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[lpamoe demekmuposaHue

Veun = 232 km/sec, CKOpOCTb COJHUA B rano
vorp = 30 km/sec, opbutangHas ckopocTb 3emMnu

Vsun+orb = Vsun TVorp €0S( )COS((D[t - to])

rae Y-HaknoH opbuTbl 3eMINM MO OTHOLLUEHUIO
K nnockoctv ranaktukm (60°), ®=2x/T, T=1 rog

N(t) = Vsun+orp(E)/vo,
ckopocTb TM v, = 220 + 50 km/sec

to = 2 UIOHA, KOTA Vsyn+orp~ MAKCUMasibHasA
SkM(®)] = So + Spcos(o[t — to])

Sy — He 3aBuCAIlas OT BpeEMeHU BeJIMYNHA
S;m — aMILUIUTYAA MOAYJISLIAN

PacnpeneneHue AomkHO 6bITb N0 CUHYcouae
MaKCMMyM [O/TKEH COOTBETCTBOBATb 2 MIOHS
[lepnop pacnpegeneHuns — 1 rog.

CurHan nNpu HU3KUX SHEPruaxX
CobbITUsS C 0OAHUM XUTOM



[lpamoe 0oemekmuposaHue

e Interaction only on atomic e Scatterings on nuclei
electrons — detection of nuclear recoil energy
- - - . I - - :
— detection of e.m. radiation DMp W
£ Jy
S RN // Bolometer:
TeO,, Ge, CaWo .,
et z m& DMel _, 5/..-—-"“ aag B £
: ) 0 JA_ Scintillation:
< Nal(TI),
... even WIMPs S LXe CaF (Ew), ...

Mpn B3ammogencTemm Yactuy M B getektopax Nal(Tl) kioueBon BENNUYNHOM
SIBNSIETCS peErncTpupyemMas aHeprus E .., KOTOpas CBs3aHa C dHEpruen,
obpa3sylowencs B npouecce B3aMMoaencTemsa Yactuy TM ¢ AETEKTOPOM E,..;;

* MNPOAYKTbl B3aMMOAENUCTBUSI MMEIOT 3NEKTPOMArHUTHYLO nNpupoay (B OCHOBHOM
3/IEKTPOHbI);

* gaepHasl oTaada C KUHETUYECKOW dHepruen E,.; CO30aeTCs 3a CYET paccesHus
yactuy, TM nnbo Ha aapax HaTpus, nubo Ha sapax noaa (Nal).



DAMA/LIBRA @ LNGS

- XENON 1T [Lunamy|
CRESST GIGS
N GERDA A2T0D

ERMES-WORLD [~ ) | DARKSIDE 50 |

VP~

BRA : N LOWACTIVITY LAB

« [Jetektop DAMA (DArk MAtter), HaxoanTcs rnyboko nog semnei B LNGS, 1400-meTpoBan TO LA FOPHbIX
nopopa Hag J/labopaTopueit npeactaBnseT cobon ectecTBeHHOE NOKPbITUE, obecneymBatollee
YMEHbLLUEHME NOTOKA KOCMUYECKUX IY4EN B MUIJINOH Pas;

NOTOK HEMTPOHOB B NOA3EMHbIX 3a/1aX NPUMEPHO B TbICAYY pPa3 MEHbLLE, YeM Ha NOBEPXHOCTU M3-33
OYeHb MaNoro KO/JIMYeCcTBa ypaHa 1 TOPUA B A0IOMUTOBbLIX U3BECTHAKOBbIX NOPOAAX ropbl.



DAMA/LIBRA @ LNGS

* 25 Nal recuposannvix manauem Nal(T|) c evicokoit
cmenenvio “paouo-uucmomol” Kpucmasiios

*  Kaxcowui kpucmann Nal(T|) umeem maccy 9,70 k2 u
paszmep (10,2 X 10,2 % 25,4) cm3.

*  Kpucmannot 06epuymul meghionogoii ghonveour Tetratec
u 3akarouensvl 6 kopnyc uz paououucmoit OFHC
(oxygen-free high thermal conductivity) Cu;

*  Keapueevie ceemoeoowt oaunoit 10 cm svinoanaom
maksice pojib ORMUYECKUX OKOH HA 08YX MOPUAxX
KpUcmaios u coeOuHeHsl ¢ 08ymsa HU3KOpoHo8bIMU
pomoymnoxncumenamu (OIY).

T i e R ) £ ) 0 T

* Tlopocz kaswcoozo uz 0eyx @Y na kpucmanie
YCMAaHo8/1eH HA YPOGHE 00HO20 (POMOIIEKMPOHa;

®  ux coenadeHnue obecneuueaem cpadamovléanue
oemeKkmopa

*  Duepzemuueckuii nopoz na ypoeue 1-2 kaB 6
INEKMPOHHOM IKBUBATICHMIE.

3awuma moawunou okoo 1 m oemona (u3 ckanonozo mamepuana I pan-Cacco) okpyrcaem
RACCUBHBLIL IKPAH, OCUCMEYA KAK 00NOJIHUMENbHBLI 3aMel/lumeslb HellmpoHoe. 7



DAMA/Nal (1995-2002)

9x9.7 kg Nal(Tl) 3x3 matrix
7 annual cycles

DAMA/LIBRA (2003-2010)

DAMA/LIBRA - A (Large sodium
Iodide Bulk for RAre processes)

Eur. Phys. J. C (2008) 56: 333—355

25x9.7 kg NaI(Tl) 5x5 matrix
7 annual cycles



https://link.springer.com/content/pdf/10.1140/epjc/s10052-008-0662-y.pdf

DAMA/LIBRA phase Il (2011-now)

e B koHue 2010 roga Bce oToyMHOXUTENMN (DY)
6b11 3aMeHeHbl Ha @Y BTOPOro NOKOoeHUs
Hamamatsu R6233MOD c 6onee BbICOKOM
kBaHTOBOW 3ddekTnBHOCTbIO (QE) 1 6bonee HU3KNM
(POHOM MO CpaBHEHUIO C TEMU, KOTOPbIE
MCNoNb30BanNnchb B ase 1;

e DHepreTnyeckuin nopor 1 k3B.

e CymmapHoe 0bnyyeHne DAMA/LIBRA—phase?2
coctasnset: 1,53 T x rog C sHepreTM4yeckum
noporom 1 k3B;

e npwu BktoveHnn aaHHbIXx DAMA/Nal n DAMA/LIBRA-
phasel KyMynsiTMBHOE BO3ENCTBME COCTABMSIET
2,86 T x rof, 4TO COOTBETCTBYET 22 HE3ABUCUMbIM
roaoBbIM LMKNAM.

25x9.7 kg NaI(Tl) 5x5 matrix
Exposure: 1.53 ton x year




DAMA/LIBRA

SIn(®)] = So + Smcos(w[t — to])

So — He 3aBHcsILIasl OT BpeMeHU BesnunHa, o=21/T, T=1 rog
Sm — aMIUIMTyJa MOAYJIALUU

3KCrepuMeHTanbHO HabnaaeMon SABASEeTCS He MOCTOsIHHAA YacTb CMrHana S, a ero
amMnnMTyaa Moaynsauum, S, Kak yHKUMSI SHEPTUN.

