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EdiDM An Introduction  
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Why Dark Matter? 
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(LHC,	early	
cosmos)	

NASA	(What	the	universe	
may	have	done/be	doing)			

Nuclear	Recoil	
(Neutrons,	WIMPs)	

Electron	Recoil	
(Gammas)	Dark Matter Interaction 

Scattering	with	ordinary	matter	(LUX	and	others).	



LUX 
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(charge) 

(light) 

		

§  Dual Phase Noble Liquid Time 
Projection Chamber. 

S1/S2	ratio	differs	for	nuclear/E&M	recoils	
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LUX to LUX ZEPLIN (LZ) 
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Total	mass	–	0.37	T	
WIMP	Active	mass	–	0.25	T	
WIMP	Fiducial	mass	–	0.145	T	

Ø  Improved	radio-purity	hence	
reduced	backgrounds.		

Ø Outer	detector	consisting	of	
17.5	tonnes	of	Gadolinium	
loaded	scintillator.	

Ø  Instrumented	“Skin”	region	
optically	separated	from	the	
TPC.	



LZ Detector 
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Commissioning of 1 Inch PMTs 
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Ø Assembling	an	experimental	setup	for:	

v  Pressure	test	of	PMTs	to	withstand	5	bars	
v  Cryostat	test	of	PMTs	to	–	100	C.	

Ø Development	of	data	acquisition	system	and	
analysis	software	to	process	the	resulting	data.		



Axions and ALPs Search 
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Ø  Axion	searches	in	LUX	2013	data	
completed	and	published.	

Ø  World-leading	limits	on	the	axion-
electron	coupling	obtained.	

Ø  EdiDM	is	leading	analysis	of	the	full	
LUX	data	set.	

Ø  New	ER	band	search	undertaken:	
2nuDEC	of	Xe-124.	

Ø  Search	for	a	mono	energetic	line	at	
63.6	keV	in	the	LUX	ER	spectrum.	

Ø  Ongoing	finalisation	of	the	analysis	
on	LUX	2013	data.	

Ø  Publication	in	preparation.	

Ø  EdiDM	is	also	contributing	to	the	
analysis	on	the	full	LUX	data	set.	

2nuDEC Search 

LZ-wise:		
•  Axion	searches	projections	completed.	
•  2nuDEC	projections	on	to-do-list.	



Mirror Mirror on the Wall… 
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Ø Mirror	Dark	Matter:	

v  DM	in	hidden	sector	isomorphic	to	SM	–	
contains	mirror	partner	of	all	SM	particles.	

v  Gauge	symmetry	only	allows	interaction	via	
kinetic	mixing	term,	governed	by	ε.	

v Mirror	electrons	scatter	off	atomic	
electrons	in	Xe	giving	~keV	ER	signal	in	LUX.	

Ø Analysis:	
v  Construct	signal	model.	

v  Simulate	detector	observables.	

v  Compare	signal	+	background	to	data.	

Ø Goal:	
v  Constrain	ε.	 Mirror	DM	energy	spectrum	for	ε	=	10-10	



Low Background Studies for SELLR 
(Subsurface Experiment for Life in Low-Radiation) 

15/12/17	 UoE	Group	Christmas	Meeting		 13	

Ø Experimental	set-up	in	the	old	ZEPLIN-III	castle	
within	the	Boulby	mine.	

Ø Did	not	make	direct	measurement	of	background	
radiation	contribution.		

Ø Geant4	simulation	of	gamma	doses	received	by	
the	samples.	

Working	on	Electron-Recoil	Background	
Models	for	LUX	and	LZ.	

Ø  Significant	dose	contribution	to	the	
background	sample.		



Machine Learning for Locating Supernovae 
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Ø Produce	simulated	data.		

Simulated	probability	density	function	of	neutrino	
events	from	a	supernova	

Ø  Looking	at	Neutrino	events	from	supernovae	in	four	particle	detectors.	

Ø Training	regressions	to	predict	the	angular	coordinates	of	supernovae	events	

Gran	Sasso	
Kamiokande	

SURF	

SNOLAB		
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MERRY	FORCE	
BE	WITH	YOU!	HAPPY	HAN-

UKKAH!	

I	FIND	YOUR	
LACK	OF	CHEER	
DISTURBING…	


