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Period of 1 year, peaking June 2 "
(to=152.5 days)

Direction of

220km/s solar motion
WIMP wind

December

Expect very low modulation
amplitude ~0.01 cpd/kg/keV

R(t) = B + Ry +HR,,cos (w(t —tg))

|

Modulating component ~ 2-10% of R(t)
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o Phase: (1455) days (3 keV) and (148) (13 keV) o

(0))

Amplitude: (OOlOﬂOOOOS)Cd p’kg/keV 250 kg Nal crystals

A Observed annual modulatior 0.01cpdkg/keV dru) in ROI [1,6]keV .5 mm Cd
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NalTL) Landscape

decommissioned

taking data/upgrading

ARC CENTRE OF EXCELLENCE FOR

=

PARTICLE PHYSICS

*10.1016/}.ppnp.2020.103810
~Sci. Adv. 11, eadv6503 (2025)
**arXiv:2502.01542v2

under construction

DAMA/LIBRA*

LNGS, Italy

COSINAOO ANAIS112**

Y2L, South Korea LSC, Spain

SABRE
COSINUS
PICGLON

Mass = 250 kg Mass = 61.3 kg Mass = 112.5 kg expected background <1
Bkg. = 0.8 dru Bkg. = 23 dru Bkg. = 2.64.7 dru dru

Sn. 16 kev= 0.0105+ 0.0011 dru Sn. 16 kev= 0.00174 0.0029 dru Sniskevl b a1 @6.0026ndru

Sn, 26 kev= 0.0102+ 0.0008 dru Sn, 26 kev= 0.0053t 0.0031 dru Sn, 26 kev= 0.0011+ 0.0025 dru

\’ Region of interest (ROI)

1-6 keVee /26 keVee



https://doi.org/10.1016/j.ppnp.2020.103810
https://doi.org/10.1126/sciadv.adv6503
https://arxiv.org/pdf/2502.01542
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Conclusive Test of DAMA/LIBRA
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Strategy

A Higher signal-to-background ratio by ultra-high
purity Nal(Tl) crystals

A Proof-of-Principle at LNGS

A In-situ measurements of crystals radio-

purity

A North-South «twin» experiments at
LNGS(Italy) and SUPL(Australia)

A Rule out seasonal effects

A Control PMT noise for low threshold (~1 keV)

A Pre-calibration
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Open Questions

Varying background levels

Background rates varying by« between
experimentdwarf the modulation signatself,
making systematic uncertainty estimation and
rate comparisons unreliable

DAMA
COSINE

ANAIS
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Nal quenching factors

QF varies significantly between crystals and
growth methods, leading toncompatible
nuclear recoll energy windovegross
experiments*

0.35
DAMA/LIBRA .
0.30 *
| .
5 |
= 0.25 REN i
® 3 e
L Q: ,
> 0-20° g
£ }
= Ly
E 0.15 <+ This Work
) :
5 0.10 Joo et al
o Stiegler et al.
0.05 Collar
Xu et al.
0.00 101 ; ; U SO SO 1[.)2

Nuclear Recoil Energy (keV)

ARC CENTRE OF EXCELLENCE FOR

=

PARTICLE PHYSICS

*2021 JINST 16 P0O7034
"EPJ C 84, 484 (2024)
** arXiv:2408.08697

Scintillator norproportionality

A nonlinear scintillation response can
Introduceuncertainties in energy calibration
and a systematic bias in the reconstructed
modulation amplitudée
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https://iopscience.iop.org/article/10.1088/1748-0221/16/07/P07034
https://doi.org/10.1140/epjc/s10052-024-12770-1
https://arxiv.org/abs/2408.08697
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SUPL

A First deep underground lab in the Southern Hemisphere
3 1025 m deep (2900 m w.e.) in an active gold mine (SGM) https:/fwww.supl.org.au
3 Flat overburden
3 Helical drive access: 10 km tunnel, max 5 m diameter, up to 10% slope
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(W First

measurement of muon flux from 2024025.

(W Telescope configuration on 2 axes (capable of angular
measurement).

(W First full test of underground DAQ infrastructure, remote
control/monitoring & analysis framework.
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°’ 5 Telescope 1 *J.Astropart Phys 2026.103240
I ¥ Telescope 2
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f=(5.586 + 0.0314a £ 0.2904,) X 107°[s™" x cm™?]
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Mountain overburden

SUPL .