MHTEHCUMBHOCTb B3aMMOAENCTBUS YacCTUL, TEMHOW MaTepPUN OnpeaensieTcss Kak
KONM4ecTBo cobbiTni B aeHb (cpd) Ha Kr AeTeKTopa Ha K3B sHepreTnyeckoro cnekTpa

[MoCKOMbKY BEPOSITHOCTb TOr0, YTO YacTtuua TM B3anMoaencTByeT 6onee Yem B OAHOM
[eTeKTope, npeHebpexunmo Mana, curHan TM MoXeT NpUCYTCTBOBATb TOILKO B
CcobbITUSAX C OAHUM “XNTOM” (T.e. cobbITUS, B KOTOPbIX CpaboTasn TONbKO OAMH
[ETeKTOop)

TaknuM 0bpa3oM, CpaBHEHME pe3yNbTaTOB OAHOKPATHbIX COOBLITUI C pe3ynbTaTamMu

MHOIOKPaTHbIX COOTBETCTBYET CPaBHEHUIO CyyaeB “"beam-on” n “beam-off” ¢
yactuuamu TM.

10



DAMA/LIBRA

DoH ycpeaHaeTcs 3a Kaxabln rog Habopa AaHHbIX, Tak Kak Mo
ytBepxxaeHnio DAMA/LIBRA oH c/iabo MeHSIeTCS CO BpeEMEHEM, T.e€.
NCNONb3YyeTCs YyCpeaAHeHHOoe 3HayYeHne poHa 3a rog.

Hanee “ycpeaHeHHbIN" HOH BbIYNMTAETCS U3 YMCNa 3aperncTpupoBaHHbIX
OAMHOYHbIX COBbITMM (rates)

B pe3ynbTaTte nony4atotca “residuals”

[ony4deHHble pacnpeaenenuns residuals kak @yHKUNSA BpeEMEHU (PUTUPYIOTCS
dyHKUMEn: S = Sy + S, cos(o[t — to])

11



DAMA/LIBRA: PHASE I

OHepaemuyeckoe pacripedesieHue amriiumyObl MOOYISayUU

Sk(O=Sof+Jmy coslo(t —t)]  to = 1525 day

o~ here 7=27/w=1yr and t,= 152.5 da
2 0.05 - | RS y
«P] |
22 i
i‘n 0‘02 5 N l(%v’hﬁ#ﬂ‘bk
E 0 : 4)—#:%#}4;%— S SR st at s
3 | S
> I

=0.025 =
AN i

-0 ¢ 05 77 | | | | | | | ‘ | | | | | | | ‘ | | | ‘ | | | ‘ | | | | | | | ‘ | | | | | | |

0 2 4 6 8 10 12 14 16 18 20
Energy (keV)

AMNOAUTYAbl MOAYNAUNMK, S,,, KaK PYHKLMA SHEpPrum ans Bcex Habopos AaHHbix: DAMA/Nal,
DAMA/LIBRA-¢pasal n DAMA/LIBRA-¢a3za2 Bbliwe 2 K3B;

HUXe 2 KaB ncnonbayeTtcst ToNbko faHHble DAMA/LIBRA-phase2 (1,53 TOHHbI X rof).
YeTkaa Moaynsumsa npucyTcTByeT B 0671aCTU CaMblX HU3KUX aHepruit (2-6 kaB),

S,, COBMECTUMbI C HYJIEBbIM 3HAYE€HMEM MNPU SHEPTrUsxX > 6 KIB.
12



Residuals (cpd/kg/keV)

DAMA/LIBRA

2-6 keV

- DAMA/LIBRA phasél (1.04 tohy)—————> | | <—— DAMA/LIBRA{phase2 (1;53 ton<yr)
0.04 — ! ! | : | : ' ' ! ! ! ! ! ! !
MNP FNPNENPAR PN 1P VNP T AP NENE

s ﬂt L N aE L if'*“m ﬁ\éﬁ/ml\//\ /ﬁ%“ fﬁ%& }W%TT =) BT }%@” oy m
w B DT Y TR Y N R R AT R R
vos | | | | | | | | | | | | | | |
AP0 I TN U T NS R N O T N T X S N S A A UG IS I BN I

4000 5000 6000 7000 8000 2000

Time (day)
dKcnepuMeHTanbHas 0CTaTo4YHas CKOPOCTb OAUHOYHbIX CUMHTUANALNOHHbBIX COObITUR,
namepeHHas ¢ nomoubto DAMA/LIBRA-phase1 u DAMA/LIBRA-phase2 B nHTepBanax
aHeprum (2-6) k3B, kak (PyHKLUUSA BpeEMEHM.

Acosw(t - ty) c nepmogoM T =2t w = 1 roa, dason t; =152,5 gHA (2 NOHA) M aMNANTYLO0M
Moaynsaummn A, paBHon LeHTpanbHoOMy 3HadeHuto. Significance = 13.4c

Aansa npouepypa ¢putnposanHms DAMA/LIBRA Bcerga ncnosb3oBanancb ocTaToudHble CAEKTPbI
(residuals) yacToTbl CO6bITUIN MYTEM BblYMTAHMSA U3 CbIPbIX CMEKTPOB cpeaHero ¢oHa.

13



Residuals (cpd/kg/keV)

Residuals (cpd/kg/keV)

DAMA/LIBRA: ¢poH

1-6 keV
A=(0.00030§i0.00032) cpd/kg/keV
—Y— v | y —&— o L Vv =
—— e
I—Q—!
‘Time (da)‘/)u
2-6 keV
A=(0.0002570.00034) cpd/kg/keV |
| — - —
—V— vy | v ::: v —
— | ® | 1
& | ‘
“ | Time (day)

Single hits events

Multiple hits events

e YeTkaa Moaynaums B OANHOYHBIX COObITUSAX (KpaCHbIN)
e OTCYTCTBME MOAYALMN B MHOXECTBEHHbIX COObITUSX (3€NEHBIN)

14



detector ID

m (cpd/kg/keV)

B

[
=

[y
un

10

0.04

0.02

© -0.02

-0.04

S, for each detector

DAMA/LIBRA-phasel + DAMA/LIBRA-phase2
total exposure: 2.57 tonxyr

(2-6) keV

S, in (2 - 6) keV for each of the 25 detectors (1o error)
Shaded band = weighted averaged S,, * 10

* x2/dof =38.2/24d.o.f. (P=3.3%)
* removing C19 and C20: x?/dof =22.1/22 d.o f.

001 002 0.03

S, (cpd/kgkeV) External vs internal detectors:
A external '
v internal
HI4
4_-“-*-1: f e :-t-H-;'T'_‘_-i-,I ;_+_._'%:_.-_i'f'_: :-1-=i=:]:1|-+—_i_-
AE=0.5 keV 1-4 keV  y2/dof =1.9/6

1-10 keV y2/dof =7.6/18

! | I L L | P I b
2 4 6 8 10 12 14 16 18 20 1-20 keV ;/Z/dof=36.1/38

Energy (keV)

* The signal is rather well distributed over all the 25 detectors
* No difference between ext and int detectors

15




DAMA/LIBRA: ucmoyHuku ¢gboHa

PaAN0aKTUBHbIE N30TONbI B MaTepmnanax AeTeKTopa U OKpyKatoLen cpeae
3aBuUcALME OT BpeMeHU GOHbI OT KOPOTKOMKUBYLLIMX KOCMOTeHHO aKTUBUPOBAHHbIX
PaaNOHYKANA0B (M30TOMbI, KOTOPblE 0OPA3YOTCA NPM B3aMMOAENCTBUN
KOCMWYECKUX /Iyder Co CTabunbHbIMU HYKANAAMKW B MaTeEPUaAe ATEKTOPA, T.H.
“kocmoreHHbIn $oH”). NOYTM BCE KOCMOTEHHbIE M30TOMbI MPOUCXOAAT B pe3ynbrate
B3aMMOAENCTBUA KOCMUYECKUX nyden ¢ aapamum Na man |,

