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Projected sensitivity: 30 in 5 years data-taking
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https://gifna.unizar.es/anais/

Light yield & low energy calibration

*Detectors equipped with a Mylar window

«Calibration with 199Cd sources (11.9 keV, 22.6 keV and 88.0
keV) every two weeks for gain correction

Calibration in the ROI [1-6 keV] with internal bulk contaminants
??Na (0.9 keV) and 4%K (3.2 keV) (whole statistics)
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EPIC (2019) 79:228

Event selection, background and efficiency
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Pulse shape cut to select pulses with Nal(Tl)
scintillation constant (biparametric)

Scintillation (bulk) light
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Data-taking overview

Exposure (kg x y)
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Modulation results

ANAIS-112 modulation results:

* 1.5y: Phys. Rev. Lett. 123, 031301 (2019)
* 2y: J. Phys. Conf. Ser. 1468, 012014 (2020)
*3y: Phys. Rev. D 103, 102005 (2021)
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ANAIS-112 3-years data public

Thanks to the support of the Dark Matter Data Center, funded by the ORIGINS excellence cluster, ANAIS-112 3-years data is
freely available for downloading

https://www.origins-cluster.de/odsl/dark-matter-data-center/available-datasets/anais

ANAIS-112 Three Year

ORIGINS

Excellence Cluster Forschung Aktuelles ORIGINS furalle  Infrastruktur ~ Uber uns Detector Module ANAIS-112
Material Nal(Tl)
3 x 3 Array of Nal(Tl) scintillating crystals D0-D8 using two Photo Multiplier
Technology T )
Tubes (PMTs) each to detect scintillation light signal.
Fiducial Mass 12.5 Kg each. Total 112.5 Kg
1013.83 days
Total Live Time **Sec Il of PhysRevD.103.102005 misquotes this as 1018.6 days. The last bin, bin

THE DARK MATTER DATA CENTER DMDC Team 111, live time: 4.74 days, was not considered for the analysis in this publication.)

Heerak Banerjee (TUM) Threshold 1keV (Electron equivalent energy. All energies are in keVee, aliased by keV)
Postdoc (DMDC)

The ANAIS Experiment

ANAIS is an experiment developed by the Nuclear and
Astroparticle Physics group of the University of Zaragoza which
pursues this elusive dark matter detection by looking at the
annual modulation of the expected interaction rates in a target of
sodium iodide, material which produces small scintillations when

a particle interacts and deposits some energy. This modulation is a . . .
A T ANAIS provides a JuPyter Notebook with examples of how to plot the data in these datasets and to

oN-1 ) X .
Sun which changes periodically the relative velocity of the ' run the RooFit macro for fitting the data.

incoming Dark Matter particles to the detector and, because of Dr. Nahuel Ferreiro lachellini (MPP) Launch a Binder session With the notebook preloaded:
that, the energy deposited. DAMA-LIBRA experiment at Gran Sasso Postdoc and ODSL Fellow

Underground Laboratory has reported the presence of modulation
in its data with a high statistical significance; ANAIS could
confirm it and help to understand the different systematics
involved % Details

Acceptance Region | 1-6 keV and 2-6 keV

@ heerak banerjee(atitum.de

Average Resolution | o =(-0.008 +0.001) + (0.378 £ 0.002)x VE(keV)

I Details

@ ferreirolat)mpp.mpg.de

Download full repository as tar.gz: & GitLab

If you use this dataset, please cite:
PhysRevD.103.102005
arXiv:2103.01175 [astro-ph.IM]


https://www.origins-cluster.de/odsl/dark-matter-data-center/available-datasets/anais

Improving ANAIS-112 sensitivity

“Improving ANAIS-112 sensitivity to DAMA/LIBRA signal with machine learning techniques”, I. Coarasa et al, JCAP11(2022)048

Improve the “bulk scintillation” event selection with machine learning techniques

j ’ 15 discrimination parameters combined in a boosted decision tree
Light in the PMT (instead of the 4 parameters used in the standard analysis)

(asymmetric light-sharing)

Scintillation (bulk) light
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Training populations

JCAP11(2022)048
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SIGNAL EVENTS: Neutron calibrations

Six calibration runs since April 2021 using 2>2Cf neutron
source at different positions in the ANAIS-112 set-up
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Since 2018 a BLANK module (similar to ANAIS-112 modules,
but without Nal(Tl) crystal) is taking data with the same
DAQ, but in an independent shielding close to ANAIS-112
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Event selection with BDT
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JCAP11(2022)048
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Event selection with BDT

JCAP11(2022)048
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Annual modulation with new analysis

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. 10 days bins. ChiSquare minimization: y? = Y (n; — ui)z/aiz

where the expected number of events u; for detector d in time bin i is given by:

Hig = |Roa(1 + fadbicya(t) + Smcos(w(t; — to)) |MgAEAL

12



Annual modulation with new analysis

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. 10 days bins. ChiSquare minimization: y? = Y (n; — ui)z/aiz

where the expected number of events u; for detector d in time bin i is given by:

\ \\A Modulation signal

-

Constant background Decayig background, modeled by MC (fixed period and phase)
(long-lived isotopes S 6
and residual noise) L 555 elkev  MC bkg model —

Y 4‘2 for every detector | o

'-fg. 4 EE 19 Free parameters: R, 4, fa, Sm

8 3 D5

S< 15 =

< 3 1000 2000 3000

\_ days after August 3, 2017 (days) )




