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muros L., Caspan BUHL, Topbases DAL nxoe AR Mlaxwe AA 17-23.11 2009,

Lizak MecacnoBanma; OUCHIC CRCTOBRM X0 KpHeTanaa LiF(W) otHocureasio Malill).

1. MeToauKka HeCTeInRAHNA, Li F ( W ) , 1 8 Kr
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LiF(W), 18 kr, [THT BHO

Lil'(W) amplitude response on gamma and alpha sources, +/=200 mV range

NCTOYHUKN:
239p, 60Cqo 137Cs
V4 V4

Tau npegycunutena
560 mKc

100 150 200 250
Amplitude, bins

Pue. 20 Dnerorpavyn aviumryn orkanka kpueranna LiF (W) sa ofinyuerne MerouHUKAMK

~-KBAnToR, a-9acTin B ¢on, aramazon £200 mV.

AbaypawmTtos n ap. MpenpuHT NAN PAH 1284/2011



LiF(W), 18 kr, TTHT BHO
LiF+239Pu = 830 k3B = 25 KaH
Nal+241Am = 60 k3B = 115 KaH

CeetoBbixoa: 1.6% ot Nal(Tl)

OTHoweHue ao/e: 0.16
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AbaypawmTtos n ap. MpenpuHT NAN PAH 1284/2011



LiF(W), 18 kr, [THT BHO

LiF(W) background in shield, £200 mV range BepxHui npeaen
- 20 uUBK/Kr
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Puc. 2: Muerorpamma dona gerexropa LIF(W) 3a 1194 uaca mabopa, mkana no ocu X 2 MsB.

AbaypawwuTtos un ap. MpenpuHt UAN PAH, 2011, B neyaTu
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Du3nka teepioro rena, 2001, rom 43, sein. 9

KopoTkoXxusyuine nepBuyHbie pagnaunoHHbie gedeKrsol

B kpuctanne LiF

® J1A. SlucuwyeHa*, T.B. [peukwHa, B.W. Kopenaros, B.M. Jlucuysir

*ToMCKWIA rocynapCTEEHHEIN apXUTeKTYPHO-CTPOUTENEHEIA YHIIBE PCUTET,

634003 Tomck, Poccua
TorMCKUA NONUTEXHUYECKWMA YHUBERCUTET,
634034 Tomck, Poccua

(Moctymuna 8 Pegakywio 8 Hoabpa 2000 r.)

HMITYIBCHOTH € HAHOCCKYHIHEIM

MeTozamu COCKTPOMETPHH

HMHETHYECKHE MAPAMETPE HHHIHHPOBAHHE BOIICHCTBHEM HMITYJIECE JTCKTPOHOB (]
WEHHA ¢ cBeueHHA kpucTannoe LiF. MaMepenun npopedeHel B COCKTPATBHOH 007
mianazone 11—150K u spemensom untepsane 107%—10s nmocne oxonwamms gef
po3zedicTee M2 npusoaur K co3lzasum B Kpuctanne LIF nommmo F-, V- H 102
JeeRToB ABYX THOOB, PAITHYARMIHXCA CHOCKTPANBHEIM [HVIOHCHHEM [10M7I0MATES 0
PEXOI0B, BPEMCHEM MH3HH H XapakTepoM TeMmmepaTypHOH 3aBHCHMOCTH 3(d{er
THNAa | HMERT MOorIomarensHHE nepexodsl Ha 55 U 3.0eV H WianydarebHHE H3
MOraomAaTeIbHEE Nepexoasl Ha 3.3 # 4.75 eV U uanydaTensHelii nepexon Ha 4.4 eV, Y
11 =150K n3MeHeHHE KOMHYECTBCHHOTO COOTHOMICHHA MERIY THIAMH KOPOTKORMHE

Pa3IpClIcHACM
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ABTONOKAMH3I0OBEAHHEIC 3KCHTOHEBI PAITHMHOIO THIIA.