Radon

MtooHbl: cosmic rays interacting in the detectors, secondary radiation resulting from
cosmic rays interacting

PMT and electronics noise (detector noise)

HenTpoHbl

NIMA592(2008)297, EPIC56(2008)333, J. Phys. Conf. ser. 203(2010)012040, arXiv:0912.0660, S.I.F.Atti
Conf.103(211), Can. J. Phys. 89 (2011) 11, Phys.Proc.37(2012)1095, EP]JC72(2012)2064, arxiv:1210.6199 &
1211.6346, 1IMPA28(2013)1330022, EPJC74(2014)3196, 1JMPA31(2017)issue31, Universe4(2018)116,
Bled19(2018)27, NPAE19(2018)307, PPNP114(2020)103810

16



PaduoakmueHbIU gpOH

Source (Dgz Nk I Ro k Ay = Roxnk AR/S:»IXp
(neutrons cm™2 s~ 1) (cpd/kg/keV) (cpd/kg/keV)
Thermal n 1.08 x 1076 ~0 - <8x107° < 8x 1077 &7 x107°
(1072 — 107" eV) However < 0.1
SLOW
neutrons  Epithermal n 2 x 107 ~ - <3x 1073 & 3x10™ <« 0.03
(eV-keV) However <« 0.1
Fission, (&, n) — n ~0.9 x 1077 ~0 - <6x 107 & 6x107° & 5% 1073
(1-10 MeV) However <« 0.1
it — n from rock ~3x 1079 0.0129 End of &« 5x 107 &« 7 x 107 < 6x 1074
FAST (> 10 MeV) June
neutrons
i — n from Pb shield ~6x 107° 0.0129 End of £11x107° «14x107 |«13x1073
(> 10 MeV) June
p— n ~3x 10710 0.03342? Jan. 4th*  « 5% 1073 < 18x10°% |« 1.6x 104
(few MeV)
Direct ¢ & ~ 20 pm=2 d-! 0.0129 End of ~ 1077 ~ 1079 ~ 1077
June
Direct v &) ~6x 10" v em2 571 0.03342° Jan. 4th* =~ 107" 3% 1077 3% 1075

e (CBO/AKa BK/1aA0B B 06N NOTOK HEMTPOHOB;

® CropocTtb cueTa Ry, B paze 2 DAMA/LIBRA ana oanMHOYHbIX COBbITUIA B AMana3oHe sHepruit (1-6)
K3B, NHAYUMPOBAHHbIX HEMTPOHAMMN, MIOOHAMM U CO/THEYHBIMW HEUTPUHO, NOAPOOHO ANA KaXKA0ro
KOMMOHEHTA.

® AmnauTyabl moaynsuum, Ak, (nocnegHuin ctonbel) NnoKkasaH OTHOCUTEbHbIM BKAAA, B FO40BYHO
amnantyay moaynauuu, Habnwogaemyto DAMA/LIBRA-phase2, S exp m = 0,011 umn/cyTku/Kr/KaB.

17




DAMA/LIBRA: ¢bOH, MIOOHbI

MIOOHbI KOCMUYECKUX Nly4elt (1) MOryT NPOHUKaTb MybOKO Noj, 3eMHYH0 MOBEPXHOCTb U
HanpPsMyo B3aMMOAEeNCTBOBaTb C 3/1IEMEHTaMM SKCNEPMMEHTANIbHOM YCTaHOBKU, UIN OHU
MOTyT B3aMMOAENCTBOBATb C OKPYKatoLWein MHPPACTPYKTYPOI AN IKPAHUPYIOLWMMU
MaTepuanamu, NPon3BoAA BTOPUUHbDIE YAaCTULbI, TAKUE KaK HEUTPOHbI U raMmma.

[NTOTOK MIOOHOB AEMOHCTPUPYET rOA0BYIO MOAYAALMUIO B 3aBUCUMOCTU OT TemnepaTtypbl.
Mpwn 6onee BbICOKUX TeMnepaTypax atmocdepa 3eMnm MeHee NA0THaA, YTo No3BondAeT
60/1blleMy KOIMYECTBY MMOHOB M KAOHOB OT B3aUMOAENCTBUA KOCMUYECKUX NIYYEN C
BEPXHUMMU CNOAMM aTMOCPEpPbI pacnagaTbCA Ha BbICOKOIHEPreTUYeCcKkme MIOHbI, KOTopble
MOTYT NPOHUKaTb Ha rybuHy DAMA/LIBRA.

MoToK mooHOoB B LGS B cpegHem npumepHo B 10° pa3 HUXKe, YeM M3MepPeHHOe Ha YPOBHEe
mopA. logoBoe nameHeHne NOTOKa MIOOHOB == 2%;

[MOTOK MIOOHOB MMeeT pasy C MaKCMMYMOM, KOTOPbIM MPUXOAUTCA Ha KOHeu, oHA/Ha4ano
niona (28 nioHsa £6 aHen).
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DAMA/LIBRA: ¢poH

https://agenda.infn.it/event/9489/attachments/58002/68401/Kudryav.pdf

Can muons explain the DAMA signal?

«10?

3|

037}

m|\|| |

Muon flux [m*

|I“||\\| ‘ ‘

iy it In I || |

| | I’ || ‘\W okl ‘| A 'Hl\“‘
| |

‘hl""' ! “ “||

1

Tou [K]

12
02/07/07

31i1zioT 01/07/08

3112108 01/07/09 3112109 o070 3HzHo

Borexino
Collaboration,
JCAP 1205
(2012), 015.

= Annual modulation of the muon rate has been observed by Borexino,

LVD and MACRO.
The modulation amplitude is about 1.4% of the average rate.

The simple estimate in Bernabei et al. EPJC72 (2012) 2064, clearly show that
muon-induced neutron rate amplitude (4.6x10-) is several orders of magnitude
smaller than the DAMA modulation amplitude.


https://agenda.infn.it/event/9489/attachments/58002/68401/Kudryav.pdf

COSINE-100

« Located at Yangyang underground laboratory (Y2L), South Korea
« 15 institutions, ~50 members
» Physics run started September 2016

B o

| depth: 700 m
~Muon flux: ~344 /m2/day

:: Ir:)}zgversity }8}
QU WISCONSIN Yale

% "i UNIVERSITY OF WISCONSIN-MADISON

COSINE-100

/'(‘1:}‘\

Lower Dam

Access to the lab by car (~2km)

20



COSINE-100

JINST13 T02007 (2018) Nucl. Instrum. Meth. A 851 102 (2017)

4rt Muon Counter Liquid Scintillator
37 plastic scintillator panels 2000 L LAB-based LS for veto

20-cm thick lead shielding 5-inch PMT(R877)s for LS detector
2-inch PMT(H7195)s for muon counter
Bstic

Scintillator Liquid $gintiliator
Panel P

-
—

+ Data (vetoed)

- Fi
\ - Subtracted “¥

JINST13 T06005 (2018)

1 ~80% veto efficienc

Neutron Monitoring of 3keV x-ray

Fast neutron detector
(Liquid scintillator) 0.
o

Thermal neutron detector
(3He gas detector)

CounvkeV/kgiday
o moinw s

Copper Box
(3cm)

Nal(T1)
Crystal

3-inch PMT

3-cm thick copper box Nal(Tl) detector
20-cm thick lead shielding 8 low-background crystals
Each crystal is encapsulated in copper
Two 3-inch PMTs for each crystal
Eur. Phys. J. C. 78 107 (2018) (R12669SEL)

* 8 HM3KodoHOBbIX Kpuctannos Nal(Tl), pacnonokeHHbix B pag, 4x2 WTYKK, ¢ obLen maccon
MuLeHn 106 Kr. Kaxkabli KpucTana coegmHeH ¢ Asyma dotoymHoxutenamm (PY).

