ANAIS—-112: the most sensitive experiment
to test the DAMA/LIBRA signal in a
model independent way

Ilvan Coarasa on
behalf of the ANAIS team

icoarasa@unizar.es
15th International Workshop on the
Identification of Dark Matter 2024

n Centro de Astroparticulasy : :
‘ ﬂ pA Fisica de Altas Energias M ulti D a rl'( L'Aquila, Italy
. . Multimessenger Approat h
Universidad Zaragoza for Dark Matter Detection




Outline

The ANAIS—112 experiment

Improved results on annual modulation with 3 years

Annual modulation results with 6 years

Summary and outlook

I. Coarasa, IDM 2024 — Parallel session, LAquila (Italy), 09/07/2024



Outline

The ANAIS—112 experiment

Improved results on annual modulation with 3 years

Annual modulation results with 6 years

Summary and outlook

I. Coarasa, IDM 2024 — Parallel session, LAquila (Italy), 09/07/2024



The ANAIS experiment

ANAIS (Annual modulation with Nal(Tl) scintillators) intends to provide a model
GOAL independent test of the signal reported by DAMA/LIBRA, using the same target and
technique, but different experimental approach and environmental conditions

Projected sensitivity: 3o in 5 years data-taking

At the Canfranc Underground Laboratory, _ 3
WHERE LSC @ SPAIN (under 2450 m.w.e.) ANAIS—112 SET-UP

« 9 ultrapure Nal(Tl) crystals 12.5 kg (112.5 kg) in 3 x 3
« Cylindrical modules coupled to 2 high QE PMTs (~40%)

On 3 August 2017, data collection starts
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Differences with respect to DAMA/LIBRA

SHIELDING

DAMA/LIBRA ANAIS—-112

» Gamma shielding: =10 cm of OFHC Cu + 15 cm of Pb « Gamma shielding: 10 cm of ancient Pb + 20 cm of Pb

- Anti-Rn: Plexiglas box fluxed with N, gas Anti-Rn: metallic box fluxed with N, gas

» Neutron shielding: 10/40 cm Polyethylene/paraffin + Neutron shielding: 40 cm Polyethylene/water tanks

1.5 mm Cd foils

Active muon vetoes: 16 scintillator plastics
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Neutron
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Differences with respect to DAMA/LIBRA

MUON VETO

The underground
muon flux is
annual-modulated!

percent residuals

. Coarasa, IDM 2024 —

i_ M@ngéﬁ " DAMA (2-4 keV) %'
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In ANAIS, we flag every muon that
cross the shielding

We set a (configurable) dead-time
after every passage

DAMA/LIBRA has no muon veto
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Can muons explain the DAMA signal?

« Modulation phase inconsistency

« Muons interacting directly in the detectors
do not fulfill the DM requisites

* Not enough muon-induced fast neutrons
to account for the signal

But still some open questions:

- (Delayed) effect of muons in PMTs?

 Slow phosphorescence in Nal?



Differences with respect to DAMA/LIBRA

Nal(Tl) scintillating detectors

DAMA/LIBRA ANAIS—-112

25 crystals, 10.2x10.2x25.4 cm3, 9.7 kg each 9 cylindrical crystals, 12 cm ¢ x30 cm, 12.5 kg each
Alpha Spectra (same as COSINE)

Saint Gobain, Kyropoulos method with a Pt crucible
PMTs phasel: ETL 9265-B53/FL and 9302-A/FL (QE~30%) * PMTs: Hamamatsu R12669SEL2 (QE~40%)
PMTs phase2: Hamamatsu R6233MOD (QE~38%) Quartz windows (no light guides)

Light guides: 10 cm Suprasil B

Superior radiopurity of DAMA/LIBRA crystals wrt ANAIS/COSINE < °f

) —— AnAIS-112

>
40K (ppb) 210pp (mBq [kg) g 4_ S T | N E:;EE;ZZM1
% r .‘-.i_“,-"“‘..% O  DAMA/LIBRA-phase? ANAIS-112: 10% unblinded (6years)
X r - i i
I e COSINE-100: Sci. Adv. 7 (2021) eabk2699
DAMA/ LIBRA 13 0.01-0.03 ‘% T 'r'“.:""—ﬁ-—u—qw*,,._.._.—h, D/L-ph1&2: Prog. Part. Nucl. Phys. 114
(Saint Gobain) 8 2 = e | (2020) 103810
- B :
R VY YO . . .
ANAIS/COSINE 18-44 0.7-3.0 § 1; 00666000C‘)e56368853555855%686556585
(Alpha Spectra) R T S S
energy (keV)
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Differences with respect to DAMA/LIBRA