PafoTa BRINOIHCHZ NPH (QHEAHCOBOH NOZICp®ES NporpaMsel “VHusepouTetsl Poccun”,

B HOHHBIX KpHCTA/LIAX NePBHYHLIMH MPOLVETAMH pellak-
CalMH CO3NAHHEIX pamHaluel ATekTPOHHLIX BO3GV:RISHMI
ARTAIOTCA MNapkl (peHKeTeBckuX JedekTon M aBToI0Ka-
JTH30BAHHBIE 3KCHTOHHE (AD). ®@peHkelTeBckHe Mape co
opeMerHeM THO0 pekoMOMHHPYVIOTCA, THDO npeodpasvioTcA
B AeerTsl, cTabHIBHBE MTPH VCIOBHAX 3KCnepuMenTa. AD,
BpeMs KH3HH KOTOPHIX ONPENeAeTCA CIHHOBOH MYIBTH-
[UIETHOCTEID H CTENEHBIO IPOCTPAHCTBEHHOrO MepeKphiba-
HHA JIeKTPOHHEIX BOTHOBRIX (VHKUHI TEKTPOHHOrO H
ILIPOYHOTQ KOMIIOHEHTOB, PAcHalaloTcd WATyYaTenbHO HIIH
Be3LI3TyHATeIBHO.

B pazy wenouno-ratonguex kpucratios (LK) mpo-

HOTO MMIyTsca texTporos (MD), coanasaswero ofvem-
HYI0 [UIOTHOCTh BO3Gy#neHus He see 1J - em™3, co
cpenneit aneprueit anexTponoe 350keV npu IIMTEIBHO-
ctit D 10ns.

Hecnenosamics ocobo wicTele kpHeTaLIn LiF, npospay-
Hele B guanasoHe 12—0.5eV, cozepsamue npumecu Mg, Al,
Si menee 1- 1073 mol.% u xuesopona mesree 1-107° mol %
(1o ZaHHBIM NPOTOH-AKTHBALMOHHOIO AHATH3A).

1. Peaynbrarbl uccnegoBaHui

1.1, loMubHecueHnuAa kpucTanmna LiF, HHE-

150

Puc. 3. TemneparypHele 3aBHCHMOCTH BEICBEHHRACMEIX CRETO-
cymm (I7) va 58 (a), 44 (b), 35eV (¢). HHHUMHPOBAHHEIX
BO3EHCTEHEM HMIY/ILCA 2IeKTPoHOR Ha kpuerawn LiE




Phys. Status Solidi B 247, No. 7, 1583-1599 (2010) / DOI 10.1002/pssb.200945500

Spectral range

Performance of scintillation materials 260-600 nm

at cryogenic temperatures

Review Article
V. B. Mikhailik® and H. Kraus

Maximal Light yield at low temperatures:

CaWO4 = 16000 phot/MeV (100%)
MgF2 = 12800 phot/MeV
CaF2 = 11200 phot/MeV

Department of Physics, University of Oxford, Denys Wilkinson Building,
Received 27 October 2009, revised 20 January 2010, accepted 27 January
Published online 11 March 2010

An increasing number of applications of scintillators at low
temperatures, particularly in cryogenic experiments searching
for rare events, has motivated the investigation of scintillation
properties of materials over a wide temperature range. This
paper provides an overview of the latest results on the study of
luminescence, absorption and scintillation properties of
materials selected for rare event searches so far. These include
CaWQ,, ZnWO0O,. CdWO,, MgWO0,, CaMoO,, CdMoO,,
Biﬁﬂgﬂ'['b CaFs, Mng,_ ZnSe and ﬁ]z_{%—Ti. We d.iS;‘:llSS the
progress achieved in research and development of these

Light output, arb.u.

Decay time, us

100
Temperature, K

Figure 9 (a) Temperature dependence of the scintillation ligh
output in CaF, (1) and MgF, (2). (b) Temperature dependence of
the main scintillation decay time constant of CaF; (1) and MgF- (2)




Yuctbin LiF Kak cCUMHTUANATOP

* ECTb BeCKMe OCHOBaHMA OXMAATb 3aMeTHOrOo
cBeToBbIXxoada npu temnepartype 40-50 K

* Bce, YTO MOXKHO ObINIO cAeNaTb «Ha KOJIEHKe»
- cAenaHo

* TeopeTUYECKMMN BEPXHUWN Npeaen
CBETOBbIX0Aa (MO WMpUHEe 3anpeLleHHOoM

30HbI) - ~ 15000 ¢poT/M3B
B LULMPOKOM CMeKTpasibHOM AManasoHe



CeupgetenbcrtBa npucytcremna DM

CKopoCTb BpalleHUA 3B8e3/, [PaBUTALUMOHHOE NNH3UPOBAHME
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CynepcMMmmMeTpmA U TEMHaA MaTepuA

