C A P A Centro de Astroparticulas y
Fisica de Altas Energias
Universidad Zaragoza
oy |
- O Ry

8l LSC
. B34 First direct tegt of DAMA/LIBRA
beyond three sigma

J. Amaré, J. Apilluelo, S. Cebrian, D. Cintas, |. Coarasa, E. Garcia, M. Martinez,
Y. Ortigoza, A. Ortiz de Solérzano, T. Pardo, J. Puimedon, M.L. Sarsa

Lake Louise Winter Institute
(Canada) 18-24 Feb 2024

2-6 keV
DAMAJLIBRA =250 kg (0.87 tonxyr) —>
. = 2 G U
M. Martinez TR TN I
° 4 i | i .
0.1t I L il | iy | i IR I i I I Lo v ‘ [ | [ IS SR H R
3250 3500 3750 4000 4230 4500 4750 5000 5250

Time (day)
M. Martinez, CAPA (U. Zaragoza) Lake Louise Winter Institute (Canada) 18—24 Feb 2024 1



DM annual modulation & DAMA/LIBRA positive signal
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New data point with the 8 a.c. of
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Preliminary results
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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) L
e Large exposure """ """""""" """""""" """""""" L """""""
o Very Stable Operation Conditions _ ............ ............ .......... ............... ............... ................ .............
* Energy threshold: 1 keVee S | e
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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.
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ANAIS-112

e

iss  Universidad

Annual Modulation with Nal Scintillators httos:/gifna.unizares/anais/ | 4t zaragoza

J. Amaré, J. Apilluelo, S. Cebrian, D. Cintas, |. Coarasa, E. Garcia, M. Martinez, M.A. Olivan, Y. /FL:?\' LSC
M
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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 | .
=112.5 kg of active mass | | |~ - a

Al

TwohighQE * ¥ r/@

PMTs per detector

WHERE: At Canfranc Underground

Laboratory, @ SPAIN (under 2450 m.w.e.)

‘VAIS
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taking data since August 2017
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EPIC (2019) 79:228

Event selection, background and efficiency

e Pulse shape cut to select pulses with Nal(Tl)
\\ - scintillation constant (biparametric)
N 600 ns
" Light in the PMT p, = flOD'n.S A(t)dt _ 2Apty
L = —_—

(asymmetric light-sharing)

‘1 —
[ awde T Zdp

We remove asymmetric low-energy events (<2 keVee)
with origin in the PMT (n1> 4, n2>4)

/" EVENT SELECTION EFFICIENCY N (O 5 10 N\
1 < 9 BACKGROUND — ANAIS data
> = — h B
soe o) solid lines: < °1  (corrected by _ANAIS MC
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Data-taking overview
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Days since Aug. 3, 2017

Live time (95.1%)

Down time (2.7%)
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Annual modulation 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™

e Simultaneous fit of the 9 detectors. 10 days bins.

Null hyp x?/ndf: 1075.81/972 [p,_=0.011] Mod hyp x*/ndf: 1075.15/971 [p,_=0.011]

S, = (-0.0034 £ 0.0042) (cpd/kg/keV)

[1-6] keV detegtor 0 [1-6] ke | 90%0F  detector 1 [1 6] ke Zoot detector 2 [1 6] ke
83800 ¥2/ndf: 107.61/107 | &as00 ¥2/ndf: 162.71/107 %2100 %2/ndf: 107.14/107
2 5500 [P,,=0465] | = q600 [p,,=0.000] | =21 [p, =0.478]
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2800
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¥%ndf: 97.76/107 | Ez600 x2/ndf: 1434 /107
[p,,=0727] | ¢ [p,,=0.011]
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Fit each detector bkg to: )
Roa + Ra®bicga(t)) + Smcos(w(t; — to))

q,‘)bkg 4. Decaying background, modeled by MC

S modulation amplitude )

PRD 103, 102005 (2021)

Null hyp x%/ndf: 1018.19/972 [p,_=0.148]

Mod hyp x%/ndf: 1018.18/971 [pva|=0.143]
S, = (0.0003 + 0.0037) (cpd/kg/keV)
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detector 1 [2- 6] keV | = detector2 2-6
131 TaADy | 81500 gt 4/107

0 200 400 600 800 1000 0 200 400 600 800 1000
days after August 3, 2017 (days)

days after August 3, 2017 (days)

2 detector 3[2 - B] keV | 21900
§1900 x¥/ndf: 1 90 /107 g

detector 4

’9 6] keV detectorS - 6] keV
%Z/ndf: 98. 5 /107

L . . L L 1100 . . | L L
0 200 400 600 800 1000 0 200 400 600 800 1000
days after August 3, 2017 (days)

days after August 3, 2017 (days)