* [letektopbl Nal(Tl) norpy*eHbl B XXUAKNIM CUMHTUANATOP o6bemom 2200 AUTPOB, YTO NO3BONSIET
NAeHTUPUUMPOBATL M NOCNeaytolee NOHU3UTb BKNAA PagMOaKTUBHOIO PoHa, Habatogaemoro
KPUCTaNNoM.

*  XMUAKUN CUMHTUANATOP N NNACTUKOBBLIMU CUMHTUANATOPAMM ANA YyMeHbeHnA GOHOBOro BKAaaa
BHELLUHEro U3ay4yeHus, a TakKe MIOOHOB KOCMUYECKUX NIyYe.



COSINE-100

P = -

ol .
o 3

ol

Plastic scintillators
— 20 cm lead

- N
oA

3 c¢cm copper

Nal(TI) crystals

8 Nal(TI) crystals

- U/Th/K level below DAMA, 219po Comparable
- Light yield ~2 x DAMA

- Total background 2~4 x DAMA's average

22



Modulation Amplitude (counts/keV/kg/day)

.

0.04}

0.02}

~0.02}

COSINE-100

arxiv:1903.10098

COSINE-100, 1.7 yrs

¢ Single-hit
Multiple-hit

+— DAMA/LIBRA-Phaset
DAMA/LIBRA-Phase2

w 15 20
Energy (keVee)
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COSINE-100

MocKonbKy B aHannse DAMA/LIBRA Bceraa ncnonb3oBanancb CNEKTPbl YacToThbl
cobbiTnit (residuals) nonyyeHHble nyTem BblMUMTAHUA cpeaHero ¢poHa ann
dutTnpoBaHue, moaenmpyetca ¢oH 3aBuUCALLMIM OT BpemeHU. Ucnonb3yeTca aBa
pa3HbIX noaxoaa.

[NepBana mogenb NCNONb3YET SIKCNOHEHUMANbHYIO PYHKLUMIO ANA ONUCAHUA
3aBUCALLLEro OT BpemeHU pOoHa, KOTOPbIM MCNONb30BaICA ANA NepBOHaYabHbIX
rogoBbix nccnegosanm moaynaumnm 8 COSINE-100.

Bo BTOpOM mogenn ncnonb3yetcsa cpegHerogosble rates, Kak U B 3KCNepUMeHTe
DAMA/LIBRA.

[Mocne BbluUTAHUA POHA OCTATOUHbIE rates annpPOKCUMUPYIOTCA

CUHYCcOMAanbHOW GyHKUMEN, 27T(t t )
— b0

R(t) = Sp,co8 |
(1) COS——

24



COSINE-100: kputnka DAMA

COSINE-100
Stat analysis

CraTbs arXiv:2208.05158 ¢ kputnkon DAMA 10.08.2022

42

Rate

0.2

Rate Residual
(=]

Residual

— (a) Single-hit at 1-6 keV

H {?Single-hit

1 1 1
i Sept. 16 - Aug. 175 Sept. 17 - Aug. 18} Sept. 18 - Aug. 19}

at 116 keV
1

(d) Residual r

ate a}\ 1-6 keV

1 1 L1
i Sept.16-Aug.17 1 Sept.17-Aug.18 1 Sept. 18- Aug. 19 1

() Residual rate at 2-6 keV

i he

i

it

[ (h) Residual rate;: 2.6 keV

t

500

000

Days from Jan. 15%. 2016

|
500

Days from Jan. 1Sl

DIOD
,2016

OAuHOYHbIE
cobbiTusa

DAMA/LIBRA
Stat analysis

aHanu3 aaHHbIX COSINE-100 ¢ TOYKM 3peHna roaoBOn MOAYALMNM,

HO C Ucnosab3oBaHMem metogoB aHanmsa DAMA/LIBRA.
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https://arxiv.org/abs/2208.05158

COSINE-100: kputnka DAMA

counts/kg/keV /day 1-6 keV 2—6 keV

COSINE-100, DAMA method  -().044140.0057 -0.0456=+0.0056

DAMA /LIBRA 0.010520.0011 0.0095=0.0008
COSINE-100 0.006740.0042 0.0050+0.0047
ANAIS-112 -0.0034+0.0042 0.0003+£0.0037

[0goBble aMnINTYyabl MOAYNSAUMM U3 PA3IMYHBIX SKCMEPUMEHTOB. AMMNNTYAbI
rogosol moaynauum ts no DAMA-nogobHoMy meToay K aaHHbIM COSINE-100 3a 3
roga (Hacrosilwasa pabota) cpaBHuBatoTcs ¢ pesynbTatamm DAMA/LIBRA, COSINE-100
n ANAIS-112, B obnactn 1-6 k3B n B obnactn 2-6 k3B.
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COSINE-100: kputnka DAMA
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Omeem DAMA Ha Kpumuky

Cratba DAMA c otBeTOoM Ha KpuTnky COSINE-100:arXiv:2209.00882

e nosieneHne mopynsauun ¢ OTPULATEJIbHbIMUM amnnnTtyaammn cBs3aHO CO cBOeobpa3HbIM
noBegeHmnem ¢poHa COSINE-100, cunbHO YMEHbLUIAKOLWENCA CO BPEMEHEM, 3TO HE
oTHocuTcs K DAMA/LIBRA.

e [Jetektopbl DAMA/LIBRA NaI(Tl) He ABNAIOTCA «TaKMMM XKe>» KaK [AEeTEKTOPbI
COSINE-100, T.K. OHM ObIN BbIpaLLEHbl U3 Pa3HbIX MOPOLUKOB, C UCMOSIb30BAHNEM pPa3HbIX
nNpoueayp OYMCTKM, BbIpALLMBaAHUS; OHU AECATUNETUSMU XPaHATCS NOA 3EMJIEN, Y HUX Pa3Hble
KO3 PULUMEHTbI rawweHums aaep otaaum u 1.4. OHM NMEIOT COBEPLLUEHHO pa3Hble OCTAaTO4YHbIE
3arps3HeHns N 0COBEHHOCTN, a TakXXe APYryro 3NEKTPOHUKY M BCE OCTasibHble AeTanu
3KCMEepUMEHTANIbHOM YCTaHOBKM.

e BnuaHwe ponroBpeMeHHOro U3MeHsLWEerocs BO BpeMeHU CI)OHa — €CJ/In TaKoBOE MMEETCA —
HE3HAYUNTEJIbHO
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Omeem DAMA Ha Kpumuky

Progress in Particle and Nuclear Physics 114 (2020) 103810

2-6 keV
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COSINE-100: BbiBOAbI

B skcnepnmeHTe DAMA/LIBRA ncnonb3oBanach residual rates Bbluntas cpeaHoro
CKOPOCTb B KaXX[I0OM roA0BOM LMK/e cbopa AaHHbIX, NPUMEPHO HAaYMHAS C CEHTSOPS.
Ecnn oH He aBnseTca NoCTOSAHHLIM BO BPEMEHU, 3Ta npouenypa MoXxeT
reHepMpoBaTb EXXEroAgHO MOAYIMPOBAHHbIE YAaCTOTbl COOLITUMN.

B 4acTHOCTU, MeAIEHHO YBENNYMBAIOLLIASICS YacToTa COObITUI B 3aBUCMMOCTU OT
BPEMEHN MOXET 0becneunTb exxerogHyo Moaynsiumo, nogobHyo HabntogaeMomn
DAMA/LIBRA 6e3 cnrHanoB TEMHOW MaTepumw.

