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T H E  S C I E N C E  P E R S P E C T I V E

• Discovery of scalar boson completes Standard Model of particle physics 

• Discovery of gravitational waves further validates General Relativity 

• The two dark entities dominating the Universe, dark matter and dark 
energy, do not fit in the Standard Model 

• Two big open questions at the intersection of particle physics and 
cosmology
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https://www.nasa.gov/mission_pages/planck/multimedia/pia16876b.html#.W_GkNS3MzOQ


WMAP



T H E  S C I E N C E  O P P O R T U N I T Y

• Searches of dark matter in underground laboratories at the forefront of 
discovery: the cosmic frontier becomes the new energy frontier 

• Neutrino sector deeply intertwined with dark matter if neutrinos are 
Majorana particles
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https://home.cern/science/physics/standard-model




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

• Find the bottom of the dark matter well 

• Yes/no search for Majorana neutrinos
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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
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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

15

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
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http://doi.org/10.1103/PhysRevLett.121.111302


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



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
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http://doi.org/10.1103/PhysRevD.98.102006


T H E  D A R K S I D E - 2 0 K  P R O J E C T

• €90M capital funding 

• Agencies: IT INFN, US NSF, US DOE, CAN CFI, UK STFC 

• Seed funding by Regione Abruzzo and Regione Autonoma della Sardegna



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







Renshaw,	PNNL	LRUA	Workshop	2018
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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 

32
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Tile

FEBs

Top View

Side View Side View

3D View
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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
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http://doi.org/10.1103/PhysRevD.91.092007
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N E U T R I N O L E S S  D O U B L E  B E TA  D E C AY  
R E Q U I R E M E N T S

• 1030 years 

• Exposure O(1000 tonne × year) 

• Nearly background free operation 

• <1% (σ) resolution
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3 5 0  C O L L A B O R AT O R S  
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Letter of Introduction

Saturday, March 16, 2019

To: Lakshmi Mittal, Chairman and CEO, ArcelorMittal
Carlo Messina, CEO, Banca Intesa
Giuseppe Guzzetti, President, Fondazione Cariplo
Aditya Mittal, CEO, ArcelorMittal Europe
Matthieu Jehl, CEO, ArcelorMittal Italia
Nicolas Bontems, Director of Research and Development, ArcelorMittal Italia

Cc: Giuseppe Conte, Prime Minister, Italy
Giancarlo Giorgetti, State Secretary to the Prime Minister, Italy
Luigi Di Maio, Minister of Economic Development, Italy
Stefano Buffagni, State Secretary for Regional Affairs and Autonomies, Italy
Vito Cozzoli, Chief of Cabinet of Minister of Economic Development, Italy
Marco Bussetti, Minister of Education, University and Research, Italy
Francesco Pigliaru, Acting President, Regione Autonoma della Sardegna
Christian Solinas, President Elect, Regione Autonoma della Sardegna
Raffaele Paci, Acting Vice President, Regione Autonoma della Sardegna
Antonio Martini, Sole Administrator, Carbosulcis
Michele Emiliano, President, Regione Puglia
Rinaldo Melucci, Mayor, Taranto
Marco Marsilio, President, Regione Abruzzo
Pierluigi Biondi, Mayor, L’Aquila
Fernando Ferroni, President, Istituto Nazionale di Fisica Nucleare
Eugenio Coccia, President, Gran Sasso Science Institute
Luisa Cifarelli, President, Centro Fermi
Maria Del Zompo, President, Università degli Studi di Cagliari
Stefano Ragazzi, Director, Laboratori Nazionali del Gran Sasso
Domenico Amalfitano, President, Centro di Cultura per lo Sviluppo "G. Lazzati" di Taranto
Art McDonald, Professor, Queen’s University 

Dear Representatives of ArcelorMittal and Banca Intesa,

I am writing this letter, addressed to the major stakeholders of Am InvestCo Italy, to introduce a 
project in basic science that I hope could be of mutual interest.

By way of introduction, my name is Cristiano Galbiati and I am professor of physics at Princeton 
University, in Princeton, NJ, USA, where I have been since 1999.  In 2018 I accepted a joint position at Gran 

Page   of  1 6



T H E  G O A L S  O F  T H E  S AT Y R I A  P R O J E C T

• Provision of 136Xe-enriched xenon for a neutrinoless double beta decay 
searches with a fiducial target of 50 tonnes of 136Xe 

• Provision of 700 tonnes of argon for DarkSide-20k 

• Provision of 5,000 tonnes of argon for Argo 

• Provision of 100,000 tonnes of argon for DUNE 

• Provision of special steel I-beams for DUNE 





Detector 
Configuration

• TPC as of DarkSide-20k, 
Veto as DUNE cryostat


• AAr in veto, UAr+Xe in TPC


• Fiducial mass of 50 t of 136Xe, 
Xe 20% molar fraction, 
136Xe enriched to 90% via Aria 
technology


• 4π SiPM coverage, 
0.1ns timing resolution, 
0.8% σ resolution


• 222Rn reduction and SiPMs’ single 
photon counting by operation at 87 K, 
Cherenkov-based discrimination of 
single and multiple electrons

6 m

20 m
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