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The ANAIS experiment

ANAIS

Annual modulation with Nal Scintillators

4

112.5 kg of ultrapure
Nal(Tl) detectors in a
3 X 3 matrix
configuration at LSC

Confirming DAMA/LIBRA modulation signal:

Experimental requirements:

= Same target and technique -
= Different experimental approach - Energy threshold < 2 keVee
= Different environmental conditions affecting systematics - Background near the threshold at or

below a few counts/(keV kg day)

RENATA meeting - VIl CPAN days, 28 - 30 November 2016, Zaragoza, Spain P. Villar



The ANAIS experiment

222>22>22>>>

ANAIS-37 | A

SRR Alpha Spectra Inc. "" ﬂig
ANAIS-0 (\
9.6 kg Saint-Gobain ~‘- \

i

Nal-32 ANAIS-25 ANAIS-112

10.7 kg BICRON 2x12.5 kg
Alpha Spectra Inc. 9O x 12.5 Alpha Spectra Inc.
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ANAIS detectors

Manufacturer: Alpha Spectra Inc. CO (USA) from Nal selected powder

Characteristics:

= 4.75” ¢ x11.75” length cylindrical shape

= OFHC copper encapsulation+ Teflon
diffusor

= Mylar window for low energy calibration

= Two optical windows for PMTs coupling

+ PMTs: Ham12669SEL2 with high quantum
efficiency (>33%) and low dark current

NO LIGHT GUIDES mmm) Increase light collection
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ANAIS experimental features

Monitor environmental parameters: Individual PMT signals digitized

(External Rn air content, humidity, temperature 2GS/ s with high resolution (14 bits)
(inside/outside/electronics), pressure, N2 flux, PMT .

HV, gain, trigger rate and level, coincidence window...

Muon-tagging system > Robust algorithm for peak

| identification at low energy

Radon-free Electronics: Air conditioned room
low energy calibration system to avoid temperature fluctuations
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Alpha Spectra Inc. detectors for ANAIS

" ANAIS-25 set-up

D3 module: WIMPScint-1ll powder
| Improved powder purification to reduce
Potassium (March 2016)

DO / D1 modules: First AS modules grown
with purified Nal powder < 90ppb (Dec 2012)

ANAIS-37 set-up
(DO+D3+D2)

ANAIS-37 set-up

(D0+D2+D1) D4 / D5 modules: : _""

WIMPScint-11l powder |

‘ , — _" Checking/ confirming : -9
D2 module: WIMPScint-1l1 powder radiopurity protocols @ AS | "W
Improved protocols to reduce 21°Pb (March 2015) (just arrived at LSC)

b
CETE
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Alpha Spectra Inc. detectors for ANAIS

Excellent Duty Cycle at different ANAIS set-ups and runs === Very important for annual modulation analysis

80
70

80 Long calibration runs

ANAIS veto
50 Maintenance installation
40 works LSC

30 |:| Down time
20 |_| Dead time

10 D Live time

0 02/07/14 01/09/14 01/11/14 31M12/14 02/03/15
System Time

Live time (95.2 %)

ANAIS-25-11I

| Down Time (4.0 %)
Dead Time (0.8 %)

80
70
60

1*:1.:%_‘::?

40— Electric failure at
30| [ Down time ANAIS electronics
20 ] Dead time

10 _ Live time

30/03/16 29/04/16 29/05/16 28/06/16
System Time

Live time {33.3 %

T = |Down Time (4.1 %)

ANAIS-37-B

-/ Dead Time (2.8 %)
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Light collection

!EX T gl === G00d energy resolution and threshold
in Alpha Spectra Inc. detectors

in all set-ups : Light collected
p Detector Set-up (phe/keV) at 22 keV

ANAIS25 15.6 +0.2
DO ANAIS37 15.3+0.1
ANAIS37 15.1+0.1

ANAIS25 (*) 12.6+0.1

i ANAIS-25 PMT R12669
| —@— ANAIS-25 PMT R11065
——@—=previous ANAIS prototypes :
. orev ANAIS prototypes + light guide - " A N
DAMA/LIBRA :

