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LZ:	overview
§ WIMP	search	experiment
§ Location:	1.5	km	underground	@SURF	(US)
§ LZ	(LUX-ZEPLIN),	~250	collaborators

§ Two	phase	(liquid	and	gas	Xe)																														
time	projection	chamber	(TPC)
➤ Total	mass:	10	t
➤ Active	mass:	7	t

§ Low-energy	threshold:	~5	keV
§ Two	veto	systems:

➤ Xenon	skin
➤ Liquid	scintillator	(Gd-LS)	
outer	detector

§ Underground	installation	starting	in	2019
§ Physics	data	taking	from	2020

arXiv:1703.09144



LZ:	detection	principle
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§ Particle	interactions	in	the	active	
region	create:
➤ Prompt scintillation (S1)
➤ Electrons	from	ionisation

o drifted	upward	to	GXe
o delayed	proportional	

scintillation	(S2)

§ Both	energy and	position can	be	
reconstructed	from	S1	and	S2

§ Two	distinctive	types	of	particle	
interactions:
➤ Electron	recoil	(ER):	
𝛽’s,	𝛾’s	,	𝜈-e	scattering
➤ Nuclear	recoil	(NR):
WIMPs,	𝑛’s,	𝜈-N	(CE𝜈NS)

GXe

LXe
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LZ:	analysis	strategy
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§ ER	and	NR	events	discriminated	from	
their	different	S2/S1	proportion

§ ER	and	NR	bands	obtained	through	
calibration

§ Many	𝛾 and	𝑛 events	occur	close	to	the	
TPC	wall
➤ Veto them:	Xe skin	and	OD
➤ Define	a	fiducial	region:	5.6	t	for	
the	WIMP	search

ER	band

NR	band

Simulated	dataset	inside	the	fiducial	volume	for	the	
full	LZ	exposure	(1000	days	×	5600	kg)

Energy	
isoncontour lines

ER:	electron	recoil
NR:	neutron	recoil
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WIMP	signal	model
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§ WIMP	differential	scattering	rate

§ NEST	software	package	(arXiv:1307.6601)
➤ Estimates	charge	and	light	production	in	LXe
➤ Accounts	for	anti-correlations	between	

ionisation	and	scintillation	
➤ Incorporates	calibration	results	from	LUX	that	

go	down	to	~1	keV (arXiv:1512.03506)

➤ Astrophysics:	local	DM	density	(𝜌-),	WIMP	galaxy	
escape	velocity	(𝑣012),	WIMP	velocity	distribution	(𝑓⨁)

➤ Nuclear	physics:	nuclear	form	factor	(𝐹)
➤ Particle	physics:	WIMP	mass	(𝑚789:),	WIMP-nucleus	

scattering	cross	section	(𝜎<)
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Backgrounds	to	the	WIMP	search
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Electron	recoilsNuclear	recoils

Background	mitigation	strategy
➤ Underground	installation	of	the	detector
➤ Extensive	radio-assay	campaign	for	detector	materials
➤ Strict	surface	cleanliness	programme
➤ Xenon	purification	to	remove	85Kr	and	39Ar
➤ Active	vetoes:	Xe skin	and	outer	detector
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Backgrounds	to	the	WIMP	search
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Before	veto After	veto

Integrated	counts	for	
5.6	tonne	FV×1000	days:	10.4

Integrated	counts	for	
5.6	tonne	FV×1000	days:	1.0

NR	background	events	in	the	WIMP	region	of	interest	(6 − 30	keV𝑛𝑟) are	
highly	suppressed	by	the	veto	system:
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LZ	likelihood	function
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Legend
➤ Observables:	𝒙 = {𝑆1, 𝑆2}
➤ Parameter	of	interest:	𝜎789:yk
➤ Nuisance	parameters:	

𝝂 = 𝜇i imn
imkl

➤ Global	observables:	
𝐠 = 𝜇i , 𝜎i imn

imkl

Projected	
background	spectra WIMP	spectra

LZ	detector	response	+	NEST

Model	PDFs

Likelihood	function

Event	probability	modelExtended	term

Constraint	term
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LZ	sensitivity:	methodology
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§ To	calculate	the	projected exclusion	upper	limit	to	a	particular	WIMP	cross	section,	
a	one-sided profile	likelihood	ratio	test	statistic	is	used:

greater	incompatibility	between	
data and	tested	cross	section

𝑞|

𝑞|}~1§ Many	Monte	Carlo	trials	are	simulated	
to	construct	distributions	under	the	
NULL	(S+B)	and	ALTERNATIVE	(B-only)	
hypotheses
➤ For	sensitivity	studies:	
𝑞|}~1 = median 𝑓 𝑞| B‒ only
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LZ	sensitivity	to	SI	interactions
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§ Minimum	point
➤ 1.6×10y��	cmE	at	40	GeV/cE

§ The	lower	part	of	the	2𝜎
band	is	not	included	
➤ The	actual	limit	will	be	
power-constrained	at	−1𝜎

Ø LZ	projected	sensitivity	paper:	arXiv:1802.06039
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LZ	sensitivity	to	SI	interactions
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Projected	discovery	significance
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§ Minimum points
➤ 3.8×10y��	cmE	@40	GeV/cE 3𝜎
➤ 6.7×10y��	cmE	@40	GeV/cE (5𝜎)

5𝜎 discovery	
within	reach!

Getting	ready	to	characterise	WIMP	
signals	from	the	very	start:	
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Summary
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§ The	LZ	experiment	is	fully	optimised	for	a	WIMP	search
➤ 7	tonnes	of	Xe active	mass
➤ Robust	background	control,	after	lessons	learned	from	LUX	and	ZEPLIN
➤ Veto	system	to	suppress	extra	NR	backgrounds

§ Likely	to	probe	most	of	the	remaining	WIMP	parameter	space	
before	new	astrophysical	backgrounds	come	in
➤ 100	times	more	sensitive	than	current	best	limits
➤ 5𝜎 discovery	potential

§ Other	searches	are	possible	too
➤ SD	interactions,	axion-like	particles	(ALPs),	astrophysical	neutrinos,	0𝜈𝛽𝛽’s,	...

§ Physics	data	taking	from	2020!!
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BACKUP



WIMP	search:	present	and	future



LZ	sensitivity:	SD	interactions

§ Minimum	point
➤ 8.1×10y�E	cmE	@40	GeV/cE

§ Minimum	point
➤ 2.7×10y�G	cmE	@40	GeV/cE

WIMP-proton WIMP-neutron

§ Natural	Xe contains	odd-neutron	isotopes:	129Xe	(26.4%) and	131Xe	(21.2%)
§ Structure	factors	taken	from	arXiv:1304.7684



Backgound count	estimates



Detector	parameters


