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DM annual modulation & DAMA/LIBRA positive signal
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O/ New data point with the 8 a.c. of

2000 3000

DAMA/LIBRA-phase2 (1.53 tonxyr)

Preliminary results

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

Time (day)

+1995-2002: DAMA/Nal: 100 kg Nal(TI)
*2003-today: DAMA/LIBRA: 250 kg Nal(TI)

DAMA sees an annual modulation
compatible with DM at 13.7 ¢

J

-

time

Detection rate

Clear DM signature!!

(but small amplitude
~7%)

 Cre

Neutrino fog

dit; Cigran O’Hare_

10
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10% 101 102 10% 104

DM mass [GeV /c?]

Other direct detection experiments do
not see the signal, but the comparison
is model dependent

A model independent confirmation
is needed using the same target
— Nal(TIl)
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Testing the DAMA/LIBRA signal

Experimental requirements

» Target: Nal / Nal(Tl)
* Large exposure
* Very stable operation conditions
* Energy threshold: 1 keVee
* Background level as low as possible (DAMA: 1 cpd/kg/keV @ 2 keVee )
* Good knowledge of the detector response to nuclear recoils
A world effort
In Data-Taking since Aug 2017 e Data-Taking from Sep
112 kg Nal(TI) 2017- Mar 2023
~60 kg Nal(Tl)
Upgrade: COSINE-100U
PICO-LON
(Kamioka)
DAMA/LIBRA (LNGS) DM-ICE SEERE SR

IN DATA-TAKING
Since 1995 100 kg Nal(TI)
Since 2003 250 kg Nal(TI)§

M. Martinez, CAPA (U. Zaragoza)

(Stawell)

‘m

(lceCube)

* South Pu!eu
F—i

= M .
v..
m

evﬁ

Rate [cpd/kg/k

S b R b b ] o ANAIS-112 \

*  COSINE-100

SABRE Nal-33

; : : ; : : X DAMA/LIBRA phase-1
............... ............... ............... ............... ............... ....... A DAMA/LIBRA phase-2 |

Coarasa I etal Eur. P/n/d J.C,79: 233 2019.

Adhikari P. et al., Eur: Phyo. J. C, 78:490, 2018.

Bemabe R. etal Nuclear Irut rumen z‘J and Methods in Physics Research A,
: 1 592:297- 315, 2008.

Bernabe R. etal Nucel. P/)w Atom. Em’rgj 19:307- 525 2018.

/
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: .* * %
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AAAAAAAAA
0 1 | 1 1 1 ! 1 1 1 I 1 1 1 | 1 1 1 i 1 11 I 1 1 1 | 1 1 1 | 1 1 1 I 1 1 1
2 4 6 8 10 12 14 16 18 20
Energy [ky
OF = signalNR/keV\
NR signalggr/keV
~ 35F
= DAMA
— 30+
S ‘
& 25F 1
L C
E E I + I I:I ‘ l I Spooner T1994)
O 15 et} e DANA (1906) .
C C * Tobey (1998)
g It —l
5 10 ' i
SEn L Lo
O 5 o e s |
Z =t @ ANAIS E T ot lzz:s:::dg';;
% 10 20 30 40 50 60 70 80

Energy (keVry
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ANAIS-112

Annual Modulation with Nal Scintillators

J. Amaré, J. Apilluelo, S. Cebrian, D. Cintas, |. Coarasa, E. Garcia, M. Martinez, Y. Ortigoza, A. Ortiz de

Soldérzano, T. Pardo, J. Puimeddn, M. L. Sarsa

e

5 Universidad
https://gifna.unizar.es/anais/ i Zaragoza

= Lsc

oratono Subterdneo de Canfranc

GOAL: Confirmation/refutation of DAMA-LIBRA modulation
signal with the same target and technique (but different
experimental approach and environmental conditions)

Projected sensitivity: 30 in 5 years data-taking

THE DETECTOR:

3x3 matrix of 12.5 kg J'*NAIS' |
Nal(Tl) cylindrical modules _—=—1 v | .
=112.5kgofactive mass | | ke~

Two high QE N w

PMTs per detector

{

WHERE: At Canfranc Underground
Laboratory, @ SPAIN (under 2450 m.w.e.)

