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R
M(R) = 47r/0 p(r)r’dr

Fao:  M(R) x R,  w(R) x const
Hucx: M(R) o< M(0), v(R) o< R7Y/2

[paBUTALMOHHOE IMH3UPOBAHUE

Dark Matter Map in Galaxy Cluster Abell 1689 HST ACS/WFC

NASA, ESA, and D. Coe (JPL/Caltech and STScl) STScl-PRC10-37

Qym=Pym/P= 0.23 - BO BceneHHom




CynepcmmmeTpuna U TeMHaAa matepumsa

R=(_1)3(B—L)+ZS

Ctporoe coxpaHeHune R-yeTHOCTHU
NpPUBOAUT K NOABAEHUIO LSP ---
TAXeNbIX CNaboB3anMoAENCTBYHOLLUX
KaHAMAATOB HA TEMHYIO MaTeEPUIO

LSP = x°, m,=1T3B - 300 T3B

Normal particles
Symbol

g =u,c,t
g=d,s,b

l=e,pu T

hD (H?)
Hi] (H;El)
AY (HO, Py)

R=1

Name

up quarks
down quarks
leptons
neutrinos

gluons

W boson

charged Higgs

photon

Z boson

light scalar Higgs
heavy scalar Higgs

pseudoscalar Higgs

SUSY partners
Symbol

oo oos Uy

das -2

I, .. I

Uiy g

g

~+ ~+

R=-1

Name
up squarks
down squarks

sleptons

gluinos

charginos

LSP

neutralinos

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




Ynpyroe pacceaHune

|¢] — umyibe, nepegaBaeMblii sLapy

my = mymy/(m, +my) — OpPUBEIEHHAA Macca

F'— cdhopm-chbaKkTop, MOHUKAIONTNIT ceueHNe

4 7‘2 Z .
oy = / Trdo(g = O)d‘cﬂg --- “point-like” cross section
0 d|q)®

CnuHoBoe B3aumogenctaue (SD) CkanspHoe B3anmogenctaume (Sl)

32 4y
o = S GEmENI (T +1) 0= [Zf,+ (A= 2)

A = %((@(SZ,) 4 an<8n>) fpzfn --- HO He Bceraa!
F2(|q1) = S(|41)/5(0) F(Q) x exp(—Q)

cnoxkHaAa dopma npocTas popma

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




CEYEHWME: BKNAA CMTMHOBOIO B3AMMOAENCTBUA (Jungman1996)

Method Nucleus N

0Odd Grou 'H 3 .
0dd Groui 3He 0.41 ’Li =0.08
Odd Group 170 0.0047

QOdd Group Lo (0.0071

Odd Group 2Na 2.8 %1072
Shell Model 25; 2.4 x 1074
0Odd Group 3¢ 1.2 %1074
Perturbation Theory — 3*K 2.1 x 104
Shell Model Ge 2.0 x 104
Shell Model 93Nb 1.6 x 104
IBFM 131y, 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 question 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 158 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

T spin _ (
= Ma|dp

S| Ljfp (1-9) \/%L] )
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00 scalar

where the nuclear dependence is given mainly by the factor

45.?0'!(;T +1) ] (742)

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

and St = |(Sp)| + [(Sa)-
parameter A% of Ref. [298]. In more general nuclear calculations it can differ
from the odd-group—model value. Some values of 4 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]

o™ )
a=~10.1 m? (743)

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

Ref. [283], where m; = 200 GeV. Thus f, ~ f, ~ 10~% GeV~2. With this
example, we find
T0pin o 950 4. (7.44)
Thacalar

This implies dominance of the scalar interaction for 4220, 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 invelved 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 [269][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 A230. 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:  Be =220 km/c, m, =100 ['sB/c?

0 <

dce =11 k3B u 07 =15 k9B

Torna ecm 0 =13 k3B, curnan 8 DAMA Oyuaer, a 8 CDMS — ner.

