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U R A N I A
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DS-20k

ARGO

DarkSide-20k 
20-tonnes fiducial dark matter detector 
start of operations at LNGS within 2023 

200 tonne×year search for dark matter free of instrumental background

Argo 
300-tonnes depleted argon detector 

start of operations within 2030 
3,000 tonne×year search for dark matter free of instrumental background 

precision measurement of solar neutrinos
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T H E  G A D M C  P R O G R A M  F O R  D A R K  M AT T E R  
S E A R C H E S

• Explore heavy dark matter through the neutrino floor and beyond 

• Zero instrumental background 

• Exploration of directional signal



H I G H  M A S S  S E A R C H  R E Q U I R E M E N T S

• Exposure of O(1000 tonne × year) 

• Background free operation 

• Solar neutrinos become background: rejection of minimum ionizing 
background must reach at least one part in 105



T E C H N O L O G I C A L  E N A B L E R S

• Custom SiPM-based cryogenic photodetectors 

• Custom 39Ar-depleted liquid argon 

• ProtoDUNE-like cryostat for hosting detector and active veto
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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



The phases of the XENON Program

 10

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



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
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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 
Muon Veto



Production	and	Purification

Renshaw,	PNNL	LRUA	Workshop	2018
4

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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Amplitude [Arb.Units]
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D I R E C T I O N A L I T Y  R E Q U I R E M E N T S

• Directional sensitivity to be deployed on the top of technology already 
independently able to provide background free operation for O(1000 
tonne × year) exposure



Drift electric field [V/cm]
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