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DARK MATTER CASE
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arxiv.org:1805.10486v2

 DAMA/LIBRA only experiment to claim a DM signal - in the form of Weakly Interacting Massive Particles 

(WIMPs) 

 NaI(Tl) targets

 Annual modulation is approximately 0.01 cpd/kg/keV 



SABRE SOUTH

15/12/2022F. DASTGIRI 3

Veto PMT

LAB (Veto)

NaI Crystals 

in Cu 

enclosure

Muon 

detectors

Shielding

Presented in more detail in I. Bolognino’s talk on Wednesday 4pm.

 ANAIS, COSINE and SABRE

 COSINUS Cryogenic NaI

 Sodium iodide with Active Background Rejection 
(SABRE) South part of SABRE international collaboration

 To be placed in Stawell Underground Physics Laboratory 
(SUPL), Victoria

 Annual modulation ~ 0.01 cpd/kg/keV, 

 background expected :1 cpd/kg/keV in the 1-6 keV region of 
interest

 SABRE focusing on development of ultra-pure NaI

 Characterisation of intrinsic backgrounds important - eg
238U, 232Th, 210Pb, 40K

 Expected in the ~ ppb levels



SABRE CRYSTALS

NaI-033

First crystal 
characterised

 Grown by 
Princeton 
University 
and RMD

 3.4 kg

 Counted at 
LNGS, Italy.
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NaI-035

 Grown by 

RMD

 3.7 kg

NaI-037

 Grown RMD

 3.4 kg

 Sent to 

LNGS, Italy.



NAI-035

 Set-up to measure backgrounds in LNGS, Italy

 Crystal encapsulated and wrapped in reflective material

 2 x Hamamtsu 3” 11065 PMTs

 Two sets of runs since May 2022:

 Low Gain 

 High Gain

 This work: Characterisation 238U and 232Th using BiPo

decays in NaI-035
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PMTs



BIPO DECAY

“Slow BiPo”

214Bi → 214Po → 210Pb
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https://www.nachi.org/gallery/radon/thoron-decay-chain

“Fast BiPo”

212Bi → 212Po → 208Pb

https://www.nachi.org/gallery/radon/uranium-238-decay-chain

α ββ α

214Po = 162 μs

212Po = 300 ns
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β/γ

α

Preliminary SABRE South



TIME DISTRIBUTION MODEL
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Background

Preliminary SABRE South

Background
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TIME DISTRIBUTION FIT
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Preliminary SABRE South



FIND BACKGROUND RATE

 Digitiser collection window = 5µs

 We could miss BiPo events in this 

window
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Background

0-5µs Preliminary SABRE South
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Data set Duration (days)

Low Gain ~ 13

High Gain ~ 60

NaI-033: 5.9 ± 0.6 

Preliminary SABRE South 

3.7 ± 0.7 

4.9 ± 1.3 

[1] arxiv: 2012.02610



UNKNOWN REGION – ‘PROTRUSION’

 Unknown excess of counts at low energy

 α-like mean times

 Present in High and Low Gain data
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Preliminary SABRE South



ANALYSIS ON UNKNOWN REGION

 Repeat likelihood fit on unknown region

 Can calculate t1/2 that fits to this:

 Unknown region: 153 ± 25 µs (± 1σ)

 Conventional analysis: 122 ± 40 µs (± 1σ)

 Unknown region + standard: 10.4 ± 0.9 

 Compared to 3.7 ± 0.7 µBq/kg

 Could be surface α

 Working toward determining if this

needs to be included in α
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High gain

Conventional 

Conventional 

+ Unknown

Preliminary SABRE South Preliminary SABRE South
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BLOB INCLUDED ANALYSIS
THE FOLLOWING ∆T DISTRIBUTION IS FOR THE BLOB INCLUDED IN THE OVERALL ANALYSIS.
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t1/2 
214Po

Preliminary SABRE South



BLOB INCLUDED ANALYSIS

THE FOLLOWING ∆T DISTRIBUTION IS FOR THE BLOB INCLUDED IN THE OVERALL ANALYSIS.
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NON-BLOB

 0 = 1
𝑡𝑚𝑎𝑥

𝑁(1 + 𝑅𝑒λ𝑡)

 BiPo Percentage = 1-Ntmax

15/12/2022F. DASTGIRI 22

Preliminary SABRE South


