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

DM particles interact (although weakly) with ordinary matter with unknown

coupling . m,,
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% DAMA/ LIBRA observes a model mdependeni unnuul modulunon computlble wnh DM |n
- s’rundurd hqu : | .

Other very sensmve expenmen’rs do not see uny hlnt > Strong ’rensmn even ussumlng '

| _'-more generul hqu/lnterucnon models BUT MODEL - DEPENDENT

10°
WIIVIP mass (GeV)

MODEL INDEPENDENT conflrmuhon or refututlon is mundutory 9 usmg sume turge’r
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Annuol modulorron wrrh NoI
Scrn’rrllo’rors

- e Confrrmorron i DAN\A LIBRA modulorron srgnol > same rorge’r und
somodoutud ———fchnique / different experimental opprooch / drfferenr envrronmenrol
' condrrrons affecting sys’remotrcs B

. A Confronc Underground Loboro’rory, @ SPAIN (under 2450 m. w e ) .
’rokrng data since Augus’r 20_7 | Sl e

N 3x3 matrix of ]2 5 kg cyIrndrrcoI modules = HZ 5 kg of octrve muss :
grown @, AIpho Specrro nc. e —

] > 1) O
- B Pl\/\Ts coupled ot LSC cIeon foom h[ —
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Relevant experimental featess [,

Wz | -.‘°9Cd S0UTces on erX|bIes wires in Rodon free collbronon
sysTem for S|multoneous collbrohon of The n|ne modules |

. ExceIIent Ilgh’r coIIectlon in oII the nine modules 151 D6 /keV .
~ (12.7-158 p.e./keV) > 7/9 modules between 14.0 and 15. 0 p e/keV'-
Lorger and more homogeneous than that of DAN\A/ LIBRA modules -
| Under conhnuous monnonng olong doto tokmg -




Relevunt expenmeniul feutures
S 2sebp

e 10 m archueologlcul Ieud
o 20 cm low activity lead

- Tight box prevening Rudon entrance R
16 plasic scintillators acting as muon veto system | -

| o 40 (m polyethylene / Wuter |

'-Indlwduol PN\TS|gnu|s dlgmzed andfully processed B E 17

- (4bits /265/5)

-Tngger af p.e. level for euch PMT + Log|cal AND
~ coincidence in 200ns wmdow o

. -RobusT/ Low nmse/TesTed th prewouS pro’roTypes | : ]0 -






Bl - Conbincion of penodlcul extemal callbrahon using 10°(¢ (88.0, 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 |

i i “months |
LSS Y . ROI cuhbruted 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 |
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BImd unu|y5|s strutegy

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

. ':MZ in the RO und - cullbrutlon even’rs used for flne tumng unuly5|s und determlnu’non of
S effluenaes ulong ’rhe first yeur | EE e

e U"bl'"d'"g ]O% '_(-3-0'd“YS ’““do:mIY_ chosen)of the firt year fro_r- buck-gr'ound ussessménf S
B S enerdl perfomance: EVENTS SELECTION CRITERIAfrom ’rhe flrst

IR ). Amorc et al, EPJC/9 (2019) 228 RTEVEVIVINNIE keprorsubsequenT unaly5|s
o oaweeRoBCE




| - Slngle 1li events | R |
-8 EvenTs orrlvmg more than 1 second oﬂerumuon mTeruchng |n The veTo system -_

. Our Tngger rute is dommuted by evenTs non- compuhble wnh bulk scmhllonon

. Tlme behawor compahble WITh Nalscmhlluhon consTunT blpuromemc cu’r

y . nghT shormg between The 2 PN\Ts companble WITh bulk scmhllonon number of"'
pe >4uteuchPN\T | . SR =




~ Events selection procedure developed beforeunblinding : __ 3

Gener prforonce: . . Robust estimate of The eficiendes usmg ‘09Cd / 22Ng and 40K events BEFORE
i . Amaré et al., EPIC79 ; UNBLINDING / updeted for the Three yeers ene|y5|s | e
$(2019) 228 S | |

| Raw dato SR
B ol scinfillation time behaviour/biparametric cut
B \\peaks >4 at both PMTs