— 1600
2 detectore 2-6lkeV | 2
g'roo x2ndf: l9 4/107 g1500

detector?[ez Gd/kev o

detector 8 [2 6;/1 oy

2/ndf: 107 | 1300 %2/ndf:
0.360]

0 200 400 600 800 1000 0 200 400 €00 800 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)

Lake Louise Winter Institute (Canada) 18-24 Feb 2024



Annual modulation results

/ANA|5-112 data releases: \ ANAIS-112 3y modulation results:
* 1.5y: Phys. Rev. Lett. 123, 031301 (2019) E S.n (counts/keV/kg/day)
*2y: J. Phys. Conf. Ser. 1468, 012014 (2020) (keV)
* 3y: Phys. Rev. D 103, 102005 (2021) [1-6] -0.0034+0.0042 0.0067+0.0042  0.0105+0.0011
rty 2ny 3¢y 4ty sty ety Ty [2-6]  0.0003+0.0037 0.0050+0.0047  0.0102:+0.0008
" 700F ; \easl"f’% e time 0.02 (* PRD 106, 052005 (2022)
2 00— e da;az f‘;ekw 5 \, \5 o oo (+) PPNP 114, 103810 (2020)
< b e o229 N 8
© 50036 T vg | | | ANAIS—112 =2 - oo —#— COSINE result
> \ 5 Y \5 | Q>
@ 4041 I I | g acecx”p“;:Lart:d £ g 000 —=— DAMA/LIBRA result
£ 00 | o data 9% § ° e ANAIS T2 best ANAIS-112 3y:
C | ‘ K == — c sensitivity . .
200~ | l 3 y) 314 K9 ! ! c_g g: 0005 - exposure 3.0y ~2.50 senS|t|V|ty
: L1 ssetikg g7 o by
100:_ | :l | 0661:651 k3g1><)2(023 S —0.015 3G sensitivity
E L L iu | || |E|\ | ] L @I lc\ O| |e|r L 1, Lo exposure 30}’
0 500 1000 1500 2000 2500 -0.02 6l oV 12.6] KoV
Days since Aug. 3, 2017

o

/ 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
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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

\ \é—’l.“
19

Al
Lightin the PMT
(asymmetric light-sharing)

4 )

SIGNAL EVENTS Neutron calibrations

Scintillation (bulk) light

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

J

TRAINING POPULATIONS
N\

4
-% . 600 0 41 - S A, _— NOISE EVENTS: “Blank” module (No Nal(Tl))
S| 71T S000ns 4 PN A Since 2018 a BLANK module (without Nal(Tl)
& crystal) taking data with the same DAQ
50 IlS he —n he ' ) PMTO

e A(t) _ npheo pheq
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CAP{E Z;S ne A(t) %

2 0e Alt)

z = 50, 100, 200, 300, 400, 500, 600, 700 and 800 ns

-
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Event selection with BDT
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Event selection with BDT
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Improved 3-years results [1-6] keV

PRD 103, 102005 (2021)

Null hyp x2/ndf: 1075.81/972 [pval=0.01 1] Mod hyp

¥E/ndf: 1075.15/971 [p,_=0.011]

S = (-0.0034 + 0.0042) (cpd/kg/keV)
24000 o4 —2300
2 detector 0 [1_- 6} keV | 24000 detector 1 [1 - 61] keV | 2,0,k detector 2 [1 - 6] keV
83800 x2/ndf: 1 76 /107 §3800 x%/ndf: 1 27 107 %2100 x?/ndf: 1 71 /107
[p,,=0.000] | 2 [P,

0 200 400 600 800 1000
days after August 3, 2017 (days)

detector 4 [1 - 6] keV

23000F detector 3 [1-6]keV | 280
S Yv2indf: 97.76/107
[p, =0.727]
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[p, =0.612]

1800

2 detector 5 [1 - 6] keV
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0 200 400 600 800 1000 0 200 400 600 800 1000
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detector 6 [1 - 6] k

detector? 1-6]k
x2/ndf: 1 23 /107 E2100
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[p 0.609]

detector 8 [1 - 6] k
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Null hyp ¥%ndf: 993.78/972 [p_.“:D.SD?]
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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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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) 13
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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 ~ 700 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.

14
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https://www.origins-cluster.de/odsl/dark-matter-data-center/available-datasets/anais

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 ~ 700 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.