3aBMCcMMas OT BpeMeHn Moaenb oHa C MCMOJIb30BAaHMEM OHOW 3KCMOHEHLMANbHOM
dyHKUMKM 3aTyxaHus He paet moaynsumm no aaHHbiM COSINE-100.

Kpome TOro, metoz, noaobHbin DAMA, obecrneunBaeT cornacoBaHHbIA rO/10BOU
curHan moaynsauum DAMA/LIBRA npu Mmoaynsuum amniamtyabl, HO a3sbl MOAYSUnn
npoTtreononoxHsl DAMA/LIBRA.

XoTsa Habnogaemast asa NpoTnBonosioxHa HabnogeHnsm DAMA/LIBRA,
NOCTOSIHHAsA BeJIMYMHA aMNUTYAbl MOAYALUMN MOXET YKa3blBaTb HA MHTEPECHOoe
SIBNleHne, CKpbIToe B npoueaype BbluntaHna goHa DAMA/LIBRA.
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COSINE-200: nnanbl

Needs a factor two or more improvement

Current COSINE-100 shield is designed for 200 kg experiment
Replace all crystals

COSINE-200 in the South Pole or Grand Sasso?

COSINE-200 will be precursor for COSINE-1ton

COSINE-1ton experiment ? (2025~), 0.5 keV threshold
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IcmoYHUKU cucmemamuku

RADON

Sealed Cu box in HP Nitrogen
atmosphere

<2.5x10° cpd/kg/keV

TEMPERATURE

Installation is air conditioned+
detectors in Cu housings directly
in contact with multi-ton shield
huge heat capacity, T
continuously recorded

<10 cpd/kg/keV

NOISE

Effective full noise rejection near
threshold

<10 cpd/kg/keV

BACKGROUND

No modulation above 6 keV;
no modulation in the (2-6) keV
multiple-hits events;

<10 cpd/kg/keV

SIDE REACTIONS

Muon flux variation measured at
LNGS

<3x10~ cpd/kg/keV

EFFICIENCIES

Regularly measured by dedicated
calibrations

<10 cpd/kg/keV
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DAMA/LIBRA: predictions

0.030 1 m,=12.1 (GeV)
¥?=13.1937
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0p=7.95e-35 (cm?)
0.020 ++
—— total
. sodium

o

=]

>

(]

>

g

3 0.0154 N ] e iodine
g 4 DAMA
« 0.010-

0.005 : |1 |
0.000 - e aaraeeasassaaesasaaeanaanan i .... } .. f.*:::i

E' (keVee)

FIG. 1. DAMA modulation amplitudes as a function of the
measured ionization energy E’ for the absolute minimum of the
pSIDM model in the case of a Maxwellian WIMP velocity
distribution. The points with error bars correspond to the
combined data of DAMA/Nal [32], DAMA/LIBRA-phasel
[3,4] and DAMA/LIBRA-phase2 [8].
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COSINE-100: kputnka DAMA

16— D Long-lived (Flat) . Short-lived
D #%pp — Total model
14— D W

AMA/LIBRA-Phase1

-
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=Y
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|

Events rate (counts/keV/kg/day)
-
\

o
)
!

| |
2000 4000

Time (days)

COSINE-100 kpuctann N6. Npeobnaaatowme GoHbl B 3TOM KpUcTanie cea3aHbl ¢ 3H
n 210Pb, nony4aeTcsa NOHMXXeHHas UHTEHCMBHOCTbL oHa. Moaenb oHa
npaBaonoaobHO onucbiBaeT cHMXKeHne ckopoct oT DAMA/LIBRA-(a3zal K
DAMA/LIBRA-aza2. CMoaennpoBaHHble laHHbIE FEHEPUPYIOTCS U3
BbILLEYNOMSHYTOro 3aBUCSLLEr0 OT BpeMeHn hoHa 6e3 cMrHanoB TEMHOW MaTepUM.
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DAMA/LIBRA: significance

bE+ So
°m) = J W( B

W = 2 ®;, W; = MAtiAES

B = (cos) = lz w;cos(t; — ty)
o = {(cos?) WE w;cos? (t; — ty)

¢ - efficiency

M - detector mass

At - time interval (day)
AE — energy interval
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COSINE-100 vs DAMA/LIBRA
differences: ES efficiency

9 deKTUBHOCTb OTO6OPA C HABOPOM AaHHbIX KaJIMGPOBKU UCTOYHUKOM ©0Co,
KOTOpbIN UcnonbloBanca ana aHanunsa gaHHbix COSINE-100, DAMA/LIBRA

ncrnonb3oBana AaHHble KanMbpoBku 24TAm.

Selection Efficiency

0.8—

0.6

+ B!y Events for a COSINE crystal
—:{:— Efficiency of DAMA/LIBRA-phase
+ Efficiency of DAMA/LIBRA-phase2

8 10 12

Energy (keV)

Db dhekTMBHOCTL 0TO6Opa CObbLITUI C
BbI6bopoM cobbiTn DAMA/LIBRA
npuMeHnTenbHo K gaHHbIM COSINE-
100.

Db dheKTUBHOCTN O0TOOPa COBLITUIA,
onpeaeneHHble No AaHHbIM
KanmbpoBkn Kpuctanna %0Co
COSINE-100.

Kputepun Bblbopa, onpeaeneHsl Ans
obecneyeHuns apHeKTUBHOCTH,
aHanormyHon gase 2 DAMA/LIBRA.
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COSINE-100 vs DAMA/LIBRA:
energy spectra

T T T T T | T T T
g(zal) —+— COSINE-100 nominal selection
——+— DAMA/LIBRAs selection

3.5

25

1.5

(b) —+— COSINE-100 nominal selection
—+— DAMA/LIBRA's selection

“'-0-2‘0-0-_00 -
e q -O-G_O_O_OO . _.__'_
R TV

— 05 « o
0900009 0-0-0-900000-00000000-0-0-0009

0‘5—0-00-0

| | | | | | | | | ol | i [ [ | | |
2 4 6 8 10 12 14 16 18 20 2 4 6 8 10 12 14 16 18 20
Energy (keV) Energy (keV)

B aHepreTuyeckom cnektpe DAMA/LIBRA-phase2 npucytctByeT
YMepPeHHOEe yBENIMYEHME YaCTOTbl COObITUIN HMXKE 2 KIB , XxoTs
9T N36bITOYHbIE COObLITUA OblNIN 3assB/IEHbl KaK BO3MOXHbIe
B3aMMOLEeNCTBMNA TEMHON MaTepumn.
OfHako BO3MOXHOCTb Ha/iMyma OCTaTKOB LWYMa, BbI3BaHHOIO
d3Y, pna n3bbiToUHbIX cObbITUI AaHHbIX DAMA/LIBRA He
NOJSIHOCTbIO UCKJIHOYEHA.

OHepreTnyeckmne cnekTpbl
OANHOYHbIX N MHOIFOKpPaTHbIX
COObITUIN NMOSIyYEeHHble Nocne
oT6opa CoObITUN.

Bbi6op cobbiTuint DAMA/LIBRA
Bbilwe YeM B COSINE-100 npwu
9Heprmnmn Hmxe 2 KaB

9TN cobbITUA ObISIN OTHECEHDI
K KaTeropum Lwyma,
Bbl3BaHHoro ®3Y, B
HOMWHANbHOWN CeneKkuun
cobbiTnin COSINE-100.
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COSINE-100: kpwTiika DAMA
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MoHTe-Kapno mogens gaHHblX Ang 13-neTHnx umknos akcnepumeHTta DAMA/LIBRA.
BepTukanbHble NMHWUM NPEeACTaBNAOT Havano U KOHeL ro4oBbIX LIMKIIOB,
ncronb3lyembix B DAMA/LIBRA.