MCCM
R=(_1)3(B-L)+ZS

Nommal particles R= 1 SUSY partners R=- 1

Symbral Warmme 5 Name
CTpO roe COxpaHeHune R-yeTHOCTMH q o= ol wpr quarks gt up squarks
n p NBOAUT K MOABNEHUIO LS P --- g = o, s, b down quarks -1 . . down squarks
TAMENbIX C1ab0oB3anMOAENCTBYOLLMX = eprans Sleptons
KaHAMAaTOB Ha TEMHYIO MaTePUIO nl::m "

o boson ¥l X3 charginos

LSP = )ZO, mX:1 ['3B - 300 T>B charged Miggs

[_;.} 1l

peendoscalar Higgs

G.Jungman et al, “Supersimmetric Dark
Matter”, Phys. Rep. 267 (1996) 195



Ynpyroe pacceaHune

do |g] — umiyibe, nepegaBaeMblii sLapy

_ 2
dlq? 4mr2v2F (141 my = mymy/(m, +my) — OpPUBEIEHHAA Macca
F' — dopm-paxTop, MoHMKAIONINAI cCUCHNE
dm,“v e
oo = / da(q _ O)d\cﬂg --- “point-like” cross section
0 d|q]>
CnuHoBoe B3aumoaenctaue (SD) CranspHoe B3ammogenctaume (Sl)
32 4m.,.2
o = —GEmiA*I(J +1) o =" [Zf+ (A= 2)f]°
1 fo=fn -—-Ho He Bceraa!
A= j(ap<sp> + an{Sn)) B '
F2(1q1) = S(1q1)/5(0) F(Q) x exp(—Q)
cnoXkHaa dopma npocTas ¢popma

G.Jungman et al, “Supersymmetric Dark Matter”, Ph.Rep. 267 (1996)



unpaired proton unpaired neutron

Isotope Abundance(%) A°J(J+1) Isotope Abundance(%) M2J(J+1)

'H 100 0.750 ‘He 1.3 x 10~ 0.928
Lt 92.5 29G4 4.7 0.063
g 100 0.647 677Zn 4.1 0.073
23Na 100 0.041 BGe 7.8 0.065
2TAl 100 0.087 PRu 197 0.039
@) | 75.8 0.036 IRu 17.0 0.049
Sy 99.8 0.167 ed 12.8 0.072
89 ¢a 60.1 0.021 13Cd 12.2 0.079
Tty 39.9 0.089 Be8n 0.4 0.173
B As 100 0.000 Hign 7.7 0.205
BNb 100 0.162 129X e 26.4 0.124
W7 Ag 57.8 0.054 B31Xe 21.2 0.055
109 A 48.2 0.057

1271 100 0.023

J.Ellis and R.A . Flores, Phys.Lett.B 263 (1991)



CEYEHME: BK/IAZL CIMHOBOTIO B3AMMOZEMNCTBMA (Jungman1996)

Method Nucleus i

Odd Grou H 3 .
0dd GrouE iHe 0.41 ’Li =0.08
Odd Group 170 0.0047

0dd Group 1oy 0.0071

0Odd Group 2Na 2.8 %1072
Shell Model 29g; 24 %10~
Odd Group 3¢ 1.2 %1074
Perturbation Theory 3K 2.1 % 104
Shell Model Ge 2.0 x 104
Shell Model 98N 1.6 x 10-4
IBFM S O 1.7 % 1078

Table 7. Nuclear dependence in comparison of spin and scalar cross-sections.
Values for the spin moments are from previous discussion in this section.

Obviously, the gquestion of theoretical expectation for the relative strengths
of the scalar and spin couplings is a model-dependent one. However, since the
two detection schemes may involve significantly different detection strategies,
estimates of the relative importance of the two interactions are needed for de-
veloping these strategies. Perhaps the best hints can be obtained by broad
numerical surveys of supersymmetric parameter space [208], and these will be
discussed later in Section 11. Here, we give a brief analytic comparison of the
spin and scalar interactions in the MSSM, but it should be kept in mind that
there are significant model dependencies that cannot be taken into account by
such a discussion.

