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PandaX-xT
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▪ Intermediate	stage:		
▫ PandaX-4T	(4-ton	target)	with	SI	sensitivity	~10-47	cm2	
▫ On-site	assembly	and	commissioning:	2019-2020



The	Cathode
High-Voltage
Feedthrough

The	Outer
Detector
PMTs	(120)

Dual phase xenon TPC, 
7 tonnes fully active

LXe	Heat	
Exchanger

Existing
Water	Tank,	and	

SURF	Infrastructure

Gadolinium-Loaded
Liquid	Scintillator	Veto

Instrumentation	Conduits

D-D	neutron	
tube

The LUX-ZEPLIN detector



Radon dominates 
ER backgrounds

Gamma backgrounds 
(PMTs, cryostat) are 
negligible.

pp solar neutrinos, 
elastic scattering on 
atomic electrons

Coherent neutrino 
scattering on xenon 
nuclei

LZ backgrounds summary
5.6 tonnes, 1000 days



The phases of the XENON Program

 8

M. Schumann (AEC Bern) – XENON 8

XENON1T

96cm

● 3.5 t liquid xenon in total
● 2.0t active target
● ~1t after fiducialization
 

● 248+6 PMTs

XENON10 XENON100 XENON1T XENONnT

2005-2007 2008-2016 2012-2018 2019-2023

25 kg- 15cm drift 161 kg- 30 cm drift 3200 kg- 100 cm 
drift

8000 kg-150 cm drift

~10-43 cm2 ~10-45 cm2 ~10-47 cm2 ~10-48 cm2



XENON1T and XENONnT science reach

• XENON1T: 1.6 x 10-47 cm2 with an exposure of 2 tonnes x year


• XENONnT: to start in mid 2019, aiming for 20 tonnes x year exposure
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Figure 2: A comparison, as function of calendar year, of the projected sensitivity to spin-
independent WIMP-nucleon interactions for a 50GeV/c2 WIMP for XENON1T (1 ton fiducial
mass), XENONnT (4 ton fiducial mass), and LZ (5.6 ton fiducial mass). Curves in this plot have
been calculated using the o�cial values that each experiment has estimated for WIMP energy
range, NR acceptance, ER rejection and background. See text for comments on the comparison
of the various curves.

XENON1T XENONnT LZ

Fiducial Volume [tons] 1 4 5.6
Livetime Fraction 80% 80% 80%
WIMP Energy

4-50 4-50 6-30
Range [keVnr]
NR Acceptance 40% 40% 50%
ER Rejection 99.75% 99.75% 99.5%
Bkg rate [evt/year] 2.08 1.15 2.35

Table 1: Assumptions for the projected sensitivity to spin-independent interaction shown in
Figure 2. The background rate is defined as the rate of NR and ER falling into the defined
WIMP search box, after having accounted for acceptance and rejection, respectively. Numbers
for LZ are the “goal” values extracted from Reference [J.Dobson, 2016].
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Expected number of background events
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“Zero Background” condition 
(<0.1 background events) 

necessary to conduct 
discovery program
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The Global Argon Dark Matter Collaboration
ArDM 
DarkSide 
DEAP 
MiniCLEAN

}A Single Global Program for Direct Dark Matter Searches 
Currently taking data: ArDM, DarkSide-50, DEAP-3600 
Next step: DarkSide-20k at LNGS (2021-)
Last Step: 300 tonnes detector, location t.b.d (2027-)

DarkSide-20k approved by INFN 
and LNGS in April 2017 and by 
NSF in Oct 2017 
Officially supported by LNGS, LSC, 
and SNOLab 
30 tonnes (20 tonnes fiducial) of 
low-radioactivity underground 
argon 
14 m2 of SiPM coverage