R

taking data since August 2017

M. Martinez, CAPA (U. Zaragoza)
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ANAIS-112 vs DAMA/LIBRA

* Gamma shielding: \ / * Gamma shielding: \

>10 cm of OFHC Cu + 15 cm of Pb 3\/ 10 cm of anC'lel_ntbe ;IZOhcrg of F;b
* Anti-Rn: Plexiglas box flushed with N2 gas Ant_l-Rn metallic box flushed with N2 gas
* Neutron shielding: Active muon vetoes

10/40 cm Polyethylene/paraffin + Cd foils * Neutron shielding:
40 cm Polyethylene/water tanks

Active vetoes

OFHC low
radioactive
copper

| Low radioactive
. | lead

Cadmium
foils

Polyethylene/
Paraffin

Concrete from
GS rock

20 cm lead Anti-Rn box

10 cm ancient lead
40 cm neutron shielding 5
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ANAIS-112 vs DAMA/LIBRA

4@5* In ANAIS we flag every

muon that cross the shielding

N

Surface

OROVILLE (USA)

/

Flujou @ LSC
=10x Flujo u @ LNGS

We set a (configurable) o IMB (UsA) A
) L 102  SOUDAN (UsA) ~
dead-time after every = KAMIOKA (Jepam) QA encf
e %@9\/ /BOULELNGS
passage 104 - (E (USA)
LSC oo MONT BLANC (Switzefland)
m ST. GOTHARD (Switzerland) FREJUS (France)
Muon veto: 16 plastic . e DAMA/LIBRA haS no . | BAKSAN (I-'\"ussia) SUD?URY (Canada)
scintillators k B muon veto 1 0 1000 2000 4000 5000 6000

Depth ?m w.e)
Can muons explain DAMA signal?

The underground muon flux is annual-modulated!
6 —

* Modulation phase inconsistency

g 4f L@ VD DAMA (2°4 keV) ] » Muons interacting directly in the detectors do not
: N\, %i % % ﬁlfi” the D:\]/I requigitc;s e
=0 «Not enough muon-induced fast neutrons to
% 2 i % 1 i%‘ %’% %“ﬁ %L account fgr the signal
2 arX|v1205 3675 Olﬁlﬁ}l Sy But still some open questions:
1000 1200 1400 1600 18|00 2000 2200 2400 2600 28|00 * (delayed) effect of muons in PMTs?
days since Jan 1, 2001 » slow phosphorescence in Nal?
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ANAIS-112 vs DAMA/LIBRA

Nal(Tl) scintillating detectors

« 25 crystals, 10.2x10.2x25.4 cm?3,) [ )
9.7 kg each * 9 cylindrical crystals, 12 cm
Sain Gobain, Kyropoulos method ¢ x30 cm, 12.5 kg each
with a platinum crucible » Alpha Spectra (same as
PMTs phase-1: ETL 9265-B53/FL COSINE)

and 9302-A/FL (QE~30%) « PMTS: Hamamatsu

PMTs phase-2: Hamamatsu R12669SEL2 (QE ~40%)
R6233MOD (QE ~38%) * Quartz window (no light

\_ + Light guides: 10 cm Suprasil B/ guides) )
4 )
Superior radiopurity of DAMA/LIBRA crystals wrt ANAIS/COSINE _ °f
S 5k iANA'S'”Z ANAIS: 6 y 10% unblinded
210Pb mB k g 3 A DAMA/LIBRA-phase1 COSINE: Sci. Adv. 7 (2021)
@B 3L e i .
DAMA T S A DAMA-ph1: NIMA 592 (2008)
e 13 0.01-0.03 s, T | 297-31s
2 \E° T TTT TS — DAMA-ph2: Nucl. Phys. At.
ANA|S/COS|NE x 0P00060606000600000000000 Energy, 19:307-325, 2018
18-44 0.7-3 O 4 6 8 10
(Alpha Spectra) energy (keV)
b
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ANAIS-112 vs DAMA/LIBRA

~N

NIMA 592 (2008) 297- 315
2012 JINST 7 PO3009

[ 1 DAMA/LIBRA ph1 (5.5-7.5 phe/keV)
B DAMA/LIBRA ph?2

m un
~ a ~N
1™ - &
5§ & 6

Detector Number

 DAMA/LIBRA-phasel showed a very good linearity
between the calibration with the 59.5 keV line of 24*Am
and the tagged 3.2 keV line of 49K

* in DAMA/LIBRA-phase? a slight nonlinearity is
observed(it gives a shift of about 0.2 keV at the software
energy threshold and vanishes above 15 keV).