ANAIS25 15.2+0.1
ANAIS37 14.4+0.1

ANAIS37 15.4+0.1

60 80 100 120
Energy (keV)

ANAIS37 15.2+0.5

(*)PMT: Ham R11065
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Energy threshold

Triggering below 1 keV with high efficiency

mm) Determined by coincidences between high energy gammas and low energy
events in due to 22Na and *°K decays in the bulk of adjacent modules

coin with 1274 keV coin with 1461 keV

- coin with 1274 keV

- Triggered events coin with 1274 keV )
| 1499{ keV
\

Counts/bin
Counts/bin
Q

-—
o
[#]

0 1000 2000 g 0 3000
Area

Physical events rp———— - ey
mm) But difficult to =
disentangle from PMT-origin events [Evp—— B 20 L paet
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Calibration

. — : internal emissions (from *°K and 22Na in the bulk
Linear calibration down to 0.9 keV using <'“ emalien Supnsiill K and Siain the bulk)

external sources at low energy (1°°Cd)

DOevents
: 109¢qd

Counts/bin

5000 10000 15000 20000 25000 30000

=
o
—
%)
a
c
>
o
(@)

oo

2000 4000 6000 8000 10000 12000 S5 C’g
area Residua

500 1000 1500 2000 2500 3000
area

RENATA meeting - VIl CPAN days, 28 - 30 November 2016, Zaragoza, Spain P. Villar



Event selection

MULTIPARAMETRIC CUTS required for data selection down to 1 keVee:

-Number of peaks in the pulse (>2 per PMT)
-Temporal parameters of the total light pulse
-Asymmetry in the light sharing

Acceptance efficiency estimate

- Coincidence with a signal in the muon veto
- Time difference with previous event
- Quality cut on baseline calculation

Live Time Estimate

- Coincidence among modules Robust acceptance efficiency Estimate
(during 199Cd/5"Co calibrations)

Acceptance efficiency after cuts

Energy (keV)

RENATA meeting - VIl CPAN days, 28 - 30 November 2016, Zaragoza, Spain P. Villar



Outline

= The ANAIS experiment

= Detectors performance

= Background evaluation

= ANAIS-112: Status & prospects
= Summary and conclusions

RENATA meeting - VIl CPAN days, 28 - 30 November 2016, Zaragoza, Spain P. Villar



Internal contaminations
[ ek o oo | oem
1.4 mBq/kg 5 uBg/kg (#2°Rn-21°Po)
m 3 Ba/kg (781-Po)

1(3142%/:)3 9 uBq/kg 3.15 mBqg/kg 4 uBq/kg (?2°Rn-216po)
1.1 mBqg/kg 2.7 ~1 uBqg/kg (#*°Rn-216po)

(34 ppb K) uBa/kg 0.70 mBa/ke ~1 uBq/kg (**Bi-Po)
0.6 mBg/kg ~0,6 uBqg/kg (*°°Rn-%1°po)

(19 ppbK) | ~4HBA/ke | ~1.8mBa/kg ~0,6 uBq/kg (212Bi-Po)

» Very good levels of 233U & 232Th

» Acceptable levels of 4°K (improved in last module to the DAMA upper limit)
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Internal contaminations

210pp

3.15 mBqg/kg

5 uBg/kg (#2°Rn-21°Po)
3 uBg/kg (?1?Bi-Po)

3.15 mBqg/kg

4 uBq/kg (?2°Rn-216po)

0.70 mBq/kg

e

. mBaq/kg

» Acceptable levels of 4°K (improved in last module to the [

* Very good levels of 233U & 232Th
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~1 uBq/kg (??°Rn-216po)

ia KB FSORE S

2.0
1.84
1.6+

Alpha Rate (mBgykg)

1.4 -
1.2
1.0
0.8
0.6
0.4
0.2

0.0

0 100 200 300 400 500 600
Days (since 12" March 2015)
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The 21°Pb problem

210pp contamination is a problem at low energy mss) oOrigin of the 21%Pb contamination is under
study in collaboration with Alpha Spectra