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
[EZIDAMA/LIBRA allowed data as we apply each cut. One event with a recoil of 64 keV

CDMS excluded e passes all of the cuts in the current analysis.
- - XENONI10 excluded

Initial Current

All events 968 680 968 680
Not random trigger 940619 940619
Analysis thresholds (Sec. VB 10) 79 655 79 460
Singles (Sec. VB §) 20715 20907
Data guality (Sec. VB 1) 18 852 19027
Pile up (Secs. VB2 and VB 3) 17622 17 793
Muon veto (Sec. VB 7T) 17 171 17 339
lonization threshold (Sec. VB 6) 14697 14 835
Fiducial volume (Sec. VB 4) 7187 7615
Nuclear-recoil band (Sec. VB 3) 29 23
Phonon timing (Sec. VB 9) 0 1
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=

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

Xe (Xel100, LUX) 1 W (CaWO,, CRESST) --- nepekpotor DAMA,
ecnm WIMP goctaTouHO TAXKenble
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MeToabl NpPAMOro AeTeKTUPOBaHUA
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MeTO,EI,bI NPAMOTIo AeTEKTUPOBAHUA:
HeopraHn4YeCkne CUMHTUNNATOPDbI

Kpucrann CseToBbIXOA, MNAOTHOCTb
dotoH/M3B r/cm3
Nal(TI) 38000 3.4

CsI(TI) 65000

CaF,(Eu) 19000

Abaypawmntos n ap., MpenpuHt UAN (2011) B neyatu




CBOMCTBA A4EP MULLEHEN

Z A <Sp> <Sn>

11 23 0.25 0.02
55 -0.37 <0.01
0.31 0.07
-0.44 0.11

0.50 <0.01




DAMA/Nal/LIBRA

Bernabei et al, Eur. Phys. J. C 56 (2008)
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2-6 k3B, A=[0.0114 + 0.0013] oTcuet/Kr/cyT

energy threshold of the experiment is 2 keV and corrections for effi-
ciencies are already applied

2-6 k3B, R~1.1 otcuet/Kr/cyT
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tion events (that is each detector has all the others as veto), as measured FIG. 13. June minus December spectra. The expected residual

by the DAMA/LIBRA detectors in an exposure of 0.53 ton x yr. The signal for typical WIMP’s are also shown: M =30GeV and o,
energy threshold of the experiment is 2 keV and corrections for effi- =10 * cm?® (dotted linc) and M =150 GeV and ;=10 *" em?
ciencies are already applied (solid line).

DAMA, 2-6 K3B, R~1.1 otcuet/Kr/cyT 10-20 k3B, ecTb moaynauma naun Het
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Fig. 6. Total energy spectrum from one of the crystals (DM74)
(filled squares), spectrum of electron recoils after asymmetry
cuts from the fit to the main peak on the time constant distri-
bution (open circles), and the upper limits on the nuclear recoil
rate for various cnergy bins (filled circles).
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Fig. 8. NAIAD limits (90% C.L.) on WIMP-—nucleon spin-in-
dependent (a) and WIMP-proton spin-dependent (b) cross-
sections as functions of WIMP mass. Also shown are the region
of parameter space favoured by the DAMA positive annual
meodulation signal (DAMA/Nal-1 through DAMA/Nal-4)
(closed curve), limits on the spin-independent cross-section set
by the DAMA experiment (DAMA/Nal-0) using PSA (dashed
curve) and the projected limit of DAMA experiment (DAMA/
Nal-0 through DAMA/Nal-4, dotted curve), i the DAMA
group were to apply pulse shape discrimination to all available
data sets.
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Fig. 9. NAIAD model-independent limits (90% C.L.) on spin-
dependent WIMP-proton (a) and WIMP-neutron (b) cross-
sections as functions of WIMP mass. The limits have been
derived following the procedure described in Ref. [29]. Dashed
curves show the limits extracted from interactions with sodium,
dotted curves show those from iodine, and solid curves show
combined limits.

B.Ahmed et al, Astrop. Phys. 19 (2003)
G.Alner et al, arXiv:hep-ex/0504031v1




Nal ELEGANT V

30 Kpuctannos Nal Fushimi et al, Astrop. Phys. 12 (1999)

no 20 Kr K. Fushimi et al./Astroparticle Physics 12 (1999) 185-192
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Fig. 2. The energy specirum of the low energy region. A prominent peak around 50 keV is 46.5 keV gamma ray and associated beta ray
from 2!19Pb. Two peaks around I5 keV and around 80 keV are due to the background from 22Rn in the nir-tight container. A dotted line
shows the energy spectrum which was taken just after exchanging the nitrogen dewar.

Fig. 3. The changes of the event rate in the energy windows, ‘A’ (closed circle) and ‘B’ {open circle}. The size of the circles corresponds
to the error, The well-known backgrounds are already subtracted from the raw data. The expected annual modulations with the calculated

upper limits on the modulating amplitudes are shown by solid lines.