Questionnaire for Requesting
the Status of Recognized Experiment at CERN

The DarkSide Collaboration &
The Global Argon Dark Matter Collaboration

October 24, 2017





Letter​ ​of​ ​Intent 
September​ ​8,​ ​2017 

Rev​ ​B 
 

 
Scientists​ ​at​ ​LNGS,​ ​LSC,​ ​and​ ​SNOLAB​ ​are​ ​joining​ ​in​ ​an​ ​international​ ​effort​ ​to​ ​mount​ ​a 

phased​ ​argon​ ​dark​ ​matter​ ​program​ ​with​ ​the​ ​goal​ ​of​ ​being​ ​sensitive​ ​to​ ​the​ ​neutrino​ ​floor.​ ​​ ​This 
effort​ ​will​ ​include​ ​a​ ​broad​ ​collaboration​ ​of​ ​scientists​ ​and​ ​will​ ​represent​ ​the​ ​global​ ​community​ ​for 
dark​ ​matter​ ​searches​ ​with​ ​argon.​ ​​ ​This​ ​letter​ ​is​ ​an​ ​update​ ​of​ ​a​ ​previous​ ​communication​ ​dating 
June​ ​2017,​ ​which​ ​detailed​ ​the​ ​first​ ​conception​ ​of​ ​the​ ​program;​ ​this​ ​letter​ ​was​ ​expanded​ ​to 
capture​ ​the​ ​intent​ ​of​ ​all​ ​institutions​ ​and​ ​scientists​ ​participating​ ​in​ ​the​ ​program. 
 

In​ ​this​ ​document,​ ​the​ ​undersigned​ ​representatives​ ​of​ ​groups​ ​working​ ​on​ ​argon​ ​dark 
matter​ ​searches,​ ​including​ ​Brazilian,​ ​Canadian,​ ​Chinese,​ ​French,​ ​German,​ ​Greek,​ ​Italian, 
Mexican,​ ​Polish,​ ​Romanian,​ ​Russian,​ ​Spanish,​ ​Swiss,​ ​US,​ ​and​ ​UK​ ​groups​ ​among​ ​others, 
memorialize​ ​their​ ​intent​ ​to​ ​form​ ​a​ ​Global​ ​Argon​ ​Dark​ ​Matter​ ​Collaboration​ ​to​ ​carry​ ​out​ ​a​ ​program 
for​ ​direct​ ​dark​ ​matter​ ​searches,​ ​consisting​ ​of​ ​two​ ​main​ ​elements.  
 

The​ ​first​ ​element​ ​of​ ​the​ ​program​ ​is​ ​the​ ​DarkSide-20k​ ​experiment​ ​at​ ​LNGS,​ ​whose 
science​ ​goal​ ​is​ ​to​ ​perform​ ​a​ ​dark​ ​matter​ ​search​ ​with​ ​an​ ​exposure​ ​of​ ​100​ ​tonne·yr​ ​of 
low-radioactivity​ ​underground​ ​argon​ ​(the​ ​low​ ​intrinsic​ ​background,​ ​free​ ​from​ ​any​ ​background 
other​ ​than​ ​that​ ​induced​ ​by​ ​atmospheric​ ​neutrinos,​ ​may​ ​also​ ​permit​ ​a​ ​200​ ​tonne·yr​ ​exposure​ ​for 
extended​ ​operation).​ ​​ ​This​ ​detector​ ​will​ ​be​ ​competitive​ ​with​ ​next​ ​generation​ ​liquid​ ​xenon​ ​dark 
matter​ ​searches​ ​at​ ​high​ ​WIMPs​ ​masses​ ​and​ ​will​ ​be​ ​built​ ​in​ ​time​ ​to​ ​start​ ​data​ ​taking​ ​by​ ​2021. 
 

