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@MoTumnsauunst noncka TemHon MaTtepumn
@MeToabl noucka
@ADOHbI U OCHOBHbIE MPUHLMMNbLI MOCTPOEHUS AETEKTOPOB
AIOKCNEPUMEHTDI;
*DAMA/LIBRA
Directional experiments
[ly3blipbKOBbIE KaMepbl
*HuskoTemnepaTtypHble 6onomeTpsol
o[leTeKkTopbl Ha XXNOKNX BNnaropoaHbIX rasax

*Hi-Tech paspaboTtkn ans getekropos TM
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Cerogns CBHAETEILCTBA B MOJbL3Y cymiecTBoBaHus TemHoi Matepun
HAMHOI'0 CHJIbHee, YeM Koraa-Jjubo!

AcTpodmanyeckas KocMonoruyeckass MOoTUBaLUs

MoTuBauuA
KpuBble BpaleHus
cnuparnbHbIX

ranakTuk

KpynHomacwTtabHas

CTpYKTYypa BeeneHHoil 3amMevyaTenbHoe cornacue

BbiBoaoB no CMB and SN la

AHU3O0TPONUSA PENIMKTOBOrO
unsnydyeHusa (CMB)

paBuTaumoHHoe
JINH3UpOBaHue

CKonJsieHnsiMmu
ranakTuk

Teopus
HYKNneocuHTe3a

N-body cumynsauumsa

CoepemMeHHan KocMonoruyeckana moaenb
5%

Buanman

B 6
matepus (19) cero 6apnoHoB

P =P =>
XonopgHas
TeMHas W= p/ P, = 1
MaTepus

AHeprus
BaKyyma
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Velocity in the galactic plane, km/s
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| KpynHomacwTa6H PeaynbTaTt N-body

8 as cTpykTypa CUMynsALUM,
BceneHHoMm, npoBeAeHHbIN Ha
PEeKOHCTPYMpPOBaH cynepkomMnbloTepax

HaA N3 U3MEepPEHMU
KpacHoOro
CcMelleHus
00BLEeKTOB

I'naBHbIi pe3yabTaT cumyJasanuu — Temuasa Marepusi 10/15KHA OBITH X0JIOXHOM
(HepeaATHBHCTCKOM)

Teopusi Cynepcummerpun SUSY npeaocraBiisieT HaM HOBbIM KJ1acC YacTHII.
Heumpanuno — naubonee eepoamnbiili KAHOUOAMm @
WIMP - (Weakly Interacting Massive Particles)

JInamazoH Macc OT HeCK. Jec. 10 HecK. coteH I'HB
MecTHas rajaktudeckas miotHocts ~ 0.3 I'B/em3 ~Heck. yacTuil B gutpe!
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WIMP 1o ckopoctsim
\MakcBe/LI0OBCKOE :

B l'anakTuke pacnpeneienue

KBa3u-

MULLEHb
(BewecTBO
AeTeKTopa)

B K3B-HOM o0On.

s ~A? - spin-independent (SI)

interaction

s ~J(J+1) - spin-dependent (SD)
interaction

0.k

dn 2l § , @ V0
_W:4p —— =V pPCc- — =+
dv gDVSﬂ g Vo @
r M, C* E
N - oy, ME ST )
dE Mc lenfedVO
.
ef(x +h)- ef(x -h)- the”
XE£ z—h
g(hE)= {ef(2)- ef(x-h)- 2(z+h-x)he
z—-hExE£z+h
0, X3 z+h,
\
@MN u m,,— masses of WIMP and target nucleus, and
their reduced mass, respectively;
_ M;E —  VeEarth —_ Vescape
X mng T W 2N,

Vean = 232 km/s — Earth velocity,
vV, = -/%V, ¢ — Quasi-Maxwell distribution parameter,
Ny — number of target nuclei,
r = 0.3 GeV/cm3 - WIMP density in Galactic halo,
IMP interaction cross-section,
F\2(E) — nuclear form factor
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Sp
= Region of excluded
10~ = | parametersMwimp, s
. | T A
“‘ 10-6 —!|ood\\ooooooooooooooooooooooooCERcEL HEaY A0t 00 E £
. dN/dE,;,for different ‘ 7o
” s and Mwimp |I 10

i te Signal + bckg
b .... - -9
o :_l—ll. . |_ 1 h o
E T — 10-10 ~ 1 event/100kg/ly
; | l I—i_l i _| ..I. .................... I. .................... ; e
£ ‘ ‘ 10t 102 103
S 2 M
pd —_— Mg ( P W ) W
— <~ -7
| ||I|. S p Cm %, (Nucl ,W)S e

—A2
Ener gy deposition in detector £

Exponential behavior is very similar to that
of bckg of various origins.
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- _==sPerpcrpatina WIMP: rogwuHan-MOAynaumus
ST o R S e e

e ——

Signal +
| background 60
% mlm 1 —
] - - Sun
o L \
5 \ ils <
232 km/s
P Earth
30 km/s
| I I |

Energy deposition
In detector

Oxunpaemasa Bapunauyusa temna cyeta WIMP ~ 5%

(C MaKCUMYMOM 2 ro UKOHA)
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The use of low-radioactive materials ONLY !

Every component must be
screened with Ge detector or MS

or NAAI Construction materials:

Teflon U <0.7 109, Th <2.3 10-9, K<2.2 10-6

The main contaminants are the  Electrolytic copper - U<1.2 10-11, Th<1.1 10-f, K<5.6 10-°
isotopes of U/Th chains and 40K

Detection media used for DM search:
Th u u U Ge - U <104, Th < 1.5 1013

239keV 295keV 352keV Th 609keV

LXe U/Th <~10-13 (XMASS)

technogenic 8Kr (beta)
i Can be removed : K. Abe et al., arXiv:0809.4413v3
00 [physics.ins-det] by distillation (XMASS)
A.l. Bolozdynya et al., NIM A, 579 (2007), p. 50 by
ey chromatographic separation (Xenon, LUX)
LAr - cosmogenic 3°Ar (beta)
' il Depletion, Ar from underground reservoirs.