Table |
Results of the analysis of modulation significance in each energy windows

Energy window x S timis (kg™ 'day~")

8-15 keV M2+135 020
15-30 keV 82+12 (1L053
8-30 keV 424+ 19 0.25

DAMA/LIBRA:
2-6 k3B, A=[0.0114 + 0.0013] oTcuet/Kr/cyT
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FIG. 5 (color online). Allowed region (90% confidence level)
ina, — a, plane by KIMS data (inside the solid line contour) for
50 GeV WIMP mass. Results of CDMS [19] (dotted line) and . . . .
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10*
WIMP Mass (GeV)

Lee et al, Phys. Rev. Lett. 99 091301 (2007)
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Y. Shimizu et al, Phys.Lett.B633 (2006)



Radiopurity
. Table 3. Background summary of dark matter experiments using crystal
Kim et a lr New J. of Phys 12 (2010) scintillators. ‘Bg” means the background level measured at about 10keV energy
in units of (keV kg day)~".

Crystal  Experiment Mass U Th ™K Bg Reference
(kg) (ppt) (pp)  (ppb)

Nal(Tl) ELEGANTY 662 <500 <3500 <300 ~10 [43]
DAMA/Nal 100 2-10 1-6 ~1.5 [44]
DAMA/LIBRA 232.8 0.7-10 0.5-7.5 <20 ~1  [41]

CsI(TI)  KIMS 348 075 038 1501

CaF,(Eu) Tokyo 031 ~80 ~28 [17, 36]

WIMP-proton WIMP-proton

DAMA/LIBRA wio channeling

DAMAII."JEI"R‘A wi channe

X-section (pb)
[ IIIIIII

DAMA/LIBRA w/ chingsiing

IIIIII| 1 1 IIIIII| | IIIIIII II\II| L1 1111
10 10? 10° 102 10
WIMP Mass (GeV/c?) WIMP Mass (GeV)




[TPOEKTDbI n NMNEPCMNEKTUBDbI

Nal: DAMA --- apdeKkT moaynauuun yxe >8 o;
ANAIS --- yuctota DAMA, macca 100 Kr

Csl: KIMS ---13/Cs no 2 mBK/Kr, ~100 Kr

EURECA: --- 6bonomeTpbl + CUMHTUANATOPDI
Csl, BGO, ZnWO,, CawoO,, CaMoO,, BaF,, CaF,

LiF: --- cumHTMNANATOP?




LiF bolometers — Miuchi et al, Astrop. Phys. 19 (2003)

K. Miuchi et al. | Astroparticle Physics 19 (2003) 135-144
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Kpartkuii otuer
00 HceleI0BaHHH CLMHTHILISALIMOHHBIX CBOHCTB KprcTaiuioB LiF(W)
AbnypawnTos [I.H., l'agpun B.H., l'opbaues B.B., Kanuxos A.B., Uuxun A.A., 17-23.11 2009, BHO

Lenb uecnenopanus: oleHka ceeToBbixona kpucrawia LiF(W) otnocutensno Nal(Tl).

1. MeToauka ucciie10BaHHs.

Jlnst ucenenosanus 6b11 BeIOpaH 0iMH W3 1ByX Ooabiimx kpuctamios LiF(W), Beipamennsix B Xapb-
koBe Ha 3aBone «MoHokpucTamy. Kpucramn umeer pazmep 150x150x300 MM 1 o0opynoBaH 0aHUM
okHoM mamerpom 120 mm. Jlast mpocMoTpa KpucTaiuia ucnolib3oBancs Gonsinoid @Y Hamamatsu
R2321 co crannapTHbIM JeluTeneM. BbIXo1 aHOIHOrO CHIHANA M0JAeTcsl Ha 3apAa04yBCTBUTENILHBIH
npeaycuautens (3UITY) ¢ nocrosHHoH Bpemenu 100 mkc. Curhan 3UIIY npocmartpuBaercs
2-kaHanbHbIM 1H(poBbiM ocuuiiockonom (LO) Jlan10MS ot Pyaues-Ilunsesa. Jdast 3anycka 11O
MCIIOJIb3YeTCs TPUITEPHBIH cUrHal, cOpMHUpPOBaHHbIN 10 nepeaHeMy ¢ponty curnana 3UITY. B ka-
YECTBE PaJMOAKTUBHBIX UCTOYHMKOB OBLTH McroNb30BaHbl HcTouHukH OCIH ¥Cs (662 k3B), *Co
(1.17 u 133 M3B), *'Am (27 u 60 x3B), a taxke >’Pu - ucrounux anb(ha-yacTul| ¢ IHEpruei
4.6 MaB.