Light collection

§<

W first year M fifth year

/ 18
16

K Prog. Part. Nucl. Phys. 114 (2020) 103810/

M. Martinez, CAPA (U. Zaragoza)

14
> 12
[}
~ 10
~
o 8
L
S 6
4
2
0
Detector number
In ANAIS non proportionality is observed < 25 keV (20%)
—~ 17
% F
< 0 g
O 45— 4 s HE—
< C o year 0
& 14'_,‘ year 1
© E:.' year 2
o 13% Linear calibration in 2 ranges:| - Year3
2> oF © 1-10keV [ROI] 5:::;‘
-g) -~ + 10-100 keV
— 11T | ! L | ! ] ] ! L 1 1 L L ! 1 ! 1 L
- 0 20 40 60 80
energy (keV)
8
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ANAIS-112 vs DAMA/LIBRA

Low energy calibration — Rol [1-6 keV]

* Periodical calibrations every ~10 days with} Detectors equipped with a Mylar windo

. Cali - it 109
241Am source (30.4 keV (composite), 59.5 Calibration with 1%°Cd sources (11.9 keV,
keV). Linear calibration down to threshold 22.6 keV and 88.0 keV) every two weeks

* Linearity check and corrected @ 3.2 keV for gain correction
Guides for with whole statistics . «Calibration in the ROI with internal bulk
81 keV .
241Am 13000 ¢ (7B contaminants 2?Na (0.9 keV) and %K (3.2
sources \y_ i keV) (whole statistics)
: :gg : 12000 _ 59.5 kel‘ g 03 g 03
£ 00t 2 oo | 67.3 keV Soasf [| ot 1§
g 0 :: 8000 (12°1) = 22Nga
. ) 4 146079 keV oot 110.87
100 4000 _ 30.4 keV o keV
E L 40
HIWAY W32k A e . ,
0 5000 10000 15000 20000 0 10 20 30 40 50 60 70 80 90 2Na->**Ne 3.2k i el e Bire s B
TD channel Encrgy (keV) . . energy (keV) energy (keV)
S E
; 6 L Q S s e . .
£ o fortwers enery threshold Rate in the Rol $Elef . . | Non proportionality < 25 keV
gl L - '7,’: ¢ ear "
__g- q - 3 2 k V o 14%f: ;earz (20%)
S 2 f © T 0% | o Linear calibration in 2 ranges:
% - R n = _E' I . yeard g :
T U U PP S — 12 ear 5
o 0 1 L | | L | | I L L | 1 | | I L -5) % ,: IIIIIIIII _— ) 1_10 keV [ROl]

Energy (keV)

80
energy (keV) ¢ 10-100 keV /
9
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ANAIS-112 vs DAMA/LIBRA

\ “é”‘ ‘
2

il
Lightin the PMT
(asymmetriclight-sharing)

N Scintillation (bulk) light
X1= Area(from 100 to 600 ns)=Area(from 0 to 600 ns) g\/
X2 = Area(from 0 to 50 ns)=Area(from 0 to 600 ns)
1= (G -X) Standard analysis (4) - New parameters (11)
ES = = ! ES > 0.54 (0.60) in 1-3 (3-6) keV XSO nsA(D) DX _ nphey — nphe,
2 PSSy T mmom ey AR S e nphe
— Background.—— Ons : ons  AC) pheg + nphe,
o - 1.2 . xns
T N T e : p _ ZiAits D cap. = 2ons A x = 50,100,200,300,400,
T ' L PTOYA Mo g T yimar g py 500, 600, 700, 800 ns
| g : _J
0.8 - ..
. Boosted Decision Tree (BDT)
;g 0.6
% 8 10° E . Neu 1 L
0.4 - E E """'".,_._ 1'2 keV Bkg C 2
’ 10°s = « Blank 08— ©
: O DAIVIA ph2 1035_ N\, % L C: ‘ — detector 0
2] A DAMA ph1 P S
j e ", L moah e
e | o bRl oo
el W T AvAvauemaph CI
(JINST 7 P03009 (2012) LT e T ey (kevj%
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252Cf calibration
Er = Edet/QF

