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Direction detection related programs 
Strong	overlaps	across	
research	themes		
	
CDM	advantages:	
•  Cross-pollination	

across	disciplines	
(nuclear,	particle,	
astro,	metrology,	
quantum)	

•  Interplay	between	
theory	and	experiment.		

	
Need	for	extensive	
collaboration	across	nodes	
for	successful	experiments	



Institution	
WIMP	Direct	Detection	

CI	 RA	+	Engineer/Tech	

Adelaide	 Hill	0.4	 Bolognino	(A)	1.0	
Level	B	0.5	(First	3	years)	

ANU	 Lane	0.4,		
Stuchbery	0.4,	
New	tenure	track	0.4	

Bignell	(B)	1.0,	
Slavkovska	(A)	0.5	
Level	A	1.0	(2021)	
Level	A	1.0	(starting	2022)	
Engineer	1.0	(2021)	

Melbourne	 Barberio	0.4,		
Urquijo	0.4,		
Taylor	0.2	

Level	A	1.0,		
Level	B	1.0,			
Eng	0.5-1.0	

Swinburne	 Duffy	0.2,		
Mould	0.2	

Level	B	1.0,		
Tech	0.5	

Sydney	 New	tenure	track,	0.4	 Level	A	1.0	

UWA	 Tobar	0.1,		
Goryachev	0.1	

McAllister	(A	0.4),		
A/B	0.5,		
Osborne	(Tech	0.5)	

Total	FTE	 3.6	 9.9	research,	2.5-3.0	technical	

These are only  
•  CIs, AIs 
•  New appointments paid  

by CDM funds.  
 
It does not include: 
•  Some postdocs/

engineers already in the 
nodes.  

•  Extensive and important 
student involvement 

•  Expectations for 
significant theoretical 
collaboration 

 
WIMP DD is a large 
program, but there is still 
considerable room for 
additional personnel to get 
involved.  



Progress and illustrative plans 



Detecting WIMPs – Annual Modulation Signature 

Standard halo model: Spherical halo of  
cold, dark matter permeating the galaxy  

with ρX~0.3 GeV/cm3 

WIMP interaction rate: 

2π/ω=1 yr and  
t0 on June 2nd. 
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DAMA: Bernabei et al, arXiv:1805.10486 

Absence of modulation? No 
• 2-6 keV: χ2/dof=199.3/102 ⇒ P(A=0) =2.9×10-8 

2-6 keV

The data of DAMA/LIBRA-phase1 +DAMA/LIBRA-phase2 favor the presence of a 
modulated behavior with proper features at 11.9 σ C.L. 

A=(0.0095±0.0008) cpd/kg/keV 
χ2/dof = 71.8/101   11.9σ C.L. 

Acos[ω(t-t0)] ;  
continuous lines: t0 = 152.5 d,  T = 1.00 y  

Model Independent DM Annual Modulation Result 

Fit on DAMA/LIBRA-phase1+ 

DAMA/LIBRA-phase2  

experimental residuals of the single-hit scintillation events rate vs time and energy  

DAMA/LIBRA-phase1+DAMA/LIBRA-phase2 (2.17 ton × yr) 

Energy distribution of the modulation amplitudes 

ΔE = 0.5 keV bins 

DAMA/NaI + DAMA/LIBRA-phase1 
vs 

DAMA/LIBRA-phase2  

The Sm energy distributions obtained in DAMA/NaI+DAMA/LIBRA-ph1 and in 
DAMA/LIBRA-ph2 are consistent in the (2–20) keV energy interval: 

R(t) = S0 + Sm cos ω t − t0( )"# $%
hereT=2π/ω=1 yr and t0= 152.5 day 

(2-20) keV   χ2 /d.o.f.=32.7/36       (P=63%) 
χ2 = Σ (r1– r2)2/(σ1

2+σ2
2) 

(2-6) keV  χ2 /d.o.f.=10.7/8         (P=22%) 

χ2(6-20 keV)/dof  = 35.8/28 (P-value=15%) 
χ2(6-20 keV)/dof  = 29.8/28 (P-value=37%) 

Max-likelihod  analysis 

13	years	of	measurement…	

Phase	1	

Phase	2	

Modulation	magnitude	

25 x 10 kg NaI(Tl) 
 at Gran Sasso, Italy  



Hyun Su Lee,       Center for Underground Physics (CUP), Institute for Basic Science (IBS)

