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CopepxaHue noknapa

»MoTusauunsa nomcka TemHon MaTtepum
»Peructpauyna WIMP
» OKCNEPUMEHTHI:
DAMA/LIBRA; DM-Ice; CoGeNT; CRESST; COUPP

[eTekTopbl Ha Xnakux bnaropogHbIX rasax:

ZEPLIN-III: Xenon100; LUX: Darkside-50; XMASS;
LZ; MAX; P31



CeropHa cBuaeTenbCTBa B NOMb3y CyLeCTBOBAHUA TemHOM
Matepuu HamHOro cunbHee, Yem koraa-nuéo!

Actpodusnueckast KocmoJstornyeckass MoTHBanms
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UYTo XXe HaOnpgaeTcAa Ha ranakTuyeckux macwrtadax?
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B KpynHomacwTabH PesynbraTt N-body
B as cTpykTypa CUMYnALUM,
BceneHHon, npoBeAeHHbIN Ha
PEKOHCTpyMpoBaH cynepkomnbroTepax
Has N3 UsMepeHnin
KpacHoro |
cMelleHus
o6beKToB

maBHbIN pe3ynbTaTt cumynaumm — TemHaa MaTtepusa oomkHa ObITb XONO4HOWM
(HepenATUBUCTCKOMN)

Teopusa CynepcummeTtpun SUSY npenocraBnseT HaM HOBbIN KJlacC YacTul,.
Heumpanuxo — Haubonee eeposmHbIl kaHOudam e
WIMIP - (Wealkily Interacting Massive Particles)

Idnana3oH Macc OT HeCK. Aec. A0 HecK. coTteH 3B

MecTHaa ranaktu4yeckass nnotHoctb ~ 0.3 N3B/cm3 ~Heck. yacTuy B nuTpe!



B NanakTuke

'\CKOpPOCTAM KBa3u-
aKcBernoBckKoe :

pacnpeneneHue WIMP no

VO vV Yescape

X X
MHIIIEHb
(BemecTBO
JeTeKTOpAa)

Ekin
B K3B-Hoii 00.1.
o~ A? - spin-independent (SI)

interaction

o~ J(J+1) - spin-dependent (SD)
Interaction
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erf(& +n) —erf(E —n)— & e
E< z—n1
g(nE)= {erf(z)—erf(E—n)—2(z+n-Eme™

Zz—-n<t<z+py
0, E>z+n,

@MN n m.,— masses of WIMP and target nucleus, and
their reduced mass, respectively;
|7

77 — VEarth Z __ VYescape
Vo G

5 _ M. E
i 2mrzed Vg
Vean = 232 km/s — Earth velocity,

v, = -/%V, 1, s— Quasi-Maxwell distribution parameter,
Ny — number of target nuclei,
p = 0.3 GeV/cm3 — WIMP density in Galactic halo,

(o DWIMP interaction cross-section,

F\2(E) — nuclear form factor
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Exponential behavior is very similar to that
of bckg of various origins.



N events

Signal +
— background
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m Sun

== <
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Earth
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Energy deposition
in detector

Oxupaemasa Bapmnauusa temna cyeta WIMP ~ 5%
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Experiment
ANAIS
DAMA/NaI
DAMA/LIBRA
DAMA/1 ton
NAIAD
HDMS

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

Target
NaI
NaI
NaI
NaI
NaI

Ge

CsI
CaF2
Ge
Caw0O4
Ge

Ge

Ge

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

Experiment

DAMA/LXe
WARP
XENON 10
XENON 100
Zeplin T
Zeplin IT
Zeplin ITI
ArDM

LUX
LZS/LZD
MAX
CLEAN
DEAP
XMASS
MIMAC

Target

LXe
LAr
LXe
LXe

LXe
LXe
LXe
LAr
LXe
LXe
LXe/LAr
LNe
LAr
LXe
3He gas



DM Direct Search P

rogress Over Time (2011/12)
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Searches Past,Present & Future
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1 m concrete

glove-box in HP hiitrogen atmosphere
for calibrating in the same running
conditions of the production runs

cxe'e

Total

Deviation of the count

-0.06 &
-0.08 E
—0.¢ ©

L7 s oo exposure rate from the mean
— figseoc- ~1.17 t-y value (2 - 6 keV only)
during the whole
z e V- ,
i E e arxiv:1002.1028v1 exposure time on both
£3 A/ [astro-ph.GA] setups DAMA and
i atmosphere |__,_,——~' ——= o LIBRA
A\m_E,?-ﬂcﬂhe r 1“‘2—5?.{35@;9
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A-cos w(t - ty) with a period T = 2m/w = 0.999 + 0.002 vy,

and a phase t, = 146 + 7 day, which is very close to the expected: 152,5 days (2 June)

