
The SABRE South 
Experiment 

at the Stawell Underground Physics Laboratory

William Melbourne on behalf of SABRE South



SABRE ïa dual site experiment

SABRE South - at the Stawell Underground Physics 
Laboratory (SUPL)

SABRE North - at the Gran SassoNational 
Laboratory (LNGS)

SABRE (Sodium iodide with Active Background REjection) is an independent replication of DAMA/LIBRA 
with dual detectors in both hemispheres.
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SABRE Proof of Principle 
in Hall C, LNGS

Experiments share:
Å Same NaI(Tl) detector module with Ultra-pure crystals
Å Common simulation, DAQ and analysis framework
Å Extensive joint engineering efforts between INFN and CDMPP
Divergence on veto/shielding designs due to restriction of liquid organic scintillators at LNGS 



Annual Modulation & DAMA/LIBRA
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Modulating Signal signatures:

Å Period of one year

Å Peaks on June 2nd 
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Unique model independent signal for 
dark matter caused by relative motion 
of the earth through galactic halo

DAMA has a 20-year record of the modulation in the 2-6 
keV energy range with combined significance of 12.9 ˋ
R. Bernabei, et al. "First model independent results from DAMA/LIBRAï
phase2." Universe 4.11 (2018): 116.



ANAIS: 110 kg of NaI(Tl) with muon veto at 
Canfranc underground laboratory (Spain). 
Background: ~3-4 dru, 
Exposure: 314 kg x yr. 
Phys.Rev.D103(2021)10,102005

COSINE100: 100 kg of NaI(Tl) with veto 
system at Yang Yangunderground lab 
(Korea). 
Background: ~3 dru, 
Exposure:  173 kg x yr. 
Arxiv:2111.08863
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Recent result & Global Average

Global fit shows tension(<3̀) between DAMA and ANAIS.
Neither ANAIS or COSINE have significant discovery or exclusion of DAMA.

Motivates additional low-background search in Southern Hemisphere 
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Stawell Underground Physics Lab

SUPL is the first deep underground lab in 
Southern Hemisphere (37° South).
1025 m below the surface with flat 
overburden (2900 mwe).

Lab construction finished and lab handed 
over to managing company. 

SABRE South - W. Melbourne - TeVPA 2022 5

SABRE South will make detailed measurements of muon, 
neutron, and gamma backgrounds later this year



SABRE South

Key features of SABRE South:

Å Southern hemisphere location

Å Ultra-low background crystals

Å Active veto system

Å 1 keV energy threshold (1-6 keV R.o.I.)

Å Particle ID, Localisation, & Directionality 
capability for backgrounds
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Crystal Array:
- NaI(Tl) crystal

- 2x 76mm R11065

Hamamatsu PMTs
Veto Vessel
Stainless-Steel

Lumirrorcoating

Veto PMTs
18xHamamatsu R5912External 

Shielding
Steel

Polyethylene

Muon Veto
(9.6 m2 array)

3m

12,000 L 
LAB with 

PPO & Bis-
MSB

Passive Damping 
System

Calibration Sources 

SABRE South - W. Melbourne - TeVPA2022



NaI(Tl) Detectors
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7ͯ kgNaI(Tl) Crystal
L.Y. ~ 12 PE/keV

76mm Hamamatsu R11065 PMT:
-Low background metal body 
-QE >30% at 420 nm
-Readout at 500 MS/s with CAEN V1730
-Threshold ~0.3 SPE peak

OFHC Copper Enclosure
3 mm wall thickness
Internal Teflon structure

Feedthrough Plate

Array of 7 NaI(Tl) detectors immersed in the liquid veto, Minimal material between crystal 
and liquid scintillator. NaI(Tl) purged with high purity dry N2.

Prototype enclosure 
machined from Al 
for testing
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Low Background NaI(Tl) Production

The SABRE Collaboration has successfully grown very low 
background NaI(Tl) crystals [1].
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K [ppb] 238U [ppt] 232Th [ppt]

SABRE[1] NaI-33 4.7±1.4 <1 <1

DAMA [2] 13 <10 <10

COSINE-100 [3] 17.8 <20 0.6

{!.w9 {ƻǳǘƘ ǘŜǎǘ ŎǊȅǎǘŀƭ άbŀL-орέ ς3.7 kggrown by RMD 
using Bridgman-Stockbargerprocess developed with SABRE.
ICPMS measured K: tip 5 ppb, bulk <10 ppb.

Currently being characterised at LNGS, preliminary results are 
comparable with NaI-33 for key backgrounds and light yield.
Approx. light yield of 11.6 Photoelectrons/keV



NaI(Tl) Background Simulation

Using direct counting of NaI-33 and ICP-MS, have simulated background of SABRE South crystals.
40K effectively suppressed by veto, main radiogenic background are 210Pb, 87Rb (very conservative upper limit)
Cosmogenic background after 180 days mainly 3H (12.4 yrs) and 113Sn (115 days)
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Radiogenic Background Cosmogenic Background
(6 months underground)

Time Dependence of Background

6 months underground