200 400 60

0
Energy Deposited (keV)

K
1460keV

600 1800 2000
Energy Deposited (keV)

Rn - should be removed from the vicinity of setup:
overpressuring by dry pure nitrogen.

Th
£ 2615keV

WOz e BN, A oW [.KO. Akumos, INR seminar 11
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The experiments are carried out in the underground labs

me_: Depth, Feet of Standard Rock ? rEdUCtlon
] 0 2000 4000 6000 B00O 10000 | E
| — | A L of muon
i WIPP - Flux by
10° - = 5
E Soudan ? 10
. ] Kamioka I Muon flux at sea level:
g 49 - 106
2 Boulby F— ~ 1 cm=2 min-!
= - Gran Sasso L
= Homestake Cl-Ar SUSEL I -
& 103 = 107 ~5-109m—2y-1
= - [ —
10% < = 108
f S
10" =

I | | T
0 2000 4000 6000 8000
Depth, meters water equivalent
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CneumanusnpoBaHHble aetekTopbl WIMPoB
3AONAYA: BbIKNWO4YNTL (POHOBbIE B3aUMOAENCTBUA — CUSTbHOE U \\ e
3aneKTpoMarHuTHoe! N s
OcHOBHble CBOUCTBA:

\/ 0OQ4HOBpEMEeHHOe U3MepeHue BbiAerieHHOM 3Hepruu no 2 u bonee
He3aBMCUMbIM KaHanam. Sapo oTAayvM U ramMmma-KB. pas3gensitotcs no
COOTHOLUEeHUID curHanoB. JInbo AeTekTop AOMMKEH ObITb He
YYBCTBUTENEH K 3JIEKTPOMAarHUTHOMY (pOHY.

\/ HU3KUWA nopor perncrtpauum (Ha ypoBHe HecK. K3B)

— L

HuskoTemMnepaTypHble 60nomMeTpbl

AbIPKU YacTtuubl npousBoAAT MOHU3ALUIO U
3NEeKTPOHbl Tenno; HarpeBas KpucTtann Ha ~10-% K
(pOHOHDI (TennoeMKOCTb NMpPU HU3KUX T-pax nagaet

TepMucTopbl kak T°)
! PaboTaloT npu T-pax Hec. gec. MK
+ p 4 AOByxda3Hble AeTeKTOpbl Ha 6naropoaHbIX rasax

AnekTpontoMuHecueHuma EL

Yactuubl npousBogAaT
CunHtunnauua SC CUMHTUNNSALMIO U
noHusauuto. PaboTaroT

I
‘ -. L npu T ~ 100 K
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. _Perucrt

Experiment

ANAIS
DAMA/Nal
DAMA/LIBRA
DAMA/1 ton
NAIAD
HDMS

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

11.0¥1MAC

-

Target

Nal
Nal
Nal
Nal
Nal

Ge

Csl
CaF2
Ge
CawoO4
Ge

Ge

Ge, sapphire
FSH
FSH
FSH
CF4
CF4
CS2

Experiment

DAMA/LXe
WARP
XENON 10
XENON 100
Zeplin 1
Zeplin 11
Zeplin 111
ArDM

LUX
LZS/LZD
MAX
CLEAN
DEAP
XMASS
MIMAC

3He gasp 10, Akumos, INR seminar

pa LmaW IV P—:"’:'S'kgnépmm;-lfbﬁ:' '

Target

L Xe
LAYr
L Xe
L Xe

L Xe
L Xe
L Xe
LAYr
L Xe
L Xe
LXe/LAr
LNe
LAYr
L Xe
3He gas
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DAMA/LXe DAMA/RED low bckg DAMA/Ge

for sampling meas.

e’




-EXPeriments: DANIA/L-IBRA- —

9 crystals Nal(Tl) 9,7 kg each, placed in a copper box, then

lead, polyethylene, paraffin and enclosed in a plexiglas box
filled with HP N2 to protect from Rn

Jmconcrete LIBRA- 25 of the same type in the
?cl?%l?tﬂ'ztiag En t#gofaen::ga:umr?:iﬂgere same shield; 250 kg.
conditions o epro uction runs . .
: - o™ Data taking with LIBRA 2003 - 2008
A
Nal crystals s
- .11 plexiglas box
E Ia‘iri?alned in
E 5 HP .Nltrogen
atmosphere = -
\‘“,9-9""\9;2?3 {‘212922’9!9

DAMA/Nal | 1 m concrete

11.04.2011 [.KO. Akumos, INR seminar 16



ents .ﬁDAﬂ\/IA/LIJiETA —

Deviation of the count rate from the mean value (2 - 6 keV only)
during the whole exposure time on both setups DAMA and LIBRA

arXiv:1002.1028v1 [astro-ph.GA] Total
exposure
event/kg/keV/day ~1.17 t- y
Om ;I_—I—;—I—DNAN&I 0729 fowxyr) ——F—> | | L L m——
ooE B g | (talget 1n155“87'ikg) P R l l | ‘ | i
0.06 B | Lo L TR | | | |
0.04 & L' % A in P : : : :
0.02 =3 3 ! | !

i WaN \jﬁ [ gﬁ’mi | % i &Mﬁ A b
%4 gl dhubalildn dh Aa e
-0.04 £ % : | : | '
-0.06 E:" : H ; ; | [

008 F | i o Ok | |
-0.1 H L . Lo Ii Pl ! ” L | b i |I:\\\\|1\||||\H||||\|\:\|\|||1\|H\\|I||\|HH\|
500 1000 1500 2000 2500 3000 350 om0 FW A0 40 K0 40 S0 50
Time, days

A-cos w(t - ty) with a period T = 2m/w = 0.999 + 0.002 y,

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

11.04.2011
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gnts: DAMA/LLIBRR- —.

Data reduced to one period:

0.04 | 2-6 KkaV - 6-14 KaV
_ : The effect

> 0.02f s takes place
S —— . only in 2-6-
(O] -—I—- . F ~ T x .
S I s I keV interval
A S A :
T -0.02| -
a L

-0.04 | a

300 @00 E00 600 ST TEee @00 T TS0 600
Time, days Time, days

0.05 E :

0.04 £ 2-6 keV !
2 ook ; The effect takes
% o_a;;_ E | R % - p!ace or!Iy for
3 -001 E : 3 | — single “hits™!
< 002 [
o —0.03 i
o —0.04 ; !

