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Context
• SABRE South part of the SABRE 

international collaboration NaI dark 
matter detector

• Aim is to confirm or refute annual 
modulation claims by DAMA/LIBRA at 
LNGS

• Annual modulation is approximately 0.01 
cpd/kg/keV - background is expected to 
be 1 cpd/kg/keV in the 2-6 keV region 
of interest [1]

• Requires the lowest possible 
concentration of radio-contaminants Cut-out view of a 3D rendering of SABRE. 

Credit: Michael Mews (The University of Melbourne)
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[1] Suerfu, Burkhant et al. “Growth of ultra-high purity NaI(Tl) crystals for dark matter searches.”



AMS
• Accelerator Mass Spectrometry (AMS)

• Precise atom counting technique utilising accelerator technology

Mike Hotchkis
Principal Research 
Scientist, ANSTO

Rendered image of the 
14UD Credit: Thomas 
Tunningley (ANU)

14UD at ANU VEGA, 1MV at ANSTO 

Schematic image VEGA, 1MV 
ANSTO, Sydney 
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ICP-MS
• Inductively Coupled Plasma Mass Spectrometry

• Used for detection of sensitive measurements of isotopes
• Samples is atomised and ionised
• Beam goes into mass analyser – separates m/q
• Measure in detector 

• Requires small amounts of sample

• Will be mentioned in 40K talk

Image from: Kashani, Arash & Mostaghimi, Javad. (2010). 
10.1615/AtomizSpr.v20.i5.40. 

Inside the Neptune Thermo Scientific ICP-MS 
machine at the Research School of Earth 
Sciences, ANU 
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Background
• Main contaminants of interest include

40K 210Pb129I 232Th 238U

In NaI crystal and Tl doping
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Background
▪

40K 

▪ T1/2 = 1.3 x109 years – very long

▪ Primordial isotope exists on earth at a well-known 
concentration of ~110 ppm

▪Difficult to separate from NaI

▪1.5 MeV followed by orbital rearrangement producing 
a 3 keV X-ray or Auger

▪More details in 40K presentation
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129I 

• T1/2 = 15.7 x 106 years - very long 
• Present in natural iodine, but mainly 
from anthropogenic nuclear activity       

• β− decay to 129Xe∗ at ~ 40 keV and de-
excitation 𝛾 of ~ 40 keV

• Routine AMS isotope
• Measured in two sets of NaI powder.
Found in ratio of 129I/natI to be
2 x 10-13 = 1 mBq/kg

• DAMA estimated 129I/natI = 1.7 x10-13

[2]
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From: V.P. Chechev, V.O. SergeevTable of Radionuclides (Vol.1 –
A=1 to 150), Monographie BIPM-5

[2] https://doi.org/10.1016/j.nima.2008.04.082



210Pb

▪T1/2 = 22.3 years – long

▪β decay at 63.4 keV

▪Part of the U/Th → Rn decay chain 

▪More details in 210Pb Presentation

210Pb
100% 63.4 keV β

210Bi
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232Th and 238U
▪

232Th – T1/2 = 14 billion years

▪
238U - T1/2 = 4.5 billion years

▪Both produce a variety of backgrounds

▪Estimated in DAMA [3] and ANAIS [4] NaI crystal to be: 
232Th - ~ 1.5 mBq / kg
238U - ~ 7 mBq / kg

▪ Improvements in crystal purity may be required to perform 
AMS

▪Can potentially measure with ICP-MS
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[3] https://doi.org/10.1016/j.nima.2008.04.082

[4] https://doi.org/10.1140/epjc/s10052-019-6911-4



Other contaminants

• Checked other contaminants 
that can be measured using 
AMS

• Simulations of cosmic 
activation, list of 800+ isotopes

• Narrowed this down to 26 key 
isotopes based on half-life and 
abundance

• Determined 3H could be of 
interest
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3H
• T1/2 = 12.3 years

• Cosmogenically activated

• Pure β emitter with transition energy ~19 keV
• Half are in the range of 1 - 7 keV

• Electrons emitted are in the region of interest

• Quantification is not easy 
• ANAIS inferred through background models [4]
• DAMA estimated its upper limit rate ~ 20 cpd/kg [3]

• Not a routine AMS isotope → requires specialist 
laboratories because of the sample preparation
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[3] https://doi.org/10.1016/j.nima.2008.04.082

[4] https://doi.org/10.1140/epjc/s10052-019-6911-4



3H
• Estimated that with cosmic activation (~ 3 months) 
result in order of 105 atoms in 1 kg of crystal → low

• Asked several laboratories specialising in 3H 
measurement

• Current measurement methods have detection limits 
orders of magnitude above what will be required 
(660,000 tritium atoms). 

• Minimisation of exposure to cosmic rays will likely be 
sufficient to achieve manageable 3H levels. 
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Measurements using ICP-MS
• 238U and 232Th

• 87Rb – high natural abundance

Thank you for listening!

Next up: 40K
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