Hypothesis: constant QF
Spectrum fitted to:

£y E
Y (Eger) = @naGra(—=) + a1Gi( ;I“)
a

Gx(Eg) =exp(a) xEy + az xE% + a3 xEg

JUOUUUE

250000’{
§2OOGOD :ﬂ\‘ Resu |t:
g L
:;150000;- N QFNa — 30%
E 100000 ;- QFI — 9%

° E(keV)

ANAIS-112 vs DAMA/LIBRA

NR Quenching factors
Required for the WIMP interpretation

K Phys. Lett. B 389 (1996) 757-766/

M. Martinez, CAPA (U. Zaragoza)

_ signalyg/keV
 signalgg/keV /

Measurements @ TUNL (Duke Univ.)
5 different Nal(Tl) crystals (ANAIS & Yale group of COSINE) in
the same setup

g\/

Collimated, quasi-monoenergetic neutron bea

|
[
Backing dete{tms‘ ‘/
f
~500-nm LiF layer on 0.25-mm aluminum ‘ F“
/
2.3-MeV proton beam ’f
\ |
\ ¥
I |
HDPE collimator ’

Central scatterer / detector under investigation

Close-geometry backing detector

Phys. Rev. C 110 (2024) 014613

* Compatible values for the 5

£ % SN DAMA
crystals 5 5 % | I
* Noticeable differences for Li oF S 1 '
different energy calibrations {E 152_ E £ Tt + Egi‘:zﬁ‘
(Nal non-linearity) s 5 o i
* Lower QF than DAMA/LIBRA i: O
Energy (keVnr)

\ measurement Energy (keVnr)

1
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Data-taking overview

700
600
500

400
300

Exposure (kg x y)

200
100

IIIIIIIIIIIIIIIIIIIlIIIIlIIII|IIII|II

1 1 |

100% live time
ANAIS—-112

accumulated
exposure

1 |

o

|
500

M. Martinez, CAPA (U. Zaragoza)

1000 1800 2000 9500
Days since Aug. 3, 2017

Live time (95.1%)

Down time (2.7%)
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Following

Annual modulation analysis strategy PRD103(2021)102005

Focus on model independent analysis searching for modulation
=» In order to better compare with DAMA/LIBRA results
use the same energy regions ([1-6] keV, [2-6] keV)

Fix period 1 year and phase to June 2"

<> Simultaneous fit of the 9 detectors in 10-day bins. Chi-square minimization: y? = Y..(n; — u;)?/0#, where the
expected number of events u; for detector d in time bin i is given by:

4 Pbig.d (ti)) + MgAEAt

Decaying background, modeled by MC Modulation signal

(fixed period and phase)

Constant background 55E [161keV  \IC bkg model __

>
. . g 5 =D0
(long-lived isotopes and S, 45 for every detector | o
. . x 4
residual noise) B 35 o 19 free parameters: Ry g4, f 4, St
3 .
= s o
S 2 oo
§§ 15 —
S b 7000 2000 3000
days after August 3, 2017 (days) 13
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ANAIS-112 data releases

gst y an V 3rd V Ath Y gth v 6th y 7th V
; 700 E i : 100% live time .
E E E \‘:e\eae’e E : !
O) 600 Ao date KaXY : \ l
= - (©2%® (2Y) 221 : \ :
- = ,_ : : ' _'
O S0Qsa ADD T | | | ANAIS—112
B 40ts ELI ; : accumulated
8_ . exposure
< 3001 E E 1a re\eas® E
L ! : ?)rd da '
100 o
: 1 1 1 : 1 l 1 I: | 1 I 1 | 1 [ 1 L 1 I 1 l 1 LI 1 1 ﬂ
0 500 1000 1500 2000 2500

Days since Aug. 3, 2017

M. Martinez, CAPA (U. Zaragoza)

* 1.5y: Phys. Rev. Lett. 123, 031301 (2019)
*2y: J. Phys. Conf. Ser. 1468, 012014 (2020)
* 3y: Phys. Rev. D 103, 102005 (2021