The​ ​second​ ​element​ ​of​ ​the​ ​program​ ​is​ ​a​ ​low-radioactivity​ ​underground​ ​argon​ ​detector 
with​ ​a​ ​fiducial​ ​mass​ ​of​ ​a​ ​few​ ​hundred​ ​tonnes.​ ​The​ ​science​ ​goal​ ​is​ ​to​ ​perform​ ​a​ ​dark​ ​matter 
search​ ​with​ ​an​ ​exposure​ ​of​ ​1,000​ ​tonne·yr​ ​with​ ​sensitivity​ ​reaching​ ​to​ ​the​ ​neutrino​ ​floor,​ ​to 
identify​ ​coherent​ ​nuclear​ ​scattering​ ​of​ ​atmospheric​ ​neutrinos,​ ​and​ ​to​ ​perform​ ​a​ ​high-precision 
measurement​ ​of​ ​intermediate​ ​energy​ ​solar​ ​neutrinos​ ​(​pep​,​ ​CNO,​ ​low​ ​energy​ ​​8​B).​ ​​ ​All​ ​groups 
have​ ​agreed​ ​to​ ​the​ ​continuing​ ​collaboration​ ​towards​ ​the​ ​development​ ​of​ ​a​ ​depleted​ ​argon 
detector​ ​at​ ​the​ ​scale​ ​of​ ​a​ ​few​ ​hundred​ ​tonnes,​ ​working​ ​together​ ​to​ ​select​ ​a​ ​design​ ​and​ ​site 
based​ ​on​ ​technical​ ​and​ ​scientific​ ​requirements.​ ​​ ​Decisions​ ​on​ ​technical​ ​design​ ​will​ ​be​ ​informed 
by​ ​data​ ​collected​ ​with​ ​the​ ​precursor​ ​DEAP​ ​and​ ​DarkSide​ ​detectors.​ ​​ ​The​ ​groups​ ​will​ ​also 
develop​ ​low​ ​radioactivity​ ​argon​ ​to​ ​allow​ ​for​ ​the​ ​multi-hundred​ ​tonne​ ​detector. 
  

The​ ​proposal​ ​to​ ​build​ ​DarkSide-20k,​ ​submitted​ ​to​ ​the​ ​Italian​ ​INFN​ ​and​ ​to​ ​LNGS, 
reviewed​ ​well,​ ​and​ ​INFN​ ​and​ ​LNGS​ ​approved​ ​the​ ​DarkSide-20k​ ​experiment​ ​in​ ​April​ ​2017.​ ​​ ​The 
scope​ ​of​ ​the​ ​INFN​ ​contributions​ ​is​ ​€40M.​ ​​ ​The​ ​proposal​ ​submitted​ ​to​ ​the​ ​US​ ​NSF​ ​reviewed​ ​well, 
and​ ​the​ ​collaboration​ ​is​ ​now​ ​awaiting​ ​the​ ​approval​ ​decision​ ​by​ ​the​ ​US​ ​NSF.​ ​​ ​The​ ​capital​ ​funding 
for​ ​DarkSide-20k​ ​under​ ​discussion​ ​with​ ​the​ ​US​ ​NSF​ ​is​ ​$13M. 
 



				 										 	
	
	
	
Deep	underground	laboratory	support	for	global	collaboration	towards	discovery	of	dark	
matter	utilising	liquid	argon	detectors.	
	
To	whom	it	may	concern;	
	
As	 hosts	 of	 the	 existing	 operational	 liquid	 argon	 direct	 dark	 matter	 detectors,	and	 as	
proponents	and	supporters	of	the	Underground-GRI	initiative,	the	LNGS,	SNOLAB	and	LSC	deep	
underground	research	facilities	are	pleased	to	recognize	the	collaborative	developments	within	
the	global	liquid	argon	dark	matter	community.	The	DarkSide	project	at	LNGS,	the	DEAP	project	
at	SNOLAB	and	the	ArDM	project	at	LSC	are	all	developing	new	technologies	and	capabilities	to	
search	for	WIMP	dark	matter,	and	are	beginning	to	coalesce	into	one	collaboration	to	develop	
future,	 larger	 generations	 of	 liquid	 argon	 direct	 dark	 matter	 detectors.	 We	 encourage	 and	
support	 the	 development	 of	 this	 global	 community,	 with	 a	 focus	 on	 the	 development	 of	
DarkSide-20k	at	LNGS	in	the	first	instance,	and	a	larger	detector	at	a	location	to	be	determined	
from	scientific	 requirements,	 in	 the	 future.	Using	available	assay	and	 research	 infrastructure,	
the	three	deep	underground	research	facilities	will	 support	 the	activities	and	development	of	
the	various	generations	of	liquid	argon	detectors.	
	
