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The SABRE experiment aims to detect an annual rate modulation from dark matter interactions
in ultra-high purity NaI(Tl) crystals in order to provide a model independent test of the signal
observed by DAMA/LIBRA. It is made up of two separate detectors that rely on joint crystal
R&D activity; SABRE South located at the Stawell Underground Physics Laboratory (SUPL),
in regional Victoria, Australia, and SABRE North at the Laboratori Nazionali del Gran Sasso
(LNGS).
SABRE South is designed to disentangle seasonal or site-related effects from the dark matter-
like modulated signal by using an active veto and muon detection system. Ultra-high purity
NaI(Tl) crystals are immersed in a Linear Alkyl Benzene (LAB) based liquid scintillator veto,
further surrounded by passive steel and polyethylene shielding and a plastic scintillator muon veto.
Significant work has been undertaken to understand and mitigate the background processes, taking
into account radiation from the detector materials, from both intrinsic and cosmogenic activated
processes, and to understand the performance of both the crystal and veto systems.
SUPL is a newly built facility located 1024 m underground (∼2900 m water equivalent) within
the Stawell Gold Mine and its construction has been completed in 2023.
The commissioning of SABRE South started in early 2024 and the first equipment including the
muon detectors have been already installed in SUPL. This talk will report on the general status of
the SABRE South assembly, its expected performance, and the design of SUPL.
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Figure 3: Exclusion and discovery power of SABRE South for a DAMA/LIBRA like signal with 50 kg of
crystal and a total background of 0.72 cpd/kg/keVee.

Figure 4: The muon detector set up at SUPL (left). Right: the total muon flux is shown as a function of water
equivalent depth. The flux at SUPL is comparable to that observed at Boulby and Kamioka. Laboratories
located beneath mountainous overburden are highlighted in the blue-shaded region.

2900 m of water equivalent, which suppresses the muon flux to ∼3 × 10−8 cm−2 s−1 (Fig. 4),
similar to the flux at Boulby and Kamioka.

SUPL was completed for first access in 2024, and the commissioning of the first detector
took place in early 2024. As part of this process, the SABRE South muon veto was assembled in
"telescope mode" to measure the muon flux and angular spectra, as shown in Figure 4 (left). Data
collection is ongoing, providing the first test of the remote data acquisition system and processing
pipeline. The results of these measurements will validate the current simulated flux and angular
spectrum and, when combined with future data collected after full detector commissioning, will
allow for a study of annual muon flux modulation. These measurements will be the first of their
kind at SUPL and are expected to be publicly available in 2025.

The internal walls of the laboratory are reinforced with steel pins, sprayed with low-radioactivity
shotcrete, and coated with Tekflex to maintain low background radiation levels. Background muon,
gamma, and neutron measurements are planned to continue throughout 2025, in parallel with the
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construction and commissioning of the SABRE South experiment.

7. Physics program

The SABRE South collaboration is actively investigating a range of signals and DM models
that could be detected using both its crystal detectors and the LS veto system. Initial sensitivity
studies have explored various phenomena, including the Migdal effect, bosonic super-WIMPs, and
supernova neutrinos. These preliminary investigations suggest that the LS veto is sensitive to
supernova neutrinos originating from any point within the Milky Way, opening the possibility for
SABRE South to participate in an early warning system for supernova events [7].

Additionally, recent analyses have addressed claims that the annual modulation observed by
DAMA/LIBRA might be an artefact of their background subtraction method, potentially influenced
by time-dependent decay rates of background isotopes such as 3H and 210Pb. A study conducted
by SABRE South, using a background model based on their own simulations, has shown that
such an induced modulation effect would present inconsistencies with the characteristics of the
DAMA/LIBRA signal [12]. Specifically, the phase and amplitude of the induced modulation,
influenced by the decay of these isotopes, are inconsistent with those reported by DAMA/LIBRA
(Fig. 5).

Figure 5: Distributions of amplitude, phase, and period from residual fits to Monte Carlo realisations of
the DAMA/LIBRA dataset, comparing two initial 3H activity assumptions: the DAMA-reported upper limit
(0.09 mBq/kg) and a revised estimate (0.031 mBq/kg) [12].

SABRE South’s findings suggest that if background decay were responsible for the observed
signal, the phase of the modulation would be approximately out of sync with that expected from
a genuine dark matter interaction. Moreover, the amplitude would be significantly lower than that
observed. These results strongly imply that the DAMA/LIBRA modulation is unlikely to be an
artefact of decaying backgrounds.

8. Conclusion

SABRE South is the first dark matter direct detection experiment in the Southern Hemisphere
and will play a pivotal role in investigating the annual modulation signal reported by DAMA/LIBRA.
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Located at the newly completed SUPL, the experiment will utilise ultra-pure NaI(Tl) with a target
mass of 50 kg and a background rate of 0.72 cpd/kg/keVee, SABRE South is expected to confirm
a DAMA-like signal at a 5𝜎 significance level or exclude it at 4𝜎 within 2.5 years. Alternatively,
with a 35 kg target mass and a reduced background rate of 0.5 cpd/kg/keVee, achievable through
zone refining, similar sensitivity can be reached.
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