Global NaI(Tl) efforts

KIMS/COSINE  
@ Yangyang

PICO-LON 
@ Kamioka

DM-Ice @ South Pole

SABRE 
@ Stawell

ANAIS  
@Canfranc

DAMA 
@ LNGS

SABRE 
@ LNGS

COSINUS 
@ LNGS

In Data-taking 
since Aug/2017

In Data-taking 
since Sept/2016

COSINE, SABRE, PICO-LON are developing low background NaI(Tl) crystals

Background ~ 3 dru

Global DM efforts with NaI(Tl) 

distribution, σðSmÞ, which would be obtained in a large
number of experiments like ANAIS − 112 with the present
exposure. Then, we quote our sensitivity to DAMA/LIBRA
result as the ratio SDAMA

m =σðSmÞ, which directly gives in σ
units the C.L. at which we can test the DAMA/LIBRA
signal. At present, our result σðSmÞ¼ 0.0058ð0.0063Þcpd=
kg=keV for [2–6] keV ([1–6] keV) corresponds to a
sensitivity of 1.75σ (1.66σ) to the DAMA/LIBRA signal.
In Ref. [29] we found an analytical expression to calculate
σðSmÞ at a given exposure from the measured background
and detection efficiency. Figure 3 (dark blue lines) displays
our sensitivity projection calculated following Ref. [29]
for the two studied energy ranges, whereas the blue bands
represent the 68% uncertainty in SDAMA

m as reported in
Ref. [8]. In the calculation we take into account the
ANAIS − 112 live time distribution, the background reduc-
tion expected due to decaying isotopes and the statistical
error in the detection efficiency. The black dots are the
sensitivities derived in this work, including a systematic
error estimated by changing the time binning from 1 to
20 days, and considering the systematics in the efficiency
[27]. The results perfectly agree with our estimates,
confirming the ANAIS − 112 projected sensitivity to the
DAMA/LIBRA result. A 3σ sensitivity should be at reach
in 4–5 years of data taking.
Finally, Fig. 4 presents the best fit amplitudes, Sm,

calculated per 1 keVenergy bins, from 1 to 20 keV (bottom
panel, black dots), together with the DAMA-phase-2
modulation amplitudes extracted from Ref. [8] (blue
triangles). The top panel shows the p values for the null
(open squares) and modulation hypothesis (closed circles)
for every energy bin. All the modulation amplitudes in
the ROI are compatible with 0 and, in general, p values

for the null hypothesis are slightly larger than those of the
modulation hypothesis. The 1σ and 2σ bands shown in the
figure are obtained following Ref. [29] for the present
ANAIS − 112 exposure.
In summary, to test the DAMA/LIBRA annual modu-

lation result in a model independent way, an analysis of the
first year and a half of data from ANAIS − 112 experiment
has been presented. This analysis is based in visible
energies (keVee), as DAMA/LIBRA does. This implies
the interpretation in terms of dark matter is not direct,
because it depends on some issues related with the
detectors’ performance. We are working on the measure-
ment of the quenching factor for the scintillation of nuclear
recoils in ANAIS-112 crystals, the most relevant parameter
to allow such a comparison. Moreover, understanding
nonbulk scintillation events populations is crucial: for
instance, because of our high light yield, the contribution
from noise events should appear in ANAIS at lower
equivalent energies than in DAMA/LIBRA. Other exper-
imental features, such as energy resolution, could have
some impact in the comparison of results among experi-
ments, but their effect should be minor. It will be analyzed
in more depth in subsequent analysis. ANAIS − 112 annual
modulation result is compatible with the sensitivity esti-
mates done in Ref. [29], and confirms our goal of reaching
sensitivity at 3σ level in five years (see Fig. 3) to the
DAMA/LIBRA result. We derive best fits for the modu-
lation amplitude Sm ¼ −0.0044 $ 0.0058 and −0.0015 $
0.0063 cpd=kg=keV, in the [2–6] and [1–6] keV energy
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FIG. 3. ANAIS − 112 sensitivity to the DAMA/LIBRA signal
in σ C.L. units (see text) as a function of real time in the
[2–6] keV (upper panel) and [1–6] keV (lower panel) energy
regions. The black dots are the sensitivities derived in this work,
σðSmÞ. The blue bands represent the 68% C.L. DAMA/LIBRA
uncertainty [8].

