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Abstract

The ANAIS (Annual Modulation with NaI(Tl) Scintillators) experiment aims at the confirmation of the DAMA/LIBRA signal
using the same target and technique at the Canfranc Underground Laboratory. 250 kg of ultrapure NaI(Tl) crystals will be used as
a target, divided into 20 modules, each coupled to two photomultipliers. Two NaI(Tl) crystals of 12.5 kg each, grown by Alpha
Spectra from a powder having a potassium level under the limit of our analytical techniques, form the ANAIS-25 set-up. The
background contributions are being carefully studied and preliminary results are presented: their natural potassium content in the
bulk has been quantified, as well as the uranium and thorium radioactive chains presence in the bulk through the discrimination of
the corresponding alpha events by PSA, and due to the fast commissioning, the contribution from cosmogenic activated isotopes
is clearly identified and their decay observed along the first months of data taking. Following the procedures established with
ANAIS-0 and previous prototypes, bulk NaI(Tl) scintillation events selection and light collection efficiency have been also studied
in ANAIS-25.

Keywords: Dark Matter, Annual modulation, Underground Physics, Sodium iodide scintillators

1. Introduction

The ANAIS (Annual modulation with NaI Scintillators)
project is intended to search for dark matter annual modulation
with 250 kg of ultrapure NaI(Tl) scintillators at the Canfranc
Underground Laboratory (LSC) in Spain. The motivation of
the ANAIS experiment is to provide a model-independent con-
firmation of the annual modulation positive signal reported by
the DAMA collaboration [1] using the same target and tech-
nique. Several requisites have to be fulfilled: an energy thresh-
old below 2 keV in electron equivalent energy, a radioactive
background lower than 2 cpd/keV/kg in the lowest energy re-
gion, and very stable working conditions.

The total NaI(Tl) active mass will be divided in 20 modules,
each consisting of a 12.5 kg NaI(Tl) crystal encapsulated in
copper and optically coupled to two photomultipliers (PMTs)
working in coincidence. The shielding foreseen for the experi-
ment will consist of 10 cm of archaeological lead, 20 cm of low
activity lead, 40 cm of neutron moderator, an anti-radon box (to
be continuously flushed with boil-off nitrogen), and an active
muon veto system made up of plastic scintillators designed to
cover top and sides of the whole ANAIS set-up. The hut that
will house the experiment at the hall B of LSC (under 2450
m.w.e.), shielding materials and electronic chain components
are prepared for mounting. Different PMT models have been
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tested in order to choose the best option in terms of light collec-
tion and background. The main challenge is still the achieve-
ment of the required low background, in particular the develop-
ment of crystals having a potassium content at 20 ppb level or
below. Two prototypes of 12.5 kg mass, made by Alpha Spectra
with ultrapure NaI powder are taking data at the LSC since De-
cember 2012 for a general performance and background assess-
ment. We will refer in the following to this set-up as ANAIS-25.

ANAIS-25 preliminary results are compared to those
obtained with the former ANAIS-0 module [2, 3], a
parallelepipedic 9.6 kg NaI(Tl) crystal with a size of
254.0 x 101.6 x 101.6 mm3, produced by Saint-Gobain, that was
encapsulated using ETP copper at University of Zaragoza. The
latter was operated at hall B of LSC from February, 2011 to
December, 2012, inside a shielding consisting of 10 cm archae-
ological lead plus 20 cm low activity lead, all enclosed in a PVC
box tightly closed and continuously flushed with boil-off nitro-
gen. Active vetoes were mounted only on top of the shielding to
reject coincident events in ANAIS-0 module. Data were taken
with different PMTs with and without light guides in order to
characterize and fully understand ANAIS background at low
and high energy, to optimize analysis and calibration methods,
and to test the electronics and acquisition system.

2. ANAIS-25 experimental set-up

The ANAIS-25 set-up is formed by two cylindrical 12.5 kg
NaI(Tl) detectors grown with ultrapure NaI powder (<90 ppb
potassium at 95% CL according to results from HPGe spec-
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trometry analysis carried out at LSC) and built in collabora-
tion with Alpha Spectra [4]. The crystals were encapsulated in
OFHC copper with two synthetic quartz windows allowing the
PMTs coupling in a second step, as it was done with ANAIS-0.
Only white Teflon was used as light diffuser, wrapping the crys-
tal, inside the copper encapsulation. A Mylar window allows to
calibrate at low energy both detectors.

They were shipped by boat from the US and arrived at LSC
in December 2012 and data taking started only a few days
after moving them underground and coupling two PMTs to
each detector in the LSC clean room. Hamamatsu (Ham.)
R12669SEL2 PMTs were used for one crystal (detector 0),
shown in Fig. 1.a, and Ham. R11065SEL PMTs for the other
(detector 1). ANAIS-25 experimental layout can be seen in
Fig. 1.b. It has been operated in very similar experimental con-
ditions than the previous ANAIS-0 prototype [2].