OCTaTOYHbIN CMEKTP 3@ BbIYETOM cpeAHeronoBon ckopoct B DAMA-noaobHoM
MeToAe C moaynsiunen (cnnowHas nmHns). Habnogaetcs cunbHas

oTpuuatensHas moaynsauma S, = 0.0098+0.0008 counts/kg/kaB/day, 4uto

COOTBETCTBYET NPUMEPHO 12- CTaT. 3HAUMMOCTMW.
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Detector set-up: detectors

ANAIS

Nine modules produced by Alpha Spectra Inc following low radioactivity protocols

Detector | Quality powder | Received at Canfranc in
DO, D1 <90 ppb K December 2012
D2 WIMPScint-I March 2015
D3 WIMPScint-lll | March 2016
D4, D5 WIMPScint-Ill | November 2016
D6, D7, D8 | WIMPScint-1ll | March 2017

- Nal(TIl) crystals grown from selected ultrapure Nal
powder and housed in OFE copper

- Mylar window allowing low energy calibration

- Two Hamamatsu R12669SEL2 photomultipliers

12.5 kg each
4.75" diameter
11.75” length

coupled to each crystal at Canfranc clean room
. Low background and high Quantum Efficiency
. Radioactivity screening at Canfranc

S. Cebrian, IDM2018, Brown University, Providence, 23™ July 2018

" | Housing made at LSC of
| electroformed copper

Voltage dividers |n |
cuflon PCB
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ANAIS

12.5 kg

Aipha Spectra . ANAIS-25

u ® ANAIS-37

® ANAIS-112:

« Commissioning in March-April 2017

« Calibration and general assessment from April to July 2017

- Dark matter run is underway since 39, August 2017: first year

of data taking is about to be successfully completed
' = — )Y

S. Cebrian, IDM2018, Brown University, Providence, 23 July 2018
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The best-fit amplitude of an annual modulation signal for a nuclear recoil with sodium iodide.
The DAMA/LIBRA result shows a signal at extreme confidence, but the best attempt to replicate
that has instead yielded a null result. The default assumption should be that the DAMA
collaboration has an unaccounted for noise artifact. J. AMARE ET AL./ANAIS-112
COLLABORATION, ARXIV:2103.01175

43



bapnoHHas TeMHas MaTebus

CocTtouT 13 6apnoHoB (MPOTOHOB N HEMTPOHOB), KOTOPbIE COCTABNAIOT 3BE3/bl U
NIAHETHI U CNabo B3aMMOAENCTBYET 3/1EKTPOMArHMTHbIM 06pa3oM (Mo KaKoM-TO

npuunHe). KaHangatel (MACHOS: MAssive Compact Halo Objects): TéMHble
raslakTMuyecKue rasio, KOpuuHeBble Kap/Iukyu, HEUTPOHHbIe 3BE3bl, YEPHbIE AbIpbl,
6enble Kap/IMKU U MaCCUMBHbIE NJIAHETDI.

Ecnu Bcs TEMHaa MaTepus npeacTaBsieHa 6apuoHaMu, TO COOTHOLLIEeHue
KOHLIEHTPaLUUi NErknx 3JIEMEHTOB Moc/ie NEePBUUYHOro HyYKJIEOCUHTE3a,
Habno1aeMOE B CaMbIX CTAPbIX aCTPOHOMUYECKUX 06BEKTAX, AO/IKHO BbiTh APYrUM,
PE3KO OT/IMYAIOLLMMCS OT HabnJaeMoro.

JKCnepuMeHTbl MO NOUCKY MPaBUTALMOHHOIO JIMH3UPOBAHUA CBETA
3BE3/ Hallel [anakTMKM MOKasblBAlOT, YTO AOCTAaTOYHOMW KOHLEHTpauumn
KPYMHbIX FPaBUTUPYIOLLUX 06BEKTOB TUMA MIAHET MW YEPHbLIX Ablp AN
06bACHEHMA Macchl rano Hawen MFanakTuku He Habnropgaerca.

T.0. NpUHMMast BO BHMMAHWE pe3ysibTaTbl HAbNOAEHUI U TEOPETUYECKME APryMEHTHI
MOXXHO YTBEPX/JaTb, YTO TEMHasl MaTepus He ABnseTcsa 6apuoHHONK!

Death of stellar baryonic dark matter candidates
(Fields, Freese, and Graff, astro-ph/0007444)
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COSINE-100
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DAMA/LIBRA: wymsbi

DAMA He ncnonb3yeT akTMBHblE MeToAbl NoAaBNeHUA GOHA, TaKMUE KaK pasnnvyeHune
dopMbl UMNyNbca, YTobbl n3bexkaTb oTKIOHeHUA curHanos WIMP. Tem He meHee, DAMA
MCMNONb3yeT HEKOTOPbIE METOAbI ANA NOAABAEHMA WyMa GOTOYMHOXUTENA U APYTUX
¢$oHOB.

3TN MeToAbl MOTYT NOAABAATb C/Iy4anHbIN Wym PIY, HO He ycTpaHAT GOH OT apPeKTa
nocnecseyeHuna guHoaa. lNocnecsedyeHmne guHoAa - 3TO AB/IEHUE, KOTOPOE, KaK Nosarator,
BbI3BAHO N3/1ly4eHNEM CBeTa OT AMHOA0B DY, KOTOpPOE MOXKET AOCTUYb BTOPOM S1aMIbl C
ONTUYECKOW CBA3bIO, YTO NMPUBOAUT K JIOXKHOMY COBNAAEHMUIO. ITU cobbITMA Habatoganmco
B akcnepmumeHTe NAIAD Nal(Tl), u 66110 0O6HapYKEHO, YTO OHU He BbIAN AOMKHbIM
0b6pa3om OTK/IOHEHbI NPU PACCMOTPEHNM NOCTOAHHOW BPEMEHU CUMHTUANALMN
Bo-nepsbix, oHU TpebytoT 4To 06a PIY B KBapPLEBOM MOAYNE PETNCTPUPYIOT CUTHAN B
onpeaeneHHom BpemeHHoM okHe (50 nam 100 Hc). DAMA otbpacbiBaeT cobbiTna ¢
KOPOTKMM BpeMeHeM 3aTyXaHUA, YTO MOMOraeT YyMeHblWunTb wym PIY. Lym PIY co3gaer
6onee 6bICTPbLIN UMNYABLC, YEM CUTHA.

DAMA TaKe obpesaeT « MHOroKpaTHble cobbITUAY, KOraa CUMHTUANALUMOHHOE cobbiTue
NPOUCXOAUT B HECKONIbKMX KpUcTannax. NockonbKy HeKoTopble GOHbI MOTYT
nepemewaTbCsa Mexay AeTEKTOPAaMKM U B3aMMOAENCTBOBATb ABaX4bl MM B COBNAAEHUN C
Apyrumu ¢oHamu, Ho TemHasa matepua WIMP B3anmoaencTsyeTt peako, cobbiTue,
3apPEerncTpMpOBaHHOE HECKONBKUMUN AeTEKTOpamu, ¢ 60bLLION BEPOATHOCTbIO byaeT
$GOHOBbLIM N MOKeT H6bITb 6e30MacHO UCKAKOYEHO.