Kak mokasan camblil mepBbli ONMBIT pabOTHI, HCCIENOBAHHS TAKOTO POJA TPAKTHYECKH HEBO3MOMKHO
NPOBOANTL 0€3 CreuralbHONW MMAaCCHBHOH 3aIMTBI OT PaJMOAKTHBHOIO (hOHA OKPYKAIOIIEH Cpebl.
[ToaToMy M3MepeHHA MPOBOIMINCH B MOA3EMHOM KOMILUIeKce HU3kodoHoBoH nadopatopun [THT, B
cuetHoi komuare 101. Bo Bpemst uaMepeHHit kpucTall ObUT OKPYIKEH CII0EM CBHHIA TOJIIHUHON § cM
1 BoJib(pama 2 cM.

2. XapaKTepHCTHKA CHTHAJIOB.

M3BecTHO, YTO B BBICBeUMBAaHMM KpuUCTALIoB LiF
Ha0I0AI0TC KOMIIOHEHTBl C JUIMTENBHOCTBIO B
JICCATKH W COTHH MHUKPOCEKYHA. DTHM OblT 00Yy-
cioBjieH BbIOOp noctosinHol Bpemenn 3UITY B
100 mxc. Ha pucyHke crnpaBa npejiCcTaBiIeH Kajap
oJtHOro U3 coObITUi BeicBeuuBanus B LiF(W) npu
obnyueHuH KakuM-1n60 ucrounukom. [1o ropuson-
Tamu OTI0KEHO BPEMA B MMIIMCEKYHZIaX, MO Bep-
THKaIH - oupdpoBaHHbie 3HaYeHHs curaana 3UITY
B OuHax 11O. BuaHo, 4TO CHrHAN CK/IAJbIBACTCS H3
OT/IeJIbHBIX, N0 Beell BepOsITHOCTH, 1-(OTO3MEKTPOHHBIX BCIUIECKOB, Haubo1ee HHTEHCUBHBIX B Haua-
ne u bonee peaxux B koHue. Cheayer OTMETHTD, YTO

e e BeIOOp 100 MKC 0Ka3bIBAETCA HEAOCTATOYEH, YTOOBI

w BbIOparh Bce (HOTORNEKTPOHBI, OTHOCALIMECS K CO-
6}3]TI/IIO BbICBE€YHBAaHUs — BIUIECKH €l1e IMOCTYNarwT, a
3UITY yxe paspskaetca. Tem He MeHee, yBEIHYH-
BaTh Bpems paszpsaa 3UITY He nmpeactapisiercst BO3-
MOKHBIM IO cieaylomeil npuunne. Ha pucynke

° creBa MpeAcTaBiAeHa OCIHUIIOTpamMMa  CHTHama
I 3UITY npu o0iy4eHUH KpHCTALIa HCTOYHHKOM
» %Py, MHTeHCHBHOCTL MCTOYHHKA (oxono 100 uac-
wl THIL B CEKYH/Y) MHOTO MEHBIIIE CKOPOCTH HIYMOBBIX

1 —porodnexrponnblx  cobpituii  ®DY  (okono

Time, millsec 5 k['w). [Ipu yBenuueHHH BpeMeHH paspsja cyllecT-
BEHHO IOBBICHTCA BEPOATHOCTH HAJIOKEHHS CHUI'Ha-
JIOB, UTO OyZeT NPHBOAUTE K 3HAYUTE/ILHBIM UCKAKEHHAM [PH ONPEIEIeHHH aMIUIUTY/IbL.

LiF(W), 18 kr, ITHT BHO

BHyTpeHHU oT4yeT HoAb6pb 2009




LiF(W), 18 kr, ITHT BHO

LiF(W) amplitude response on gamma and alpha sources, +/-200 mV range
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Puc. 2: I'mcrorpavmer amminTyn orkianka kpuctaina LiF (W) Ha obnyuenne mcrouHnkamm
Y-KBAaHTOB, -dacTui] u ¢oH, guanazon =200 mV.