(a)

(b)

Figure 1: (a) Final appearance of ANAIS-25 detector 0 after the coupling of
the Ham. R12669SEL2 PMTs and placement of their copper casings at the
LSC clean room. (b) Schematic drawing of the ANAIS-25 experimental layout
at LSC consisting of 10 cm archaeological lead plus 20 cm low activity lead, all
enclosed in a PVC box continuously flushed with boil-off nitrogen and active
vetoes anti-muons.

3. Background understanding

Main goal of ANAIS-25 set-up was to determine the potas-
sium content of the crystals by the coincidence technique. At
the same time, 238U and 232Th chains isotopes content in the
crystals had to be quantified, as well as total background of the
two modules be assessed.

The potassium content of the ANAIS-25 crystals has been
carefully analyzed using the same technique applied to previ-
ous prototypes. Bulk 40K content is estimated by searching for
the coincidences between 3.2 keV energy deposition in one de-
tector (following EC) and the 1460.8 keV gamma line escaping
from it and being fully absorbed in the other detector. Efficiency
of the coincidence was estimated using Geant4. Good agree-
ment between results derived for both detectors is observed.
We can conclude that ANAIS-25 crystals have a 40K content
of 1.25±0.11 mBq/kg (41.7±3.7 ppb of potassium), one order
of magnitude better than that found in ANAIS-0 crystal (see
Fig. 2). However, the 20 ppb goal has not been achieved and
before ordering the additional 18 modules required to complete
the ANAIS total detector mass, careful analysis of the situation
in collaboration with Alpha Spectra is required.

0 1 2 3 4 5 6
10-3

10-2

10-1

100

101

102
 ANAIS-0
 ANAIS-25 detector 0
 ANAIS-25 detector 1

cp
d/
ke
V
/k
g

Energy (keV)

Figure 2: Low energy spectra in coincidence with 1σ windows around
1461 keV line in the other crystal for ANAIS-0 (black), ANAIS-25 detector 0
(blue), and ANAIS-25 detector 1 (red).

Activities of the different branches in 238U and 232Th chains
could be precisely identified in ANAIS-0 prototype by their al-
pha emissions, discriminated by Pulse Shape Analysis (PSA).
The total alpha rate measured in ANAIS-25 is 3.15 mBq/kg,
much higher than that of ANAIS-0. The 232Th natural chain
seems to be really suppressed in ANAIS-25 crystals, as points
out the very low number of 212Bi-Po coincidences identified.
Hence, we have to attribute such a rate to isotopes from the 238U
chain, probably out of equilibrium, because we do not see the
expected alpha lines structure. The presence of 210Pb events in
the low energy range, confirms the assumption that most of the
alpha events observed could be coming from this part of 238U
chain. More statistics is required in order to properly calibrate
the alpha spectrum and to determine the precise contribution
from each component.

ANAIS-25 detectors started to take data just three days af-
ter going underground. This allowed to observe short-life iso-
topes activated during the stay on surface of all detectors com-
ponents, mainly the NaI crystals. Besides the prompt data tak-
ing starting at LSC, low radioactivity level of the modules and
very good resolution have contributed significantly to that is-
sue. Fig. 3 shows the spectra in the high and low energy regions
corresponding to the difference between first week of data and
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those obtained a week starting 75 days after. Several lines are
clearly attributable to cosmogenic activation in the subtracted
spectra. Main isotopes identified are shown in Table 1. Radon
contamination in the inner shielding cavity was present in the
first weeks of measurements, and some of the lines observed in
Fig. 3 have such origin.
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Figure 3: Difference of the spectra corresponding to the first week ANAIS-25
detector 0 data underground and data taken a week starting 75 days later. (a) In
the low energy region, emissions from 125I (35.5 keV plus emissions following
L and K electron capture in Te) at 40.4 and 67.3 keV, 127mTe at 88.3 keV and
125mTe at 144.8 keV have been identified, while peaks around 4-5 keV and 30-
32 keV are compatible with emissions following L and K electron capture in
Te/I isotopes. (b) In the high energy range, emissions from 123mTe at 247.6 keV,
121mTe at 294.0 keV, 121Te at 507.6 and 573.1 keV and 126I at 666.0 keV have
been identified.

The same simulation code developed for ANAIS-0 [2] has
been extended to the ANAIS-25 set-up by modifying accord-
ingly the geometry. For the moment, only NaI bulk crys-
tal contaminations have been taken into account and no sim-
ulation of the cosmogenically produced isotopes has been at-
tempted. In Fig. 4 the contribution to the background derived
from the simulation for 1.25 mBq/kg of 40K, 3.15 mBq/kg of
210Pb (corresponding to the total alpha rate), and 0.94 mBq/kg
of 129I (the same specific activity used for ANAIS-0 in the
background model presented in [2]) homogeneously distributed
in the NaI(Tl) crystal are shown together with the low energy
background spectra of ANAIS-25 detectors in the first months
of measurement. It can be concluded that main features of the
low energy background can be explained by a 210Pb contamina-
tion in the bulk.