A=(0.0114+0.0013) event/kg/keV/day, C.L.=8.80
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Cross-section [pb] (normalised to nucleon)

DAMA/LIBRA

DATA listed top o botiom on plot But there is a significant discrepancy!

DAMAJLIB RA 2008 3sigma, no ionchannelin o
Edelweiss 1final limit, 62 iL:f-u:.!.:l._'.-'s Gz 20004+200242003 limit
DAMA 2000 58k kg-days Mal Ann. Mod. 3sigma w/DAMA 1996

ZEPLLIM 1 (200 5) TN

WARP 231, 96 5 kg-days 55 keV threshold Gr'x IV.09 1 2 . 298 3V1 [hep-e)(]
ZEPLIM 11 (Jan zm’?-] result

ZEPLLIM 111 (Dec 2008) msult

COMS: 200-H2005 [reanalysis) +2008 Ge
HED DM LD 2007 Tdet L36 kg-d)

Trotta et al 2008, CWSSH Bayesian: 68% comour
Trotta et al 2008, CWMSEM Bayesian: 955% contour
Ellis et. al Theary region post-LEP benchmark points
Baltz and Gondala 2%03

n

Baltz and Gondolo, 2004, Markow Chain Waonte Cados A ‘NAIAP
09112306 2600 A A A
http ://drotoal 5. brown.edu g
Gaitskell,Wandic Filippi
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Energy, keV



DM-Ice-17: First Step

T _Ice_CuL lab
Detectors: oy Q‘N__E&;Zi:;_, S
e Two 8.5 kg Nal detectors 2004: Project start
2010/2011: 7 Strings
with 86 strings
Goals:

lceCube In-lce array
80 strings each with

* Assess the feasibility of & / 60 DOMs
deploying Nal(Tl) crystals in ™ e AMANDA-II array
the Antarctic Ice foradark £ M S
matter detector [

DeepCore

6 strings each with

60 high quantum efficiency
DOMs; optimized for low

« Establish the radiopurity of  *|
the antarctic ice / hole ice s

* Explore the capability of L‘J“TJ
lceCube to veto muons gli'

Installed Dec. 2010

=

36 cm (147)

Reina Maruyama, UW 4

2 lceCube mainboards
+ HV control boards

bl

e 5" ETL 9390UKB
3 PMTs from NAIAD

NAIAD Nal Crystal
(5" dia. x 5, 8.5 kg)

|
ﬁ\; — quartz light guides
g PTFE light reflectors

1|, sStainless Steel
Pressure Vessel




In Soudan mine 2,100 m.w.e.,

Dark Matter run:
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“Search for an Annual Modulation in a P-type Point Contact 0 300 400 000
Germanium Dark Matter Detector” days since Dec 3 2009

arXiv:1106.0650 [astro-ph.CO]

CoGeNT




reflecting
«— scintillating

light detector

~

phonon detector
A

housing

— W thermometer

™ Light absorber

— CaWOQ, target

[ W thermometer

18 modules

analysis from 8 modules

Light Yield

o
o

=0

0 20 20 60 80 100 120 140
Enerav [keV1
M1 M2

e/y events 8.00+0.05 | 8.00+0.05
o events 11.55% 11.255
neutron events 7.5%%2 9.7*%
Pb recoils 15.0%7 18.7%
signal events 29.4%35 24.2%7,
m,, [GeV | 25.3 11.6
Oy [Pb] 1.6-10° 3.7-10°




WIMP-nucleon cross section [pb]
o

CRESST 1¢

CRESST 26

T e B e e ; CRESST 2009
N, \— |+ =+ EDELWEISS-I

Z: i e CDMS-II
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: DAMA

2| m— CoGeNT

...........................................................