_0-35 E 1 1 I 1 1 1 1 1 1 I:I | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 :I 1 1 | 1 1 1 1 I 1 1 1 1

230 300 350 400 450 300 550 600 650
Time, days
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Bents: DANIA/L-IBRA-

=

DATS lited top o botiom on plot But there is a significant discrepancy!

I h
— Edzlweiss Lfinal limt, ﬁ.gm.:l. J.Iu?nlsnGng %%ﬁ-" 242003 |t
] DAMA 2000 58k Lg-d.ns NE.'.'I.]. Ann. Mod. 3sigma w/DAMA 1996 .
ZEFLLM L (2005) .
D — E".—‘;RF 2L, %.J‘jk days 55 keV threshald arXIV.0912.2983V1 [hep_eX]
— ZEPLIM 11 (Jan 2007) result
ZEPLIM 111 [Dec 2008) msult
— COMS: 200442005 (reanalysis) +2008 G
m— NEMOML0 2007 [Tet 136 kg-d)
- Trotta =t al 2005, CHWSEW Bayesian: ©8% contour >
Trotta =t al 2008, CIVISST E.!I.'L'V:SI.!I.I'I Q5% comour <)
x xR Ellis t. al Theary region post- ‘LEF benchmark points =< A
Baltz and Gondala 3003 ‘;} 10 NAIAD
[ Baltz and Gandolo, 2004, Markow Chain Monte Cados = B A ~ i
0010730536 00 B L] A A A A
=
» [ -
— http :/dmtool s, brown.edn i i L]
= Gaitskell, Mandic,Filippi = -
] ' i 1 & "
¥} 1 - 5
- A =] 1
2 10 AMA/LIBRA =\ DAMA/Nal
b a
\ o00o
2 % ¢° ©20000000000000000000°0
= 3 9 Y] :o N
L o, nmg® ®
".E‘ 4 = 1 F 6<?>o. fllilnoooooc"""“.
= 10 ﬁ;\\’ \. DAMA/LIBRA
= : - -,-
> I8 !
g > |
=t <
= 107 ' TN 7
a, j | \\ WIMPs60 GeV & 7-10 'pb
— LIBRA-WIMPs
c o
B s 10 ‘11 (background) \
n 10 C
th "
o 2
[ L ]
G I
- s i \
].D NJI:L-]I]]-".']LI t - - } IIIIIIIIIIIIIIIIIIIIIIIII."IIIIIIIIIIIIIIIIIIIIIIII
10 107 10 0 1 2 3 4 5 6 7 8§ 9 10

W IMF Mass [GeV/c

The reglons of aﬂowed
M
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WIMP Wind
—_

December

-
’

Scattered ,
: WIMP

[Recoil
electron

Drift Direction

—
Electric Field
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— Dirgetional -Experiments -
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Directional detectors with e
low pressure gas (large '
volume)

Challenge is to measure 3D
tracks of low energy recoils

*DRIFT-11 @ Boulby mine:

1 m3 MWPCs with 40 torr

CS2 (167 9)

*DM-TPC @ MIT: 2x 10-2
m3 with 50 torr CF4 (PMTs
+ CCD readout for 3D + E)
*NEWAGE @ Kamioka: 23 x
28 x 30 cm3 TPC with 150

s;_uﬂmu

100 torr | ,

past I

L

torr CF4 and microwell
readout

‘MIMAC @ Saclay : 3 He &
CF4 TPC modules (3 x 3 cm
Micromegas with pixellized

ahgaeyt A0




DRIFT-1Id SD limits

[ 57 et 7,300 -yT O B

1) - == DRIFT projecisd 0.022 m'yr | BG
! S kMY

| e pataD ]

. 1m3x25y

T i g— i —

~1t 2 . h-lll|l(n|:.-'hl']

IRl i ll'i
ST T

DA T
l’.-l,ll"?' L 1IIIIIIII|
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COUPP - Chicagoland Observatory for Underground Particle Physics

A bubble chamber; superheated CF;
The limits obtained with 1.5-kg at Fermilab E. Behnke, et al. Science 319, 933 (2008):

-3
10 =T, T T 1T \ T IIIIIII I/r TTIT | T FIIIIUt =T TrrTr T T Illllll T T ITIIITI T T 17T li?
F GRESST I, est ‘2002} / / E 10
- /CDMS Ge (2004420057 COUPP (2007)
1 R (this work) P
i SEPHINCL (30072 : 10 - NAIAD (2005}
10t PICASSO (2005) < _ KIME (2007
"_g E Tokyo GaFy (2005) 3 @ 10'5 - c‘ﬁé’é?% _~
o | SIMELE (2005) ] & AL e (1)/5
g o NAIAD (2005) % DAMA/Nal allowses _Edelweiss 1 (2000/2/3)
o | | 51 A 70, " d
10 E DAMA/Nal-allowed KIMS (2007) 3 10 Eapin 1 (#00T), Wfﬁﬂgom’
3 CDMS Ge (2004+2005)
[ ] - ol
- COUPP (2007) 4 10 XENON10 (2007) -
1| (this work
10 E'("""I }' e aul o aaaul L 3 b3 s aaal 0ol L1l R R |
1 2 3 4 3 4
10 10 10 10 10 10° 10 10
WIMP mass (GeV) WIMP mass (GeV)

60kg chamber being commissioned at Fermilab
Proposed to SNOLAB

N

COUPP 0.01 evtsikg-day

spin-dependent proton cross-section (pb)
spin-independent nucleon cross-section (pb)

i http://dmtools.brown.edu

10° 10

10 1
WIMP mass (GeV) WIMP mass (GeV) 23



Experiment at SNOLAB

4.5 module with 80g of active mass of
C4F10.

Superheated droplets are suspended in
an elastic polymer

Signals are recorded by 9 piezo electric
sensors. Events are localised by GPS-
like triangulation.

