP

Collaboration

CANFRANC PC
EXPERIMENTS
WIMP MICROMEGAS

detection techniques

ROSEBUD-I / I "C-U' ROSEBUD-II / 11l
()
ALO, =_||_= Cawo, . o
Ge -+ BGO 23
L
U. Zaragoza / IAS Orsay -9 U. Zaragoza / IAS Orsay J
Collaboration — Collaboration
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Thermal coupling

e

% 420: ,-j'
2 qop [ AR 10 K keV
c ] 7 I
L 3] / estabilidad ~ 1uK!
§ éo/./"’/ 7
* AT
10 12 14 16 18 20 22
Temperatura (mK)

:;QL June24t 2006 ML, SArSA %W{Yﬂm MMCY@YO%M LﬂbOY’atOWA




- \Wlide absorber cholce

- uenching factors seem to be compatible
with 1

* Very low energy thresholas

- Dlserimination capabLLLtLes event bg event
Lnerease ova mat’waug sewsitlvétgz

- CHARGE VS HEAT / LIGHT VS HEAT

© Large wass experiments Ln preparation:
feasible
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Rave Objects SEarch with Bolometers Lnbergrownd

J. Amaré, B. Beltran, J. M. Carmona, S. Cebrian, E. Garcia,
H. Gomez, |l. G. Irastorza, G. Luzén, M. Martinez, J. Morales,
A. Ortiz de Solérzano, C. Pobes, J. Puimedon, A. Rodriguez, J. Ruz,
M. L. Sarsa, L. Torres, J. A. Villar
University of Zaragoza
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Since 1997
Devoted to the search for

palactic halo WIMPs at LsSC
with bolometric techniques

AL O,

v understanding and
reduction of the background
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ROSEBUD

Phase Ul (stnee 2000):
AL O, (50 9), c.e (@7 g), aawo (54 g) + Ge

YO LD VY "‘I"A@ “1 -

Phgs. Lett. B 563 (2003) 48

AOSOYrOCY ' A VAL L=uAP ) CADPLOYEC AV U

alepewdeuwe of the DM signal)
Astrop. Phys. 21 (2004) 23
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l VOSP eats A.Benoit et al., Phys. Lett. B 545 (2002) 43

& - 36

E 10 ™ ¢

= j ALO,

.§

3 10 36

[14)

O

B =

c

E 10— 40 i

(8]

=

0 _ i

B ) EDELWEISS
10 h@.dﬂg QQWO‘Q' } : --‘*'-"f? : ;"::‘___'_-‘ o
10 keV threshold 100 1000

zevo nuclear-recoll events | WIMP mass (GeV/c?)

:;QL June24t 2006 ML, SArSA %W{Yﬂm MMCY@YO%M LﬂbOY’atOWA




Ow the search for new
scintillating materials (IAS)

Scintillation at 20 mK detectea for:
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Next DM run at LSC: BGO and AL O,

Sapphire (AL,O,)

promising candidate to explore Low WIMP masses

E sl C.L (1tailed) | E (kev)
0% | 67
ga 100 |- " recoilsband - 75 % 10.0
= —— »E | 1BO
= AOs 99.9 % 17.1
0 . Heat sig4:zl amplituilos (mV) > o 99'99 % 21 '3

A t
Juneg 24 2006
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Light yield of undoped sapphire at
20 'WLlé

Applied Physics Letters &7

500 T T T T

na
o
(=]

Light signal amplitude (mV)

1000 > 1500 2000 2500 3000

Heat signal amplitude (mV)

Absolute mean Light yield estbmate of sapphire

B/y 0.12F * 0.010
o 0.012 * 0.005
n 0.007#2 * 0.0010
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External ““Po source emitting o particles ana
~0eP recolls
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Next DM run at LSC: BGO and AL O,

BGO (Bi,Ge,0,,):

lnterest for WIMP searches: 29Bi 1A = tog:J =92 = togp

2.0 YT e
| o wenn e lative Light output factor -
150
g Q (recoils:a:y/p)=1:2.6:15
% 1.0:—
s i * Particle discrimination threshold:
T os| |F .
s | Becoilsz 19070 CL at € > 23 ReV
ool ¥ e e ew . 5
* BGO | "99.99% CL at € > 51 kev
-0.5-.|." ....... Lo, L Liauaaaaan L]
0 100 200 300 400
E (keV) _ Heat channel
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Pros]s ects

+ Dark matter run at LSC using BGO and
sapphire bolometers as absorbers. Goal 15

Rev for BGO and 10 kev for sapphire
recotl discrimination energy threshold.

(termas betng discussea)

* lncorporation to the Cryogenic Dark Matter
Search Buropean Project EURECA
(application under stuolg)
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SuUumma rg

- Searches for Dark Matter at the
Ca '/\;f‘r&t AC Unaerorouno Laborato Y
AV G|DLAD) OV SUALE 1990

- Different techniques and targets

<y )

ANAIS A1 /LO' ~OSTBEUD EXT 6'/1'/‘/‘3'/‘2‘2’3
will be tnstalled at the new canfranc
factlites
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