.................................

.....................................................

10 | 100 | 1000
WIMP mass [GeV]




The COUPP program

» COUPP-4: A 2-liter chamber - shallow site in 2009, at SNOLAB
since September, 2010

» COUPP-60: A 30-liter chamber commissioning at Fermilab, goal
Is to move to SNOLAB within a year

COUPP-4 COUPP-60



COUPP2L SNOLAB Results
>99.3% alpha

reJ ECtI on ( 1 5 keV f == AmBe neutron source
th FESh O | d) : —Background data
Ca nd idates :T: E Acceptance = 96 T

5

— (0.11,0.09,0.03) ev/kg/day
above (8, 11, 16) keV

— Expect ~0.01 ev/kg/day from
identified neutron sources

E LU R B0 T RE T TT BT AT T NP

<
e
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=
™
(=
|r )]
s

e

AP is a measure of acoustic energy 20 recoil-like events

A(T) temperature correction

G; gain correction for j™ acoustic
sensor

C,(x) position correction for n™
frequency range

psd power spectral density with AP = A(T)EGJECH (1)2]" X pﬁdjf
b} n f

L".L ||- I I e o

11T
.

'l-....._

bin center frequency f

2/24/2012 leter Hall - COUPP Updates - 10th UCLA Dark Symposium
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Letexrophl Ha Xuaxkux 6naropoaHsIX rasax

Future ton- and multiton-scale

Completed, ongoing, deployment

A 4

()-FV
- |\Il_eAr XMASS
LXe 20 ton
ot (10.ton)
XENON100+
XENON100 250 kg
WARP 170kg (100 kg) -
2.6 kg (50 kg ~48cm
(1.83 ko) 5 % WARP 140 kg
-;‘2,- ﬂ : LZr
- D OI ’ 20 1 |? 5
i ) L
40cm 200m © 3cm - 40cm Lol or))
+—> <+>

ZEPLIN-IIl XENON10
12 kg 14 kg
(6.5kg)  (5.4kg)




[etexroptl Ha Xuakux 6naropoaHLIX rasax

Liquid noble gases are increasingly used
as a detection medium for WIMPs

svery low contamination by U/Th, K
(can be easily purified by filtering)

epossibility of discrimination by
simultaneous measurements of
scintillation and ionization signals in
a two-phase mode

o _ WIMP
epossibility to build large and even ~

very large (ton-scale) detectors

3D position sensitivity => “WALL-
LESS” detector!!!

For total mass of >3t, reduction of bckg > 103



Discrimination of particles in a two-phase detector (Xe)

. Electrons are

B.A. Dolgoshein, V.N. Lebedenko, B.U. Rodionov,

JETF Letters (in Russian), 1970, v. 11, p. 513

For the Dark Matter search:
A.S. Barabash and A.I. Bolozdynya, JETF
Letters (in Russian), 1989, v.49, p. 359
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N e .
Excitation . éé-.
\ (recomi-
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75n 75nm
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can be rejected
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partly extracted
from the track:
recombination is
suppressed

Suppression
depends on dE/dX

Ratio of SC/EL is
different for
different kind of
particles




ZEPLIN

ZEPLIN IlI (two-phase) Boulby, U.K. site (‘Palmer lab")
1100m, 2.8km water equiv.
> L . .
%CCLRC Rutherford Appleton 106 reduction in muon flux
Laboratory ,.

N LA ;
== Imperial College London

k“‘% . . -
E|5Un|ver3|ty of Edinburgh

Underground Research Laboratory
Boulby



ZEPLIN III
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ZEPLIN III

Phase 1 (FSR)
Completed in 2008
453.6 kg days

8.1 x10°8 pb g
astro- g
ph:0812.1150

8 events /

in WIMP 3. g

search

region

Phase 2 (SSR)

Upgrade:

- 30 times less
radioactive PMTs
*Active neutron
Veto

Data collected
during 319 days

1344 kg-days in FV
O, sr =3.9 x10-8 pb

WIM P-nucleon (SI) cross-section, ph

0.8

0.6

0.4

0.2

0

=0.2

-0.4

-0.6

10 15 20 25

30

10

ZEPLIN=TII

energy (581 channel), keVee
NN paMa/Na
\ NV PV S eMssM
v\ ] mSUGRA
' \

WIMP mass, Ge Ve’