4.5 L acrylic container

C.F_droplets

4710

. "
- Piezoelectric sensor

- - Stainless steel frame

)).'maé

Presently PICASSO is installing a new
experiment with 32 detector modules as
shown to the left and with an active
mass of 2.6 kg.

102 E T T T T TTTT T T T T T TTT | T T T 3
C o\ﬁa\/ ;//_
; W
10= ﬂ. -';J:/ R
= oV .3
= /5 m?”""k e o \\\"9\ e
_ T B et e “p.\_"*?. -
1= ]
= o 3
- s’ E
— = —
e L. |
Q  [paAwaLiBRACE) -

— 1~ = —
Bl E PICASSO (09) =
= r 7
B N | A
1025 SUPERK(©04) /5
- ' ' 7T
B & ]
i (. v |
i~ & =
= - ICECUBE-HARD(09) ]

10_4 I I | | | | I S | ‘ | | I | | | |

10 102 10°

o P, s 205 WIMP mass (GeV/c?)



- Experiments

- T -

e —

rinzroreMnepaTypHble

DONoOMeTPbLI
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[eTekTnpoBaHMe C NOMOLLLIO HU3KOTEMNEPaTYPHLIX GonoMeTpoR

Tepmucmop - Zﬁg:;;ou

(NTD Ge) \

(QbOHOHBI)

~~ Snexmpoodkbi
(cbop
a / 3apsa0a)
NoHu3ayuoHHbIU

P cuzHan

NTD - neutron transmutation doping ~150 HB/k3B

11.04.2011 [.KO. Akumos, INR seminar

Temio0éMKoOCTh
AMIJIEKTPUKA
onpeaeasieTcsi COrJaacHo
3aKkoHy /leOas:

c=1olgf.

rae | ;=1944 Jl:xx/moun/K,
T —remmneparypa (K),
Q, — Temneparypa Jlebasi.

Jasa Ge, Hanpumep,

Q paBna 374K.

IIpu T ~ 20 MK

Cge~ 20 k3B/moub/MKK.
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Konna6bopauua no noncky TemHon Matepun CDMS —
Cryogenic Dark Matter Search

Ge BLIP Detectors

. W

iring
“heat sinking
holdf. cold FETS

Berkeley Large Io_mzaﬂon- & ' amp f|ers
and Phonon-mediated Detectors e
Vpb
NTD Ge
thermistors Ry lockin-
/\ amplifier
[ ] [ S
165 tvoe Ge Ionization
gPop —collection
Qouter . electrodes v 3
: Qinner " 8- Innizati
(electronics not shown) _| i l\ ter lonization

< el Al
lonization % ,,I/A Al P 2\ NG ¥ Iectrode
measurement T 1 oy e : :
circuit i

e éhielding«

qu -'- l
11.04.2011 [1.10. AKVMOB, m b B\
- Inderside)




Z|P detector phonon sensor technology

— TES’s patterned on the surface measure the full recoil energy of
the interaction

— Phonon pulse shape allows for rejection of surface recoils (with
suppressed charge)

4 phonon channels allow for event position reconstruction
?\

-~ .

mkfimu T TN

T
|
T T—T— — THT1— H—H—H H— — [—THETHT—TETHT— =H

':Eli%-%-%_

fa
=== = ==
T T T [ i T [ ‘f‘ AT,
E_E%%

([ e SR e | surface

2 ym wide
W transition
edge senor

~25% QP collection eff.

W - Al
overlap

). AkumoB, INR sermnr

28 CDMS “York” September 2002 Paul Brink



(< 50 mK)

In the Soudan
mine, Minnesota

Dilution Refrigerator

I 3He in “He - endothermic

#— = Cryocooler (77K and 4K)
M‘] ] FL Removes heat load from signal cables.
vl ; e Icebox (Detector Cold Volume)
e — e . S
.f.'. = ' ——1
P

11.04.2011
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4.75 kg Ge, T1 T2 T3 T4 T5
1.1 kg Si z1 [mece=m| [mEsism| [Eesi7am| (Eesizem| (e 7o
22 B G11 . - S28 . EETg2s .. ENEGI7E | | G368
Data taking Z3 B Ge T | | NG | | EEIS30N | | MENS10 TN | | EENS29
Z4 B 83 3 g5 i B Gaz | B G35 =l G286
Z5 G EEEG31EE | | ERNGI2E | | G340 | | G339
Z6 ¥ 51 B 826 B G20 A ETG3s ' | | EEG24
Side View
DATA listed top to bottom on plot
I DAMAS]IB RA D008 Jsl_srna Ao ion channelin
— Edelweiss L final lirmt, &F daws Ge 2000+ 242003 limit
I DANLA :'oc-_:':n ssL L_g—d.:l_xs rf.:n_ Ann. Wod. 3sigma w/DATLA LS9
— ﬁ?.fﬁl_.ll_:'mzl L_.. '-X:r 5 kg-days 55 ke threshald
— ZEFPLLTY 11 flan 2007 result
— ZEFPLLT 111 (Dec 20081 r=sult
— COWS: 200442005 II.'E'.'_'I.ﬂ.:‘I.l'LSISJ —+ 2008 S
— ETH IO 1O 2007 et LS 1
- Trotta =t al 2008, CIWISST] Havesian: O 8% cormbour
Trotta =t al 2005, CWISS™ Bayesian: 95% comour
= x ® = Ellis et. al Theory region post-LEFP benchmark points
= Baltz and Gondalo [}
= I Baltz and Gondala, 2004, Warkow < hain WMomtes Cados
>=- OO LL 23 06 36 00
(=] -
= — ! http //dmtocl s. brown.edu ]
= Gaitskell,Wandic, Filippi
o

lised to nucleon
—
o

10 20 30 40 50 60 n an an nn lD-G

1.5

%
n
D
O
N
O
O
o0

| ~ arXivi0912.3502vl |

2 events were —
found in @ WIMP 107 busse.,

L 2 3

10 107 10

search region WIMP Mass [GeV/c']

. . . |
0 20 40 60 80 100
Recoil energy (keV)

Ionization yield

=
tn
&




_=-_-

T -

_ - EXperiments: S‘HQSFEMS =

SuperCDMS B SNOLAB
150 kr — 3x1010 n6

Cavern
Fridge
Tails
Veto
Outer Poly

ovC

Lead

Inner Poly

Inner Cans
Cryocooler

Heat Exchangers
1 Ebox

AnemMeHT geTeKTopa
SuperCDMS
Ge : anam.76 MM, TOJILL,.