energy (keV)
0 5 10 15 20

S
m

 (
cp

d/
kg

/k
eV

)

-0.04

-0.02

0

0.02

0.04
σ1

σ2

this result

DAMA/LIBRA phase2

p 
va

lu
e

0.5

1
null hyp
modulation hyp

FIG. 4. Modulation amplitude per 1 keVenergy bins combining
data from all the modules. We show for reference the corre-
sponding DAMA/LIBRA result [8], and the 1σ and 2σ ANAIS −
112 bands following the analysis done in Ref. [29]. Top panel
compares the p values of the fits to Eq. (2) with those
corresponding to the null hypothesis for every energy bin.

PHYSICAL REVIEW LETTERS 123, 031301 (2019)

031301-5

ANAIS: 	PRL	123	(2019)	031301	
	-0.0015	± 0.0063	cpd/kg/keV

	
COSINE: 	PRL	123	(2019)	031302	

	-0.0083	±	0.0068	cpd/kg/keV	
	

DAMA:		0.0095	±	0.0008	cpd	kg-1	keV-1	
NO	SMOKING	GUN	



SABRE – North and South 

PoP	(1	crystal)	at	LNGS	in	Italy	

NaI	crystal	development	at	
Princeton	

~4	m	

Monte	Carlo	simulation:	Astroparticle	Physics	109	(2019)	1-9.	
SABRE	Project	and	SABRE	PoP:	Eur	Phys	J	C	(2019)	79:363			

SABRE	South	–	Straight	to	full	scale	(7	NaI	crystals)	at	SUPL	

Key	metric:	background	in	2-6	keV	region:		
DAMA	(~1	dru),	ANAIS	(~3.6	dru),	COSINE	(~2.5	dru)		

SABRE	design	background	of	0.36	dru	
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RESEARCH: SABRE
SABRE	South	Timeline 
(Many	more	tasks	are	not	shown,	
dependencies	and	cri=cal	points	

2020 2021 2022
May/
Jun

Jul/
Aug

Sep/
Oct

Nov/
Dec

Jan/
Feb

Mar/
Apr

May/
Jun

Jul/
Aug

Sep/
Oct

Nov/
Dec

Jan/Feb Mar/Apr
Slow	Control,	
Online	
CompuAng,	

Slow	control	&	Run	
control

Start	of	SABRE	
South	

conAngency

Start	of	ongoing	
measurements	with	SABRE

DAQ	&	online	
compuAngOuter	

Detector	and	
Shielding

LAB	ScinAllator
Veto	Vessel	at	
WanArnaVeto	Vessel		
transport	and	Muon	detector
Muon	detector	at	
SUPLCalibraAon	System
Veto	PMTs
Crystal	glovebox
Shielding

Inner	Detector Crystal	PMTs
Enclosures	&	
InserAon	SystemNaI	Crystals
AMS/QF	
measurementsCalibraAon	system

SoSware	and	
Physics

Event	Display
SimulaAon	
(ongoing)ReconstrucAon

SUPL ConstrucAon
Available	for	
(parAal?)	

Aiming	for	installation	in	late	2021	and	full	operation	in	2022	



SABRE South status update 
Executive Group managing SABRE South progress:  
Elisabetta Barberio (Spokesperson), Greg Lane (Technical Coordinator, ANU), Tiziano Baroncelli (Engineer) 
Alan Duffy (Swin), Gary Hill (Adel), Geoff Brookes (Swin), Phill Urquijo (Melb)  

Significant hardware exists… 

•  Working	towards	a	late	2021/early	2022	start	
•  Obvious	dependence	on	SUPL	completion	date	

•  Long	term	measurement	of	background	(muons,	gammas,	neutrons)	
within	SUPL	is	critical	for	interpretation	of	SABRE	results	and	future	
experiment	planning		

•  Budget	for	SABRE	from	ARC	LIEF	–	largest	uncertainties	are:	
•  Final	price	of	shielding	–		Radioactivity	measurements	complete	
•  Method	of	crystal	production	–	SICCAS	/	RMD	–	in	progress		

Coordination	with	COSINUS	(cryogenic	NaI	experiment	at	LNGS)	and	
SICCAS	(Chinese	AIs	Ge,	Zhu	and	Yue)	is	underway.		
Also	been	contacted	by	RMD.		