*3y + ML: 2404.17348 |

ANAIS-112 3y:
~2.90 sensitivity

0.02
[0 0.015
S
= —=— COSINE result
o >
= ;qc) 0-005 —— DAMA/LIBRA result
%
& < 0 —e— ANAIS-112 best fit
=3 1o sensitivity
-0.005
c_; & - exposure 3.0 y
o -0.01 20 sensitivity
2 exposure 3.0 y
= -0.015 3o sensitivity
exposure 3.0 y
-0.02

[1-6] keV [2-6] keV

E (keV) ANAIS-112 COSINE-100 DAMA/LIBRA
[1-6] -3.1+3.7 6.714.2 10.5+1.1
[2-6] 0.7£3.7 5.0+4.7 10.2+0.8

14
ICHEP 2024, Prague 18-24 July 2024



« 1.5y: Phys. Rev. Lett. 123, 031301 (2019)
ANAIS']-]-Z data releases °2y:&j. PhZ/Z. czﬁf. gtetr. 1468, 012014 (2020)

*3y: Phys. Rev. D 103, 102005 (2021

3y + ML 2404.17348
gst y ond y 3rd y 4th Y gth y 6th Y 7th V y ANAIS-112 3y:
0.02 ~2.90 sensitivity
0.015

—_— —
? 700F , , 100% live time g
- I l I e | =~ —=— COSINE result
O 600~ i :nd dala \?e\eas E \ i %E 0.005 —=— DAMA/LIBRA result
¥ - ' <@ 2,(2 \ﬂ 22'\ Kg%\( : ! \ : s o —e— ANAIS-112 best fit
N— — 7o) ! ! ! = 0O 1o sensitivity
= (e\e | : E ' ’ ‘_g § 0-005 ] exposure 3.0
O 500, cavard | | . ANAIS—112 3% a0 Eoorsiy”
B 40ts NI i : accumulated = oo xposre 3.0y
8_ - . ; eXp0$ure o [1-6] keV  [2-6] keV
%= i 40 date re\easj i Sm(cpd/keV/ton)
- | | , % :
200 | . 3Y) ';314 K9 | | E (keV) ANAIS-112 COSINE-100 DAMA/LIBRA
- 5 i § i [1-6] -3.7437 67442 10.5+1.1
100 E | | [2-6] 07437  5.0+4.7 10.240.8
: 1 1 1 : | l 1 I: ! 1 I 1 | J l 1 Il 1 ] 1 l 1 Ij 1 1 I.l
0 500 1000 1500 2000 2500 COMBINED ANACOSINE
. 1-6] -0.3+2.8 Y 3.60
Days since Aug. 3, 2017 ! MINA
y J- 2, [2-6] 23+29 PREV 2.60
S. Hollick, IDM24 15
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ANAIS-112 data releases

1st y 2nd V 3rd V 4th V 5th v

* 1.5y: Phys. Rev. Lett. 123, 031301 (2019)
*2y: J. Phys. Conf. Ser. 1468, 012014 (2020)
* 3y: Phys. Rev. D 103, 102005 (2021

61:}1 y 7th V

*3y + ML: 2404.17348 |

? 7005— : : , 100% live time I
- 5 | (e\eas® ! 5
Q 600 = | gro dataa{ Ko*Y \‘ :
- e iny) 22" :
© 500 ae @y T I
O ONRa? e W™ | | E ANAISL-112
c?) 40(9"@5 ¥) | i | accum{nated
8_ u expogure
< 300 | 5 o 10\€2S° I
LLI - | i 3¢ 02 XY l
- : 314 K97 [
200 5 Gy - |
- | | New!! |
100 E (6y) 642 kg x y |
: 1 1 1 : | l 1 I: ! 1 I 1 | ; |
0 500 1000 I
Days since Aug. 3, 2017
M. Martinez, CAPA (U. Zaragoza)

ANAIS-112 3y:
~2.90 sensitivity

0.02
[0 0.015
S
= —=— COSINE result
o >
= ;qc) 0-005 —— DAMA/LIBRA result
%
& < 0 —e— ANAIS-112 best fit
=3 1o sensitivity
-0.005
c_; & - exposure 3.0 y
o -0.01 20 sensitivity
2 exposure 3.0 y
= -0.015 3o sensitivity
exposure 3.0 y