DAMA/LIBRA ANAIS—-112
B " IDAMA/LIBRA-ph1(5.5-7.5 phe/keV) NIMA 592 (2008) 297-315 12 mFirstyear  mFifth year
> 1 BN DAMA/LIBRA-ph2 (6-10 phe/keV) JINST 7 (2012) P03009 E, 1‘2‘
3 - - mi P I II
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Detector Number

- DAMA/LIBRA-phase1 showed a very good linearity
between the calibration with the 59.5 keV line of 2'Am
and the tagged 3.2 keV line of “°K

 In DAMA/LIBRA-phase2, a slight non-linearity is
observed (it gives a shift of about 0.2 keV at the
software energy threshold and vanishes above 15 keV)

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

ON PO

Detector number

In ANAIS non proportionality is observed < 25 keV (20%)

—~ 17
16
15

L |
R W -

»as

phe/keV

year 0
.+ year 1
- year 2
. year3
+ year 4
year 5

.

{

Light yield

o
C’—I]IIIIIIJ+_|__!_I__\.[I-III|III\|IIII

20 40 60 80
energy (keV)

I. Coarasa, IDM 2024 — Parallel session, LAquila (Italy), 09/07/2024 5



Differences with respect to DAMA/LIBRA

Guides
for 247Am
sources

NIMA 592

(2008) 297-315

Rate (cpdfkaikeV)

LOW ENERGY CALIBRATION - ROI [1-6] keV

DAMA/LIBRA

* Periodical calibrations every ~10 days with
a 2'Am source (30.4 keV (composite), 59.5
keV). Linear calibration down to threshold

* Linearity check and corrected @ 3.2 keV
with whole statistics
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Guides
for 199Cd
sources

Mylar
window e

Coincidence events

ANAIS—-112

Detectors equipped with a Mylar window

Calibration with 1°°Cd sources (11.9, 22.6 and
88.0 keV) every two weeks for gain correction

Calibration in the ROl with internal bulk
contaminants 22Na (0.9 keV) and 49K (3.2 keV)
with whole statistics

Non proportionality < 25 keV (20%)

—~ 17

g
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Differences with respect to DAMA/LIBRA

X1
Xz

ES =

Background

241Am calibration

EVENT SELECTION AND EFFICIENCY

DAMA/LIBRA ANAIS-112
=Area (from 100 to 600 ns) / Area (from 0 to 600 ns) Standard analysis (4) New parameters (11)
=Area (from 0 to 50 ns) / Area (from 0 to 600 ns) p _LRRAM Tt ons A, _ npheo —nphe,
PTERTSA P T I P T s Ay Y T pheg + nphe;
L= (X - X ) . . x ns
212 ES>0.54(0.60) in 1-3 (3-6) keV - : cap, = 20840 x = 50,100,200,300,400,
2 0, - X Zg’?l‘;" A(D) 500, 600, 700, 800 ns
12 — . ~— _/
di o o
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JINST 7 (2012) P03009 1-2 keV
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Differences with respect to DAMA/LIBRA

u.)

Number of counts (a.

NR QUENCHING FACTORS
Required for the WIMP interpretation

DAMA/LIBRA

300000

252Cf calibration

Er = Eget/Q

Hypothesis: constant QF
Spectrum fitted to:
Ege Ege
Y(Eget) = anaGna (ﬂ) + a;G; (%)
Na I

Gx(Eg) = eXP(al,xEI?z’ + ay xEf + a3,XER)

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

250000
200000 [,
150000 |
100000 -

50000 F i
Fis

0.

Result: QRAM4A = 309, QP4M4 = 9%

ANAIS—-112

Monochromatic neutron source at TUNL (Duke Univ.)