XenonlQO0

150 kg total (70 kg in target)

| olafo | ]|

[ ool |

Dark Matter Results from 100 Live Days of
XENON100 Data.
Phys.Rev.Lett.107:131302,2011.

e-Print: arXiv:1104.2549 [astro-ph.CO]

WIMP-nucleon (SI) cross-section, pb
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Large Underground Xenon detector

SUSEL - at Homestake; South Dakota

I
ey A N

TS

350 kg total (150 kg in target)
Large water shield Cherenkov readout -
muon veto. 10-month exposition

Cross-section [pb] (normalised to nucleon)

El
El

wt

10

(-]

POLLISOLLLAL

DATA listed top to bottom an plot )
DAMA/LIBRA 2008 Jsigma, o ion channelin o
Edelweizs L final himit, 6F kg-dayvs Ge 20004200 242003 |imit
DAMA 3000 58k kg-days Nq.:ﬂ. Ann. Mod. 3zigmaw/DAMA 1996
ZEPLIM 112005)

WARP 231, 9.5 kg-days 55 ke threshald

ZEPLIM 11 (Jan 2007 result

ZEPLIM 11 (Diec 2008) msult

COBAS: 200-4-2005 reanalysis) +2008 Ge

XENOM L0 2007 et 136 kg-d) ,

ZEPLIMLL yr 3,with FMT upgrads) Proj. Sens.

KMASS B00kg, FV 0.5 ton-vear

Trotta =t al 2008, CMS5K Bavesian: & 8% comour

Trotta =t al 2008, CMEEM Bavesian: 95% camour

Ellis et. al Theary region post-LEF benchmark points

Baltz and Gondale 303 )

Baltz and Gendolo, 2004, Markoy Chain WMonte Cados

09 LLM055L0L

http://dmtoals. brown.edu/
Gaits kel Mandic, Filippin

L

10
WIMP Mass [GeV/c']



Darkside-50 @ LNGS

Depleted Argon Cryostat for Scintillation and lonization Detection

two-phase Argon TPC Will use Ar depleted with 3°Ar (1%)

Existing Borexino
CTF Water Tank

Liquid scintillator (PC) loaded
~with tri-methyl borate (TMB) with
natural 20% 1°B

Projected sensitivity
(~20 keViec threshold) ~1-104°cm?
3 yr background-free exposure
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DATA listed t-:.\p to bottom on plot
DA 1B RA X008 3sigma, io won channeling
Ede=ly rlfln.:l] limit, 67 kg-days Ge 20004+200242003 |imit
DAMA 2000 58k Lq—d.:t 'rﬂ.:ﬂ. Ann. Mod. 3sigma w/DAMA 1998
ZEPLIM 112005
WARP 2.3L, 99.5 kg-days 55 ke threshald
ZEPLIM 1.1. (lan 2007) resv
ZEPLIM 11 (Diec 2008) msult
'_EII'.1’*' 200442005 (reanalysis) +2008 Ge
Met L3 kg-d)
F’['.1T111:-q1.1d:| Proj. Sens.
0.5

Tl'ntt.n =t al 2008 camtour
Trotta =t al 2008 S5 Bavesian: comtour
Ellis t. al Theary region l:n..rt-LEF‘I:u:thm.:u‘:. paints
Baltz and Gondalo 03

Baltz and Gondalo, 2004, Markoy
W LLHOE5LIL

Chain Monte Cados

http://dmtoals. brownedn/
Gaite kel Mandic, Filippin
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LZS@SUSEL - Sanford Underground Science and Engineering Lab. 4850 feet
LZD@DUSEL - Deep Underground Science and Engineering Lab. 8000 feet

S

i ._ |
o5 0.85m| lsen 2m 5 'A
~x ’ Al il ’ #"
LUX 300 kg \ 0 ‘_\ ................................................ ‘ éd—tons
@ Sanford Vacuam |
Lab. LZS
1.5 tons -

Cross-section [pb] (normalised to nucleon)

ZEPLLIMLIL (yr 3,with PIAT upgrade) Proj. Sens.