It is worthwhile to separate the model-dependent factors from the nuclear
physics as much as possible. The nuclear dependence of the A? factor in the
spin cross sectlon 1s not easily separated from the model dependence. But we
will write

Tlspin_ _ (

= Ma|dp
00 acalar

o8] [v/""_gp (1-9) ‘/gﬁ] 1)

118

where the nuclear dependence is given mainly by the factor

45TJ£{ ) " (742)

In the odd-group model, S3/J? is precisely the

and St = [(Sp)| + |(Sn)/.
parameter A% of Ref. [298]. In more general nuclear calculations it can differ
from the odd-group—model value. Some values of 54 are given in Table 7.

In order to proceed, assume that one type of nucleon dominates the spin-
dependent interaction. As a numerical example, we will take the case of a
B-ino in the large squark-mass limit {and assume degenerate squark masses),

for which [275]

e i
a~0.1 - (743)

For the scalar interaction, take the numerical example provided by Figure 2 of

Ref. [283], where m; = 200 GeV. Thus f, ~ f, ~ 1072 GeV ™2, With this
example, we find
0PI o 950 7. (744)
T scalar

This implies dominance of the scalar interaction for Az20, roughly speaking.

Before continuing, we re-emphasize that there is no substitute for a complete
SUSY-model calculation in the case of light nuclei, say for definiteness A<40,
because we know that the amplitudes involved can vary by an order of magni-
tude depending on the model parameters. It is also useful to remember that
there are significant theoretical uncertainties, both from nuclear physics and
from the spin content of the proton, that enter into the spin-dependent cross
section [260][275], and theoretical uncertainties from the pion-nucleon sigma
term that enter into the scalar cross sections as well. However, the basic con-
clusion seems to be confirmed by numerical experiments. In surveys of super-
symmetric parameter space, one finds that the scalar interaction almost always
dominates for nuclei with A4230. This has been noted in Ref. [285] and more
recently stressed in Ref. [208].
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Heynpyroe pacceaHue

JIBa COCTOSIHUS: X4+ U X— C PA3HOCTBIO MACC: 0 = My, — MMy,

Paccesinne Bo3amoxkHO B ciy4ae (G = v/c):

/Bzmme
2m, + mpy
Jnst mpumepa: B =220 km/c, m, =100 ['sB/c?

0 <

dce =11 k3B u ;7 =15 k9B

Torna ecin 0 =13 k3B, curnan B DAMA 6yner, a B8 CDMS — Her.

D.Smith&N.Weiner, "Inelastic dark matter”
Ph.Rev.D 64 043502 (2001)



Heynpyroe pacceaHue:
DAMA vs CDMS (~4KkrGe + Si)

TABLE V. Breakdown of the events in the Ge WIMP-search
data as we apply each cut. One event with a recoil of 64 keV
passes all of the cuts in the current analysis.

Initial Current

All events 968 680 968 680
Not random trigger 940619 940619
Analysis thresholds (Sec. VB 10) 79655 79 460

S

Singles (Sec. VB §) 20715 20907
Data quality (Sec. VB 1) 18 852 19027
Pile up (Secs. VB2 and VB 3) 17 622 17 793
Muon veto (Sec. VBT) LT
lonization threshold (Sec. VB 6) 14 697
Fiducial volume (Sec. VB 4) 7187
Nuclear-recoil band (Sec. VB 3) 29
Phonon timing (Sec. VB 9) 0

=
=
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o
z
=
4]
g
3
=
|
ﬂ
2

D.Akerib et al, Ph.Rev. D 72 0520009 (2005)

10’
WIMP mass [GeV/c?]

CDMS-II: Z.Ahmed et al, arXiv:09123592v1

Xe (Xel100, LUX) n W (CaWO,, CRESST) --- nepekpotot DAMA,
ecnn WIMP gocTaTouyHO TAXKenble



ALOPA OTOAYN: CMEKTP,
rOA0BAA MOAYNALUNA

dopma cnekTpa agep otgaum 3Ge
0,=4x1073¢ cm?
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OpbutanbHan ckopoctb ConHua Vi ~230 Km/c
OpbutanbHan ckopocTb 3eman Vg ~30 Km/c
Yron HaknoHa 6~31°

V.(t) = Vg + Vg sind cos[w(t —tg)]
CKOpOCTb ABUKEHUA 3eMNnN BOKPYT rano .. 26 keV

w=21/365 [1/cyT], t,= 2 nioHA —E_-
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MeToabl NPAMOro AeTEKTUPOBAHUA

Kpuorenusie jeTekropsl:
ROSEBUD, CRESST-I
'EKTOPbI C IEPEIPETHIMU

AHAKOCTAMM, KAITTAMM H IPAHY TaMK:

PICASSO, SIMPLE, Orpheus

ROSEBUD,
CRESST-II,
COUPP

EURECA

LiF -NANU

CDMS, EDELWEISS

BKCHEPUMEHTEI O
OpAMOH PeruCTRaALMY
TeMHOI MATEPHHK

[MonynpoBoIHHKOERIE
IGEX, HD?!