Five small Nal(Tl) crystals from AS
(different powder qualities)
measured in same set-up @TUNL

- Compatible values for the 5 crystals
* Noticeable differences for different energy

calibrations (Nal non-linearity) :
 Lower QF than DAMA/LIBRA measurement arXiv:24 D. Cintas et al,

02.12480 (2024),
Results for Qy, DAMA Results for Q, Accepted in Phys. Rev. C
€ ] Na £ DAMA With non-
T i 5 o I -
S asf I { 4 5 F proportiona
o> f % gi;t*ﬂ d:*} s ¢ ¢ calibration
5 eyt ¥l s 1My B method
5 G S o e Qg = (2124 08)%

S E— % 80 ot 2 20 )

Energy (keVnr) Energy (keVnr)

Robust agreement between on-site neutron calibrations
and TUNL measurements when QF(E) is considered
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Data-taking overview
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ANAIS—112 accumulated exposure

731.35 kgxy
@ June 11, 2024

D :
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Seven-year exposure will be
completed this August



Annual modulation results

ANAIS—112 modulation results:

* 1.5 y: Phys. Rev. Lett. 123, 031301 (2019)
« 2 y: J. Phys. Conf. Ser. 1468, 012014 (2020)

« 3y: Phys. Rev. D 103, 102005 (2021)

E S, (counts/keV/kg/day)
(keV)

[1-6]  -0.0034+0.0042  0.0067+0.0042 0.0105+0.0011
[2-6]  0.0003+0.0037  0.0050+0.0047  0.0102+0.0008

> 800F : | 100% live tlme
C 25 e !
> 700 o dal® rele a \\
N - ' 2'2./\ L&) | |
< 600F oo (207 2N\
o 50%!:\_ o\ AB® o | , ANAIS—112
7 ERL | i . accumulated
8_ 400 | | exposure
X' 300F " data releas®
200F @Y
100E- ' 731 35 kg Xy
- L @ June 11, 2024
0 500 1000 1500 '2000 2500

Days since Aug. 3, 2017

About 95% of live time

modulation amplitude
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(*) PRD 106, 052005 (2022)
() PPNP 114, 103810 (2020)

0.02

0.015
= 0.0 R e —m— COSINE result
d) 0005 L iee | s B e
_;é —— DAMAJ/LIBRA result ANAIS:
x 0 —e— ANAIS-112 best fit
3 2.50
B 0005 T B 1o sensitivity ~ .
&) exposure 3.0y

_0.01 20 sensitivity

exposure 3.0 y
—0.015 30 sensitivity

exposure 3.0y

sensitivity

[1-6] keV [2-6] keV
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Annual modulation results

ANAIS—112 modulation results:

Exposure (kg x y)

800F : 100% live time » 1.5 y: Phys. Rev. Lett. 123, 031301 (2019)
700 \ qatal o\eas \ i - 2y: ). Phys. Conf. Ser. 1468, 012014 (2020)
= : zﬂ 21 \@w | « 3'y: Phys. Rev. D 103, 102005 (2021)
B00E-  jeas® (2V) 2 : N\
o 822 59,\@‘\’ | ANAIS—112
Q\?J\J\ | accumulated .
A00E exposure NEW DATA RELEASE: 3y + ML(*)
- \eas ' arxiv 2404.17348
300F- 3 da\a’\ Le\«ng (submitted to Comm. Phys.)
200( S \”;3 o
100E- ~ 731.35kgxy
SN ] | R B @ June 11, 2024 (*) Based on JCAP11(2022)048
0 500 1000 1500 2000 2500

Days since Aug. 3, 2017

About 95% of live time
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Improved filtering protocols with ML techniques

The region of interest (1-6 keV) is dominated by non-bulk scintillation events

Improve the “bulk scintillation” event selection with ML techniques based on BDT

Training populations Training parameters (15)
Signal events: dedicated on-site neutron calibrations Standard analysis (4)
with 2°2Cf source c00
Noise events: blank module similar to ANAIS—112 _ 2io00nsA(D) LA
modules, but without Nal(Tl) crystal 1= ZS%%“SA(t) Hp = Y A; Mo,
s I~ 500 A(D) nphe, — nphe,
-3 0 2 = Se00 Asynphe =
‘ 0 Yo" A(L) nphey + npheq
Ligth in the PMT
(asymmetric light-sharing)
Scintillation (:ulh) light — Z%)C gg A (t)
CAP, o —
z:0 ns A(t)
x = 50,100, 200, 300,400,500,600,700,800 ns

2 PMTO 2 PMTO
! 0
a
s E s 2
< SE Energy: 087 kev S Energy: 135 kev
£ 00§t g8 n0: 15, n: 2
g %F P1:0.67 2 s P1:075
“E PSY: 0.60 10 PSY:0.
sE 1p:248.6 s 2 up 2260 ns
) . L L . . L . L L . .
2 PMT1 2
= ¢ = ;
ELE E 2
g b g+
£ F ]
2 4F
3 4F
s
S Y S S RO S|
2000 400 600 800 faon 1200
Time: fns)

i E Performance of using ML for event selection in: JCAP11(2022)048 and JCAP06(2023)E01
g S b e Reanalysis of 3 years data in: arXiv:2404.17348 (Apr. 2024), Submitted to Comm. Phys.
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Improved filtering protocols with ML techniques