Rate (c/keV/kg/d) [

B Single Hits

8 10 [ Tt E L
Energy (keV/) |




Generul prforonce: ' . Robust eshmoTe of The eﬁluenues usmg ‘09Cd / 22Na and 40K events BEFORE
i . Amaré et al., EPICT9 ~ UNBLINDING / updated for the three years una|y5|s | .
(2019) 228 B Choice of analysis threshold = TkeV |

e Worklng on muchme Ieurnmg ’rechmques to] |mprove re|ect|on |
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- Events selection procedure developed before unblinding 3

 Efficiency and calibration stabilty checks using OK ond 22Na populations

“K (M2) [2-5] keV | §
rate = (0.091:0.001) (cpd/kg/keV) :
¥/NDF = 114.5/ 109 [pval=0.34] | |

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

2ol Constntfor 0K

_j?ifé“"Ar e

500 1000
days after August 3, 2017 B
2Na (M2) [0-2] keV :

= (0.117:0.002)exp(-t(1481:65) (cpdkglkeV)
Y2/NDF = 116.9 / 108 [pval=0.26]

Rate (cpd/kg/keV)

{ - Exponenhul decuy for 22Na >r— 1481 + 65d
e (vs1370d) B - R




~ Robust background model  [ETTIENGINOEEE

=
@
=
—
(@]
S
—
O
o
o

. ROI bockground dominated by me 40K ond cosmogenrc rsoropes
as°H >hrgher than DAN\A/LIBRA .

K Good ogreemenr inall energy regions, bur underesrrmore rn ] i keV"
energy regron / Work in progress : .

energ;' rjjke\ffr -
~ Comparison after unblinding three years data 3
) Bockground model was esroblrshed before unblrndrng |
M2 [1-6] keV |

0.053+0.003)exp(-t/(369+69)) (cpd/kg/keV)
2INDF = 120.6 / 107 [pval=0.17]

M1 [6-10] keV
rate = (0.532+0.172)exp(-t/(1846+828)) (cpd/kg/keV)
r?INDF = 89.3 / 107 [pval=0.89]

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

~ evolution oursrde the ROl

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

days after August 3, 2017
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Annual modulation results from three-year exposure of ANAIS-112 | : FirST reSUhS G”GlYSiS WGS pUbliShed in 20] 9:
O e e Mg N o v omeese - Pl Rey, [eff: 123 (20]9) 03]30]
https:/link.ap /1 | eV

https: //

N\ODEL INDEPENDENT ANALYSIS'
N\lnlmlzmg RS

| 313 95 kg x y (95% Ilve tlme for the flrst three yeurs operuhon )

° Improved buckground modelllng |

. Checklng of systemuhcs and con5|stency of The
results | | - e e . ).

e S|mu|ohon of MC pseudo expenments fo anolyze bigs ~n, o are number of events (and Poisson uncertainty) in

| ond checklng sensmvny - 10dbins corrected by live fime and efficiency 18



https://link.aps.org/doi/10.1103/PhysRevD.103.102005
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Three rndependen’r buckground modeIIrng procedures

| _'l Exponenrrully decuyrng buckground >1, f Ry free param..

& - | -- .... |  . il .. .. dori . x P .- » Hi = [R':]'L.';}"'-"E-'-i:' (1) + Smcos( {.U{f —1p) ']JUAEAF‘ |
- 2.Probability distribution function derived from background model | ™ 10))IMAE
 Corrected by @ factor f and a constant rerm-,_RO, bothfree |
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[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]
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[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
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[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)




ANA-112 5 DANA/LBRA

14500
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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)
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| Three rndependen’r buckground modeIIrng procedures

| _fl Exponentrully decuyrng buckground >1, f RO free param..

R g H’rl—lJrTr iy

83 Probubrlrry drs’rrrbu’rron func’rron derrved from buckground modeI
-~ corrected by a _fucror fand o consrun’r term, Ry, both free

—_—
>
]
'
B
o)
X
—
S
Q.
L

.3 Probubrlrry drsrrrbu’rron func’rron for every detector ’ro uccount for
 possible systematic effects related with the drfferent buckgrounds
- and effrcrencres of the drfferent modules |

rate

1000 2000 3000
days after August 3, 2017 (days)




NuII hyp x%/ndf: 1075.81/972 [p

S =
24000F  detector O [1 - 61} keV 4000F  detector 1 [1 - 6‘} keV
3800 ¥?Indf: 107.61/107 | ©3800 ¥?Indf. 162.71/107
3600 [p,,=0.465] | 2,50 [p,,=0.000]

Va|=0,011]

