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Importance of SABRE South
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Test of annual 

modulation with NaI

SABRE in the world
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ANAIS, COSINE and SABRE

At present time, DAMA has the smallest uncertainty and best sensitivity
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SABRE South

Muon System

9.6 m2 x 5 cm EJ200 scintillators

Liquid Scintillator Veto System

10 T Linear Alkyl Benzene + PPO & Bis-MSB

Stainless steel, non-thoriated welds, reflective lumirror layer 

18 oil-proof base R5912 PMTs 

DM Target Detector 

7 NaI(Tl) Crystals

14 R11065 low radioactivity PMTs
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SABRE South

DM Target Detector 

NaI(Tl) Crystals

14 R11065 low radioactivity PMTs

Currently under discussion

- 7 x 7 kg NaI crystals (total mass of ~50 kg)

or

- 7 x 4.5 kg NaI crystals with zone refining (~35 kg)

Purification method: narrow region of a crystal melted, the 

molten zone moved along the crystal, impurities 

concentrate at the end of the crystal and can be removed.
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Enclosure leak testing at ANU
Testing in October 2022

Tiziano Baroncelli (Uni Melb), Lindsey Bignell, Thomas Tunningley, Zuzana Slavkovska (ANU)
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Potential crystal providers

RMD (Radiation Monitoring Devices, Boston, MA, US)
SICCAS (Shanghai Institute or Ceramics, Chinese Academy of Sciences)

Boston to Stawell                                                       Shanghai to Stawell
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Crystal powder

Astrograde-quality powder - 100 kg in Melbourne

SICCAS also uses Kunshan powder for crystal growth development
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Crystal Requirements

Requirements put together based on simulations and experience at LNGS

Total intrinsic radiogenic crystal background should be < 0.4 cpd/kg/keV

Pb-210 and K-40 levels are of critical importance

Light yield should be >10 photoelectrons/keV corresponding to ~30 photons/keV

Background Limit mBq/kg

Pb-210 < 0.3

K-40 < 0.3 (10 ppb)

Rb-87 0.31

U-238 0.05

Kr-85 0.01

Th-232 0.035 NaI-035 Crystal
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LNGS (Laboratori Nazionali del Gran Sasso), Assergi, Abruzzo, Italy

funded by the INFN (Instituto Nazionale di Fisica Nucleare)

NaI-035 Performance Measurements
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NaI-035 Performance Measurements
May 2022

SABRE South team:

Bill Melbourne (Uni Melbourne)

Ferdos Dastgiri (ANU)

Zuzana Slavkovska (ANU)

LNGS SABRE North team:

Chiara Vignoli

Giuseppe Dicarlo

Ambra Mariani

Claudia Tomei

Giulia D’Imperio
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NaI-035 produced by RMD (Radiation Monitoring Devices, Boston, MA, US)

octagonal crystal

3.7 kg heavy
181 mm long
89 mm wide

in copper enclosure  
with quartz windows

NaI-035 Performance Measurements
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NaI-035 Performance Measurements
Performed measurements:

- PMT noise run studies 
- Series of energy calibration source runs

(Am-241 source on different positions) to study spatial effects from 
the crystal growth

- Several gamma-ray source measurements 
- Alpha rate measurements (ongoing)
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- Kept in a surface laboratory for over a 

year thus activated by cosmics

- ICP-MS testing showed the crystal was 

slightly excessive in K-40 contamination

Light yield and resolution were 

acceptable, although compromised by the 

use the encapsulation

210-Pb measurements appear to show 

similar α rates to NaI-33, and therefore 

acceptable

NaI-035 Performance Measurements
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SABRE South

Muon System

9.6 m2 x 5 cm EJ200 scintillators

Liquid Scintillator Veto System

10 T Linear Alkyl Benzene + PPO & Bis-MSB

Stainless steel, non-thoriated welds, reflective lumirror layer 

18 oil-proof base R5912 PMTs 

DM Target Detector 

7 NaI(Tl) Crystals

14 R11065 low radioactivity PMTs
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PMT Characterisation         ..
PMT bulk characterisation underway:

- R11065 crystal PMTs (Poster: Owen Stanley, Bill Melbourne)

- R5912 oilproof veto PMTs (Lachlan Milligan)

Key properties characterised for every PMT (20 veto, 16 crystal) 

- Single photon response and PMT gain

- Dark rate (room temp. and temp. dependent)

- Quantum efficiency

- Transit time and transit time spread

Single Photon Setup
R11065 crystal PMT

R5912 veto PMT

PRELIMINARY

PRELIMINARY
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Glove box

Glove box built by Palazzi SRL, Italy 

CIS tested at Uni MelbourneGlove box at LNGS
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Glove box mock-up
Testing in October 2022

Tiziano Baroncelli (Uni Melb), Lindsey Bignell, Thomas Tunningley, Zuzana Slavkovska (ANU)

Mock-up assembly

Mock-up glove 

box testing

Procedure

testing inside 

the glove box
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NaI Crystal Schedule: Smartsheet

2023-2024
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NaI Crystal Schedule: Smartsheet
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NaI Crystal Schedule: Smartsheet
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