Acceptance efficiency

Following
JCAP11(2022)048

Efficiency-corrected background

-
o

10% unblinded BDT neu

[ =]

0
T

o

AN

N

Rate (counts/keV/kg/day)

- —
0.8 -
> F. -
c0.6-
D - -
O [ BDT cal
4 . —_—
=045
i —— BDT coin
02*_'_ BDT neu
- — ANAIS-112 cuts
0_ | | | |

2 4 & 8
energy (keV)

~30% improvement
in efficiency in [1-2] keV
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o

— BDT cal

— ANAIS-112 cuts

& 8 10
energy (keV)

~18% background
reduction in [1-2] keV
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Following

Annual modulation qnalysis 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 1year and phase to June 2nd

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

Hia = [Ro,d (1 + fd¢;awk%,d(ti)) + Sy cos(w(t; — to))] MgAEAt
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Following

Annual modulation qnalysis 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 1year and phase to June 2nd

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

) + MyAEAt

Decaying background, modeled by MC

Modulation signal
(fixed period and phase)

Constant background
(long-lived isotopes
and residual noise)

[

[-e1keV  MC bkg model —
for every detector|

o 19 free parameters: Ry g4, fq, S

o

N
s oN Wb oo

-

. ) 1000 2000 3000
I. Coarasa, IDM 2024 — Parallel session, L. . days after August 3, 2017 (days) 13

Phicg.a (cpdlkglkeV)

O



Improved 3-year results [1-6] keV 2.50 - 2.80

PRD103(2021)102005 arXiv:2404.17348

Null hyp x#ndf: 1075.81/972 [pval=0.01 1] Mod hyp x?ndf: 1075.15/971 [pva|=0.01 1] Null hyp y%/ndf: 993.38/972 [p_.‘__q|=0.310] Mod hyp y%/ndf: 992.68/971 [pva|=0.307]
Si = (-0.0034 + 0.0042) (cpd/kg/keV) S = (-0.0031+ 0.0037) (cpd/kg/keV)
= ~ - - ~3800 -
24000F"  detector 0 [1 - 61] keV | 24000 detector 1 61] keV | ¢ detector 2 [1 - 6] keV £.3800 detezc:‘torc} 1-61keV [ =00 dete2 ctor 1 [1 - 6] keV %;;gg dete2ctor 2[1-6]keV
53800 x?/ndf: 107.61/107 | &3s00 x?/ndf: 1 27 107 x2/ndf: 107.14/107 S 2600 /ndf: 107.20/107 | 3 /ndf: 116? /107 | © /ndf: 108.14/107
= e [P, =0-465] | 24400 [p, =0.000] | 2 [p,,=0.478] =

1 1 1 1 1 1 1 1 1 1 L PR TR NN TN T SN S T S AN T SN N A L PR TR NN TN T SN S T S AN T SN N A U T T NN N T [N S TN S [N T A T S T A1
0 200 400 600 800 1000 0 200 400 600 800 1000 0 2(I)D d[IJ[] 6[|]D BEIJU 10|[]U 0 2[50 400 600 800 1000 0 200 400 600 800 1000

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)
st s 2800 - —2600 -
os000f  detector 3[1 - 6] keV | 22%F  detector 4 [1- 6] keV | @ detector 5 [1 - 6] keV 239 detector 3[1-6]keV | & detecord [1-6]keV/ | £aeoq  detector 511 - 6] ke
g Aeind: 102247107 | 8., Xeindf, 9776107 | ac00 ind: 143 49107 25800 xZindf: 104.46/107 | €500 JCindf. 99.40/107 | 8 12Indf: 155.88/107
<2800 [p_=0612] | = [p, =0.727] | 2 [p, =0.011] 2 [p,,=0.887] | 2400 [p,_,=0.001]

0500 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0500 400 600 600 1000 0”500 400 600 00 1000