Eﬂ-:‘?:\-lﬂr[;'_llj\"_‘xul[lfll{ﬂﬂ.ﬁ Kamepa
Drift

ZEPLIN-II,
ZEPLIN-III,
Xenon 10,
WARP,
ArDM

Pabos n ap. YOH 1. 178 Ne11 (OkT 2008)



Type of experiments

* Relying on reduction and interpretation of the background

measure heat and ionization:

CDMS-II 19 Ge (~ 230 g each) crystals at Soudan (2100 mwe)
EDELWEISS-II 10 Ge (400 g each) crystals at Modane (4800 mwe)
measure heat and scintillation:

CRESST-II 9 CaWO, (~ 300 g each) crystals at Gran Sasso (3400 mwe)
measures ionization:
CoGeNT 440 g Ge crystal at Soudan (2100 mwe)

measures scintillation:
KIMS 103.4 kg CsI crystals at YangYang (2000 mwe)

measure scintillation and ionization:
XENON 100 62 kg liquid Xenon at Gran Sasso (3400 mwe)
ZEPLIN-III 12 kg liquid Xenon at Boulby (2800 mwe)

measures bubble nucleation:
SIMPLE 208+215 g superheated liquid C,CIF; droplets at Bas Brmt (1500 mwe)

Carlos Mufioz Direct WIMP Searches
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SOFTWARE ALARMS
Wi oo MAL and SM3

[ to LMGS SAFETY EVSTEM |

25 Kpuctannos Nal no 10 Kr
Bpema Habopa ~15 net

Rate cpdihgke V)

Energy (ke¥)

Fig. 1 Cimulatve low-cmergee distmbntion of the sfegie-fdr scintilla-
tiem cvents {that iy cch deeetar hias all the others s verol, gy measured
b e DARATIDEA detectors in an espuesure of 953 o =y The
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2-6 k3B, R~1.1 otcuet/Kr/cyT

Residuals (epdbgke¥)

Residuals (cpd/kg/keV)

Residuals {epdkgheV)

DAMA/Nal/LIBRA

Bernabei et al, Eur. Phys. J. C 56 (2008)
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B B (target mass = §7.3 kg) (target mass = 2308 kg)
% L8 Ak, 4 i

‘Time (day)
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T = DAMA/LIBRA (053 ton=<yr |
[target mass = 2328 kg

& Time l'\da;'gr.]

2-6 k3B, A=[0.0114 £ 0.0013] oTcuet/Kr/cyT




CRESST target:

scintillating CaWOQO, crystals
up to 33 in the current setup

~— )

CaWQ,, h=40mm, $=40mm, m=300g

light detector

phonon detector

reflecting
«— Scintillating

housing

W thermometer

% Light absorber

— CaWQ, target

T=10mK

- W thermometer
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(3

e/ y events 8.00+£0.05 | 8.00+0.05
o events 11.5% 11.2°573
neutron events TS o 9.7°

Pb recoils 15.077 8.7
signal events
m_ |GeV] 25.3 11.6

Ty [Pb] 1.6-10° 3.7-107
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Thermal coupling

Phononsensor

CDMS Technology
Operating Principle

* Phononsignal: measures energy
deposition

* lonizationsignal:quenched for nuclear

e

- recoils (lower signal efficiency)

» Allowsus to distinguish potential signal
from background

Electron recoil
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CDMS — Data Analysis

Background Estimate — Surface Events, ‘Leakage’

lonization yield

=
ih

C te © 2 5 $IrnlgIgScatter5 X
20 40 60 80

Recoil energy (keV)

LOO

S
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Estimate background from calibration data, single scatters
outside NR band, multiple scatters inside and outside NR band
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DAMA/CoGeNT — Low Mass WIMPs?