— 1 kg crystals tests at LSC

©
x~
3
a8}
£
2
]
o
©
=
Q.
<

' 0 100 200 300 400 500 600 700 800 980 10001100
Days (since 12" March 2015)

Two of the samples measured by now are below 0.7 mBq/kg
(D2 level)
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Background in the Rol

Background at low energy is dominated by 21°Pb (continuum) and %°K (peak) contaminations in
the crystal

Cosmogenics still

D2 - ANAIS37 decaying in D3
— D0 - A37D3 - last 60 days
—— D3 - A37D3 - last 60 days

counts/keV/kg/day

\

Working to improve filtering
protocols below 2 keV

100
Energy (keV)
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Background in the Rol

DO Detector D2 Detector D3 Detector

sim sim im .
sim with cosmogenics sim with cosmogenics | | sim with cosmogenics
—— hypothesis 1 —— hypothesis f —— hypothesis
—— data DO i ] data D2

counts / keV / kg / day
counts / keV / kg / day

8 10 12 14 16 8 10 12 14 16 2 8 10 12 14 16 18 20
Energy (keV) Energy (keV) Energy (keV)

DO & D2: Continuum excess at low energy can be explained by including *H and %1°Pb at a surface depth from 10 -
100 um
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Background in the Rol

DO Detector D2 Detector D3 Detector

sim sim sim .
sim with cosmogenics sim with cosmogenics sim with cosmogenics
—— hypothesis 1 —— hypothesis f | —— hypothesis
—— data DO ) data D2 | o _ —— data D3

= )
3 ©
- -

=]
2 £
— -
> >
[V} [}]
"4 X
- -
n 0
= =

=]
8 3

Energy (keV)

D3: Under construction
DO & D2 model preliminarily extended to D3

EOther external

1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+D1

background at 1-6 keV (c/kg/d)
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DO Detector

sim

sim with cosmogenics
— hypothesis
—— data DO

counts / keV / kg / day

8 10 12
Energy (keV)

D0 & D2: Continuum excess at lo
100 um

40,

B Crystal "K
.Cryslal'll'pb (bulk)
1Crystal®"Pb (sur.)
ECrystal ‘H
ECrystal “Na

@ Crystal cosmog.
OCrystal “u
ClCrystal ““Th
DCrystal ™I
COPMTs

Other external

1.E-04 1.E-03 1.E-02 1

background at 1-

Background in the Rol
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Abstract A large effort has been carried out to charac-
terize the background of sodium iodide crystals within the
Annual modulation with Nal Scintillators {ANAIS) project.
In this paper, the background models developed for three
12.5 kg Na(Tl) scintillators produced by Alpha Spectra Inc.
and operated at the Canfranc Underground Laboratory are
presented together with an evaluation of the background
prospects for the full experiment. Measured spectra from
threshold to high energy in different conditions are well
described by the models based on quantified activities. At the

n of interest, erystal bulk contami o is the dominant
background source. Contributions from 2'%Ph, **K. **Na and
3H are the most relevant. Those from 7K and 22Na could be
efficiently suppressed thanks to anticoincidence operation in
a crystals matrix or inside a liquid scintillator veto (LSV),
while that from >'"Pb has been reduced by improving crystal
production methods and *H production could be reduced by
shieldir inst cosmic rays during production. Assuming
the activities of the last characterized detector, for nine crys-
tals with a total mass of 112. he expected background
rate is 2.5 countsfikeV kg day) in the w from 1 o 4 keV,
which could be reduced at 1.4 counts/(keV kg day) by using
a LSV

1 Introduction
Sodium iodide crystals doped with Tl have been widely
used as radiation detectors and, in particular, they have been

applied in the direct search of galactic dark matter parti-
cles for along time [1-5]. Among the several experimental