C p A Centro de Astroparticulas y

g\/ Fisica de Altas Energias

a w 5 , \ Universidad Zaragoza
e

gifna.unizar.es/anais/
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Backup

M. Martinez, CAPA (U. Zaragoza)
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What is different wrt DAMA/LIBRA

* Gamma shielding: \ / * Gamma shielding: \

>10 cm of OFHC Cu + 15 cm of Pb 3\/ 10 cm of anC'Iel_ntbe J]:IZO fjm C_>fth
* Anti-Rn: Plexiglas box fluxed with N2 gas Ant_l-Rn metallic box tluxed 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 17
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What is different wrt DAMA/LIBRA

Muon veto

N

. Surface Flujou @ LSC
In ANAIS we flag every ol OROVILLE (UsA) =10x Flujo u @ LNGS
muon that cross the shielding _ / 2
g

IMB (dSA}

We set a (configurable) b ‘
. L 102 / / SOUDAN (USA) _
dead-time after every = | %@;} 7 on ‘(’tafﬁaliNG\S‘;&m |
B |  LSC e e
' L ST. GOTHARD (Switzerland) FREJUS (France) \
Muon veto: 16 plastic I~ DAMA/LIBRA has no . | BAKSAN (Russia)  SUDBURY (Canacs)
scintillators k ® muon veto % 1000 2000 4000 5000 6000

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

The underground muon flux is annual-modulated!
6 —

» @ VD “DAMA (24 kdV) * Modulation phase inconsistency

*g 4 i * Muons interacting directly in the detectors do not
5 ol ﬁ% fulfill the DM requisites
é 0 - i % %ﬁ %im% %ﬁg %L *Not enough muon-induced fast neutrons to
g 20 #’ﬁ: % account for the signal
a aer 205.3675 Olﬁlﬁl ot But still some open questions:
" TJ000 1200 1400 1600 1300 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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What is different wrt DAMA/LIBRA

Nal(Tl) scintillating detectors

-

. 25 crystals, 10.2x10.2x25.4 cm3,\
9.7 kg each

Sain Gobain, Kyropoulos method
with a platinum crucible

PMTs phase-1: ETL 9265-B53/FL
and 9302—-A/FL (QE~30%)

PMTs phase-2: Hamamatsu
R6233MOD (QE ~38%)

~

9 cylindrical crystals, 12 cm
¢ x30 cm, 12.5 kg each

» Alpha Spectra (same as

COSINE)

« PMTS: Hamamatsu

R12669SEL2 (QE ~40%)

» Quartz window (no light

\_ » Light guides: 10 cm Suprasil B/ \_ guides) )
/ . . . ; 7— H H \
Superior radiopurity of DAMA/LIBRA crystals wrt ANAIS/COSINE CR S0 - » o ANAIS-12
> B *  COSINE-100
X =
210pp (mBa/k 3B ¥ DAMALIBRAphase- |- | ANAIS: EPJC 79:233, 2019
| «een) | e (maa/ke) [ R It | EET R
DAMA ©aE i DAMA-ph1: NIMA 592 (2008)
(Saint Gobain) = DUIACDE K 297315
2 DAMA-ph2: Nucl. Phys. At.
ANAIS/COSINE 1P e oo Energy, 19:307-325, 2018
/ 18-44 0.7-3 i ?
(Alpha Spectra) T
Energy [keV]

M. Martinez, CAPA (U. Zaragoza)
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What is different wrt DAMA/LIBRA

M

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

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

8 8838 838833340433y 83RIANIAITA

I T I L T T T N e T C I T N TR R CHEN SR R TR TR T

O WU Y O WU ouu oo wuouowoowuoweowouwowououwowuowouuw
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

§<

18
16
1

W first year M fifth year

~

=
N

phe / keV
o

O N B O

Detector number
In ANAIS non proportionality is observed < 25 keV (20%)
~ 17
% F
x o .t
T S oo
- C o year 0
& 14'_,‘ year 1
o =/ year 2
o) 133’- year 3
= F year 4
= 125— year 5
-9 11T L L L Il 1 1 L 1 1 1
- 0 20 40 60

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

-
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80
energy (keV)
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What is different wrt DAMA/LIBRA

Low energy calibration — Rol [1-6 keV]

