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Dark Matter evidences come from very different observational ~ **™

techniques at different scales and times of the Universe ™ ="
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ACDM cosmology has been |mpr( rver succesful explolmng
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| Unumblguous proof of the purﬂcle nature of durk muh‘er s s’nII Iucklng
Particle Dark Matter arises because of the limited buryon budget I|gh1 nuclel ubundunces
(MB isotropy, Lurge Scale Structure formunon 5
| CJuark qutﬂna Em:. tic Dﬂlur RN
Qe B musswe _
:)_ AW T.5 cm | - e nontharyonic
s * Neutral / m||||churged
- estable or very long lived
~eqon reluhwshc when sTrucTures formed
{cold / warm durk muﬂer) R

Beyond the S’rundurd Model of Pur’ncle Phy5|cs




~ Many DM condidates are onscene o
Covering many orders of magnitude in mass and cross section

 Best moivated candidates arse fo solve other problems ...



| WIMPS' ure convenienf 'DM"c—undidd’réy
-Weukly In’reruc’nng Musswe Pur’ncles :

I DM particle was in therma eqU|I|br|um in the eurly Umverse a freeze-
- out 1he unmhllunon crosssec’non determlned the rellc ubundunce Q

| WIMP MIRAC'_E | < = ' " | -_ ) B S [ .hermal feeze-out :ar"l_y _Jniv.')
‘Electroweak scale crosssections for a GeV purtlcle = |
reproduce reusonubly the meusured relic

| WIMP DETECTION Ere: | - | -
. WIMP de’rectlon can be enwsuged —> Dlrect und Indlrec’r Detectlon
| ApprOUCh | :__ el TE | proc uction at (,olhderq
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Analysis of signatures of DM particle
interactions are key for a posifive result

Experiments have to be shielded against all possible
backgrounds and profit from active bckg rejection techniques

Availability of very sensitive & radiopure particle detectors
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DM particles inferact (although weakly) with ordinary matter




Detection rate

WIMP interaction rate

WIMPs interact weakly with ordinary matter

Small transfer of energy in form of nuclear recoil energy is expected as
result by elastic (or inelastic) scattering

Interaction rate depends on the specific WIMP (my, and o,) and halo
model (dark halo mass density, WIMP velocity distribution at the Solar

System posifion) l




Which could be the interaction mechanism?

WIMP interaction rate

The most general case can be
described by means of an

Geried oy oo :.:li _ The scattering cross .sechon 5
o [Lxe] 2L unknown and contains details

b= 2 cXOo¥ONy e lSealf[Segll e e from DM particle model and
SAIERSREAL {01get nuclear structure

Interaction rate depends on the specific WIMP (my, and o,,,) and halo
model (dark halo mass density, WIMP velocity distribution at the Solar
System position) l
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For Sl inferacting WIMPs —> rate scale with farget nucleus mass,
but no distinctive energy spectrum is expected -> difficult to
disentangle from backgrounds

Easy to scale MmN 422 o

Ogj X 2 SI —nucleon
My,

Easy to apply to compare exp.
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Same arguments for the halo model:
Standard halo model (maxwellian distr.) easy fo compare

0

WIMP interaction rate

M,= 100 GeV
o, = 1e-46 cm?
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Annual modulation in dark matter interaction rate
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Dark matter halo
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Annual modulation in dark matter interaction rate

Modulation Amplitude

summer

Dark matter halo

—_— my, =20 GeV
: : — my, = 50 GeV
"""""""""""" | gy =100 GeV
— my, = 1000 GeV

Smﬂ" eﬁ:ed (<~7% Of SO) ’?& = o Wo T2{F N W RN S | S —

mModulated arhbli:'t{ﬂde"'
(c/keV/kg/d) 4

Inverse modulation af very low energies — »

It depends strongly on the halo model




DAMA/LIBRA expenment S
@LNGS Luboratorl Nuzmnuh del Grun Sasso Imly

_.'DAMA/NuI (19952002) T DAMA/LIBRA(20032010)

W 9Tk e .-25x97nguI(TI)

(3x3 matrix) - (5x5matrix)
Y 7 annual cycles «7 annual cydles

—  ~Expose: 029ronxy-_’=‘_._-* -Exposure 104tonxvf*._ :

DAMA / LIBRA DhuseZ (2011 2018)

i °25 x 9.7 kg N0|(T|)
~ (5x5mafrix)

7 annual cydes L
-Exposure 113tonxy N

B A _.
f B .
AII PMTs repluced wﬂh new ones of hlgher Q E,:: R

B Univere 4, 116 (2018), 1805.10486



DAMA/ LIBRA experrmen’r e
“@INGS, Laboratori Nazional del Gran Scrsso Iruly

! ——————— DAMA/LIBRA-phasel (L4 tonxyr) ——————> | ———— DAMA/LIBRA-phase2 {113 tor

