Sapphire, BGO and LiF scintillating bolometers
developed for dark matter experiments
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ROSEBUD (Rare Objects Search with Bolometers UndergrounD) is a collaboration focused on
the development of scintillating bolometers for WIMP (Weakly Interacting Massive Particles)
searches. In this work we present the results of tests performed with three small scintillating
bolometers (50 g sapphire, 46 g BGO and 33 g LiF) used simultaneously in the same set-up and
external background conditions at the Canfranc Underground Laboratory (LSC). Sapphire and
BGO have been studied as possible dark matter targets. We analyze their particle discrimination
capability with special stress in the discrimination between nuclear recoils and β /γ background
events at low energy. Nuclear recoil spectra obtained simultaneously in both detectors are shown
and discussed. The BGO bolometer has also been used as a γ -ray spectrometer (profiting from its
high atomic number content) to analyze and control external β /γ background in the experiment.
LiF scintillating bolometers could be applied through the 6 Li (n,α ) reaction to monitor neutron
flux inside the experimental set-up.

Identification of dark matter 2008
August 18-22, 2008
Stockholm, Sweden
∗ Speaker.

c Copyright owned by the author(s) under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike Licence.

http://pos.sissa.it/

PoS(idm2008)007

N. Coron, J. Gironnet, J. Leblanc, P. de Marcillac, T. Redon

ROSEBUD scintillating bolometers

Y. Ortigoza

1. Introduction

2. Results and discussion
The relative light outputs of electron to nuclear recoils (approximately 17 for sapphire [3] and
12 for BGO [4]) have been estimated in dedicated 252 Cf neutron source calibrations performed first
at Orsay and then in situ at LSC. These high relative light output values allow particle discrimination down to 8.7(15.0) keV in sapphire and 23.5(33.3) keV in BGO, with 90% acceptance of
nuclear recoils and 90%(99.9%) rejection of β /γ events.
Table 1: Rates of nuclear recoils band events measured in sapphire and BGO in different energy windows .

Energy window
Rate in Al2 O3
Rate in BGO
(keV)
counts/(keV.kg.d) counts/(keV.kg.d)
25-50
9.3±1.8
14.3±2.5
50-100
3.15±0.76
1.34±0.55
100-200
1.85±0.41
0.22±0.16
50-200
2.28±0.38
0.60±0.21

Figure 1 displays the low energy spectra of events in the nuclear recoils acceptance band
obtained from simultaneous background measurement with sapphire and BGO for a total live time
of 51.9 hours. A loss in response in the optical bolometer of the sapphire at LSC forced us to set
its discrimination threshold energy at 25 keV. The background levels obtained in both bolometers
(summarized in Table 1) are very high for being due to neutrons in a deep underground location, and
suggest other possible sources for these, at least apparently, non-scintillating events (for example:
2

PoS(idm2008)007

ROSEBUD is a collaboration between the Institut d’Astrophysique Spatiale (IAS, Orsay,
France) and the University of Zaragoza (Zaragoza, Spain), aimed at the direct search for galactic
WIMPs with cryogenic detectors at the Canfranc Underground Laboratory (at a depth of 2450 m
of water equivalent). The main objective of ROSEBUD is the development of scintillating bolometers. This hybrid detection technique based on the simultaneous measurement of light and heat
allows to discriminate nuclear recoils (like those produced by neutrons or hypothetical WIMPs)
from electron recoils (like those produced by β /γ background) increasing sensitivity for WIMP
searches.
In 2007 we performed several tests at the LSC with three small scintillating bolometers: 50 g
sapphire, 46 g BGO and 33 g LiF. The three detectors were installed in a common set-up in an ultralow background environment and were cooled down to 20 mK with a small dilution refrigerator.
Each detector was mounted in a double bolometer configuration consisting of a scintillating crystal and a Germanium disk inside a reflecting cavity. When a particle interacts in the scintillating
crystal, the heat produced is directly measured as a temperature increase and the light is measured through the thermal increase produced in the Ge disk by the scintillation photons eventually
absorbed in it. For details on the experimental set-up (dilution refrigerator, double bolometer configuration, electronics and read-out, and internal and external shieldings) see references [1, 2, 3].
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Figure 1: Spectra of events in the nuclear recoils band obtained from simultaneous measurement with
sapphire and BGO at LSC (live time = 51.9 hours). Energy has been estimated from the heat signal.

mechanical cracks, dead volumes, interactions produced in non-scintillating parts attached to the
crystals, nuclear recoils produced by alpha contaminations in the surface of the crystals where the
alpha particle escapes from the crystal). Further research on the origin of these events is in progress.
Future runs will focus on the improvement of the background and discrimination energy threshold.
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Figure 2: β /γ spectra of February and May 2007 obtained from simultaneous measurements with the sapphire and BGO at LSC. A reduction of a factor ∼35 from February to May is obtained in all the energy
range of sapphire spectra. The spectrum of BGO evidences that this improvement is due to airborne radon
removal (peaks arising from 222 Rn daughters, labelled in grey, have disappeared in the spectrum of May).

The BGO bolometer, profiting from the presence of bismuth (high atomic number), has also
been used as a gamma-ray spectrometer to monitor the external gamma background in the experiment. This capability is illustrated in figure 2 where β /γ backgrounds measured by the sapphire
3
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and BGO bolometers are shown.
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Figure 3: Light versus heat plot obtained in the 33 g LiF in a calibration with a 252 Cf neutron source at LSC.
Neutron capture (n,α ) reaction in 6 Li (Q-value = 4.78 MeV) allows to monitor both thermal and non-thermal
neutrons.

The LiF scintillating bolometer can be used to detect neutrons through the (n,α ) capture reaction in 6 Li. Events produced by thermal and non-thermal neutrons arising from a 252 Cf neutron
source are easily identified in the light versus heat signal plot (see figure 3). This preliminary
test evidences that monitoring of the environmental neutron flux inside the experimental set-up is
feasible with LiF, but larger masses and/or enrichment in 6 Li are required.
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