NIMASS 800kg, FV 0.5 ton-year

X ENON 100 proy jected scrsltnlt 6000 kg-d, 5-30 ke'V, 45% off.
LU 300k i = Pmjection (Jul 2007)

Trotta =t al 2008, CHWE5M Bayesian: & 8% comour
Trotta =t al 2008, CHSSM EI.:Lw:smn Q5% cantour
LUX/ZEP 3 tonne LXe Praj Ilmnnc-'-:au
LZ20T LXe Proj (10 evt s=hs, L3t- k¥
Ellis t. al Theary region l:cst LEFP bv:rv:hm.:uL paints
E.’.‘I.!E .:Lng gnndn'in Z%

S N PR T P

httl:l fidmtools. bown,

’-F

r Gants kel loneie T

WIMP Mass [GeV/c']



s

r

cts/keV /tonne/1000 da

LZ

After multi-hit cut and S2/S1 cut

10 — - - —_—— 10 ¢ - _— - —_—
100 GeV WIMP
ol _ _ - 100 GeV WIMP\_(1e-47 cm’) 2vBp
- » "Bsolarv 100 GeV 'u":IMF' 107F (1e-48 cm?) (2.1x10% yrs) 1
C v Eres. conv.  (1e-47 cm®) @ I ]
107} 8e o : = - = pp solar v
- Bsolarvy 100 GeV WIMF g o2l
e _{19—4ch2} - :
1'0_2: III el T - g B l
; - =] "Be solar v .
h"‘*—:_» S 3" PMT y A‘g
_,[ atmospheric v =" i 04U/03ThmBg 1}
10 3 g =" 1 '-I r -
- 3"PMTn 5 -
.| 04U/03ThmBg 107k
mweE======= I i
3 - - ‘ [e— -
i | 50% MR acceptance
- 50% NR acceptance 99.5% ER discrimination .
10° 10" 10°

10’ =
Nuclear Recoil Energy (keV ) Electron Recoil Energy (keV_ )



MAX

MAX — G2 Detector MAX — G3 Detector

4“Ar P e R 40
> x;t 10ton <2 ' Xe Ar
on (1 ton) z ey %
= XENON1T ® t°")ﬂ ' 20 ton ;g :on
i (10 ton) (50 ton) A
2m
im
A
4m
v
) ~ 2m
R s T
6" QUPID x 825 (Side/Botiom)
\
Xe 20 ton (10 ton) “0Ar 70 ton (50 ton) \UPID x 595 (Top)

T T T \UPID x 825 (Side/Bottom)

6" QUPID x 3746

DUSEL -

Deep Underground Science and
Engineering Laboratory

8000 feet = 2500 m!

KOxHaa Nakota, CLUA




POCCHACKHH SMHCCHOHHBIA JETEKTOP

@ L
NDOBI Ans nouncka v-N
KOrepeHTHOoro
paccesHusA

RED-100

P N
Konna6opauuna PIM. /FT:TE%
NT3P, NNA®, HUL KU — HULL KA
MUNDOU, UAD, HUNAD MT'Y
1L
B HacTosiLlee BpemMAa npoet N

pa3paboTKa AeTeKTopoB

RED-3000

P ana noJmKa TemHon Matepun
@ @ A

P

=

B

[LLITLH

LT

LT

24m



‘meroTca oueHb CUunbHbIe CBUAETEeNbCTBA CYLLEeCTBOBAHUS
TemHou Martepum.

*JKCNEpPUMEHTBI NO NPAMOMY AEeTEKTUPOBAHUIO UAYT MOSHLIM
XOAOM.

bnarogaps nporpeccy B TEXHOMONMAX, C Hayana
3KCNEePMMEHTOB MO HacTosilee BpeMs (pOH B yCTaHOBKAX
YMeHbLUEH No4YTH Ha 6 NnopsiAKOB BENUYUHbI!

CynepaeTeKkTopbl (C Maccou 6oriee TOHHbI) nponayT
npakTU4Yeckn BeCb Anana3oH npeackasaHmm SUSY.
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