-0.02
[1-6] keV [2-6] keV

E (keV) ANAIS-112 COSINE-100 DAMA/LIBRA
[1-6] -3.7%3.7 6.7+4.2 10.5£1.1
[2-6] 0.71+3.7 5.0+4.7 10.2+0.8

7500 2000 ' 2500 [ETEY

[1-6] 0.342.8 sRY 3.60
[2-6] 23429 prEUM'® 2.60
S. Hollick, IDM24 16
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Annual modulation results with 6 years 115’!5 5

g%ﬂ

[1-6] keV: 4.20 [2-6] keV: 4.10

Null hyp %?ndf: 699.60/639 [p _=0.048] Mod hyp #2/ndf: 699.53/638 [p _=0.046] Null hyp ?/ndf: 723.68/639 [p_=0.011] Mod hyp x’/ndf: 722.17/638 [p _=0.011]
S, = (0.0007 +0.0025) (cpd/kg/keV) Sy = (0.0030 + 0.00253) (cpd/kg/keV)
41000F detector 0 [1 - 6] keV %0500 detector 1[1 - 8] kev | 2°°%F detectorZ 1-6] keV 2 detectorO 2 - 6] keV QSDOUE detector 1 [2 - 6] keV/ 2400 yetector 2[2 - 6] keV
Fos00- 2ndf: 100.34/70 ;ndJ 470 | & F J 6/70 5 8000; /ndf: 68.58/70 | S° - F 2Ind }74 mo 54200 Zndf: 83.97/70
: X 50000 55001 o . F X o x o X
#0000 [p,,=0.010] | & P, -0 298] | 8% [pm—O 086] S 7500¢ [p, =0.526] | S7500f [p,=0.341] | &4000 [p=0.122]
Z9500F = L 2 :
£ 9000k
T 8500F

8000 E
7500F
7000E r
B85t~ o00" 00" 3000 0 ~"500 000 1500 2000 07500 1000 1500 2000 0" ~500 1000 1500 2000 07500 000" 1500 2000 0500 1000 1500 2000 L
days after August 3, 2017 (days) days after August 3, 2017 (days) days after August 3, 2017 (days) days after August 3, 2017 (days) days after August 3, 2017 (days) days after August 3, 2017 (days)
. ~ ~ ~ —~5500r ~
£8500F  detector 3t11 6l keV | £ F  detector4[1- BJ keV | £7500r detector 51 - B‘J keV g detector 3112 Bl keV | = detector 4}2 - 6] keV | 252008 detector 5[2 - 6] keV I
S 8000F %%/nd 5/70 | S7000F x%ndf: 78.17/70 | SF x%/ndf: 71.18/70 = 5500p 0770 | = s000f x2/ndf: 79.59/70 | S50008 x?Indf: 100.49/70
S P, ‘0 258] | @gepob [p._=0.235] | Sr7ooor [p_=0.438] 8 f P, —O 00] | 87" [P =0.203] | B4s00c [p,=0.010]
—7500F —6500 val = F val <5000 - L val <4600
2 26500F 2k £4400 M
[ ﬂCJ Fa%s @ - @ 4200 b 1
(5 6000MRg 5 . & 4500F @ 4000
5500F iy E 3800F I
: Wi 4000f 3600E
5000F . 3400E
500E....I....I....I....I. R TN T T [N ST ST S T N T T TN T SN O SO T (Y E||||I|...I....I....I. 3500'::::|:::||||||||||||| :||||I||||I||||Iw|||\| 3200?.\||I||||I||||I|||w||
&——#b6~o00" 5002000 0 500 1000 1500 2000 0 500 1000 1500 2000 0 500 1000 1500 2000 0 500 1000 1500 2000 0 500 1000 1500 2000
days after August 3, 2017 (days) days after August 3, 2017 (days) days after August 3, 2017 (days) days after August 3, 2017 (days) days after August 3, 2017 (days) days after August 3, 2017 (days)
e detector 61,8 V] S detector 7 [1:6 v] 2 detector s 1.6l ke 24800 detectgr 612 6l e 24400 detecgr 712 6} ey 23600 detectyr 812 61 e A
< 6000 9170 © 2!70 © 2/70 54600 3/70 | —4200 64.15/70 S 00 5/70
=] : [p _0 408] | 8 i [p _0 048] | S4500% [p —0 089] & 4400 [pva =0.293] %4000 p a—D 75] % ; [pva =0.022]
<5500, E "' 3800 i.' ;3200: ' R
4000 ©3600 3000 3
@ (£ 3400 (i 2800
3500 S 3200 26005 Y
- 3000 i
: N 2800 2400
PN BRI U R I M BN B RN I 3000—_....|....|....|....|§. 1 1 | 1 2600 | 1 1 L 2200L | | 1 1
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Annual modulation results with 6 years
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ANAIS+