Residuals (cpd/kg/keV)

Time (day)

AE = 0.5 keV bins

B Uriverse 4, 116 (2018), 1805.10486

S_ (cpd/kg/keV)

Pogress in Particle and Nuclur Physics 114 (2020)

8§ 10 12 14 16 18 20 B
Energy (keV)

- ~ The data of DAMA/ LIBRA favor the presence of a modulutron wrth proper feurures u’r

1295 CL (2.46 ton x yr) in the 2-6 keV energy region

i r_l5__r



DAMA/LIBRA expenmen’r BE
@ INGS, Laboratori Nazionali del Gran Susso ITuIy

| ee———— DAMA/LIBRA-phasel (L4 thnxyr) ——r————t—p | ¢———— DAMA/LIBRA-phase2 {1.13

Residuals (cpd/kg/keV)

Th|s 5|gnul can be m’rerpreted us produced - " Na-dominated
But Model—dependen’r m’rerpretuhonl B - -dominated = ; [
- s Ea ate oot .
~ Onlyforthe [26] eV data |

BNE |sosp|n conserving interacting WIMPs and standard halo - 3
~ do not provide a solufion compafible with [1-6] keV dafa

1000




- DAMA/ LIBRA observes i model mdependeni unnuul modulunon computlble wnh DM |n .

- stundurd hqu

Other much sensmve expenmen’rs do not huve uny hlnt > Strong ’rensmn even ussumlng.

| _'more generul hqu/lnterucnon models BUT MODEL DEPENDENT
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: DANVV UBRA ObSGNeS 0 model mdependem unnuul modulutlon computlble wnh DM n ;
E standard hulo 5 _ il

Other much sensmve expenmen’rs do not huve uny hlnt > Strong tensmn even ussumlng-.
- more generul hqu/ mteruc’non models BUT MODEL DEPENDENT T

uoyonys pueuady

WIMP mass [GeV/c?]

N MODEL INDEPENDENT conflrmu’non or refu’ruhon is mundu’rory -) usmg same turget

'-'Cun DAMA/ LIBRA result be door info new Phy5|cs or just sysfematics? 8



% DAMA/ LIBRA observes a modeI mdependeni unnuul modulunon computlble wnh DM |n
- stundurd hqu -

Other much sensmve expenmen’rs do not huve uny hlnt > Strong tensmn even ussumlng m
j _more generul hqu/lnterucnon modeIs BUT MODEL - DEPENDENT -

E Model dependences are strongly reduced "
B BUT. ..
B Good knowledge of defector response is mandatory |

. Dlrect Detechon of Derk N\uﬂer APPEC Commﬂtee ReporT
aniv:2104.07634 |

Experiment Laboratory Technology Target
DAMA /LIBRA LNGS Scintillator Nal(TI)
ANAIS-112 LSC Scintillator Nal(Tl)
COSINE-100 Yangy -mq St'inlillamr Nal(TI)

| SABRE LNGS Stawell  Scintillator Nal(Tl)
IIL OLON amioka ntillator Nal(Tl)
SINUS NGS B lometer  Nal, Nal(T}

= MODEL INDEPENDENT conflrmu’non or refu’ruhon s mundu’rory -) usmg same turget -
(an DAMA/ LIBRA result be door info new Phy5|cs or just systematics? __ 19




esiduals (epd/kgkeV)
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- (OSINE100 .' + From 1l Ko @ TAUP20]9

I 3 B de ’rdkmg @YangYang Ldb (South
e e Kored) since Sep Oct 20] 6 |

. 106kg NuI(TI) in The setup bui only
: (]bOUT 60kg used for DI\/\ searches

_' K Crysmls produced by Alphd Spectru
S|m||dr erIOpUﬂTy Thdn ANAIS crystdls

8 low-background crystals
Each crystal is encapsulated in copper

et el I qumd scmhllator tank dllowsuhlgher i
comddenml bdckground re|ect|on fdctor

Eur. Phys. 1. C. 78 107 (2018)

Ptogressing' towards COSINE-200 with better radiopurity crystals R



_e— Data Internal
— Best fit = Best fit + WIMP [l Surface

+1o (systematic) [] Cosmogenic
+2¢ (systematic) External

3.0 3.5 4.0 4.5 5.0
Energy (keV)

Recently updated o 1. 7 y wnh 1 keVee
Threshold arX|v 2 1 04 03537

Nuture 564 (20] 8) 83
. 2keVee energy ’rhreshold
e 595duys | |

« Fitting of the buckground + WIMP S|gnul to du’ru ST
'+ MODEL DEPENDENT ANALYSIS excludlng DAMA/ LIBRA phuse ]

S mterpretu’non T

NAIAD
DAMA, sodium (30)
DAMA, iodine (30)

[
WIMP Mass (GeVic)