LiF(W), 18 kr, ITHT BHO PRELIMINARY

LiF(W) background in shield, +200 mV range
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Puc. 2: T'ucrorpamma dona nerekropa LiF (W) 3a 1194 waca nabopa, mkasa no ocu X 2 MaB.




Some on residual contaminants in new ULB NaI(Tl) detectors

T(ns)

cpd/kg/keV
= -

Counts/50 keV

F a/e pulse shape discrimination has practically

250 o 100% effectiveness in the MeV range

200 W*,Mw e The measured o yield in the new
. a —> DAMA/LIBRA detectors ranges

from 7 to some tens a/kg/day

Second generation R&D for new
DAMA/LIBRA crystals: new selected

powders, physical/chemical radiopurification,
new selection of overall materials, new
protocol for growing and handling

50 —

232Th presidual contamination From fime-amplitude method. If 232Th chain at

equilibrium: it ranges from 0.5 ppt to 7.5 ppt

| S - l | { N —
2000 3000 4000 5004

238 pesidual contamination First estimate: considering the measured o and 232Th

E(keV) activity, if 238U chain at equilibrium = 238U contents in
4% new detectors typically range from 0.7 to 10 ppt
live time = 570 h _ _ . -
; 3 238U chain splitted into 5 subchains: 238U — 234U — 230Th — 226Rq — 210Ph — 206Pp

Thus, in this case: (2.1£0.1) ppt of 232Th; (0.35 +0.06) ppt for 238U
and: (15.8+1.6) uBq/kg for 234U + 230Th; (21.7+1.1) uBq/kg for 2?°Ra; (24.2+1.6) uBq/kg for

210pp
. 10
nafK residual contamination .
The analysis has given for the K | _ ; double coincidences
7 content in the crystals values not g o
ol k.| exceeding about 20 ppb =
2000 3000 4000 5000 N
E(keV) 2
! :800 1000 | 1200 14:00 | 1600 1800
A s Emim.'i( ence crystal (keV)
s 12T and 219Pb oo
f Y f T |129T/netT =1.7x10°83 for all the new detectors
l g
Fos 210Pb in the new detectors: (5 - 30) 1Bq/kg. ... more on
= a o5t /F
{ o No sizable surface pollution by Radon NIMA592(2008)297

o daugthers, thanks to the new handling protocols



BakyymHo-4yuncTbin LiF, Tomckni Monutex. YHUB.
NlucnupiHa u ap., PTT 43 9 (2001)
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Ecv Puc. 3. TemmeparypHbie 3aBHCHMOCTH BBHICBEUHBACMEIX CBETO-
cymm (I7) ma 5.8 (a), 44 (b), 3.5¢V (), AHHIMMPOBAHHHX
x100 BOIEHCTEHEM MMITY/TbCA DJISKTPOHOR Ha KpuceTann LiF

I, arb.units

1, arb.units

E. eV

Puc. 1. CrexTpbl JIIOMHHECHEHLHY, HHULHHPOBaHHbEe BO3aeit-
CTBHEM EIMHHYHOIO HMITYILCA NIEKTPOHOB HA KpucTamt Lil' npu
temueparype 20 (a), 50 (b), 80K (¢) v H3MepeHHEIC ¢ pasiIHIHON
BPCMCHHOM 3a1CPHKOH K MOMCHTY OKOHYAHH JCHCTRHS HMITYITBCA:
10 (@ b), 100ns (¢). Ha BCTaBKe: CTEKTP MHMTHCEKYHIIHOTO
KOMLOHeHTa cpevenus upu 22 K.

0.01

10 100
K

Puc. 2. TemmepaTypHBIC 3aBHCHMOCTH 3HAYCHHH KOMIIOHCHTOB
3ATYXaHHA B PA3NHYHBIX [TOTOCAX CMCKTPa CBCUCHWS, WHHIHH-
POBAHHOIO BO3IefiCTBHEM EHHUYHOI0 HMIIYJILCA DIIEKTPOHOB Ha
xpueraut LiE




3aKn4yeHue

HeopraHnyeckmne CUMHTUANATOPDI HE
nmcyepnanam CBOM NOTeHLMAN

CUMHTUNNALUMOHHDBIN meToa — 6bosbLiMe macchl
PagnaumMoHHaA YNCToTa - rogoBas moaynaLma

LiF —uyBcTBUTENbHOCTbL K ierkum WIMP;
npeobnaganmne SD-paccesHUn