Goal: Lower the energy threshold Eth <0.5 keV.

Replace PMTs for SiPM at low T (~100 K)

High QE.

High radiopurity.

Low operating voltage.

No Cherenkov emission.

Reduction of spurious light emission

MAIN DRAWBACK: High dark

current rate

-> Overcome by working at low T

BONUS: Nal pure is a very good

scintillator at 100 K

M. Martinez, CAPA (U. Zaragoza)
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e
Centro de Astroparticulas y Cmot
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Universidad Zaragoza

: Energeticas, Medioambientales
LNGS y Tecnologicas

Goal: Lower the energy threshold Eth <0.5 keV.

First prototype: the SiPMs designed in LNGS have been
tested and the complete first ANAIS+ prototype will be
soon assembled in Zaragoza

SiPMs coupled to PMMA
protectors

Replace PMTs for SiPM at low T (~100 K)
Scintillator crystal
High QE.

High radiopurity.

Low operating voltage.

No Cherenkov emission.
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Outlook & summary

* ANAIS-112 is leading the international efforts in the independent test of the DAMA/LIBRA signal. It is taking data in
stable condition @ LSC since 3™ August 2017 with excellent performances (>700 kgXxy exposure).

Low-energy event selection and sensitivity have been improved with machine-learning techniques

Preliminary results for 6 years: ANAIS—112 is compatible with the absence of modulation and incompatible with the
DAMA/LIBRA signal at 40 (30a) in [1-6] keV ([2-6] keV), for a sensitivity of 4. 20 (4. 10) at [1-6] keV ([2-6] keV)

For the first time, a direct test (i.e. model independent) of DAMA is performed with >40 sensitivity. 50 sensitivity in
late 2025

Working on the combination of results with COSINE-100. Preliminary 3y results presented at IDM2024

ANAIS has carried out QF measurements, pointing to values lower than those of DAMA. Disagreement still to be
understood. Understanding the response of Nal(Tl) crystals to nuclear recoils is crucial in the model independent
comparison with DAMA/LIBRA

e ANAIS+ (1 kg Nal+SiPM @ 100 K) can improve current SD-proton sensitivity for low-mass WIMPs and discard QF
differences as explanation for DAMA/LIBRA signal

Open Data Policy: ANAIS—112 3-year annual modulation analysis and the reanalysis can be downloaded at
https://www.origins-cluster.de/odsl/dark-matter-data-center/available-datasets/anais. 6 years in the near future

M. Martinez, CAPA (U. Zaragoza) ICHEP 2024, Prague 18-24 July 2024
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https://www.origins-cluster.de/odsl/dark-matter-data-center/available-datasets/anais

Thank you for your attention!
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Universidad Zaragoza
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ANAIS experiment operation is presently financially supported by MICIU/AEI/10.13039/501100011033 (Grants No. PID2022-138357NB-C21 and PID2019-
104374GB-100), and Union Europea NextGenerationEU/PRTR (AstroHEP) and the Gobierno de Aragdn. Funding from Grant FPA2017-83133-P, Consolider-
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Stability checks before 6-year unblinding

Event selection efficiency stability
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Stability checks before 6-year unblinding

Evolution of control populations

0.9 keV (??Na) and 3.2 keV (*°K) selected by coincidence. BDT cut and efficiency corrected (trigger+BDT)
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Annual modulation results with 5 years

Null hyp %?/ndf: 558.21/531 [p,_=0.200]

21000 detectorO 1 - Gj
0500 x*nd 0/58
10000 [p\,a =0.292]