~ COSINE-100 : E Phys. Rev. Lett. 123 (2.0]9) 031302

: .. - 2keVee energy ’rhreshold
Lo Results compaible with ubsence of modulutlon und wn‘h

~ DAMA/LIBRA result - | .
 More dutu are under unu|y5|s |mproved ’rhreshold u’r 1 keVee. =

o

o

B
o

Amplitude (counts/kev kg d)

Phase (Days)

TABLEI. Summary of fit results for the modulation and null hypotheses for the 2-6 keV energy region in COSINE-100. Detector rates
N were fit to Eq. (1), with the period fixed at 365.25 d. Results with phase floated and fixed at 152.5 d are listed. The result without using
| the LS veto is presented as a crosscheck. DAMA/LIBRA results [12] and the ANAIS-112 2019 result [27] are also shown.

Configuration DOF p value Amplitude [cpd/kg/keV ] Phase (Days)

COSINE-100 /5.3 174 0.457 0.0092 + 0.0067

DAMA/LIBRA (Phasel + Phase2) “e ce e 0.0096 4+ 0.0008

COSINE-100 75.€ /5 0.473 0.0083 £ 0.0068
COSINE-100 (Without LS) 94. 5 0.147 0.0024 £ 0.0071
ANAIS-112 48.0 53 0.67 —0.0044 + 0.0058
DAMA/LIBRA (Phasel + Phase2) 0 0.988 0.0095 £ 0.0008




S Two Sites. (North and South hemlspheres)_ | .
oo™ - UITru rudlopure NaI(TI) grown u Pnnceton‘- S

(Stawell)

BBl SABRE 4 0.4 =
B DAMA 13 0.01-0.03 [N
| ANAIS 1844 0.7-3

e Proofoannuple S R SN I
35kg Nal crys’ml n LS vessel uTLNGS L

O Pl (2019)363"7-"
G Eu_r__ Phys. ). C81 (2021) 299




~ (OSINUS o
— 0 F|rs’r NuI detector with purtlcle 5

 discrimination ability by S|mul’runeously
X meusunng HEAT & LIGHT

J Low Temp Phys 193 (2018) 1174
JINST_]Z (2017) P 1007

| . DisfingUishing Na from | huclédr're'c(jils and feiecTion of
- gamma bockground e Tesnng nuclear rec0|| ongm of
DAN\A/LIBRA clmm e T - |

: - GOAL >] keVNR Threshold

Ene rgy (keV)



Annuul modulurron wrrh NuI

- Scintillotors LU
. e Confrrmnhon of DAN\A LIBRA modulahon srgnul > same turge’r und
somodoutud ———fchnique / different experimental nppronch / drfferent envrronmenrul
A ' condmons affecting sys’remutrcs S

. At Cunfrunc Underground Luboru’rory, @ SPAIN (under 2450 m. w e ) .
’rukrng data since Augus’r 20_7 | ST |

S 3x3 mnrnx of ]2 5 kg NnI( |) cy||ndr|cu| modules = HZ 5 kg of
| uctrve mass grown @ AIphu Specrru In .-

B . HQE PI\/\Ts coupled nr LSC cIeun room- _
MEUP o DAAANALYSIS: ROIBUNDED




~ Confranc Underground Loboratory (SPAIN)

~ underthe Pyrenees, at the Somport tunne'l_;connec’ring.-Frunce-'and_Spuin S

Reduces muon qux in 0 fuctor ]05 wnh
respect ’ro surfuce T

850 m rock overburden
2450 m.w.e.




~ Relevant experimental features

N
el sysTem for 5|mu|toneous collbrohon of The nine modules

. ExceIIenT ||ght colletion i cll the nine modules ~15p.e /keV R
(127158 pe. keV) > 7/9 modules between 14.0and 15.0p. e/keV'_
e Lorger and more homogeneous | that of DAN\A/ LIBRA modules = |

SE Phase 1: 5.57.5 p.e. /keV
B (<17 012) 03009 TR 13T Spe/ke

Phase 2: 6-10 p.e /keV e

. Under confinuous monnonng tlong doto Toklng TR S
orX|v2103 01175 e T TR e B



~ Relevant experimental features

o Mylar Windowsj built—in,uIIowingforIbwenergy calibrafion

74 4 WS\ 199d sources on flexibles wires in Radon-ree calibration
” sysTem for S|mu|mneous calibration of the nine modules

. ExcellenT ||ght collecton in all the nine modules ~ 15 p.e /keV SR
(1271158 p.e./keV) > 7/9 modules between 14.0 and 15. 0p. e/keV'_

Q.E. Total light collec 11 nn p.e./keV) Energy resolution
PMTO/PMTI1 2017 results 3 years results FWHM @ 3.2 keV
(%6) [33] average std. deviation (keV)