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)
detector 6 [1 - 6] keV | 2220 detector 7 [1 - 6] keV | ¢1900F  detector 8 [1 - 6] keV 22000 detector 6 [1- 6] keV | Zoooof  detector 7[1 - 54 keV | 2,700b detector 8[1-6] keV
2400 x?/ndf: 122.34/107 | §2100 x%/ndf: 102.35/107 | &1s00 x?/ndf: 1 20 /107 T 2100 ¥%ndf: 80.78/107 | © 4900 y2ndf: 107.11/107 | < ¥2indf: 104.46/107
[p,,=0-147] | 22000 [p,,=0.609] | ¢ < 5000 [p,,=0.869] 31300 [p,,=0-479] | 21600; [p,,=0.551]

Events / ( 10 days )

0 7200 400 600 800 1000 2% 500 400 600 00 1000 0 500 400 600 800 1000 13005546400 600 800 1000 b~ 500 400 600 00 1000 0500 400 600 B00 1000
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)

I. Coarasa, IDM 2024 — Parallel session, LAquila (Italy), 09/07/2024 14



3-year annual modulation with BDT cut

2017 2019 2021 2023 2025 2027
; [1,6]ike\/
s /
O 4
e
" 3
2
1
0

2017 2019 2021 2023 2025 2027

8 10
real time (yr)

[2.6] keV

8 10
real time (yr)

0.02
; 0.015 =
S
-§) 0.0 By .o —a— DAMA/LIBRA result
'“>"‘ 0.005p -
> } —e— ANAIS-112 best fit
< o
@B 1o sensitivity
C  _0005F } ............. exposure 3.0y
S o
o 206 sensitivity
O 001 exposure 3.0y
= - 36 sensitivity
o -0.015 exposure 3.0 y
—-0.02

[1,6]keV [2,6] keV

Best fit modulation amplitudes compatible with zero at ~ 10

Best fit incompatible with DAMA/LIBRA at 3.7 (2.6) o for [1-6] ([2-6]) keV

Sensitivity with 3 years data: 2.8 for [1-6] and [2-6] keV
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Stability chechs before 6-year unblinding

Event selection efficiency stability

1
0.99

o 0.98
Efficiency 0.97

calculated 0.96

from 109Cd 0.95

. . 0.94
calibrations 093

0.92
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from 0.94
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Efficiency
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P
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(e<e))/(e) (e(€))/(e)

DAMA/LIBRA-phase2 reports a
similar spread o = 0.30% in [1-8] keV

R. Bernabei et al., Prog. Part. Nucl.
Phys. 114 (2020) 103810
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Stability chechs before 6-year unblinding

Evolution of control populations

0.9 keV (22Na) and 3.2 keV (*°K) selected by coincidence. BDT cut and efficiency corrected (trigger+BDT)
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Annual modulation results with 6 years
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Null hyp y%/ndf: 699.60/639 [p _=0.048]

SIT'I
21000E " yotector 0 [1 - 6] keV/
§os00 cindf; 1002470
0000 [p,,=0.010]

:||||I||||I||||I||||I| By v Ly b 1 1y
0 500 1000 1500 2000 0 500 1000 1500 2000

days after August 3, 2017 (days) days after August 3, 2017 (days)
28500F  detector 3[1-6]keV | & detector4 [1 - 6] keV
gam 2 Fnd# 5;70 = 7000F ¥2/ndf: 78. Jmo
= ?:6500;_ [p ,=0.235]
£ 5000
¢ 5
'-“5500;
5000F
g 4500F
S0005-——+36~{000" 1500 2000 0500 {000 1500 2000
days after August 3, 2017 (days) days after August 3, 2017 (days)
2 detector 6 [1- 6] keV | 2 detector 7 [1 - 6] keV
S 6000 2;nd|1 9/70 | 8°°00 zxndn1 2/70
b= [p, -0 408] | 8 lp, -D 948]

500 1000 1500 2000
days after August 3, 2017 (days)

{500 2000 0
(days)

1000"

0500
days after August 3, 2017

I. Coarasa, IDM 2024 — Parallel session, LAquila (Italy), 09/07/2024

Mod hyp y%/ndf: 699.53/638 [p _=0.046]
= (0.0007 + 0.0025) (cpd/kg/keV)

2™ % detector 2 18] ke
g x2Indf: 86.66/70
3 5500¢ [p_=0.086]
— C val
25000
: 8
W 45008
4000F
35005——36~000"1500""2000
days after August 3, 2017 (days)
2 o detector 5 [1 - 6] keV
S 7500 Bhat 711870
& 7000E [p =0438]
- E val
£6500F
5600
5500F
5000E
0~ "500 {000 1500 2000
days after August 3, 2017 (days)
~5000
2 detector 8?“ 6] keV
5 x4nd 270
f3450 [p —0 089]