	

Many	people	collaborating	and	working	very	hard	to	get	SABRE	operational.	

See	talks	from	Phill	Urquijo,	Andrew	Stuchbery,	Lindsey	Bignell,	Federico	
Scutti,	Francesco	Nuti	and	possibly	more…						Many	students	have	key	roles!	



Progress and illustrative plans 



Other WIMP Detector Concepts 
CHAPTER 2. TECHNICAL INTRODUCTION

Pump in

31.336 GHz

Maser out

12.037 GHz

Carbon Glass 

Temperature 

Sensor

Heater patch

Whispering Gallery Mode

Microwave Field Contours

Sapphire

Silver plated

copper cavity

Thermal connection to liquid helium bath/cryocooler/dilution fridge

Copper clamp

Loop probe

Straight probe

Side View

Top View

10mm

Figure 2.7: Schematic of the maser frequency standard presented in this work -
the Fe3+ sapphire maser.

44

Cryo-DM 
 

Low-mass WIMP detection with a 
cryogenic crystal or superfluid 

 
Will combine R&D from WIMP and 

Advanced Metrology Themes 
 

Conceptual investigations – no 
hardware as yet. 

 
See Maxim Goryachev’s talk 



Progress and illustrative plans 



CYGNUS – Directional dark matter detection 
•  Directional	dark	matter	detection	with	gas	TPCs	(PI	Spooner	led	the	DRIFT	experiment)	
•  “Proto-collaboration”	with	a	long-term	vision	for	a	worldwide	network	

•  dark	matter	astronomy	
•  important	role	of	SUPL	(southern	hemisphere).	

•  Australia	provides	a	member	of	the	International	Steering	Committee	(UK,	Australia,	Italy,	Japan,	USA).		
•  R&D	scale	detectors	currently	being	designed/built	locally	at	ANU	and	Melb.	

	

26th	Feb	

6th	Sep	

Nucleus-WIMP	collision		
	

3D	image	of	recoil	track		
	

->	WIMP	direction	



CYGNUS – Gas TPC – Really? 
Rich	event	information	makes	up	for	low	target	mass.	
Need	low	energy	threshold,	absolute	positioning,	directionality,	vector	sense,	
and	particle	ID.	
All	demonstrated	at	~10	keV	or	less,	but	not	simultaneously	=>	R&D	is	needed.	

Sensitivity	discussion	in	recent	CYGNUS	
concept	paper:	arXiv	2008.12587.	
	
See	talk	today	from	Ciaran	O’Hare	and	also	
his	recent	CoE	seminar	
	
Theory/experiment	collaboration	required	to	
investigate	physics	case:	
•  electron	recoil	versus	nuclear	recoil	
•  neutrino	physics		



CYGNUS plan 
•  R&D	over	first	few	years	at	small	scale	–	eventual	move	to	large	scale.		
•  Funding	for	initial	R&D	activities	–	PI	(DSTG)	may	provide	some.	Another	

$150k	over	the	first	two	years	from	node	budgets.		
	
2020/21:	TPC	with	GEMs	and	MWPC/optical	readout	(ANU/Melb)	for		

	gas	characterisation	studies	(concept	at	top	right)	
	TPC	with	GEMS	and	Silicon	readout	(Melb/DSTG/ANU)	

	

	Lessons	learned	will	feed	design	of	1m3	scale	CYGNUS-OZ	prototype	
	Contribute	to	global	CYGNUS	efforts	(engineering	design,	testing	
	across	all	years)	

	

2022/23:	Building	1m3	scale	CYGNUS-OZ	
	Design	at	the	10m3	scale	of	CYGNUS10-OZ	

	

2023/24:	Installation	of	1m3	CYGNUS-OZ	in	SUPL.	
	

2024/25:	Decisions	regarding	SABRE	/	CYGNUS10-OZ	priorities	in	SUPL.	

CYGNUS	–	Lite		
(Lachlan	McKie	ANU	
student,	2020)	
	
See	also	Lindsey’s	talk	



Progress and illustrative plans 

Fully expect new initiatives, changes and evolution 
of this plan, over the lifetime of the Centre. 



INTERNATIONAL PARTNER ORGANISATIONS: 