14.6 £ 0.1 14.49 0.11 1.26+0.03
14.8 £ 0.1 14.64 0.15 1.3040.04
14.6 £ 0.1 14.21 0.30 1.25+0.03

145 £ 0.1 14.33 0.12 1.1440.05

4{} a’—ll \ 145 £ 0.1 14.33 0.13 1.340.06
43.6/43.9 145 = 0.1 14.82 0.23 1.22+0.02
40.4/38.9 12.7 = 0.1 12.74 0.12 1.35+£0.04
41.9/42.5 14.8 £ 0.1 14.55 0.18 1.3840.04
41.6/43.4 16.0 £ 0.1 15.81 0.21 1.30£0.05




Relevunt expenmentul feutures
ANAIST12setup

e 10 m ﬂrchueologlcal Ieud
o 20 cm low activity lead

B   ’ Tight box preventing Rﬂdon entrance e
- 16 plastic scintillators acting us_ muon veto system -

| - 40 (m polyethylene / Wuter

. Seﬂing-up ANAIS-112 at LSC.
Commlssmmng Murch June 201 7

Du’ru Tukmg stur’red 3 August 20] 7







Relevun’r experlmentul feutures ki
ANAISHZseTup e

e 10 m archueologlcul Ieud
e 20 cm low activity lead

- Tight box prevening Rudon entrance P e
16 plasic scintillotors acting as muon veto sysTem | -
-+ 40cm poneTherne/ Wuter E R

T -Ind|V|dua| PMT signals d|g|1|zed und fuIIy processed B E _—
- (4bits /265/5)
-Tngger af p.e. level for euch PMT + Log|cal AND
~ coincidence in 200ns wmdow o

~ eRobust / Low noise / Tested th prewouS protoTypes | L 31' -






vl - Combmunon of penodlcul extemal callbrahon using 10°(¢ (88 0, B
- 22.6.and 11.9 keV) every two weeks and *°K and 22Na mTernuI :
confamination background ||nes (3 2 und 0.9 keV) every l. 5 e

b oy lisa i) | monThs - |
i W e ROI cahbruted with 226 H 9, 320nd 0 9 keV

' EvenTs @ROI from o
8 and 2No selected by
} the coincidence with o

| HE gamma masecond
| module ot |

* Cabrating he RO it highacuy o

Demonstrutlon of tnggerlng below ] keV



~ Calibrating the ROl i highuccurucy . Lo .

vl - Combmohon of penodlcul externdl callbrahon usmg 109(4 (880 s
- 22.6.and 11.9 keV) every two weeks and *°K and 22Na mTernuI .
confamination background ||nes (3 2 und 0.9 keV) every l. 5 e

] monThs - |
N el W b B ROI cahbruted with 226 H 9, 320nd09keV

| . _Evoluﬂon"of (dHlines from cullbroﬁons ulong 3 yeurs_show good
smb||ny (at a few percent Ievel butm D4/D5 HV was modlfled i
Gl Cffer The flrsT yeur) T . 5

. But, we_correcHhis guin drift e n



BLIND ANALYSIS STRATEGY

| . M] (smgle hlt) events |n the ROI (1 6 keV) BLINDED from beglnmng

. M2 n the RO und - cullbrutlon even’rs used for flne tumng unuIyS|s und determlnu’non of
e effluenues ulong ’rhe first yeur |

1 "'_U“b-l'_“d'-"g ]O% -(30-d'uys rundo_mly_ chosen) of the first year for background assessment

3 : ANAIS genral performuce:
B ). Amaré ef al., EPJC7 (2019) 228




 Bontsslcon el dovdlopod beforewbinding [T

\' . Slngle hit events | T |
CT L e EvenTs orrlvmg more than 1 second oﬂeru muon mTeruchng |n The veTo system :

- nghT shormg between The 2 PN\Ts companble WITh bulk scmhllonon number of :
B pe >4ateachPN\T S | | |

.||_|-_



o vents slcion procedure developed before wblnding =

ANAIS generul erfrance: . Robust estimate of The eﬁluenues usmg ‘09Cd / 22Ng and 40K events BEFORE
i /. Amaré et al., EPICT9 ~ UNBLINDING / updated for the three years an0|y5|s | o
§(2019) 228 ] - Ch0|ce of 0n0|y5|s Threshold % I keV e

B Row dato _
| Nal scintillation time behaviour/biparametric cut |

Rate (c/keV/kg/d) s

- Npeaks >4 at both PMTs

S Single Hifs
8 0 [ ———— T




ANAIS generul erfrance: . Robust eshmoTe of The eﬁluenues usmg ‘09Cd / 22Ng and 40K events BEFORE
. Amaré et al., EPJC/79 ~ UNBLINDING / updated for the three years una|y5|s | .
(2019) 228 K Ch0|ce of 0n0|y5|s Threshold >1 keV C