* Periodical calibrations every ~10 days with} / g\/ *Detectors equipped with a Mylar windh\
241Am source (30.4 keV (composite), 59.5 «Calibration with 19°Cd sources (11.9 keV,
keV). Linear calibration down to threshold 7 22.6 keV and 88.0 keV) every two weeks

for gain correction
e Calibration in the ROI with internal bulk

Source

* Linearity check and corrected @ 3.2 keV
with whole statistics

Guides for
241Am 18000 1 Séskev\ ' 22 40
6000 | (1*Ba) contaminants ““Na (0.9 keV) and *°K (3.2
sources 450 | . .
| L keV) (whole statistics)
350 £ z 12000 a e g 03 I g 03
E 300 F g 10000 :_ 67.3 ke\/ %0-25_ X?/NDF: 42.9 /14 §
E: 250 © 5 g000 [ (1251) ° 22Na i
S 200 = so00 | azp .
150 F 16000 _ \30_4 keV 1 .9 keV 0.15f z.87 b
100 F W eV E
sk 2000 £/ 3 9 keV j 40 )
ok yonel’| | 0 [ AI/ N Ie ) ) ) ‘ ) -> Ar 0.05f osf
0 0001000015000 20000 0 10 20 30 40 SO 60 70 S0 90 2p\a-522Ne k oidees F—— It RETITITY
Eﬂﬂ‘gy (keV) 3.2 i : = i er?ergy?kev;5 i ! i = er?eergys(keav;3

TD channel

S 6 > 1F |
@ i Software energy threshold . Q 16 S . .
B 4L Rate in the Rol E R R Non proportionality < 25 keV
= : E:| year
5 ,F1 32kev 3 ] g (20%)
8 e L 2 185 o Linear calibration in 2 ranges:
ant 0 : L ] | | | I Sl nalie Rl it Seiat i i — 12F : year 5
= e 1-10 keV [ROI]

Energy (keV)

N
-
&
[=+]
—
[=]
ﬁ
OA
N
o
P
o
[¢)]
o

80
energy (keV) ¢ 10-100 keV 1
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What is different wrt DAMA/LIBRA

Event selection & efficiency

_ 1= (X; —X;)
2
—— Background.—

600

ES

400
300
200
100

JINST 7 P03009

(2012)
\_ M. Martinez, CAPA (U. Zaragoza)

efficiency

1.2

0.8

(=]
.
[}

=
=

0.2

X1= Area(from 100 to 600 ns)=Area(from 0 to 600 ns)
X2 = Area(from 0 to 50 ns)=Area(from 0 to 600 ns)

ES > 0.54 (0.60) in 1-3 (3-6) keV

~

O DAMA ph2
A DAMA ph1

L TR B | | T R B
8§ 10 12 14 16 18 20
Energy (keV)

=
g\/

h [oons A(t)dt

C A(n)de

Between 1-2 keV, in
ANAIS-112 there is a
population of asymmetric
events (more light in one
PMT wrt the other)

@

25:

-10f

\ “é”‘ ‘
2

il
Lightin the PMT
(asymmetriclight-sharing)

Scintillation (bulk) light

detector 1 [2 - 6 keV]
a T T
0.9+
0.8

0.7+

2Apty,

041

Sk SURE|
og(u, [us])

Select events
with

n1>4 & n2>4

200 400 600 800 1000 1200

g 0.9E- y ¢/" 11T a
E o.a;— / / o o a
o 0.7

0‘65— /?/ A A

iy
2:‘;?;//

0.2F
0.1

|

-D0
-D1
-D2
-D3

-D5
I-D6
-D7
-D8

Sl Y S N N S B T Y | VA P T S B |
0 2 3 4

5
nergy (ke

\ e V) 1ada) 18-24 Feb 2024 /

6

time (ns)

Continuos lines:
ANAIS eff, from 109Cd
and 22Na/4%K

O DAMA ph2

A DAMA ph1
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-

.

N

DAMA/LIBRA

252Cf calibration
ER — Edet/QF
Hypothesis: constant QF

Spectrum fitted go: £
Y(Eger) = anaGna(==) + a1Gr(—=2)
N q

Gx(Eg) = exp(ay xE} + ay xE% + a3 xEg

Joagoou

250000 Result:
%200000: . QFNa = 30%
£
% 150000 | QF] — 9%
z. IOOOOG_

50000 -,
Fi

of

E(keV)