25 MM, Bec 607 T. SuperCDMS B Soudan GEODM B DUSEL
15 kr — 5x10° n6 1.5T—=2x1011 n6
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okcnepumeHT EDELWEISS

Laboratoire Souterrain de Modane (LSM)

320 grams

» heat and ionisation Ge detector
 aluminium interlaying electrodes
» NTD sensor on guard ring electrode

s Resolutions @ 10 keV @ 122 keV)
e jonisation : 1.3 keV 2.2 keV
* heat :1.0 keV 3.0 keV

11.04.2011 [.KO. Akumos, INR seminar



okcnepumeHT EDELWEISS

anpenb 2009 no man 2010 384 Kr cyT
arXiv:1103.4070 [astro-ph.CO

T 1.4 %, -
P P
2 F it o S 5per.410r
< 1.2/ D) A %
Q - ! Wt & 3
: F 5per.370r
08 EEFZramIinOy
0.6
0.4
0.2
0: ........ i i o U TS CYSPERS) [P PR |
020 40 60 80 700 120 140 160 180 200
Recoil enerav [keV]
1075,
) if
& v
5
‘ 4.4 x 1078 6
1
ans
L M,,=85 3B
[=
[F)
o
c
['F)
a
[F)
he)
£
I
£ 107°F EDELWEISS—Il 2010 | e ——
& = EDELWEISS—Il 2009 XEHON 100 ]
1
10 100 1000

WIMP mass (GeV)

cnen. atan—40kr; 1079 n6
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JkcnepumeHT CRESST

. . o[_aboratori Nazionali Gran Sasso
Cryogenic Rare Event Search with o bianck-Ingitut fiir Physic

Superconducting Thermometers «Technische Universitit Miinchen
*University of Oxford

D liquid rifrogen

liguid heliurm

=Ty
]
I

=1 (=4

miXing chamber

interndl lead shields

Service area

—

T

externdl lead shield

Copper shield | L Clean

room

prototyoe detector | |




CRESST-II

_TES e CeaHc namepeHuin Havyanca s 2009,
_ cenyac npogormkKaeTcs.
dhght { : ;‘/4 _ silicon-on-sapphire PoA
tect o f &
e wafer « PaBoTatoT 10 geTeKkTopoB obLueil
CaWo, Maccoun 3 Kr.
J
phonon ! crystal
stector | » HabpaHHaga akcnosnuyus (nocne
reflective-and kaToB) ~700 Kr CyT.
scintillating
\ T\ housing
Bl
TES _
NPPD 2011 4-7 April (Glasgow):
TES - Transition Edge Sensor 57 cobbITMK B 0bnacTu aaep otaayu,

N3 KOTOPbIX 22.6 UOEHTUPULMPYIOTCS
Kak curHan Ha ypoBHe 4.6 O

M,y ~ 13 3B,
o~5103n6
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CRESST, EDELWEISS, ROSEBUD + CERN, others

United Kingdom Zk= France LI
Oxford (H Kraus, coordinator) CEA/IRFU Saclay
Germany CEA/IRAMIS Saclay
MPI far Physik, Munich CNRS/Neel Grenoble
Technische Universitat Miinchen CNRS/CSNSM Orsay
Universitat Tubingen CNRS/IPNL Lyon
Universitat Karlsruhe CNRS/IAS Orsay
Forschungszentrum Karlsruhe Spain F_
International Zaragoza
JINR Dubna Ukraine

CERN @ Kiev

11 )



11

EURECA in LSM

Existing laboratory

Timeline:

2009/10: Design Study - TDR

2011/12: Digging out of LSM ,
extension begins. In parallel, - Y New LSM
begin construction of EURECA = f extension
components away from LSM.

Aim for ~100kg stage (107° pb).

2014: LSM extension ready to
receive EURECA.

2015: Begin data taking and in
parallel improve and upgrade. -

2018: One tonne target " Possible EURECA Facility Layout
installed.



HNeTexTo 'r) | Ha MMoKux
DNaropoOHLIX rasax
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Completed, ongoing, deployment

A 4

ofioble <liqUid.DM deteckrs

Future ton- and multiton-scale

()-FV

LNe
LATr
LXe

XENON100+
XENON100 250 kg
170 kg (100 kg)

(50 kg) 2

£
(&)
o
1)

30cm
<+——>

WARP

2.6 kg

(183kg) 5§

- =
40cm
“«—>

15c
60cm

|

20cm
>

40cm
«—>

ZEPLIN-IIl XENON10
12 kg 14 kg

1664901154 ka)

~48cm

<+“—>
WARP 140 kg

43cm
«—>

LUX
0
B i

Xeno
155

mmosB, INR
—>




_=expetimglts: Liguid note-gas JBtectors

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)

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

spossibility to build large and even WIMP
very large (ton-scale) detectors ~

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

LAr, LXe: at the same mass LXe detectors have by an order
of magnitude higher sensitivity:
Sq ~ A? higher density and Z => better self-shielding

But to use different targets is very important!
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e

_=Experimghts:. Li;qqid_nab!lfg;g‘a-s_g__'_e';t'egg@;r S

_Expel

e —

Example of self-shielding effect. Simulation by LUX
Single scatter events from PMTs gammas
DRU — event/keV/kg/day

Activity vs. Fiducial
(BotPMTs_TopPMTs_U_Th_K_Co) (Single Scatters) (5-25keVee)

10

y Bh S S e e
e e e o B i i S BIEENE S OO OO 00 WO 5 | OO WM s DU O SO0 .. 1 DS S
10 " pmmuisninaninniui sl s g s i ans

—_
o
IS
T
%
*

—_
o
&
10—

Fiducial Activity (DRU)

|
m

i
o
1

| = = = All Events i
7| [ = = = Single Scatters | .