Improved 3-years results [1-6] keV

Null hyp %2/ndf: 1075.81/972 [pval=0.01 1] Mod hyp x?/ndf: 1075.15/971 [pva|=0.01 1]

S, = (-0.0034 + 0.0042) (cpd/kg/keV)
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A}

Mod hyp y2/ndf: 992.99/971 [p _=0.305]

S,, = (-0.0033 + 0.0037) (cpd/kg/keV)
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Improved 3-years results [1-6] keV

PRD 103, 102005 (2021)

Null hyp %2/ndf: 1075.81/972 [pval=0.01 1] Mod hyp x?/ndf: 1075.15/971 [pva|=0.01 1]

S, = (-0.0034 + 0.0042) (cpd/kg/keV)

detector 2 [1 - 6] keV

4000 detector 0 [1 - 6} keV | w4000 detector 1 [1 - 61] keV lector 2 71 /107
n
[P,

x2/ndf: 107. 6

/107 | §20
.000]

/107 F3800 x%/ndf: 1 27

[p, =0

0 200 400 600 800 1000
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[p,=0.612] [p,,=0.727] [p,,=0-011]
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3-years annual modulation with BDT cut

2017 2019 2021 2023 2025 2027 0.02
I
Pl = - | —=— DAMA/LIBRA result
T fe2 0.01 0 o
L ) ~
% 0.005 —o— ANAIS-112 best fit
= 0 10 sensitivity
..g 0005 exposure 3.0y
- S S—TY S 20 sensitivity
real time (yr) 8 _0.01 exposure 3.0y
2017 2019 2021 2023 2025 2027 \_é o 0 o 30 SenSiti\gtB{
F ey N exposure 3.0y
6 -0.02
e
i [1,6]keV [2,6] keV

best fit modulation amplitudes compatible with zero at ~1c
Best fit incompatible with DAMA/LIBRA at 3.9 (2.8) o for [1-6] ([2-6]) keV

Sensitivity with 3 years data: 2.90 for [1-6] & [2-6] keV
s 0 50 sensitivity at reach in late 2025

real time (yr) 16




o [ 3 ;
NR Quenching factor ANAIS vs DAMA | ¥
‘B )y B oo -2

Phys. Lett. B 389 (1996) 757-766 Measurements @ TUNL (Duke Univ.)
o 5 different Nal(Tl) crystals (ANAIS & Yale group of COSINE)

252 i i 250000 | .
— ;: 200000 - . - = 1 ; o i Collimated, quasi—monoen’lergeti( neutron beam
ER Edet/QF E L1~ e ‘ ,‘;
o L acking detectors |
ic. B 150000 /
HypOtheSIS‘ ConStant QF _E § H“ ~500-nm LiF layer on 0.25-mm aluminum ‘ ;"
Spectrum fitted to: é 100000: 2.3—MeVp\rotonbeam F‘f
Edet Edet 50000 & -, %
Y (Edet) = anaOna(—) + a1Gi(—) JN
a q1 0 r e HDPE collimator ’
- . / Central scatterer / detector under investigation
GX(ER) = exp(al’XE% + aZ‘XEQR + a3‘XER EkeV) Close-geometry backing detector
" Joo, etal. Astrop. Phys. 108 (2019) 50 . . DAI\”{A . ‘ ‘ ADAMA
50 [ o Spooner 1994 « Collar 2013 (Na) — 30: QNa . 305 } QNa“
- , Tovey 1998 4 Collar 2013 (1) X r i XL *
r Gerbier 1999 o Xu2015 T sh PugPs
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e .

Nal non-linearity could explain QF measurements disagreement A’/



[ ] [ J [}
3 y modulation analysis in 1.3 — 4 keV :
Null hyp x2ndf: 968.31/963 [p_=0.446] Mod hyp x?/ndf: 968.16/962 [p,_=0.438] m%;%
S, = (-0.0019 = 0.0050) (cpd/kg/keV) Supposing :

fdetect050 1.3-4.0] keV
n ¥2ndf: 126.50/107
[p,_=0.096]

Events/ ( 10 days )
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DAMA/LIBRA Qy, = 30%
ANAIS Qpq= 20%

DAMA [2 — 6] keV — ANAIS [1.3—4 ] keV

ANAIS 3 years annual modulation fit:

S, =—0.0019 + 0.0050

Considering Na Quenching difference:
* ANAIS compatible with no modulation

* ANAIS best fit incompatible with DAMA @ 2.40

(sensitivity = 20)

~

J
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Outlook & summary

Currently, many efforts trying to provide an independent confirmation of DAMA/LIBRA signal with the same target.

ANAIS-112: is taking data in stable condition @ LSC since 3"¥ August 2017 with excellent performances. Up to now it
has accumulated more than 600 kgXy exposure.

3-years annual modulation analysis (PRD 103, 102005 (2021)) public for downloading at
https://www.origins-cluster.de/odsl/dark-matter-data-center/available-datasets/anais

Sensitivity improved with machine learning techniques. ANAIS-112 observes no modulation and discards
DAMA/LIBRA DM interpretation with ~3 0 sensitivity in [1-6] keV ([2-6] keV).

For the first time, a direct test (i.e. model independent) of DAMA is at reach with >30 sensitivity. 50 sensitivity in late
2025.

Analysis including possible quenching factor difference on Nal crystals ongoing. Results soon.
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