=
—
O
X
S—
>
)
g
N T
S
E O
p—
O
e

5 6
energy (keV)



ey Eventsselec’rion procedure developed beforeunblinding 3

Efflclency und cullbro’non stoblllty checks usmg A0 ond 22No populohons M2 wnh g HE gummo of
’rhe nght enegy ina second module)

K (M2) [2-5] keV ;
rate = {0.091iD.DD1} (cpd/kg/keV) -
¥?/NDF = 114.5/ 109 [pval=0.34] -

e i"!l' I |:|':' | i!!ii .'“ || III_!L i

Sl - Constant for 0K (vs c=18100)

"“K-) aopr

500 1000
days afterAugustS 2017 B

{ - Exponenhol decoyfor 22No > T, —1481 + 65d"
el (sT=13/0d) | :

days after August 3, 2017 § L = - _ o _ j_ | --inl | : | 38




Buckground in the ROI

: Long effort of ANAIS ’reum Iooklng for uI’rrupure NuI(TI) > know how Ios’r since DAMA/ LIBRA crystul
~ growing and detector bU|Id|ng + confldentlullty ugreemen’r be’rween Sulnt Gobuln und DAMA/ LIBRA
= coIIuboru’non R - | G

& -_Up to du’re buckground budget in the ROI is domlnu’red by crys’rul rudlouchw B

e Quulltyof DAMAcrys’ruIs stlll not reuched B - “0K and 22Na (T, = 2.6 ) peaks
SR M S « 210Pb (bulk+surface) (T;,=22.3y)

« 3H(T,p,=123Yy)

PAMA 13 0.01-0.03

SABRE 4 0.4
DAMA 13 0.01-0.03
ANAIS 18-44 0.7-3

(Saint Gobain)

ANAIS/COSINE
(Alpha Spectra)

18-44 0.7-3




Robus’r bockground model = J.mor et o, EPICT9 (211 '

S . ROI bockground dommoted by me 40K and cosmogemusotopes -
ond e as °H > higher Thon DAN\A/LIBRA Sy |

correction

=
@
=
—
(@]
S
—
O
o
o

R Good ogreement |n oII energy reglons buT undereshmote in 12 L2
- keV energy region - S

. oaen Remark constant backgrounds should noT oﬁect The onnuol
- Comparison after unblinding three years data c i modulo’ﬂon Clﬂ(]lYSIS ST |

Bockground model was estobhshed before Unb||nd|ng |
M2 [1-6] keV |

0.053+0.003)exp(-t/(369 ‘)Hcpd kg/keV)
‘/INDF = 120.6 / 107 [pval=0.17]

M1 [6-10] keV'
ate = (0.532+0.172)ex Flt(1 Jh 828)) (cpd/kg/keV)
2/NDF = 89.3 / 107 [pval=0.89]

o Qur model predlcts fime evolution of The |
 background detector by detectorand
-~ reproduce satisfactorily the fime

~ evolution OUTSIde the ROl

Rate (cpd/kg/keV)
Rate (cpd/kg/keV)

days after August 3, 2017

days after August 3. 2017 |



: uerv 2 103 01175 Accepted for publlcutlon in PRD

Annual Modulation Results from Three Years Exposure of ANAIS-112

. Firs resuts onulysiwus published in 2019:
BRI Phys. Rev. Lett. 123 (2019) 031301

- 313.95Kkgxy (95% e ime for e fst thee yeor operlon) o

sk an Excellem dUTy cycle 95% I|ve fime
112.5 kg

osinen ~» Down time (2.6%) mos’rly due to penodlcal cullbrahon (every Two weeks)

epoure -~ Dead time (2.4%)
~" ANAIS-112 exposure

e o Three vear resuh‘s 1049 8 duys ||ve Tlme raw / 1018 6 duys uﬂer removmg
OD 200 400 600 800 1000 1200 i _ muon Tugged evenTS : | : i :

Exposure (kg x y)

Days from 3 August 2017



ANAISHZ three yeur results unnuul modulutmn unu|y5|s W
quv 2103 01175Accepiedforpubllcutlon in PRD e e e ' |

1al Modulation Results from Three Years Exposure of ANAIS-112

P Firt resuts onulysiwus published in 2019: |
R Fhys. Rev. Lett. 123 (2019) 031301

................
LAMWARArr o SHOrer

R
fr i)

: Improved buckground modelllng ARSI

; _ - Checklng of systemuhcs und con5|stency of the

results

T e S|mu|ahon of MC pseudo expenments to analyze higs ~n, & are number of events (und P0|sson uncerTmnTy) in
| and checkmg sensmvny R ]Od blns corrected by live time und efﬁuency VA

= ,uf_[h \Opro 1) + Spcos(@(t; —to) ) IMAE At !