10— | : ; SEgC T R L E ; 3OS A Fvand I
10’ 10° 10° *
Fiducial Mass (kg)
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-EX]E r-irria__é_n t_S :_LX"E";_g_@te CLOI'S .

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

B.A. Dolgoshein, V.N. Lebedenko, B.U. Rodionov, — > e’.->

JETF Letters (in Russian), 1970, v. 11, p. 513 fonisation D Electrons are
For the Dark Matter search: Particle (e, a, n,WIMP) ) partly extracted
A.S. Barabash and A.l. Bolozdynya, JETF ~ et from the track:

.
0. “

Letters (in Russian), 1989, v.49, p. 359 Excitation R ) recombination is

N (recor- suppressed
\ / e X b;nafxon) .
Suppression
\ O 2 depends on dE/dX
Electric ——— _— Ratio of SC/EL is

75n 175nm
field T%\%‘f‘g'“ different for
—_— HM
xe — _ different kind of

\ 2Xe  2Xe .
/ EL> UV particles

EL

: T

can be rejected

DAY
LXe //oie;\c UV - -

. Aknmos, INR seminar 42




J-:._T.. o e B -_"'F_—— - - - =
= _Expglinepts: Xenorcollabofations,

e — e ——

Xenon collaboration

—— Columbia University

K Universitat Ziirich

— Brown University ‘A Cace
University of Coimbra XenonlO - chlf] 2cls30
— CWRU

Livermore National Laboratory

Rice University

Yale University

B N Nazionali del Gran Sasso
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Top PMTs 49)  diam.~ 20 cm; drift gap= 15 cm

=T o LXe - 25 kg (15 kg active)
LXe Field Shaping Low Radioactive PMTs:
z =15cm Wires U - 0.17+0.04 mBqg/PMT
PTFE Th - 0.20£0.09 mBg/PMT
SIS a1 K - 10+1 mBqg/PMT
Cathode Co 0.56+0.05 mBqg/PMT

I o

-..1.- i - -
3.0 pe/keV at 122 keV gammas '

89 PMTs: Hamamatsu R8520-AL 2.5 cm square
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—EXPE ments %(enonlo

- . Blind Analysis
SIS UALIPZOT 136 ka-days Exposure

Gamma/Neutron calibration

P
ra

0.4+ . ~1800 events |.
- 'f. . s g ¥ .-. :.- . <,
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DATA listed top to battorm on plat o

Edelweiss Lfln.E liroit, &2 k -CE._\-'E Gz 20004+2002+2003 |imit

DAMA 2000 58k kg-days Mal Ann. Maod. 3sigma w/DAMA 1996

ZEPLLM 112005

WARP 23L, 9.5 kg-days 55 keV threshald

ZEPLIM 1L (Jan zm% result

ZEPLLMLL yr L) Proj. Sens.

CDMS: 200443005 Treanalysis) +2008 Ge

KEMOBLO 2007 Met L34 kg-d)

ZEPLLINLLIyr 3,with PMT upgrade) Proj. Sens.

XMASS 800kg, FV 0 5ton-vear

KEMOML00 ([50 kg) projectsd sensitivity

Ruiz d= Amtriﬁmmiﬁmkcmki 2007, CWME5M Markov Chain Monte Cades 11
Ruiz de Astr Tty Reszkowsk 2007, CMES W Mackoy Chan WMonte Cades 11

B0 B HIL
—_ http:/ /dmteals. brown edu/
= Gaits kell Mandic, Filippin
o
o
[}
fim]
=]
2
o
% 10
E
=
@
=]
L
o
LS R
= 10
=]
P
[
]
:.:'J
Wi
[}
=
U ].D-LU POLLINB0HL

L

150 kg total (70 kg in target) e
started data taking in mid Jan 2010 - E
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= -..__Engr@jmen]:s?-Z_EPLl [t

= ﬂr_-

e

ZEPLIN (UKDMC) collaboration

ZEPLIN | (single phase) ZEPLIN Il (two-phase) ZEPLIN Il (two-phase)

| L] | L] | L]
agCCLRC Rutherford Appleton a|ECCLRC Rutherford Appleton a|ECCLRC Rutherford Appleton

Laboratory Laboratory Laboratory
EE Imperial College London EE Imperial College London EE Imperial College London
== University of Sheffield == University of Sheffield == University of Edinburgh
= Il\J/Iniversity of London Queen == University of Oxford LIP- Coimbra (Coimbra Univ.)
ary EE University of Edinburgh I ' TEP

University of California (UCLA)

Texas A&M University

University of Rochester
LIP- Coimbra (Coimbra Univ.)
B B INFN Pisa
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Boulby, U.K. site (‘Palmer lab’)
1100m, 2.8km water equiv.
108 reduction in muon flux

Underground Research Laboratory
Boulby

11.04.2011 O.KO. Akumos, INR seminar 48



i

31 x 2”7 PMTs

ﬁm.oom
e g580 R
. ad 22 .
G
ERERRER R | 9z
| NN |
I NN |
| i) |
| I |
N W L
| |
| |
| 1| |l
| |
(! |
Ll 8
} | | | \\,_\\ | 5
: )
3 | |
= s——:%ﬂ g g p— -
K | i
' |
| z | B
| P
| |
: :
0 7&0
f/"//"/ ¥ //

\\\“\\\\\\ Y Floor Level R IR s¢




rigents: ZEPLIN- 1LIT

==

DATA listed top to bottom on plot )
DAMA/LIBRA 2008 3sigma, no ion channelin o
Edelweiss 1 final hmmt, 67 kg-days Ge 20004200 242003 Lt
DAMA 2000 58k kg-days Mal Ann. Wod. 3sigma w/DAMA 1996
ZEFLLIY L1 2005)

WARP 231, 96.5 kg-days 55 k=W threshald

ZEFLLM 11 (Jan 2007 result

ZEFLLM 111 [Dec 2008 msult,

COPAS: 20044+3005 (reanalysis) +2008 Ge

NEMOMLO 2007 (Met L36 kg-d)

