
1



8 

Mν = 100 TeV                   Mν = 100 GeV 

Method suggested in 1985 (28 years ago!) by Goodman + Witten 

•  Predict rates between 4 and 1400 events/kg/day for heavy ν. 

  As early as 1987, first significant constraints (exclusion of a heavy ν) with 

ionization Ge and Si detectors: sensitivity to ~ few evts/kg/day 
•  Ge: S. P. Ahlen, et al., Phys. Lett. B 195 (1987) 603 

•  Ge: D. O. Caldwell, et al., Phys. Rev. Lett., 61 (1988) 510 

•  Si: D. O. Caldwell, et al., Phys. Rev. Lett. 65 (1990) 1305 

  To do better, need better rejection of radioactive backgrounds 
•  Competition between techniques: Pulse-shape discrimination in NaI? Phonon+ Ionization 

detectors [Shutt et al, PRL 69 (1992) 3531]? CsI? Liquid Ar? 2-phase Xenon? Bubbles? Etc … 

Historical notes!

July 2013 ISAPP 2013: Direct Dark Matter Searches 

↵ 



XENON	smack	detection	team
~130 scientists from 22 institutions 

Laboratori Nazionali
del Gran Sasso
(LNGS), Italy
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Phases	of	the	XENON	program

2005-2007
15 cm drift TPC – 25 kg

Achieved (2007)
σSI = 8.8 x 10-44 cm2

2008-2016
30 cm drift TPC – 161 kg

Achieved (2016)
σSI = 1.1 x 10-45 cm2

2013-2018
100 cm drift TPC - 3.2 t

Projected (2018)
σSI = 1.6 x 10-47 cm2

XENON10 XENON100 XENON1T
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XENONnT

1512.07501

2019-2023
144 cm drift TPC - 8 t

Projected (2023)
σSI = 1.6 x 10-48 cm2



Principle	sometimes	easy

But	practice	hard

E.g.	yesterday	angular	momentum	
v.s.	pole	dancing	





Direct	detection	cookbook

• Build	it
• Fill	it
• Clean	it
• Record	it
• Analyze	it



Build	it
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Goal: liquefy 3300 Kg of Xe and maintain the xenon in the cryostat in liquid form, at a constant
temperature and pressure, and so for years without interruption.

Redundant 
PTR

Backup LN2

Heat Exchangers

LXe flow back
to cryostat

GXe flow to active 
cooling tower(s)

Vacuum 
insulation

LXe circulation

Connection 
to cryostat

TPC PMT 
cables

PTR

Cool	it



Clean	it
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Goal: remove electronegative impurities
below 1 ppb (O2 equivalent) in the Xe gas
fill and from outgassing of detector’s
components with continuous circulation of
Xe gas at high speed through hot getters



Clean	it

11

Eur. Phys. J. C77 (2017) no.5, 275 & arXiv:1702.06942



Record	it
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Record	it



Direct	detection	cookbook

• Build	it
• Fill	it
• Clean	it
• Record	it
• Analyze	it





Science	Run:	Timeline

• Average	DAQ	lifetime	=	92%
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Detector	Stability

18



Energy	response
• Excellent	linearity	with	
electronic	recoil	energy	from	40	
keV	to	2.2	MeV

• g1	=	0.1442	± 0.0068	(sys)	
PE/photon	corresponds	to	a	light	
detection	efficiency	of	12.5	±
0.6%
• Assumptions	of	past	MC	
sensitivity	projected	12.1%.

• The	amplification	in	gas	(g2)	
corresponds	to	~100%	extraction	
of	charges	from	the	liquid.

• Feeds	into	(later)	NR	model
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Efficiencies	

• Detection	efficiency	
dominated	by	3-fold	
coincidence	requirement

• Estimated	via	novel	
waveform	simulation	
including	systematic	
uncertainties

• Selection	efficiencies	
estimated	from	control	
samples	or	simulation

• Search	region	defined	
within	3-70	PE	in	cS1	
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The	ER	and	NR	Models

• Simulate	LXe	
microphysics	&	
detector	response	to	
fit	Rn220	and	AmBe	
calibration	data

• Background	and	
signal	predictions	
from	tuned	models
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propagation
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(c) Dark matter search

keVnr
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Fitting	Models	to	Calibration

• Full	modeling	of	LXe	and	detector	
response	in	cS2b vs	cS1	space

• All	parameters	fitted	with	no	
significant	deviation	from	priors
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Novel	Rn220	internal	source



Background	model

• ER	and	NR	spectral	shapes	derived	
from	models	fitted	to	calibration	
data

• Other	background	expectations	
are	data-driven,	derived	from	
control	samples
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Background & Signal Rates Total Reference
Electronic recoils (ER) 62 ± 8 0.26 (+0.11)(-0.07)

Radiogenic neutrons (n) 0.05 ± 0.01 0.02
CNNS (𝛎) 0.02 0.01

Accidental coincidences (acc) 0.22 ± 0.01 0.06
Wall leakage (wall) 0.52 ± 0.32 0.01
Anomalous (anom) 0.09 (+0.12)(-0.06) 0.01 ± 0.01
Total background 63 ± 8 0.36 (+0.11)(-0.07)
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Dark	Matter	Search

• Extended	unbinned	profile	likelihood	analysis
• Most	significant	ER	&	NR	shape	parameters	included	from	cal.	fits
• Normalization	uncertainties	for	all	components
• Safeguard	to	protect	against	spurious	mis-modeling	of	background
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Blue:	ER
Red:	NR

:	median
:-2𝝈
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Take-away	messages
#1:	First	ton-scale	xenon	TPC,				

XENON1T,	demonstrated
#2:	Significant	additional

(blinded)	exposure
#3:	Work	for	XENON1T	upgrade,

XENONnT,	underway
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