_ ANAISHZ rhree yeur results unnuul modulurren unulysrs
Three rndependen’r buckground modeIIrng procedures Lo ERRNEN

| _'l Exponenrrully decuyrng buckground > f RO free purum

Smcos(®(t; —tg)) ]:UJE At

B} Probubrlrry drsrrrbu’rron func’rron derrved from buckground
- model corrected by a factor f, und RO both free S

(kpd/kg/keV) ERE—.

3 =11}
=
=0




[1-6]keV
Null hyp x2/ndf: 131.97/107 [p_=0.051]

Mod hyp S_ = (-0.0045 + 0.0044) (cpdf'kg!ke\/)
x?/ndf: 130.91/106 [p,_=0.051]

M PR PR BT B
400 600 800 1000

2

[1-6]keV
Null hyp x/ndf: 143.13/108 [p_=0.013]

Mod hyp S_ = (-0.0036 + 0.0044) (cpdf'kg!ke\/)
Y?Indf: 142.46/107 [p,_=0.012]

N PR BT ST BRI B
200 400 600 800 1000

days after August 3, 2017 (days)

[2-6]keV
Null hyp y2/ndf: 115.73/107 [p__=0.265]

Mod hyp S_ = (-0.0008 + 0.0039) (cpd;kgfkeV)
¥*Indf: 115.69/106 [p__=0.245]

o

L l L 'l L I L L L I L L 'l I L
400 600 800 1000

!'-III|III

[2-6]keV
Null hyp y2/ndf: 120.79/108 [p _=0.189]

Mod hyp S_ = (0.0004 + 0.0039) (cpd;kgfkeV)
x*Indf: 120.78/107 [p,_=0.171]

2

o

500 400 600 800 7000
days after August 3, 2017 (days)




'. - ANAIS-T12 vs DAMA/LIBRA :

14500

[1 - 6]keV
Null hyp »*/ndf: 131.97/107 [p_ =0.051]

Mod hyp S = (-0.0045 + 0.0044) (cpd/kg/keV)
x?/ndf: 130.91/106 [p_ =0.051]

[2-6]keV
Null hyp x?/ndf: 115.73/107 [p,__=0.265]

Mod hyp S = (-0.0008 + 0.0039) (cpd/kg/keV)
¥2/ndf: 115.69/106 [p_=0.245]

400 600 800
days after August 3, 2017

200 400 600 800
days after August 3, 2017

(days (days



_ ANAISHZ rhree yeor results onnuol modulorron onolysrs
Three rndependen’r bockground modeIIrng procedures b

| _fl Exponenrrolly decoyrng bockground > f RO free porom

C?rri?‘rl—lJrrc ity

e - " i = [RoQpig(1i) + Smeos(@(1; —1to) ) IMAE AL
A Probobrlrry drsrrrbu’rron func’rron derrved from bockground — —

- model corrected by a factor f, ond Rybothfree

:
©  O5.5F [1-6] keV
_ .3 Probobrlrry drsrrrbu’rron func’rron for every derecror rndrvrduoIIy BB > [
10 account for possible systematic effects related withthe [
N drfferenr bockgrounds ond efficiencies of the different modules 15 - | .
Bl - = (Roa(1+ fabpicalti)) +Smcos :ii- (1 — fo) 1M Ar, I D e s e e




Nullhyp x2/ndf: 1075.81/972 [p

£4000F  detector 0 [1 - 61} keV
53800 ¥?Indf: 107.61/107 b
3600 [p,,=0-46%] | =

Va|=0,011]

S:

Mod hyp %?/ndf: 1075.15/971 [pval=0.01 1]

(-0.0034 + 0.0042) (cpd/kg/keV)

detector 1 [1 - 6‘}
¥?Indf. 162.7

[ pval=0 ’

keV
107
000]

detector 2 [1 - 6] keV
x?Indf. 107.14/107
[pva|=0.478]

£a000F detector 3 [1 - 6] keV
o ¥¥/ndf: 1 2. 2 /107
32300 p 0.612]

days after August 3, 2017 (days)

detector 6 [1 - 6] keV

2400 x2/ndf: 1 2. 3 /107

10 days )

2200

£
9200
L

1800

1600

0 2[.10 460 650 860 1000
days after August 3, 2017 (days)

days after August 3, 2017 (days)

L
200 400 600 800

L
1000

0 2[.][] 400 600 800 10.00
days after August 3, 2017 (days)

detector 4 [1 - 6] keV

2indf
p

77 /107

0.727

~2800
2. detector 5 [1 - 6] keV
© 2600f x2Indf: 1434 /107
o [p, =0.011]
=2400f
82200

2000p

1800

0200 400 600 800 1000
days after August 3, 2017 (days)

0.147] | 22000

detector 7 [1 - 6] keV
x2/ndf: 1 23 /107

0.609]

detector 8 [1 - 6] keV

§1800 x2Indf: 1 290385?17
~1700 I [pval_ 051]