Isotope Lifetime Decay Main emissions

days keV
125I 59.4 EC 35.5
126I 13.11 EC, β− 666.0
121mTe 154 IT, EC 294.0
121Te 16.8 EC 507.6, 573.1
123mTe 119.7 IT 247.6
125mTe 57.4 IT 144.8
127mTe 109 IT, β− 88.3

Table 1: Main cosmogenic isotopes identified in the first weeks of data with the
ANAIS-25 detectors underground. Their lifetime, decay, and main emission are
shown. Data obtained from [5, 6].
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Figure 4: Total background spectra of ANAIS-25 detector 0 (black) and 1 (blue),
only raw data are shown. Simulated contamination of 1.25 mBq/kg of 40K (red),
3.15 mBq/kg of 210Pb (green), and 0.94 mBq/kg of 129I (violet) are also shown.
Cosmogenic isotopes contributing to the spectra have not been simulated. The
total of the simulated contaminations is shown in orange.

4. Light collection results

Single photoelectron response (S.E.R.) has been obtained by
identifying the last peak in the pulse for the four PMTs. To
study the light collection efficiency of the ANAIS-25 detectors,
the number of photoelectrons per keV (phe./keV) has been esti-
mated from the S.E.R. area distribution and the area distribution
of events corresponding to 22.6 keV line from 109Cd calibration
data. Results for the two detectors, and those obtained with
ANAIS-0 using the same PMTs, are shown in Table 2.

Energy resolution of the ANAIS-25 detectors has been stud-
ied using data from 57Co, 133Ba and 109Cd calibrations. Results
for the FWHM of the ANAIS-25 detectors are shown in Fig. 5,
compared to that of the ANAIS-0 module.

The obtained light collection efficiencies and resolution re-
sults are consistent with the better quantum efficiency of the
Ham. R12669SEL2 PMTs, used in detector 0 from ANAIS-25
set-up, already stated with ANAIS-0 data. Moreover, the light
collection efficiencies of the ANAIS-25 detectors are much bet-
ter than those previously obtained with ANAIS-0. This remark-
able improvement is attributed to the much better optical cou-
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PMT model ANAIS-0 ANAIS-25

phe./keV phe./keV

Ham. R12669SEL2 7.38±0.07 16.13±0.66
Ham. R11065SEL 5.34±0.05 12.58±0.13

Table 2: Light collection efficiencies (phe./keV) for ANAIS-0 and ANAIS-25 de-
tectors, derived from the 22.6 keV line (109Cd calibration). Excellent light col-
lection efficiencies have been determined for ANAIS-25 modules.
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Figure 5: FWHM2 for the different gamma lines measured at LSC in ANAIS-
25 detectors compared with the ANAIS-0 module results when using the same
PMTs.

pling of the new modules and the excellent optical quality of
the NaI(Tl) crystals.

5. Events selection

Rejection of non bulk NaI scintillation events is required to
reduce the effective threshold, because event rate below 10 keV
is dominated by non bulk NaI scintillation events, specially
in detector 0 (see Fig. 4). The events selection protocol for
ANAIS-25 data is not completed yet, but a preliminary filter-
ing procedure has been applied, following that developed for
ANAIS-0. Scarce events with anomalous baseline estimate
have been rejected. As in ANAIS-25 set-up two detectors are
taking data, an anticoincidence cut has been also implemented.
At last, the cut on the peaks number of the event (related to the
number of discrete photoelectrons identified in the pulse) has
been used. For the detector 1 the same criterion as in ANAIS-0
has been followed and events having less than 3 peaks in any
of the PMT signals have been discarded. As detector 0 presents
a higher dark rate, events having less than 5 peaks in any of
the PMTs are rejected. In both detectors this cut implies an ef-
fective analysis threshold below 1 keV, because of the excellent
light collection efficiency of the ANAIS-25 detectors. In Fig. 6
the filtered spectra of both ANAIS-25 detectors are shown.

After the explained and preliminary filtering procedure ap-
plied, both detectors present the same background, pointing at
a negligible contribution of the PMTs to the low energy back-
ground, in spite of their different radioactivity levels [2]. If this
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Figure 6: Low energy spectra of ANAIS-25 detectors after having applied all
the cuts described in text.

point is confirmed after the decay of cosmogenic isotopes, light
guides would be avoided in ANAIS.

Summary

First background data of two new 12.5 kg detectors form-
ing ANAIS-25 have been analyzed, showing a K content of
41.7±3.7 ppb. Cosmogenic activation in NaI is under study:
several short-life isotopes have been clearly identified. After
substantial decay of cosmogenic isotopes, a thorough under-
standing of background contributions is being pursued, in col-
laboration with Alpha Spectra, for a general background assess-
ment of the ANAIS-25 set-up focusing in the 210Pb content. An
excellent light collection has been measured in both ANAIS-25
detectors (12-16 phe./keV). On view of the good results derived
using the Ham. R12669SEL2 PMT model, it has been chosen
to be used in ANAIS and 42 units have been ordered.
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