Trotta =t al 3008, CWISSW] Bayesian: 6 8% comour

453.6 kg days
Trotta =t al 2005, TS5 Bayesian: 95% comour

28.1 x10-¢ pb
Elliz et. al Theory region post-LEF benchmadk points

aStro - Baltz and Gondala 3003 i
Baltz and Gondolo, 2004, Warkew Chain Monte Cados

ph:0812.1150 L0880

Phase 1
Completed

o
]
-

hitp:/idmtaals. bi‘cﬁ;nfc&tjﬂ
Gaitskell, Wandic,Filippi

Phase 2

Upgrade
completed:

e 30 times less
radioactive PMTs
eActive neutron

Cross-section [pb] (normalised to nucleon)

5
Veto 0 '
Collect 1 year of 10 buzman. | _
data 10" 10° 10"
21 5.6 4107 pb WIMP Mass [GeV/c’]
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XMASS - multipurpose detector

Xenon MASSive detector for Solar neutrino (pp/’Be)
Xenon neutrino MASS detector (double beta decay)
Xenon detector for Weakly Interacting MASSive Particles (DM search)

~2.5m

~1 ton detector

Prototype detector (FV 100kg) (~|:2\? ;[L(())?o?]()atecmr
(FV 3kg) R&D Dark matter search _
Solar neutrinos
Confirmation of feasibilities of the ~1ton Dark matter search
detector
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o
=
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&

10

ss-section [pb] (normalised to nucleon)

[.HO. Akumos, INR seminar

DATA listed top to bottorm an plot )
DAMA/LIBRA 2008 Jsigma, o ion channelin o
Edelweizs Lfinal limit, 6F kg-davs Ge 20004200242003 |imit
DAMA 3000 58k kg-days Hal Ann. Mod. 3sigma w/DAMA 1990
ZEPLIM 1(2005)

WARP 23L, 9.5 kg-days 55 keV threshald

ZEPLLM 11 (Jan 2007 result

ZEPLIM 111 (Dec 2008) msult

COMS: 200442005 reanalysis) +2008 Ge

NENOMLO 2007 Het 136 kg-d) _

ZEPLIMI yr 3,wath FMT vpgrads) Proj. Sens.

HMASS 800kg, FV 0.5 ton-vear

Trotta =t al 2008, CHMS5W Bavesian: ©8% contour

Trotta =t al 2008, CHMS5K Bavesian: 95% contour

Ellis et. al Theary region post-LEP benchmark paints

Baltz and Gandale 03 )

Baltz and Gondolo, 2004, Markov Chain Monte Cados

LLHIF5LOL

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

m: 10
WIMP Mass [GeV/c’]

52


http://www-sk.icrr.u-tokyo.ac.jp/xmass/status-e.html

e

Large Underground Xenon detector

SUSEL - at Homestake; South Dakota

ViR

/L_‘T‘ 5

AR

=
; ‘ =
W hS

N

NI

A= T
A

LR

it

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

11.04.2011 H.KO. Akumos, INR semina.

Cross-section [pb] (normalised to nucleon)

o
=

Pl

&

L
L]
_
L
L d

*. 1
-
h. an®
POLLISOLLLOL, L . .l WP |
L

10 10° 10

DATA listed top to bottorm an plot )
DAMA/LIBRA 2008 Jsigma, o ion channelin o
Edelweizs Lfinal limit, 6F kg-davs Ge 20004200242003 |imit
DAMA 3000 58k kg-davs NE.'J.'L Ann. Mod. 3sigma w/DAMA 1996
ZEPLIM 1(2005)

WARP 23L, 9.5 kg-days 55 keV threshald

ZEPLLM 11 (Jan 2007 result

ZEPLIM 111 (Dec 2008) msult

COMS: 200442005 reanalysis) +2008 Ge

NENOMLO 2007 Het 136 kg-d) _

ZEPLIMI yr 3,wath FMT vpgrads) Proj. Sens.

HMASS 800kg, FV 0.5 ton-vear

Trotta =t al 2008, CHMS5W Bavesian: ©8% contour

Trotta =t al 2008, CHMS5K Bavesian: 95% contour

Ellis et. al Theary region post-LEP benchmark paints

Baltz and Gandala Z%CI} )

Baltz and Gondolo, 2004, Markov Chain Monte Cados

O LLHIE5LAL

http://dmtools. brown edu/
Gaite kel Mandic, Filippin

Ny
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+

WIMP Mass [GeV/c']



_— -

sdojects=Z

T e——mmme..

LZS@SUSEL - Sanford Underground Science and Engineering Lab. 4850 feet
LZD@DUSEL - Deep Underground Science and Engineering Lab. 8000 feet

ZEPLIMLILI yr 3,with F'MTuPsl.:l.d:J Proj. Sens.
= = =  XMAS5S 800kg, FV 0.5 ton-¥2ar
XENOML00 prajected s:nsltnm a000 kg-d, 5-30 ke, 45% eff.
— LI 300 k { = Pmjsction (Jul 20071
Trotta =t .:LI 08, CMS55M Bayesian: 88% comtour
Trotta =t al 2008, CMESW EI.:L vesian: 95% comour
LUM/ZEP 3 tonne LXe Proj i3 tonne-year)
LZ20T LXe Proj (10 evt s=ns, L3-kdy)
= % x  Elliset al Theaty region post-LEP benchmark points
E.:I.hl .:Lnd Gondo-io 003

e — ALl o maAa

I'rttl:l.i'.l'dmw-als bmwn daa

,. E Gaits kell,
T g
____l_E_:_l LZD E 10
&
v
2
.......................... < Iy E 10° | \
a |k N
' o
2m = ~ -|—
0.5m M
¥ P , 5 10M°} ’
___________________________________ — i |
LUX 300 kg AN p . 20-tons A '
@ Sanford I L. U]r
Lab. 10 ’—-—~—-—"’1‘ 030 4 ..al
10 lD_ 10

_ WIMP Mass [Ge".f'fr:l]
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MAX — G2 Detector MAX — G3 Detector

S0Ar 40
ZtO:((? ton) il xe Ar &
< XENONAT (6%} 20 ton 70 ton
(10 ton) (50 ton) A
2m
4m
3” QUPID x 121 (Top)
3’ QUPID x 121 (Bottom) 3" QUPID x 595 (Top)
6” QUPID x 825 (Side/Bottom)
v

9Ar 70 ton (50 ton) UPIDX 595 (Top)
— s UPID x 825 (Side/Bottom)

Xe 20 ton (10 ton)

DUSEL -

Deep Underground Science and
Engineering Laboratory

8000 feet = 2500 m!