Evidence: What can we (CDMS) do?
* DAMA:annualoscillation signal * Lower Threshold

* CoGeNT: Exponentialrate increase
atlow energy

» Backgroundincreases

* BUT: expected rate shoots up
* Both have aninterpretationas low dramatically
mass WIMP (< 10 GeV) signal

L& WIMP Recoil Spectrum
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DAMA/CoGeNT — Low Mass WIMPs?

Evidence:
* DAMA:annualoscillation signal

* CoGeNT: Exponentialrate increase
atlow energy

e Both have aninterpretationas low
mass WIMP (< 10 GeV) signal

What can we (CDMS) do?
* Lower Threshold
» Backgroundincreases

* BUT: expected rate shoots up
dramatically
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Recoil energy (kel)
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~Dual-Phase Xenon TPC

top

PMT array
(position)

anode (4 |-

] 1N

Rt

cathode(-)
bottom

PMT array “y
(S1, S2)

gas

3D position information
S2 hit pattern: or < 3mm
drift time: 0z < 300 pm

XEnormn

liquid xenon
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Rafael F. Lang (Purdue U): Searching for WIMPs with XENON100 3



The Power of Fiducialization
background for published run (dominated by ®°Kr)

radius / cm
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Rafael F. Lang (Purdue U): Searching for WIMPs with XENON100

@ arXiv:1 104.2549, accepted for publication in PRL



“Nuclear Recoil Equivalent Energy
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] Discrimination

100.9 live days, 48kg fiducial:
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strongest limit to date; excludes SUSY parameter space
excludes iDM scattering off I as explanation for DAMA

Rafael F. Lang (Purdue U): Searching for WIMPs with XENON100
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TAUP 2011 - PICASSO

* 150 um droplets of C,F,, dispersed in polymerised gel *
* Droplets superheated at ambient T & P (T,=-1.7°C)

= Radiation triggers phase transition

= Events recorded by piezo-electric transducers

» Operating temperature determines energy threshold

Main attractive features:

* low threshold 45°C — E,, = 2 keV
* inexpensive! 0.19 k$/kg (C,F,,)

* insensitive to y - background

* Inspired by personal neutron dosimete
@ Bubble Technology Industries, ON



Calibration of Energy Threshold
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SIMPLE - SDD

Superheated Drople
C,C1Fs (- 30 pm)

( Seitz : Phys. Fluids 1 (1979) 1)

key feature : selective sensitivity

tunable (P.T) double threshold device




N
Phase Il SIMPLE

» Stage 1: Oct 2009 - Feb 2010

=reconstruction/improvement of neutron shield (0.25 evt/kgd)

—improved radio-assays
—new detector efficiency
=fine tuning analysis

» Stage 2: May 2010 — July 2010

» 6.71kgd = 2.2 bar

» zero undiscriminated events



Recent experimental results

The situation is very exciting ... but confusing:

DAMA/Nal + DAMA/LIBRA  cumulative exposure: 427,000 kg x day (13 annual cycles)
1002.1028 confirms annual modulation effect at 8.9 ¢ C.L.

CoGeNT, 1002.4703, 18.48 kg x day, excesses of events over the expected background
1106.0650, after 15 months, confirms annual modulation effect at 2.8 o C.L.

CRESST, several talks, 333 kg x day, excesses of events over the expected background

On the contrary, CDMS II 0912.3592 612 kg x day, and energies > 10 keV
1011.2482 241 kg x day, low-energy reanalysis

XENON 100 1104.2549 1471 kg x day
XENON 10 1104.3088

SIMPLE 1106.3014 14.1+13.67 kg x day,
found no evidence for dark matter with my,;yp ~ 10 GeV

Carlos Mufioz Direct WIMP Searches 9



Vg = 220 km/s
Vose = 044 kmy/s

456 7 8 910111213 14 15 16
mpy (GeV)




* Annual modulation

DAMA/LIBRA

250 kg Nal crystal scintillators at Gran Sasso.
does not strongly discriminate between
WIMP scatters and background events

o B

Reslduals {cpd ka'keV)
s’
Lo

CoGeNT 440 g Ge crystal at Soudan (2100 mwe)
In the future KIIVIS 103.4 kg Csl crystal scintillators at YangYang (2000 mwe)

ANAIS project 250 kg Nal crystal scintillators at Canfranc (2500 mwe)
DM-Ice project 250 kg Nal crystal scintillators at South Pole (2200 mwe)



Razsidual (June - December] for M= 10 GaV
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