4 g-mail: scebrian@unizares

approaches using Nal{Tl) detectors, DAMA/ LIBRA is the
most relevant, having reported the observation of a modula-
tion compatible with that expected for galactic halo WIMPs
with a large statistical significance [6]. Results obtained with
other target materials and detection techniques (like those
from CDMS [7], CRESST [8]. EDELWEISS [9], KIMS [10],
LUX [11], PICO [12] or XENON [13] collaborations) have
been ruling out for years the most plausible compatibility
scenarios. The Annual modulation with Nal Scintillators
(ANALIS) project [14] is intended to search for dark matter
annual modulation with ultrapure Nal{Tl) scintillators at the
Canfranc Underground Laboratory (LSC) in Spain. The aim
is to provide a model-independent confirmation of the annual
maodulation positive signal reported by DAMA/LIERA using
the same ta and technique, but different experimental
conditions affecting systematics. Projects like DM-Ice [15],
KIMS [16] and SABRE [17] sage the use of large
masses of Nal(T1) for dark matter searches.
ANAIS aims at the study of the annual modulatios
using a Nal(T1) mass of 112.5 kg at the LSC. To confirm the
DAMAJLIBRA results, ANAIS detectors should be compa-
rable to those of DAMA/LIBRA in terms of energy thresh-
old and radivactive background: energy threshold lower than
2 keVee! and background at 1-2 countsf(keV kg day) in the
region of interest (Rol) below 6 keVee. Several protortypes
have been developed and operated at LSC using BICRON
and Saint-Gobain crystals: all of them were disregarded due
o an unacceptable K content in the crystal at the level of hun-
dreds of pph. Among them, the so-called ANAIS-0 detector
[18-21]. a 9.6 kg Saint-Gobain crystal similar to those of
DAMA experiment, has to be highlighted because its suc-

! Electron equivalent energy.

&) Springer
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counts / keV / kg / day

8

T
10 12 14

T

Energy (keV)

16

210pp at a surface depth from 10 -
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D4 & D5 arrived atLSC! °

Nov 14th : Start data-taking for background assesment

ANAIS-112 status

D4 — same ingot as D3
D5 — same ingot as AS2K2/3

D6, D7, D8 ¢

//’f;
SoK2/3 ingot
;(ourchasmg /mmedlatel

210pp |

- production: 6/8 weekKs

- production: 6/8 weews

- transport: 4 weeks

T~ eransport: % weeks
-
-
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ANAIS-112 sensitivity

window: 1-6 keVee, 90% CL 90% successful exp
— 112 kg x5y
A\ | =——250kgx5y

* 1-6 keVee region
e D2 background level

e bHyears data taking

« Detection limit at 90% C.L. for a critical limit at 90% C.L
10° 10°
Wimp mass (GeV)

According to S. Cebrian et al., Astroparticle Physics 14,2001, 339
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+ Liquid Scintillator Veto simulation

A Liquid Scintillator Veto (LSV) could be incorporated to ANAIS-112 in a second phase of
the experiment

LSVc RF.(%)%*K R.F.(%)?Na  RF.(%) AT
3.8 t LAB scintillator from crystals  from crystals PMTs o
3x3 modules 69.0 62.4 62.3 83.7
3x3 modules + LSVb
(500 keV threshold) 90.5 11.0 311 61.3
3x3 modules + LSVb 14.5 3.7 7.3 56.6
3x3 modules + LSVc
(500 keV threshold) 15.5 .7 : 59.1
LSVb
1.7 t LAB scintillator el LTI EIET 11.9 1.2
(fits in present
experimental setup)
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Summary and conclusions

ANAIS experimental proposal:

e 112.5 kg (3x3 crystals matrix) of Nal(Tl) at LSC:
- 6 modules available at LSC (75 kg) /waiting for 3 more with improved radiopurity

- Blind Analysis Strategy

e Good quality Nal(Tl) detectors from Alpha Spectra: Good sensitivity prospects for
- Qutstanding light collection exploring the DAMA/LIBRA
- Triggering at 1 keVee signal in a model independent
- Potassium content at 20ppb level way:
- 210pp required level to be confirmed with D5 DISCOVERY POTENTIAL

 Shielding, DAQ system and software ready at LSC - Hall B
e Expected to start data-taking by the beginning of March 2017
* Neutron calibrations and REF measurements pending
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Summary and conclusions

Thank you
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