	
	
	
 

 
 
Stefano Ragazzi 
Director, LNGS 

 

 
 
 
 
Aldo Ianni 
Director, LSC Nigel J.T. Smith 

Director, SNOLAB 
	

	
	



DarkSide-20k
20-tonnes fiducial dark matter detector
start of operations at LNGS within 2021

100 tonne×year background-free search for dark matter

Future 300-tonne Detector
300-tonnes depleted argon detector

start of operations within 2026
1,000 tonne×year background-free search for dark matter

precision measurement of solar neutrinos

20- 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

DS-20k

300k



Urania to Aria to LNGS



 

 

 

• Volatilità relative => 1.007 

• Valori tipici >1.5 

• Numero di stadi teorici => ordine delle migliaia 

• HETP = 10 cm 

• H=200-400 m 

• Usuali = 20-30 m 

• Fuori terra 

• A sezioni separate 
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Liquid Argon TPC 
153 kg 39Ar-Depleted 
Underground Argon 

Target



4 m Diameter 
30 Tonnes 

Liquid Scintillator 
Neutron Veto



10 m Height 
11 m Diameter 
1,000 Tonnes 

Water Cherenkov 
Muon Veto



Liquid Argon TPC 
153 kg 39Ar-Depleted 
Underground Argon 

Target

4 m Diameter 
30 Tonnes 

Liquid Scintillator 
Neutron Veto

10 m Height 
11 m Diameter 
1,000 Tonnes 

Water Cherenkov 
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DarkSide-50
• P. Agnes et al. (The DarkSide Collaboration), 
“DarkSide-50 532-day Dark Matter Search with Low-
Radioactivity Argon”, arxiv:1802.07198.

• P. Agnes et al. (The DarkSide Collaboration), 
“Constraints on Sub-GeV Dark Matter-Electron 
Scattering from the DarkSide-50 Experiment”, arxiv:
1802.06998.

• P. Agnes et al. (The DarkSide Collaboration), “Low-
mass Dark Matter Search with the DarkSide-50 
Experiment”, arxiv:1802.06994.

http://arxiv.org/abs/1802.07198
http://arxiv.org/abs/1802.06998
http://arxiv.org/abs/1802.06998
http://www.apple.com
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The DarkSide Strategy

• Background-free through the neutrino limit 

• Neutrino limit reached with detector of few hundred tonnes located 
very deep underground 

• Complementary science: solar neutrinos
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Ionization-Only (S2-Only) Signals
1. The PMTs have zero dark rate at 88 K so a signal is always real 

2. The gain in the gas region (~70 PE/e-, reduced to 23 PE/e- when 
accounting for the 30% QE of the PMTs) means that we are 
sensitive to a single extracted electron 

3. The radioactivity rate in the detector is remarkably low, so … 

4. We don’t need PSD 

5. The electron yield for nuclear recoils rises at low energy
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Production	and	Purification

Renshaw,	PNNL	LRUA	Workshop	2018
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Preliminary lay-out

a^er	POLARIS	Srl	

Production:	Urania
• Commercial-scale	plant	to	extract	UAr
• Located	in	Southwestern	Colorado

• UAr extracted	from	CO2 well	gas	at	the	tonne scale
Focus	of	this	talk Purification:	Aria	

(see	M.	Simeone’s talk	for	details)
• 350	m	tall	cryogenic	distillation	column	to	purify	UAr and	

isotopically	separate	argon	and	other	elements
• Located	in	refurbished	carbon	mine	shaft	in	Sardinia,	Italy
• Will	chemically	purify	the	UAr for	DS-20k	to	detector	grade

UAr transported	via	boat	
for	final	purification	at	Aria
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Enter	the	Age	of	Urania



 

 

 

• Volatilità relative => 1.007 

• Valori tipici >1.5 

• Numero di stadi teorici => ordine delle migliaia 

• HETP = 10 cm 

• H=200-400 m 

• Usuali = 20-30 m 

• Fuori terra 

• A sezioni separate 
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The End


