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Centre	staff	at	the	Adelaide	Node:

2

A/Prof Gary Hill (CI)

A/Prof Paul Jackson (CI)

Dr Wei Su 
(Res Assoc - theory)

Prof Anthony Thomas (CI)

A/Prof Martin White (CI)

Prof Anthony Williams 
(CI, Deputy Director, 

Adelaide Node manager)

Dr Xuan-gong Wang 
(Res Assoc - theory)

Dr Padric McGee  
(IT & Research Support 

Specialist)

Ms Sharon Johnson 
(PA to Node Manager)

Ms Silvana Santucci 
(Admin Assistant)

Dr Irene Bolognino 
(Res Assoc - direct  
detection, waiting  

on her visa)

Dr Harish Potti 
(Res Assoc - ATLAS, 
waiting on his visa)

A/Prof Martin White (CI)

Level B appointment 
(direct detection 
WIMP+Axion+ 

ATLAS, detector R&D; 
target female)
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Searches	for	Dark	MaCer

3

Direct detection of 
Dark Matter is often 

done deep 
underground to 

minimize the cosmic 
ray background
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SUPL	ExcavaJon	Complete	-(SUPL	Partners	are	U	
Melbourne,	U	Adelaide,	ANU,	Swinburne	and	ANSTO)

SUPL	=	Stawell	Underground	
Physics	Laboratory	
SUPL	is	1km	beneath	the	surface	
in	the	Stawell	Gold	Mine;	
Looking	into	Main	Hall	(right)	from	
loading	bay;	
SABRE	and	other	experiments	at	
the	back	of	Main	Hall	(10m	high);	
15km	main	road/tunnel	to	the	
surface	(le\)	le\,	runs	past	SUPL;	
At	back	of	Main	Hall	(behind	
tractor)	to	the	le\	is	the	Annex	
that	runs	unJl	it	rejoins	the	road;	
Lab	construcJon	to	be	completed	
in	2021

4

Serving	as	University	of	Adelaide	
representaJve	on	SUPL	Steering	
CommiCee	since	incepJon	(circa	
2015);	

Refer	to	talk	by	Amanda	Western	
describing	SUPL.
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Dark	MaCer	Wind

• Dark	MaCer	(e.g.,	Weakly	InteracJng	Massive	ParJcles	-	WIMPs)	are	
expected	to	form	an	approximately	staJc	halo	around	the	galaxy	(shown	in	
blue);	Is	there	small	scale	structure,	turbulence?	

• As	the	spiral	galaxy	rotates,	the	Sun	experiences	a	wind	of	DM	parJcles	
(appoximate	direcJon	is	from	the	direcJon	of	Cygnus);	

• As	the	earth	rotates	around	the	sun,	the	velocity	of	the	Dark	MaCer	wind	
passing	through	the	earth	changes	accordingly.

5
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DAMA/LIBRA	enigma

6

Annual Modulation

2

χ χ

WIMP dark matter detection: elastic scattering.

Flux (scatter rate) of dark matter modulates 
through the year

DAMA: reports a highly significant (11.9 σ) 
modulation signal consistent with dark matter.

https://arxiv.org/abs/1805.10486

Simplest assumptions are inconsistent with all other experiments; 
No known backgrounds appear to be able to explain it.
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7
(Note: DSNB = Diffuse Supernova Neutrino Background)
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8Zakopane 2018                                                                                                       Gregory.Lane@anu.edu.au 9 

SABRE Collaboration

~50 Physicists and 
Engineers from 12 
Institutions

4

PNNL
LLNL
Princeton U.

U. Roma (INFN)
U. Milano (INFN)
GSSI
LNGS

ANU
ANSTO
Swinburne U.
U. Adelaide
U. Melbourne

Proof-of Principle: LNGS
Full-scale experiment: LNGS + SUPL

SABRE Collaboration 

SABRE 
North 

SABRE 
South 

SABRE	CollaboraJon
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Direct	detecJon	experimental	involvement		
-	First	two	SABRE	publicaJons,	another	in	preparaJon

9
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Direct	detecJon	theory	publicaJons

10

• In	nuclear	recoil	experiments	we	
could	detect	two	components	of	
dark	maCer	if	masses	are	
sufficiently	different;	

• Most	sensiJvity	when	“kink”	is	
pronounced,	which	occurs	when	
lighter	DM	parJcle	mass	is	<	20	
MeV	or	so.