IOxnan [Jaxkota, CLUA
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e — e ——

—— DAMA Aﬂowad—fgﬂ% CL
-40 ; ——— DAMA Allowed (99% CL;
<10 = ; XENON10 Limits lMaximum Gap Method)
E = : . XENON10 Limits (New Quenching Factor)
s F CDMS Limits (Combined)
B : imy ompine
=104 = ' DAMA é ———— ZEPLIN Il Limits
c = T Bt XENON100 (6000 kg*days BG Free)
o = : w1 ton*year Xenon (8~45keVr, BG Free)
- I O N - I et 5 ton*year Argon (45~2GﬂkeVr BG Free)
Q 42 — 10 ton”year Xenon (8~45keVr, BG Free)
Q10" = D nae sy 50 ton*year Argon (45~200keVr, BG Free)
N E ZEPLIN Il CMSS (p:vﬂ 5%) Roszkowski et al. 2007
0 —
b L
43 |
0104 £
O =
10‘44 ? : : . TS ‘.__'.‘:.-'9_-‘_-,.--"“
E XEN ON 1 00 _. ““"__‘_?_.._.__.____:.-..-..-s,-.__ .
1 0-45 L __‘.“ amann &
- - MAX-G2
'46 I e " ".--v-r“‘"“':’"f.'.“:::’::'?r‘:"“;. ...-\-%‘.“__'
1 0 .é ) ..v,..p,,""‘“ -...,..,..Ar..ﬁ..t,g-n"-‘:!'-'-'5‘_5"'-'"‘.““"""5‘:"'"-‘.'"""" . X ; ‘
: Xeh-u1|uf6uﬁ ASAEES . %
1047 & Ar 50 ton MAX-G3
- Xe 10 ton ‘
10‘48 | L1 | | | | | | [ | | | L1 |
2
10 10

Mass (Ge\’)03
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= _Proj€Cts .igkcnepMME’HT MAX

e —

After multi-hit cut and S2/S1 cut

LN
o
o

‘d-;‘ = No fiducial cut
g — 5em cut
% — 10 em cut

15 em cut
£10-4:_ —— 20 cm cut
E‘ —— 30 cm cut
°c %K - g =5 T 50GeV WIMP (10™°cm?)
S - —— 100GeV WIMP (10™*°cnf)
E‘I 06 =\ —~ - T e 200GeV WIMP {10 emd)
- == 500GeV WIMP (10"°cmd)
o1 e Y N R 2v[ip decay (==10"yr)
E — g\-'BB decay (z=10"yr)

© olar v pp chain
m 1 0 """ Solarv B
"""""" Solar v 'Be

—
=]
|

10°

10° 2
10-1ﬂ + L L1 | | L HH I H .--|----1---..H | I H L H |_7
11. 0 50 100 150 200 250 300 °F

E, (keVee)
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*MeroTcsl 04YeHb CUJIbHBIE CBHAETEILCTBA CYIIECTBOBAHUS
Temuount Marepumu.

’3KCHepI/IMeHTI)I 110 IMIPAMOMY ACTCKTHPOBAHHUIO HAYT ITIOJHBLIM
X0A0M.

bnaropnaps nporpeccy B TeXHOMorusix, ¢ Ha4yana
3KCNepuMEeHTOB MO HacTosLlee BpemMs (POH B yCTaHOBKax
YMEHblLUEeH Ha 5 NopsAaAKoB BeNTUYUHbI!

CynepaeTtekTopbl (C Maccoun b6oriee TOHHbI) NnponayT
NpPakTU4YeCKM BeCb Anana3oH npeackasaHumm SUSY.
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Ibliog, raphl reso,u_rces-

eInternet recourses:

eDark Matter (DM) and DM related conferences: DM

(http://www.physics.ucla.edu/hep/dm10/presentations.html), idm, Dark,
TAUP, NANP

*Public pages of the DM experiments/collaborations: EDEIWEISS, CDMS,
ZEPLIN, Xenon, DAMA ..

Wikipedia: http://en.wikipedia.org/wiki/Dark matter and many related topics
therein

ehttp://elementy.ru/lib/25560/25563 - very good video lecture of V.A. Rubakov

*T.J. Sumner, Experimental Searches for Dark Matter - on-line review
http://relativity.livingreviews.org/Articles/lrr-2002-4/

eTeilchenastrophysik (translated to Russian: Actpodmaunka arieMeHTapHbIX
yactuy) H.V. Klapdor-Kleingrothaus, K. Zuber, published by Teubner B.G. GmbH
(1997)

*D. Yu. Akimov, Experimental Methods for Particle Dark Matter Detection-
Review, Instrum. Exp. Tech. 44 (2001) 575-617

D. Akimov, Techniques and results for the direct detection of dark matter

(review). Nuclear Instruments and Methods in Physics Research A 628 (2011)
501584.2011 O.10. Aknmos, INR seminar 63


http://www.physics.ucla.edu/hep/dm10/presentations.html
http://en.wikipedia.org/wiki/Dark_matter
http://elementy.ru/lib/25560/25563
http://relativity.livingreviews.org/Articles/lrr-2002-4/
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~ === Actpodnsyueckne cenaerebCTBa,.
OTKpbiTa ranakTtuka, cocronawan us Temion Matepumn!

B cdheBpane 2005 (arXiv:astro-ph/0502312)

actpoHoMbl U3 Cardiff University oTKpbINn ranakTuky

VIRGOHI21 npakTuyecKn NOSTHOCTbLIO COCTOALLYO U3 TeéMHOMU

MaTtepuu!

B Hen HeT 3B€3A4, TOJNILKO OAUH BOAOPOA BUAUMbIN B NMUHUN

21 cm; BOAopoOA BpallaeTcs, U ero CKOpocTb He yobiBaeT C

paccTosiHuem

My: Mot = 1:1000
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ProJECts gaxcnepmmmenT MAXT
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