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In	This	Talk 

•  MoBvaBon. 
• 	LZSim	Overview. 
• 	MulBple	interacBon	algorithms.	
• 	IdenBfying	opBmal	algorithm.		
• 	Results.	 
• 	Conclusions.		

		-	MulBple	interacBon	rejecBon	very	important.		
		-	A	framework	for	algorithm	opBmisaBon	has	been	developed.		
	-	Need	to	improve	signal	idenBficaBon. 
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Mo-va-on 

• 	LZ	–	future	successor	of	LUX	WIMP	detector.			
•  7 tonne active Liquid Xenon (LXe) volume.  
•  Predicted sensitivity: 2x10-48 cm2 at 50GeV/ c2.  

	
• 	EffecBve	background	rejecBon	and	modelling	
necessary	to	achieve	this	sensiBvity.		
• 	SimulaBons	must	include	mulBple	interacBon	
idenBficaBon.		
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The	Background	Vetoing	Systems 
• 	Energy	cut	(6-30keVnr	and	1.5-6.5keVee).	
• 	Time	co-incidence	cuts	with	LXe	skin	and	Gd-LS	
vetoing	systems.	
	
• 	Fiducial	volume	cut.	

-  reduces	target	size	but	increases	sensiBvity.	
	

• 	Mul-ple	interac-on	rejec-on.	
	
• 	ER/NR	discriminaBon	gives	final	counts/exposure:	

	-	NR:	0.0724.	ER:	7.58. 
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NR counts only 



LZSim	Overview 

 
• 	LZSim	GEANT4	Monte	Carlo	parBcle	
simulaBons	model	our	background. 
 
• 	This	background	modelling	needs:	
 

– 	full	LZ	detector	geometry	and	
materials	coded.		
 
– 	event	generators	for	radioacBve	
isotopes.	
 
– 	real	measurements	of	radiogenic	
isotopes	for	all	materials	in	detector. 
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LZSim	Event	Visualisa-ons	 

	-	Red	dots	=	all	hits	
	-	Blue	dots	=	energy	weighted	posiBon	Ω  
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• LZSim	output:		

• 	magnitudes,	posiBons	and	Bming	of	parBcles’	energy	deposits	into	LXe.	

– 	Also	Truth	info,	e.g.	parBcle	type/	physics	process.		
 
 

 
 



Mul-ple	Interac-on	Algorithm	-	Story	so	Far	

• 	Ideally	simulate	S1/S2	signals	(e.g.	from	NEST	DRM).	
		-	Current	algorithms	use	energy	deposits	approx. 

 
• 	Ideally	test	algorithm	robustness	against	real	data. 
	 	-	LZ	detector	does	not	yet	exist.	
	 	-	Compare	against	simulaBons	truth	info.	

• 	No	problems	idenBfied	in	current	algorithm.	
-	SimulaBons	evolved	since	original	algorithm	implementaBon.	
-	Further	opBmisaBon	may	be	needed. 
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Mul-ple	Interac-on	Iden-fica-on	Algorithms 

• 	Energy	Weighted	Standard	Devia-on	(in	r	and	z)		
	 	-	box	cut	(current)	
	 	-	circular	cut	
	
• 	Range	(in	z).		

• 	Nominal	cuts	
	-	zcut=	0.2cm.	
	-	rcut	=	3cm.	
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Op-mising	Algorithm 

9 

• 	Choose	algorithm	with	maximum	Figure	of	Merit.	
	 	-	FoM	=	counts*signal/background,	aier	all	cuts.				
	
• 	Signal	=	single	NR.	

-  Count	number	of	nuclei	interacted	with.	
	

• 	(α,n)	neutrons	from	-tanium	cryostat	and	steel	cathode,	due	to	uranium	&	
thorium	decay	chains.	

-	Single	neutron	sca>er	representaBve	of	a	WIMP	sca>er.	
	 	-	Cryostat	-	main	source	of	background.	

-	Cathode	-	*in*	the	LXe.	
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• 	Why	no	ER	data?	
	-	Extremely	low	ER	stats	aier	all	cuts.		
	-	99.5%	rejected	aier	S1/S2	
discriminaBon.		
		-	ER	counts	and	not	sensiBve	to	

variaBon	mulBple	interacBon	cut.			
	
 



Results	so	Far	

10 

• 		Suggests	cunng	everything	is	best,	obviously	this	is	wrong	because	
this	would	certainly	cut	WIMPs.		
	
• 		LZ	predicted	to	resolve	0.22-0.44cm	in	Z.		

-	separaBon	between	S2	signals	
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What	could	the	problem	be? 

• 	Signal	from	counBng	unique	nuclei.	
		
• 	The	physics	processes	behind	these	nuclei:	

		-	Neutron	capture.	
		-	InelasBc	sca>ering.	
		-	ElasBc	sca>ering.		

	
• 	InelasBc	causes	ER	too.	
	
• 	WIMPs	interact	elasBcally.		



Future	Developments	

	
• 	Improve	signal	idenBficaBon.	

	-	to	include	only	elasBc	sca>ers.	
	
	
• 	Can	variaBon	of	algorithms	in	energy	and	posiBon	be	used	for	
further	opBmisaBon?	

		-	preliminary	plots	in	extra	slides.		
	
	
• 	Start	exploring	ER	data.		



Conclusions 

1.	Mul-ple	interac-ons	vetoing	is	very	
important	for	achieving	LZ’s	sensi-vity.	
	
2.	A	frame	work	for	op-mising	mul-ple	
interac-on	algorithm	has	been	developed.	
	
3.	Need	to	improve	signal	iden-fica-on	within	
this	algorithm.	
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Thank you for listening.  



EquaBons	behind	the	algorithms.		



VariaBon	with	PosiBon 
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Lei:	Before	all	cuts.	Middle:	Aier	all	cuts	(except	fid.	vol.).	Right:	with	fid.	vol.	cut. 
 
	 
 



Lei:	Before	all	cuts.	Middle:	Aier	all	cuts	(except	energy).	Right:	with	energy	cut.	
Black	verBcal	lines	show	NR	search	region.	 
 
	 
 

VariaBon	with	Energy 
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Standard	DeviaBon	and	Range	CorrelaBon	
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