4000 4500

0 50
days after August 3, 2017 (days)

£8500;  detector 3 16 ke
gk 2Indf: 65.80/58
2 8000F [p,_=0.225]

0001500

0500
days after August 3, 2017 (days)

2 detector 6 [1 - 8] keV
g 6000 gfnd]‘[ 5/58

37} o, —o 321]

1000500

(1 '560' .
days after August 3, 2017 (days)

S
1000
Qoo detector 1 1116 ke
gt 71,6058
540000 [p, =0.1

—~750
2 detector 4 1 - 64 keV
S 70000 i ,r‘n U.f'58

Events / ( 30 days )

[1-6] keV: 3.80

0500 000 1800
days after August 3, 2017 (days)

]

0~ 500000 1500
days after August 3, 2017 (days)

detectgr 7|11 keV
/nd 4/58
p -0 974]

“j000 500

0 'S(IJU' ‘
days after August 3, 2017 (days)

Mod hyp y2ndf: 557.96/530 [p,_=0.194]
_=(0.0014 + 0.0028) (cpd/kg/keV)

26000 detector 211-6] keV
i 5!58
p —0

0 TB0D 000 4500
days after August 3, 2017 (days)

e ¢ detector 5 1-6gkev
S 75008 2/ndf: 50.

05000004500
days after August 3, 2017 (days)

‘2; detectgr Bt“ keV
o /nd 8/58
® 4500 [P, '0 146]
£

4000
&

35001

3000F, ..

0 5000 1000 1500

days after August 3, 2017 (days)

Null hyp »?Indf: 566.38/531 [p,_=0.139]

[2-6] keV: 3.70

Mod hyp x%/ndif: 565.00/530 [p,_=0.142]

S,, = (0.0032 + 0.0027) (cpd/kg/keV)
~8500F —~8500F ~ F
2 F detectorDt[Z 6& keV | 2 [ detec1or 1#2 GA keV | 24400 detectorZ#Z 6&
< 8000F 3/58 | ©8000F 4/58 | ©4200F x%nd 3/58
3 75005 [p,,=0.534] | 87500 [p, =0.224] | 84000k [p,_=0.066]
£7000F £7000F
£ 6500 2 6500/9K
w M o & E
6000 6000 :
5500F 5500F :
e B000E Ly L
11 1 05000001500 26005004000 1500
days after August 3. 2017 (days) days after August 3, 2017 (days) days after August 3, 2017 (days)
‘;; detectorSt[ §55OU detec10r4 2 6 keV '2;2330: etector5t[2 6] keV
< 5500} i58 3 ¥2nd 2/58 | Ss000E ¥2nd 5158
3 [, -01 60] | S s5000F b, -0 63] | Sis00k o, -o 77]
“qEJ £
i

3500F

0500 4000 4500 U_"'S('JU"'iU'OfJ”iS'U['J" 0 500 {000 {500
days after August 3, 2017 (days) days after August 3, 2017 (days) days after August 3, 2017 (days)
—5000 - —~3800
2 detectg t[2 B]keV | 244005  detector 7 [2 - 61] keV | % detector 8 [2 - 64 keV
c /nd 1/58 = 4200 xo/ndf: 42.13/58 < 3600 y4ndf: 79.15/58
34500 [p —O 442] “ 40008 [pml=0.942] ® 3400 [pva|=0.034]
£
g
L

0500 000"

500

days after August 3, 2017 (days)

—

5004000 500

days after August 3, 2017 (days)

2200k
days after August 3, 2017 (days)

50040009500

o314
@y

<AP>PZ—==—I"MmMAOT



Toy MC for efficiency analysis

* 2000 Toy MC carried out with ANAIS background + DAMA/LIBRA modulation
* Updated to include variations in the efficiency around the mean value of different size [1-6] keV

* We recover in all cases the right modulation amplitude enlarging the standard deviation
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Toy MC for efficiency analysis

2000 Toy MC carried out with ANAIS background + DAMA/LIBRA modulation

Updated to include variations in the efficiency around the mean value of different size [1-6] keV

* We recover in all cases the right modulation amplitude enlarging the standard deviation

The Chi2 value is strongly sensitive to this efficiency “variation”. Our analysis suggests is <3% [1-6] keV
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