‘1300O

days after August 3, 2017 (days)

200 400 600 800

1000

0 2[.}0 460 660 8'50 10.00
days after August 3, 2017 (days)

Null hyp %2%/ndf: 1018.19/972 [p=0.148]

2 detector 0 [2 - 6] keV
§2800 v2Indf: 1[11 771107
S 600 [p,,=0.357]

Mod hyp

Sm=
~3000
2 detector 1 6 keV
2800 x2/ndf: 1 /107
= [b,, -o 056]

x?/ndf: 1018.18/971 [pva[=0. 143]

(0.0003 £ 0.0037) (cpd/kg/keV)

2 detector 2 [2 - 6] keV
51500 2indf: s o
21400 [p —O 276]

%2000 detector 3 [2 - 6] keV
- 1900 andf 109.08/107
21800 [p, =0.426]

o detector 6 6] keV
81709 X fndf Bo S0y
21600, p —0 672]

0 200 400 600 800 1000

days after August 3, 2017 (days)

21900 detector45 - 6] keV
2 200 2/ndf; 98.59/107
= [p,_=0.707]

0 260 460 660 860 10'00
days after August 3, 2017 (days)

~1600
2 detector?% 6] keV
S 1500 2Indf: 89.90/107
2 a0 [p,,=0.883]

0 200 400 600 800 1000

days after August 3, 2017 (days)

= detector 5 [2 - 6] keV
§1800 2Indf: 151.70/107
21700 [p,, =0.003]

2 detector8[2 6] keV
© 1300 x2/ndf: 111.65/107
e} [p,, =0.360]

0 2(.‘.'0 450 BEIJO 8(.‘.'0 10.00
days after August 3, 2017 (days)
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ANAIS ] ]2 three yeur results unnuul moduluhon unuIyS|s

. Du’m support ’rhe ubsence o modulu’non in both energy reglons und three buckground :
= modeIs (uII of them prowde computlble results) Sionc |

x“/INDF nuisance Sm

Energy region Model e
null hyp params u:.-[.n;'l,-"kf_;{..-"kc.-\-'

p-value mod p-value null
132/ 107 3 -0.0045+0.0044 0.051 0.051

[1-6] keV 143.1/ 108 2 -0.0036+0.0044 0.012 0.013

[15.7 /107 3 -0.00084+0.0039 0.25 0.27
[20.8 / 108 2 0.00044+0.0039 0.17 0.19
[018/972 18 0.00034+0.0037 0.14 0.15

[2-6] keV

]- 4

eq. D

eq. 6 1076/972 18 -0.0034+0.0042 0.011 0.011
] N
] §

. Results of the thlrd upprouch for bckg modeIImg show sI|ghtIy Iower cs(Sm)
expected und s tuken for ’rhe compunson wﬂh DAMA/LIBRA e



 ANAIS-112 three year results — annual modulation analysis »@;x

DU © Béstfi’rs are incompuﬁble with DAMA/LIBRA
~ resultat 3.3 and 2.6 cin [] 6] und [2 6] __

—e— ANAIS-112 best fit
iy keV energy reglons

207 sensitivity

- s S = (=
o — ] |;'|
. n = [} i in g

(cpd ko keV)

posure 3.0 y

O - Sensmvny s 012 : und 2 7 c |n [] 6] und.
[1-6] keV  [2-6] keV [2 6] kev energy reglons - B

i
=
-
=
-
—
m
_
rJ—
—
L,
-
=
rrJ—
-
—_




Sensifivity prospects: . -_ . FuII ugreemen’r wnh our u pnon sensmvny estlmu’res
|- Coorasuet al., EPIC79 (2019) 233 B ..

ol . We should be weII at 30 from DAMA/LIBRA resul’r
' wnhln the scheduled 5 yeurs of dutu ’ruklng

- Smhshcal 5|gn|f|cance of ur resul’r s determlned by the STGndurd
deviation of the modulation amplitude dlsTnbunon o(om)

.We quote our Se"S”'V”V to DAMA/ LIBRA result as the runoS DA / o Sm o

- We project our sensitivity with our upduted buckground eﬁluency estimates und'?-
-*Hserrorsund ||veT|me dISTrIbUTIOH S R SR B




e Con5|s’rency checks of our unuIyS|s _ .
. Tlme blnnlng >chunged from5130 duys v
] | Negligible eﬁect

= Toy MC ’ro check p055|ble blus g o
~No bIGS

Simi=-0

experiments / bin

e ] 2 yeurs / 2 3 yeurs
. Compuhble results

- S T B v
— o 2 o g = =
= ) = = = =

0.01

Sm t’cpd kq keV}



ANAIS 1 ]2 three yeur resul’rs unnuul modulunon unu|y5|s

. Phuse free unuly5|s

0'035 [1-6]keV D'DBE -6]ke : [1-6]keV | r i e _ _
0.02f 0.02f - -~ DAMA| -_ )
¢ o001 2 nm_ e . e : — _ o . ANAIS | - f
0.01 ¥ 3 e 0.01 - — L . ——— e re el
0.02 02
A SR RN R TN T AN SO SO SN SO NN N TR SR S | M M T TR |

Sm (cpd/kghkeV)

=100 4]
t0 (days)

[2-6]keV

Smicpd/kgkeV)

. mmu.