~

Boulby "~~~

1 I 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l

2 3 4 5 6 7
Vertical overburden depth [km.w.e.]

8



ARC CENTRE OF EXCELLENCE FOR

s THE SABRE COLLABORATION PRITER

Seasonal muon flux (simulation) RS9 SN
. — BUR
Adelaide Australian
University  Unveraity *NE*
1.02
SABRE NORTH - uics SABRE SOUTH
Laboratori Nazionali del Gran Sasso o 3. Stawell Underground Physics Laboratory
Astrograde Nal powder 8.0 Astrograde Nal powder
Fully passive shielding 3 Passive shielding +
Zone refining in crystal production © 0.99. background rejection with LAfBsed veto

0.9 . . . . . . . . . . .
?an. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec.

THE UNIVERSITY OF MACO UARI E THE UNIVERSITY OF

SYDNEY University MELBOURNE

SABRE South 9
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9.6 M2 Muon
Detectors

&4 SABRE South detector

32 R5912 PMTs (16 from Daya Bay
decommissioning in testing)

() Muon System
9.6 nt x5 cm EJ200

R13089 PMT x 16 @ 3.2 GS/s Steel and
Polyethylene

shielding

S

Passive shielding, Steel + HDPE

S

Liquid Scintillator Veto System

12klitres Linear Alkyl Benzene + PPO &N3tB
Stainless steel, nethoriated welds Jumirror coating
Oll-proof base R5912 PMT x 18 @ 500 MS/s

() DM Target Detector
NalTl) Crystals, HPN2 flushed
R11065 low radioactivity PMT x ~14 @ 500 MS/s

High QE and low
radioactivity R11065
PMTs + pure Nal(Tl)
crystals

SABRE South TDR, DOI: https://doi.org/10.26188/14618172.v3

=

Steel Vessel containing 12 kL LS,
Inner walls covered in Lumirror
reflector

10
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Feedthrough plate

/X7 kg crystals, directly coupled
to two Hamamatsu R11065
PMTs in a sealed OFHC copper
enclosure |

PTFE crystal/PMT holders

Copper enclosure
flushed with N

Nal(Tl) crystal
from Astrogradepowder

R11065 Hamamatsu 76mm
PMT

SABRE South 11



High Purity Nal(Tl) Crystals OGS
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Simulated total experimental background using
the veto the expected overall background Is

)
072 de/kg/kevee >:u i SABRE SOUth Nal Radiogenic PMTs
~ 10 Simulation
&) - _
Experiment designed so that < 10% of = e osmogene lE'
background is external to crystals. S STFE Wrao IT‘“‘E‘
L =
! =
Component Rate (cpd/kg/keV) Veto efficiency (%) i d
Crystal intrinsic <5.2 x10% 13 :
Crystal cosmogenic 1.6 x 101 45 P
Crystal PMTs 3.8x 107 57 10 E_
Crystal wrap 4.5 x 1073 11 E aaaaa
Enclosures 3.2x103 85 E
Conduits 1.9x107° 96 ]
Steel vessel 1.4 x 107 >99 107 3 Laareee ettt et
Veto PMTs 1.9 x 10°° >99 - oot STt ]
Shielding 3.9x10° >99 h s
Liquid scintillator 4.9 x 108 >99 g
External 5.0 x 10 >93 10"3-:—!|||111|]|||11ll||||lljllll|Il||l|||l!l_
Total 0.72 27 0 2 4 6 8 10 12 14 16 18 20
Energy [KeVee]
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W Glove box commissioning at SUPL: Jigs for module assembly, Test assembly with 7kg SICCAS test crystal

W SICCAS crystal qualification: Twed88m g x 100 mm (after cutting\strogradecrystals produced.
W PMT bases & PMdarecalibrationwith these bases
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Pure powder of Nal mixed powder with TII

SABRE South 13
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.
W Two test crystals grown at SICCAS wWatrogradepowder T
W ShanghaldiaotongUniversity has performed K Malbefore, but they o S 2 e o 1 :

are limited by the type of the spectrometer preliminary results Nl T
are important to quality SICCAS

W Resultsthe tail sample had 23 ppb of K -39, (blank ~3 ppb)