DAMA/LIBRA: wymsbi

B uccneayemon obnactu wymoBsbie cobbiTUA, Bbi3BaHHble PIY, B OCHOBHOM BHOCAT
BKNaA B “oAnMHO4YHbIE” cobbITUA.

O6bI4HO OHM UMetoT bBbiCTpoe BpemMsa 3aTyxaHMsa meHee 50 HC NO CPaBHEHMUIO C
TMNUYHbIMKU cumHTUANAUMamK Nal(Tl) okono 250 Hc.

B skcnepmeHTe DAMA/LIBRA 6bin pa3paboTaH napameTp ANnA pasinyeHns Wyma,
BbI3BaHHOro ®3Y, nytem MCNo/ib30BaHUA OTHOWEHUA BbicTporo 3apaaa mexay 0 un
50 Hc, X1, n meaneHHoro 3apaaa mexay 100 n 600 Hc, X2, KaXKabi U3 KOTOPbIX
onpeaenaeTcA OTHOCUTE/IbHO BPEMeEHU B nepeaHnint GPoHT curHana dIY.
MapameTp Bblbopa cobbiThA (ES), ocHoBaHHbIM Ha X1 u X2, obecneynn xopoluee
pasgeneHune wyma, BbiaBaHHoro d3Y.

Takum obpasom, ecam moaynaumna, obHapykeHHaa B 06/1aCTU caMbIX HU3KUX
3Heprui, bbina obycnosneHa moaynaumnein poHa (a He curHanom), To B obnacTax c
H6onee BbICOKMMU SHEPTUAMM A0/IKHA NPUCYTCTBOBATb TaKanA e nnam bonbluan
MoaynAuUmnAa
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[opsYas mim Xo/104Hasa ?

TeMHast MaTepust MOXET bbITb pa3Ae/nieHa Ha FoOpAYYHo
U XONOAHYIO.

Fopavan: YacTuubl UMetoT 60MbLLUYI CKOPOCTb (Ha CTaauMn (popMUPOBaHUS
BCENIEHHOW, T.e. KOrla KOMKW MaTepuu, U3 KOTOPbIX NOTOM 06pa3ytoTcsl nepsble
ranakTUKU U CKOMMEHUS raNakKTUK, TONIbKO Havyanu opMmMpoBaThCs).

— npensaTcTeoBanm 6bl 06pa30BaHUIOD KPYNHOMACIUTAOHbIX CTPYKTYP, YTO
NPOTUBOPEYNT HabnaaTenbHbIM AaHHbIM.

XonogHasn: 4yacTuubl UMEKOT “ManeHbKy” CKPOCTb Ha CTaann hopMNpPOBaHUS
BCE/IEHHOM

— TEMHasi MaTepusl, CMorna bbl OKaTbCA B CrYCTKM PA3MEPOM C rasiakTuKy
UK MeHblle. Toraa ranakTkn o6beanHANUCL Bbl B CKOMIEHUS.

HabnioaeHuns kocMmnyeckon obcepBaTopumn YaHapa NoKasbiBaOT, YTO CKOMIEHNS FranakTUK
CO34Al0TCA CNMSHMEM FPYNMn M ManblX CKOMMEHMMW, YTO SBMSIETCS CUSIbHBbIM AapryMeHTOM,
NOATBEPXAAIOLLMM TMNOTE3Y XONNIOAHOW TEMHOM MaTeEpUM.
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Production of Liquid Scintillator

COSINE-100 uses a linear alkylbenzene (LAB)-based liquid scintillator, which
contains 3 g/L of 2,5-diphenyloxazole (PPO) and 30 mg/L of 1,4-bis (2- methylstyryl)
benzene (bis-MSB) as a primary and secondary wavelength shifter
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[lpamoe demekmuposaHue

WIMP B3anMoOAeNCTBYIOT C SApaMu MULLIEHM B NpoLiecce

YIPYroro 1 HEynpyroro paccesieHns B AETEKTOPAX

| detector

= scalar interactions (WIMPs couples to nuclear mass; from the scalar and vector part of L)

ms,

_ N . |:pr + (A — Z)fn :|_ fo.n = effective couplings to p, n
47[(mx + mN)_

O-S]

= spin-spin interactions (WIMPs couples to nuclear spin Jn, from the axial part of L)

<S|J.n ) = expectation
_ 2.2 values of the spin content
32 ., mmy  J, +1

)

: .\~ ofth in the target

O =—Gp : (a,(S,)+a,(s,)) mel e
T (m, +my)" Jy

apn = effective couplings to p, n
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Modulation fitting: S,, S,

B yacTHOCTH, 3HA4YEeHNA SM MOTryT ObITb HE TO/IbKO MONOMXKMUTENIbHLIMWU, HO U OTPULLATE/IbHBIMM
NN HYNEBBLIMMW , YTO CBA3AHO C OXMNAaeMbiMU NPOPUNAMKN pacnpenesieHNa SHEPTUM B UIOHE U
AeKkabpe B npeaenax KOHEYHOro SIHEPreTUYECKOro OKHa;

HAWBbICLLIAA YYBCTBUTENBbHOCTb MOKET ObITb NOIyY4EHA NPU PACCMOTPEHNMU HAMMEHbLLNX
OMHOB NO 3HEPrnmn, paspeLlleHHbIX AOCTYNHOM CTAaTUCTUKOW B MHTEpecytoLlen obnactu
SHEeprun.

OpHako dyHKumM SO,k 1 Sm,k 3aBUCAT OT: NnapameTpoB PM3MKM YacTUL, (TaKKUX KaK macca TM,
ceyeHus N T. A.); actpodmusnyeckme napameTpbl (0cobEHHOCTM TEMHOIO raso, CKOPOCTU U
pacnpegeneHun); napameTpbl AaepHoON pusnkm (cBonctea muweHn, opm-paKkTopbl U CBA3M);
3KCNepumeHTaibHble NapamMeTpbl OTHOCUTENBHO OTK/IMKA AeTeKTopa.

B nogxoae ronosBon moaynaummn npeactaBasieT MHTEPEeC TONbKO TOT POH, KOTOPbIM cnocobeH
NMMUTUPOBATb CUFHATYpPY, T. €. cnocobeH yunTbiBaTb BCHO Habaogaemyto amnantyay
MOAY/IALMN U OAHOBPEMEHHO YA0B/IETBOPATb BCEM MHOTOYUC/IEHHbIM CNeuMPUIecKkum
0CODOEHHOCTAM CUTHATYPbI.
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PaoduoakmusHsitu ¢ooH. COSINE-100

*  @POHOBble KOMIMOHEHTbI AENATCSA Ha YeTbIpe KaTeropum:

* BHYTpEHHee 3arps3HeHune, NOBEPXHOCTHOE 3arpA3HeHNe, BHELLHNE UCTOYHUKN U
KocMoreHHas aktuBauus. lNMpumecn 238U, 232Th, 40K, 210Pb B kpuctanne
COCTaBNAKT BHYTPeHHUN GOH. 3arpsasHeHus 210Pb Ha noBepxHOCTU KpucTanna u
nNpuaeraroLWmnx MaTepmanax ABAAOTCA NOBEPXHOCTHOM cocTaBnatowen. PoHbl oT
238U, 232Th 1 40K B ®3Y n maTepuanax aKpaHa npeactaBisitoT co60in BHeLLHNE
MCTOYHMKN. YTO6bI OLLEHUTb BKJ1ag, KOCMOreHHOW aKTUBaLum, Mbl UCMOJSIb3YeM
BpPeMeHHOW aHanuns, yunmTbiBarOWMN BpeMs BO34ENCTBUA KOCMUYECKNX Nyden Ha
3eMJIH0 U BpeMS OXJTaXKAEeHMSA KaXKAoro KpucTanna B nogsemMHon naéopatopuu (35).