[¥%]
&
=]
=
T T T T T [T TT T [TT

3000 PRI TR T T T T T N T T T T N Iiu
0 500 1000 1500 2000
days after August 3, 2017 (days)

Null hyp x%/ndf: 723.68/639 [p,_=0.011]

[2-6] keV: 4.10

Mod hyp x%ndf: 722.17/638 [p_=0.011]

S, = (0.0030 £ 0.0025) (cpd/kg/keV)
® w "0 4400F
2 detectch 2-6]keV | Zgp00r detector1[2-6]keV | & " F detector2 2 - 6] keV
F8000 T[ 870 380008 x%fnd}: 74.27/70 | 4200 rI e
5?5(][) p ‘O 26] %7500;— [pm|=0.341] %4000:— ‘0 22]
27000F 58000
5 65004
6000
5500F
| BO0OE S
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)
—~ ~5500 ~
2 detectorST[2 BlkeV | & F detector4}2-6 keV | £5200- detector 5[2 - 6] keV
<5500 0!70 > 000k ¥%ndf: 79.59/70 | =5000¢ ¥2Indf; 100.49/70
3 b, —o g 000 [p,=0.203] | 84800 [p,=0.010]
:—ﬁ %4500 £
4 g o g
- ™ 4000f 3
3500 3
0"~~500 {000 500 2000 0" ~~7500 {000 500 2000 6500~go01500"2000
days after August 3, 2017 (days) days after August 3, 2017 (days) days after August 3, 2017 (days)
248005 getector 6 keV | 2M00F  Getector 7[2-6]keV | Zasol  detector 8 keV
54600 5’m r[ 3/70 | <4200 9 |164 1]5;70 S 5’m rI 5/70
S4400 [0, -o 293] | S4000 [p,=0.675] | 8% [, -0 022]

0~~500~"oo01500" 2000
days after August 3, 2017 (days)

5002000
days after August 3, 2017 (days)

0500~ fo00"

(1) N N T T i
050000 15002000
days after August 3, 2017 (days)

(\)e)

“?’74\]

< IVP>Z2—<—I"mMITU

18

b’



Annual modulation results with 6 years
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Next steps

New parallel DAQ system in ANAIS—112

To better understand (and eventually remove) anomalous events
appearing at low energy with asymmetric light-sharing

- Extending the digitization window from 1.25 to 8 us and free of
dead time (ANOD, Anais NO Dead time)

* ANOD is working smoothly since winter 2023 (CAEN DT5730, 8
channels)

* By now, only 4 crystals (8 PMTs) are readout, but very promising
results! We have acquired a VX2730 CAEN card (32 channels,
14 bit, 500 MS/s, memory 83 MS/ch) that will allow to digitize the
9 detectors + blank module (delivery expected this summer)

Improving the background model

Understanding the background evolution is essential for the modulation fit

« Using the full non-blinded information [9 detectors, >6 years]
« Adding full PMT description + surface components

1 2
log(u [us])

Scintillation +
asym. events <2 keV

ANAIS+

Scintillation || Asym. events

Clear separation
in the mean time!

Replacing the PMTs by SiPMs (at low T)

See ). Apilluelo’s talk Cq\P/\ En:v:rds:i;;:rra:ggc:zay

* Multiparametric fit to the different components present in the bkg model
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Summary and outlook

« ANAIS—112 is leading the international efforts in the independent test of the DAMA/LIBRA signal, working properly
after 7 years of data-taking

« 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 (30) in [1-6] keV ([2-6] keV), for a sensitivity of 4.20 (4.10) at [1-6] keV ([2-6] keV)

* 50 sensitivity in late 2025

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

* New parallel DAQ in ANAIS working since winter 2023 for 4 crystals. Promising results for improving PSD event
selection. 9 crystals + blank this summer

 Plan to improve our background model with the accumulated exposure

« ANAIS—112/COSINE—100 working to combine results. Preliminary results in S. Hollick’s talk at 15:20 (Parallel 1)

- 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
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https://www.origins-cluster.de/odsl/dark-matter-data-center/available-datasets/anais
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Annual modulation results with 5 years

Null hyp y2ndf: 558.21/531 [p_=0.200]
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Mod hyp y?/ndf: 557.96/530 [p,_=0.194]
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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
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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 P
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