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

days after August 3, 2017 (days)
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detector 2 [1 - 6] keV
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[pva|=0.478]
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—~2800
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© 2600F x?Indf: 1434 /107
o [p, =0.011]
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F
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2800 x2/ndf: 1 /107
= [b,, -o 056]
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. Du’ru support ’rhe ubsence of modulu’non in both energy reglons und three buckground
= models / All of them prowde computlble results S |

x“/INDF nuisance Sm

Energy region Model e
null hyp params u:.-[.n;'l,-"k}_;{..-"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

1076 /972 18 -0.003440.0042 0.011 0.011

[2-6] keV [20.8 / 108 2 0.00044-0.0039 0.17 0.19
[018/972 18 0.0003+0.0037 0.14 0.15

. Results of the thlrd upprouch for bckg modellmg show sllghtly Iower cr(Sm)
expected is tuken for the compunson wﬂh DAMA/LIBRA R
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 ANAIS-112 three year results — annual modulafion anlysis

—i— DAMA/LIERA result

—— AMNAIS-112 best fit

k7 sensitivity

exposure 3.0 v

207 sensitivity

exposure 3.0 v
3T sensitivity
exposure 3.0 v

. Bestfi’rs are incompuﬁble with DAMA,/LIBRA

resultat3.30nd 2.6 & in [] 6] und [2 6] __

keV energy reglons :

K Sensmvny s 012 5 und 2 7 c |n [] 6] und.

[2 6] keV energy reglons .



Sensitiviyposect: ' - L |
|- Courasaet al, EPIC79 (2017) 233 K FuII ugreemen’r wﬂh our upnon sensmvny es’nmu’res g

K We should be weII at 30 from DAMA/ LIBRA resul’r
WI’IhIn ’rhe scheduled 5 yeurs of du’ru ’mklng

- Smhshcal 5|gn|f|cance of ur resul’r s determlned by the S’[Gndﬂrd
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'?-
s errors und ||ve Tlme dlsTnbuTlon BRGSO T T




- ANAIS- ] ]2 three year | results unnuul modulu’non unu|y5|s
Con5|stency Checks S

e Tlme blnmng >checked bln 5|zes from 5 ’ro 30 duys Neg“gibleeﬁect g

. 1 2yeurs/2 3 yeurs
Compuhble results |

Phaseree unu|y5|s
Frequency analysis ~ °




Corollury

s 1h|s a "MODEL INDEPENDENT" testlng of DAMA/ LIBRA result? o
Using same ’rurget mutennl the comparison between DAMA/ LIBRA und ANAIS resul'rs s DIRECT

~ However, response of both de’rectors fo the energy deposmons from dark matter purtlcles could be
dn‘ferent > |mprove knowledge on RESPONSE FUNCTION spechIy for nucleur rec0||s i f

N «

i : Scmnlln’non produced by nucleur rec0|Is s quenched wnh respect to eIectron s
~ recoils (used for calibration) c s s

: Toduy sfill foo many uncertmntles in the QF vques and dependences for NuI

Quenching Factor (%)

| ;jWe have meusured QF for m' eren’r crys’ruls |n 5|m|Inr cendmons work |s in-
| 'progress but results W|II appearsoon e

; .We are ulso worklng in d|rec’r cullbru’nons with neu’rrons onsne R



Summury und 0u’rlook

K ANAIS 112is Teklng 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)
T “Excellent light collection of ~15phe/keV and tnggenng below] keV .in all modules- |
e keV.., analysis threshold T | S atin |
- Good buckground understundmg (but in ] 2 keV energy reglon) RO bkg dommuted by crysml oc’nvny (210Pb 40K 22Na 3H) "

e 3yeurs of data blmd analysed for modeI mdependen’r annual moduluhon |
- -~ We confirm our sensifivity projections fo DAMA/LIBRA result -> 3o af reach in 2022

-~ oNull hypothesis is-well supported and best fits are mcompenble it 3.3c (1-6 keV energy reg|on) and 2 7(5 (2 6 keV
- energy reglon) with )AIV\A/LIBRA resulTs 9 sensmvny 25- 270 o | _ !

. '- 'We are enalysmg quenc'1|ng fuc’ror on Nul crys’ruls to dlscurd sysTemehc uncermmnes n The compunson

| . - Plen fo make ANAIS dutu publlc oﬂer use fo uIIow mdependent enuIySIs S
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