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SABRE
Sodium-iodide with Active Background RejEction

• The scientific motivation for SABRE is to verify the longstanding
modulation effect shown by DAMA/LIBRA,
ü determination of modulation amplitude and phase with a better background

than that of DAMA/LIBRA
ü this modulation finds possible justification in models of dark matter regardless

of its interaction with the detector

• Findings
ü Observed annual modulation is of order 0.01 cpd/kg/keV (1 dru) in ROI [1,6]keV
ü Background in ROI is of order of 1 dru



Strategy in SABRE
• High signal-to-background ratio by ultra-high purity NaI(Tl) crystals

ü aim to 0.1-0.3 dru in ROI

• North-South «twin» experiments at LNGS(Italy) and SUPL(Australia)
üRule out seasonal effects

• Proof-of-Principle (PoP) at LNGS --- DONE!
üExploit active background rejection with a liquid scintillator
üTest crystals radio-purity



NaI(Tl) crystal production for SABRE
• Crystals are grown from Astro Grade (developed in the framework of SABRE)

ü a few ppt in U, Th and a few ppb in K and Rb

• The Bridgman method has been selected to mitigate the risk of contamination during growth
ü molten material is sealed inside a cleaned crucible

• Crystal growth is performed by the industrial partner Radiation Monitoring Devices (RMD)
ü some quality controls are performed prior to underground counting

• Zone refining purification of the powder is performed before growth in collaboration with the 
industrial partner MELLEN



Zone refining of NaI 
powder 
• Four runs with 900 gr of Astro Grade NaI powder have 

been performed at MELLEN, NH, USA

• Number of passes: 26 or 50

• Speed: 3.8cm/h and 5.08cm/h

• Samples were taken along the length of the solid ingot 
and shipped for ICP-MS measurements

Ampoule

Zone refiner

Broken ingot after ZR

Sample 39K
[ppb]

65Cu
[ppb]

85Rb
[ppb]

133Cs
[ppb]

138Ba
[ppb]

208Pb
[ppb]

LSC LSC LSC LSC LSC LSC

powder 14.4 17 <0.8 36.7 <0.6 2

Zone 1 <4 <5 <0.8 <0.3 <0.5 <1
Zone 2 <4 <5 <0.8 <0.3 0.8** <1

Zone 3 6.7 <5 <0.8 0.4 0.8** <1

Zone 4 40 <5 <0.8 0.4 3.8 <1
Zone 5 540 234 1.3 447 10 <1



Grown crystals 
underground at LNGS
• NaI-31 at LNGS since April 2019
• NaI-33 since August 2019, 

assembled in Princeton
• NaI-35 since May 2022, 

assembled at RMD
• NaI-37 since March 2022, naked 

and encapsulated at LNGS
• NaI-41 since December 2023, 

assembled at RMD and grown 
from chunks

NaI-37
NaI-35

NaI-35
encapsulated

SABRE ultra-high purity NaI(Tl) detectors 67

± 1.1) ppb of natK. Then, natK concentration can be converted into 40K activity through
the relation:

1 ppb natK = 0.031 mBq/kg 40K (4.1)

Therefore, the expected 40K activity in NaI-31 crystal is (0.55 ± 0.03) mBq/kg.

FIG. 4.4: Photo of NaI-31 after cutting off the tip and the tail.

This NaI-31 SABRE detector module was assembled for the first time in mid-October
2018. However, test measurements performed at Princeton University with a 137Cs source
indicated a value of the light yield (LY) at 661.7 keV which was about the half of the
one obtained with previous measurements on small samples. Soon after the verification of
the quality of the optical coupling, since the LY reduction could have been due to crystal
surface degradation and/or defects, it was decided to send the NaI-31 back to the RMD in
order to set this problem. This was done by cutting the NaI-31 in an octagonal shape to
remove the damaged parts. The final mass of the crystal after the new cut was ⇠3 kg.

The NaI-31 detector was assembled again at the end of March 2019. The optical
properties of the crystal were restored, and it was shipped to LNGS by plane in mid-April
2019. The NaI-31 arrived at LNGS on April 24, 2019 and, since the first days of May, it
was ready to be measured in the SABRE Hall B testing facility (see Ch. 6).

4.1.2 NaI-33

The crystal growth of NaI-33 was started in the mid-September 2018, with identical
conditions to NaI-31 except for the crucible material: synthetic fused silica was used instead
of regular fused quartz [115].

Prior to crystal growth, 6 kg of ultra-high purity NaI powder was carefully dried at



SUPL

3000 m.w.e.

○ 1025 m deep  (~2900 m water equivalent) with flat over burden
○ Helical drive access

https://www.supl.org.au

Future clean area & dilution fridge 
for Quantum Sensing R&D

Stawell Underground Physics Lab

22

• Walls pinned with steel, sprayed with low
radioactivity shotcrete and coated with
Tekflex.

• Background measurements planned for
muons, gammas, and neutrons late 2022.

Irene Bolognino - The SABRE South Experiment at the Stawell Underground Physics Laboratory – CosPA Conference



SUPL

3000 m.w.e.

• Located in the active Stawell Gold Mine, 240 km west of Melbourne, Victoria, Australia

Strong support of the local 
community

https://www.supl.org.au

• First underground lab in the southern hemisphere



Future activities

• Complete and characterize a 5 kg crystal after zone refining
ü June 2024: crystal expected at LNGS

• Submit TDR for full scale experiment at LNGS
• Baseline: ~50 kg
• June 2024

• Start crystal production and characterization
• Summer 2024



Thank you for your attention

For further questions write to: aldo.ianni@lngs.infn.it