A This would yield a 12 -ppb final crystal. . 0p
A More recently, production of first ~7kg ultra  -high purity £ f ?g / ”df6-124e+—14f0
crystal was successfully completed. £Up L 18.1£ 13.993
20{—
15;-
1ﬂ§— . .
- assuming powder IS 4 ppb;

°’E contamination of 14 ppb
D_u T R AN TN TR TN (NN TN TN TR NN SN SN NN NN SN S SN AT SN SR S NS S S N

=

2 4 b 8 10 12 14
Segregation Coefficient
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Cleaning (Cu Enclosure parts) PRTTER

W Outer shell: SABRE North procedure W PTFE cleaning
W Alconoxultrasonic bath + scrubbing W Warm ultrasonic alcohol bath
W Citric acid bath for passivation W Weak acid bath (reduces surface contamination on sold parts and
& Wipe with high purity ethanol tape)
W Too large for vacuum overlN; sealed + heating W Wipe with ethanol, dry In vacuum oven

W Other
W MetalisedMylar bagging for optimal radon diffusion

W Inner Cu parts: COSINUS procedure

W PNNL B5Q + BO; mixture
: : W Cleanliness verificatioprogrammeestablished with witness plates
(W Nqacid option for scratched parts . !
P P SEM scans, and dufstllout studies
W All other steps as outer shell including passivation
W Dry in vacuum oven Diffusion Constant vs. Solubility
10'“;—
s L
210 ?
€ F —
8 107 | Polypropylene
& = I Nylon
8 ol Transparent mylar
s 10 E00000000000000000000000000000000000¢
S =
wn -
g 1075 =
) -
107 =
Elllllllllllllllllllllllllllllllllllllllll
2 4 6 8 10 12 14 16 18 20
Solubility

SABRE South 15



ARC CENTRE OF EXCELLENCE FOR

iﬁ;' . .
*
s“ CRLSCM"AU
THE UNIVERSITY OF —
MELBOURNE S B I | |
THITl | ‘ ? ,|—, *aw:a‘u’:'g?é ,:E?{V'J“‘"::i---j = _A h4 v » -
J0 0 I i T " e T B, |1 AV, = 5
> ] T T ! )
’ ™ N l" - I
=N "

PARTICLE PHYSICS

Ongoing work abowground

Test assembly of steel shleldlng
and vessel fitest

Tests of mounting and
assembly of veto PMTs

Tests of Lumirror mounting and
cabling inside the vessel

17
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*Eur. Phys. J. C (2023) 83:878

Active liguid scintillator vete

12 kLof linear alkyl benzene (LABocured
from JUNO, doped with PPO dndMSB

18 (+16 from Daya Bay) R5912 oil proof PMTs
sampled at 500 MS/s

Efficient tagging of secondary particles created
In decay process+@and outside of the crystal
modules

Veto reduces total background rate in ROI to
0.72cpdkg/keVee

Two active veto systems tag and reject coincident background and-mdoced events

SABRE South 18


https://doi.org/10.1140/epjc/s10052-023-11817-z
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*Eur. Phys. J. C (2023) 83:878

Two active veto systems tag and reject

coincident background and muon Expected BaCkg r'ou nd

iInduced events
i 3 [
>$ 025~ SABRE South %:’ i SABRE South Nal Radiogenic PMTs
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Veto especially efficient for tagging of Full simulation based on SABRE puadof
events from crystdl’K contamination principle measurement*

SABRE South 19


https://doi.org/10.1140/epjc/s10052-023-11817-z
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(W Optical system

(J laser,optomechanicsdiffuser, optical
filbres

(D Mounting and commissioning

() Radioactive system

(D Procurement of full system with
sources

(J Manufacturing of deployment tubes
In Adelaide

SABRE South

Radioactive system
3 sources foNal 3 for LS
Veto:13'Cs 2'/Bi,?°Na, 133Ba
NakTI):%4*Am, 19°Cd
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Optical system
445nm ps pulsed laser
|sotropic optical diffuser

SIPM monitor

VESSEL TOP
FLANGE

i |
\l
ALUMINUM TUBE

20mmOD x 1.6
mm

DEPLOYMENT MOTION
OF CALIBRATION
SOURCES
(CONCEPTUAL)

Custom mount for the
electric motors

20