-100 0 10 -100 0 10 -200 -100 i 100 ! . 001 HO.IOEI I
t0 (days) t0 (days) Sm (cpd/kg/keV)

- Considering the bics, compatibty ot 1 o with absence of modulafion




ANAIS 1 ]2 three yeur resul’rs unnuul modulunon unu|y5|s

s Frequency unuIyS|s

MODEL 1 o MODEL 2 o MODEL 3

IO o statistically significont
MERESTE  modulation ot any frequency




Summury und 0utlook

K ANAIS 112is Tuklng data usmg HZ 5 kg of sodlum |od|de at LSC ond S runnlng smooTth
o Careful low energy calibration (from external gamma sources end bulk emissions)
St i Excellent light collection of ~15phe/keV and tnggenng below] keV in all modules- |
e keV.., analysis threshold T | S atin |
L Good buckground understundmg (but in ] 5] keV energy reglon) ROl bkg dommuted by crysml uc’nvny (me 40K 22Nu 3H)

e 3yeurs of data used for model mdependen’r unnuul modulation bImdgnulyS|s el
- -~ o\We confirm our sensmvny projections to DAMA/LIBRA result > 3o at reach in 2022 (5 years: of meusurement) i

el hypoThe5|s is well supported and best fits are mcompahble it 3.3 (1-6 keV energy reglon) und 2. 70 (2- 6 keV
 .- - energy reglon WITh DAN\A/LIBRA resuITs%sensmvny 25 270 e



oroIIu

How to expluln DAMA/ LIBRA posmve result ? C ry
If experiments using the same target do not find any modulu’non

K P055|ble dlfferent response of detectors to nuclear recoils ?

-~ Scintillation produced by nucleur rec0|Is is quenched wrrh respect ’ro
: 9|9df0ﬂ rec0||s (used for cullbrunon) S

o
o

Spooner 1994 o Collar 2013 | Nd
Tovey 1998 Collar 2013 (1)
Gerbier 1999 o Xu2015

s Stiegler 2017 > Simon 2003

S SRIND e o ! StiII oo many uncerI-uim‘ies- -in_’rhe_QF _vuIUes and dependences for Nol
®m This measurement () . R Rt o : | : e R | .
8 We have measured QF for different quality crystals, results soon ’
' lodine sinal Na signal

— QF;=0.09 :z .:._-::..:.se _Q F.-"s'f‘t =0.3
8 Collar’13

o)

g9
(=]

DAMA
QNa

Quenching Factor (%
3
|

L=}

=

Energy (keV)




How to expluln DAMA/ LIBRA posmve result ? =
If expenments usmg the same turge’r do no’r flnd uny modulu’non

e Muon reluted even’rs?

- DAWAreply: =
-Phase of the modulahon |ncon5|sTenT

~ -Muon mteruchons do not fulflll DN\ P o[ 1180 1Y
'_;_'reqU|S|Tes BN = L arXivi1205,3675
LOO0 12000 14000 16000 IS0 20000 290 240 260 I

- -Muon mduced fust neutrons are not ‘ e
| enough Bt . s . I

We remove from our dam muon relaTed events Togged by our VeTo System ; -

Addmonal analy5|s on These evenTs s ongomg el



CoroIIory

Con DAMA/ LIBRA resul’r be tes’red wnh expenmen’rs hovmg smoIIer _
detection mass, smoIIer exposure ond worse bockground in ’rhe Reglon Of
e In’rerest? | | | -

_The modulohon omplltude of DAMA/LIBRAls reoIIy Iorge and then our sensmvﬂy s enough to do -
this test, however we connot reach 5 cing reosonoble fime frome Iowenng bockground sa
-.must . NS ey _



Summury und 0ut|ook

K ANAIS 112is Tuklng data usmg 1125 kg of sodlum |od|de at LSC end S runnlng smooTth
e (arefu low energy calibration (from external gamma sources end bulk emissions)
o Excellent light collection of ~]5 phe/keV and tnggenng below] keV N uII modules- |
e ] keVee unuly5|s threshold e | |

energy reglon wnh DAI\/\A/LIBRA resuITs -> sensmvny 25 270 o

i We are enalysmg quenchlng fuc’ror on Nul crys’ruls fo dlscurd sysTemat" '
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