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

'>=dl ANAIS method 1

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

Collimated, quasi-monoenergetic neutron beam
I
|
|

|
Backing detecturs‘ f ' Scattered neutrons

*

Neutron scattering angle

[
~500-nm LiF layer on 0.25-mm aluminum ‘ [

2.3-MeV proton beam

|

_________________ - for the 5 crystals
HDPE collimator ’ \ . 0-degree monitor ® N Ot i Ce a b I e
rlnm_“nmmmhnr“:‘/nimnﬂm Central scatterer / detector under investigation diffe rences for
;\o\ 35: So0dium —~12 i
o o DAVA POcH S oine | different energy
8 —— calibrations (Nal
E o ; . .
£ ar AL TREALI £y L non-linearity)
[&] = i 4 C —— DAMA (1996) )
g ~o.. | *Lower QF than
G 10 ! n —&— Joo (2018) -
£l Pt Bee Il DAMA/LIBRA
E o Energy (keVnr)
%020 T30 a0 B0 T e0 measurement

Energy (keVnr)

*Similar response

M. Martinez, CAPA (U. Zaragoza)
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NR Quenching factor measurements 2
Ve N v \X‘\:/ Sig?’:crt-lN;;;lkReV
GF(E LnalER/keV/

DAMA/LIBRA

252Cf calibration
Er = Eget/QF
Hypothesis: constant QF

Spectrum fitted %o
Y (Eder) = anaGra( 22 + an Gy (222
qNa q

Gx(Eg) = exp(ay xE} + ay xE% + a3 xEg

Joagoou

250000 |

Result:
62}%V61 = 30%
C?I:} = 9%

200000 [,

150000 |

Number of counts {a.u.)

100000 F

50000 -,
Fi

of

30

E(keV)

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

e
4@% ANAIS method 2

252Cf onsite calibration

Method: Compare calibration data with MC simulation, assuming a

certain QF (energy dependent)

Rate (c’/keV/kg/day)

QOO

—
o
T 1T

@“‘ﬂ

[4h)
o

W

June

single-hits.
data

simulation result using

constant QF =0.21, QF =0.06
simulation result using

energy dependent QFNE(E), QFI=0.06

AVl %

10 20 30 40 50 60 70 80 90 100

energy (keV)

M-

= Cintas(1) 2023

Cintas(2) 2023

Na Quenching factor (%)

December
L | | L L

L L I
20 40 60 80 100 120 140

energy (keVNR)

*\ery sensitive to the QF

*DAMA/LIBRA QF not compatible with
ANAIS data

*Robust agreement with Method 1 (QF
variable with energy favored over
constant QF)

[analysis almost finished. Paper soon]

/
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3 y modulation analysis in 1.3 — 4 keV :

Null hyp y%/ndf: 968.31/963 [p _=0.446]

& Idetector 0[1.3 - 4.0] keV
S2200F  y¥ndf: 126.50/107
2 [p,_=0.096]
w

1400 PRI N (T S [T A T MU ST SRS
0 200 400 600 800 1000
days after August 3, 2017 (days)

1modetector3 1.3-4.0] keV
x /ndf: 110.89/107
[p —0 379]

0"~7300 400 600 800 1000
days after August 3, 2017 (days)

21400 etector § 13- 4.0] kev
1300 y2ndf: 91.75/107
= [, =0.853]

' 200 400 600 800 1000
fﬁg{é’—\ijgtﬁhapi{] tUd?aragoda s after August 3, 2017 (days)

Mf{?lya

w

"o 1500F

Mod hyp y2/ndf: 968.16/962 [p

=0.438]
val

S, = (-0.0019 = 0.0050) (cpd/kg/keV)

1400

o f ~1300
%mo;detectoy 13-40]keV | & detector;[‘l 3-4.0] keV
o [ x/ndf: 117.05/107 | =4200 /ndf: 935 MO?
ook [p,=0-239] | 2 [

@ i

-
days after August 3, 2017 (days)

PR IR I MU SO TR S (N SO S S Y
200 400 600 800 1000

0500 400 600 800 1000
days after August 3, 2017 (days)

jdetector 4 1. ?

OA;‘EE\%

2/ndf:
B 0.316]

1gogdetector5 1.3-4.0] keV
; x /ndf: 107.56/107
[p —0 467]

P ST T [T O N T N S T I
200 400 600 800 1000

PN TR S T S T YT T T T T T T A
0 200 400 600 800 1000

days after August 3, 2017 (days) days after August 3, 2017 (days)
1300 1050
detectoETcE‘lB -40]keV | % detector § [1.3-4.0] keV
1200 y%ndf: 116.62/107 | 51000 ¥Indf: 91.79/107
= 2 950 [p,=0.853]
5
i

&

1000

500 400 600 800

0500 400 600 800 1000
days after August 3, 2017 (days)

WORK

IN PROGRESS

Supposing

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

(sensitivity = 20)

\

* ANAIS best fit incompatible with DAMA @ 2.40

~

J
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