<latexit sha1_base64="rhzDY9osGUtrMc2QfmLTf5HUM98="></latexit>

r� ⌘ �p
1

�p
2

⌘ ratio of DM-proton cross-sections

JCAP11(2017)021

<latexit sha1_base64="XZuzsVSzCxFw4TM8aMOlUABUeFQ="></latexit>

r⇢ ⌘ ⇢1
⇢2

⌘ ratio of mass densities

<latexit sha1_base64="7YyHVR2G7hRiQHeJHp/H/rdU3HA=">AAAB/nicbZDLSsNAFIYnXmu9RcWVm8EiuCqJRtoshKIblxXsBdoQJtNJO3QmCTMToYSCr+LGhSJufQ53vo3TNBRvPwx8/Occzpk/SBiVyrI+jaXlldW19dJGeXNre2fX3NtvyzgVmLRwzGLRDZAkjEakpahipJsIgnjASCcYX8/qnXsiJI2jOzVJiMfRMKIhxUhpyzcPhd8XoxheQg2SDjnSaPtmxapaueBfsAuogEJN3/zoD2KcchIpzJCUPdtKlJchoShmZFrup5IkCI/RkPQ0RogT6WX5+VN4op0BDGOhX6Rg7n6fyBCXcsID3cmRGsnftZn5X62XqrDuZTRKUkUiPF8UpgyqGM6ygAMqCFZsogFhQfWtEI+QQFjpxMp5CK7r1hxn8WUdglt3nfPawmmfVe2LqnXrVBpXRRwlcASOwSmwQQ00wA1oghbAIAOP4Bm8GA/Gk/FqvM1bl4xi5gD8kPH+BWVKlLA=</latexit>

r⇢ = r� = 1

AGW,	CoEPP	Summer	School,	February	2017
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<latexit sha1_base64="YmsUAqeB+vXb7xBqbfIHyjr8DMc="></latexit>

⇢1 + ⇢2 = ⇢loc = local DM mass density
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Direct	detecJon	theory	publicaJons	(conJnued)

11

• The	issue	with	DAMA/LIBRA	being	in	tension	
with	other	searches	remains	-	hence	the	
moJvaJon	for	the	SABRE	North	and	South	
experiments;	

• In	addiJon,	a\er	DAMA-LIBRA	Phase-2	results	
were	published	it	was	argued	that	isospin	
conserving	single	component	DM	was	ruled	
out	assuming	that	DAMA-LIBRA	had	seen	DM;	

• We	showed	in	the	top	le\	paper	that	with	
two	DM	components	the	DAMA-LIBRA	phase	
2	results	could	be	consistent	with	isospin	
conservaJon;	

• In	the	second	paper	(boCom	le\)	we	
invesJgate	two	dark	maCer	genesis	scenarios:	
(a)	asymmetric	DM	and	(b)	thermal	freeze	
out.	Both	models	constrain	parameter	space	
and	tend	to	slightly	smooth	out	kink	behavior;	

• However,	regions	of	parameter	space	with	a	
pronounced	kink	remain.	So	detecJon	of	two	
component	DM	remains	possible	in	some	
regions	of	parameter	space.
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Beyond	the	Standard	Model	(BSM)

12

• Dark	maCer	theory	program:	
• dark	maCer	candidates	-	what	

are	the	possible	parJcle	
properJes	of	dark	maCer	
consistent	with	observaJons?;		

• model	building	-	extend	the	
SM	to	various	BSM	theories	to	
include	DM;		

• dark	maCer	phenomenology	-	
experimental	signatures	for	
given	models;	and	

• dark	maCer	&	astroparJcle	
physics	and	cosmology
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Challenges	for	the	SM	and		BSM	theories:

13

• There	are	phenomena	not	explained	by	the	Standard	Model	(SM):	
• Gravity	and	Dark	Energy	-	A	Theory	of	Everything	includes	gravity	and	remains	a	bridge	too	far;	
• Dark	maCer	-	the	big	challenge	for	our	Centre.	What	is	the	parJcle	nature	of	DM?;	
• Neutrino	masses	and	neutrino	oscillaJons	-	a	simple	extension	of	the	SM	that	only	needs	the	PMNS	

matrix	for	leptons	to	be	included	(analog	of	quark	CKM	matrix)	-	origin	of	mass?;	
• MaCer-anJmaCer	asymmetry	-	we	need	addiJonal	sources	of	CP	violaJon;	
• Why	is	the	Higgs	so	light	at		~125	GeV?	-	Naturalness/fine-tuning	problem;	
• Strong	CP	problem	-	QCD	can	be	extended	to	have	a	large	CP	violaJng	term	that	would	lead	to	a	

neutron	dipole	moment	etc.	Not	seen	at	precision	of		~	10-9.	Why	is	this	so	Jny?	Another	naturalness/
fine-tuning	problem.	TheoreJcal	aCempt	to	explain	this	leads	to	the	Peccei-Quinn	axion	predicJon;	

• The	SM	vacuum	seems	to	become	unstable/metastable	at	energies	below	the	GUT	scale	of	~1016	GeV.		
Note	that	GUT	=	Grand	Unified	Theory	such	as			

• This	suggests	that	the	SM	is	an	effecJve	low-energy	theory	of	some	BSM/GUT	theory.	

• Examples	of	BSM	theories:		
• Supersymmetry	(SUSY)	-	symmetry	between	fermions	and	bosons	and	then	so\ly	break	it;	
• Composite	Higgs	models	-	Higgs	is	a	composite	parJcle	that	is	a	pseudo-Goldstone	boson	if	some	

BSM	theory,	which	explains	why	the	Higgs	is	light;	
• Two-Higgs	doublet	models	(2HDM)	-	one	of	the	simplest	extensions	of	the	SM.	2HDM	models	are	one	

of	the	natural	choices	for	BSM	theories	and	contain	two	Higgs	doublets	instead	of	just	one;	
• Scotogenic	models	-	an	economical	setup	that	induces	Majorana	neutrino	masses	at	the	1-loop	level	

and	includes	a	dark	maCer	candidate.	

SM = SU(3) × SU(2) × U(1) ⊂ SU(5)



Centre	Workshop	-	November	26-27,	2020

gradient fill acronym only

VIBRATION This concept is high tech, providing a combination of a focal point and
concentric rings. This style implies several relevant themes: the perspective
of looking down a tunnel (into the earth from above); revolving computer spools;
and a maze surrounding a central truth. The colourway is cool and suggests a 
laboratory, and the font is modern, clean and friendly.

STAWELL UNDERGROUND PHYSICS LABORATORY

OVERVIEW

COLOUR

VARIANTS

STAWELL

PHYSICS LAB
UNDERGROUND

SUPL

Concept Progress Status Conclusions

Collaboration

SA
BRE

SA
BRE

Adelaide University
Australian National University
Swinburne University
University of Melbourne

LNGS & GSSI
INFN Rome
University of Milano & INFN

Imperial College London

PNNL
Princeton University

Francis Froborg SABRE 14 / 15

Some	recent	BSM-related	theory	papers

14
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Conclusions

15

• I	am	sJll	a	theorist	95%	of	the	Jme,	but	felt	that	it	was	
important	to	contribute	to	helping	to	get	SABRE	and	SUPL	
happening	Australia;	

• Our	new	Centre	lead	by	ElisabeCa	is	a	game-changing	addiJon	
to	this	effort.	It	will	strengthen	dark	maCer	research	in	Australia	
for	the	next	7	years	and,	through	its	legacy,	well	beyond;	

• Whatever	SABRE	(North	+	South)	finds	will	be	interesJng;	
• The	theory	challenge:	Construct	BSM/GUT	theories	with	a	
suitable	Dark	MaCer	candidate	that	are	consistent	with	all	
known	observaJons	and	hopefully	explain	other	puzzles	along	
the	way.