* Hawnbonee gomuHupytoume poHoBble KOMNOHEHTbI B ROl reHepupyroTCs BHYTPEHHUM
PaANOHYKNUOHbIM 3arpA3HEHNEM N KOCMOreHHoW akTuBaumen. Croga BxoaaT
BHYTpeHHUe 3arpsasHenuns 210Pb n 40K, a Takke noBepxHOCTHOe 3arpsasHeHne 210Pb.
Bknag B ROl oT KOCMOreHHOM akTuBaLUumM B OCHOBHOM 06ycnoBneH 3H ¢ HEKOTopbIMHU
aononHuTenbHbiMKU BKNagamu ot 113Sn n 109Cd.

° Mo,u,enmposaHme d)OHa BbIMOJIHANOCb HE3aBUCUMO AONA KaXKA0ro Kpncrtasasa, NnokasaH
COBOKVI‘IHbIVI pe3ynbraT NOAroHKn mogenun K gaHHbIM U CUCTEMATUHECKUM NOTrpeELWHOCTAM.

52



arXiv:1306.1411v2

Galaxy do not allow us to get information on this crucial key item without introducing
a model for the Galaxy matter density. A widely used density distribution

of Dark Matter is the isothermal sphere model; it consists in a spherical infinite
system with a flat rotational curve. Due to its simplicity, the isothermal sphere

model is often the used assumption in the evaluation of Dark Matter expected

rates. However many of its underlying assumptions (sphericity of the halo, absence
of rotation, isotropy of the dispersion tensor, flathess of the rotational curve) are

not strongly constrained by astrophysical observations. Moreover, the isothermal
sphere is strictly unphysical and may only represent the behavior of the inner part

of physical systems, since it has a total infinite mass and needs some cutoff at large
radii. Thus, the use of more realistic halo models is mandatory in the interpretation
and comparison procedures, since the model dependent results can significantly
vary. An extensive discussion about some of the more credited halo models has been
reported e.g. in Ref. 115, 116 and references therein.
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R. Bernabei, P. Belli, A. Bussolotti et al. / Progress in
Particle and Nuclear Physics 114 (2020) 103810

The energy dependence of the modulation amplitude, S, (E), obtained through maximum
likelihood method at fixed period and phase: T = 1 yr and t, = 152.5 day.

The usual procedure is to minimize the function Yk = —21In(£y) — const for each

energy bin; the free parameters of the fit are the (by + Sy)) contributions and the S,
parameter.
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DM Halo

Drukier, Freese, Spergel PRD 86
Freese et al. PRD 88

III. THE HALO MODEL

In discussing particle detectability, Goodman and Wit-
ten? assumed that the halo is composed of particles with
velocities ~200 kmsec™!. Because of the strong sensi-
tivity of the system to particle velocity, we are motivated
to use a more realistic model of the local distribution of
dark matter.

S5)



CBuaeTenbcTBa CyLlecTBOBaHUA
“TEMHOW MaTepun”

Rotation curves of galaxies Lensing Large Scale Structure

Toos aisk

Bertone, Hooper & Silk, hep-ph/0404175. Bergstrom, hep-ph/0002126. Jungman et al,_hep-ph/9506380
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[Tpobnema “TeémMHON matepun’

Takum obpasom, cyullecTBYeT 4OCTAaTOMHO (DaKTOPOB, YKa3biBaOLLMX
Ha CyLLeCcTBOBaHME “TEMHOW MaTEPUN':

° KpI/IBbIe BpaLlleHNA KOCMNYECKNX O6'beKTOB
* [paBuTaUMOHHOE NNH3NPOBAHME

CsobogHble BOAOPOA U rennin
» Bullet cluster

b Pen MKTOBOE N3J1 yL‘l eHne TéMHas maTepus

0.5%
3BE3abl

TAXKENble 3N1eMeHTbl

TéMHasa aHeprusa

Csowncrtea DM:

* B3aMMOLEMNCTBYET rpaBUTaLMOHH

e CcTabunbHas

* OHa OEeUCTBUTESbHO “TeMHas” (T.€. KOHCTaHTbI 4S9 OPYrMxX
B3aMMOOeNUCTBUIN C YacTULamMm cTaHgapTHOWM MoAdenn mManbl UM paBHbI
HYIH)

e XOJiogHas

* HebapunoHHas
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HebaproHHass TeEMHass MaTtepus

B oTnnume oT 6apuoHHOM MaTepuu, HebapuoHHass He CnocobCTBYIOT (HOPMUPOBAHMUIO
3/IEMEHTOB B paHHEW BceneHHoW, W MNO3TOMY MNPOSIBNSIETCA TOMbKO 4Yepe3 CBOU
rpaBUTaLMOHHbIE 3PdekTbl. KpoMe TOro yactuubl TEMHOM MaTepUM MOTYT @aHHUTMIMPOBATb, C
POXXAEHNEM Y-KBAHTOB W HEUTPUHO.

* AKCMOHBDI - HENTPasbHbIE NCEBAOCKANSAPHbIE YacTuLbl.. KoCcMonornyeckne AaHHble
OrpaHMYMBAOT MACCy akCMOHa Ha YpoBHe He MeHee 107> 3B.

* WIMP (Weakly Interacting Massive Particles)

*  Tsakénble HEUTPUHO (CTEPUNbHBIE), TO ECTb HE NPOABASIOWNMUCA B Cr1abbix
B3aMMOAENCTBUSAX B 0ObIYHbIX YCNOBUSIX. TeopeTnyeckme Moaenu nNpeackasbiBaloT Maccy B
O4YeHb LUMPOKOM amanasoHe. M3 peHoMeHonormm Ansg cnegyeT ananasoH Macc
npnbnuautensHo 10-1-10 4 3B, CTtepunbHble HEUTPUHO BMOJSIHE MOTYT COCTaB/ATb
CYLLECTBEHHYIO YaCTb TEMHOW MaTepu.

* CynepcMMMeTpuuHble yacTtuubl (LSP) He npuHUMaeT y4yacTusi B 2/1eKTPOMarHUTHOM U
CUNbHOM B3aMMoAeNUCTBUSX. B kadectBe LSP-yacTuubl MOryT BbICTynaTb HEMTPAMHO,
(POTUHO, rPaBUTUHO, XUITCMHO (cynepnapTHEPLI (OTOHA, rPaBUTOHA N 6O30HA
Xurrca COOTBETCTBEHHO, C Maccou nopsaka 10 MB). HeuTpanuHo (HenTpanbHas)
y4yacTBYyeT B C/1aboM M rpaBMTaLMOHHOM B3auMoaencTBmax, Macca 30-5000 B
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DKCNepUMeHTbI No noncky DM

KoceeHHbili nouck: aHHuaunnayua WIMP

[lpsimou nouck:
B3aumodeticmesue
WIMP ¢ sd0pamu
(yripyzoe u Heyripyzoe,
usy4yeHue g83aumodeu-
cmeusi Yyacmuuy, memHou
Mamepuu ¢ 311eKmpo-
Hamu u dpamu amomos )
3AkcnepumeHmsl: DAMA,
COSINE,COGENT?
LIBRAO8, XENON,LUX

=,
_|_
R

JkcniepumeHmeol: PAMELLA, AMS ...

Y+y—e,nv,..

S
Y F Y PP

[loucKk Ha ycKopumensx:
LHC: ATLAS, CMS,
Tevatron: CDF, DO

— - 4+
pP-pP-€ € .Y
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DAMA-like experiments
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