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THE SCIENCE PERSPECTIVE

Discovery ot scalar boson completes Standard Model of particle physics
Discovery ot gravitational waves turther 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





https://www.nasa.gov/mission_pages/planck/multimedia/pia16876b.html#.W_GkNS3MzOQ

74% Dark Energy

4% Atoms

WMAP



THE SCIENCE OPPORTUNITY

e 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 it neutrinos are
Majorana particles



- Higgs boson

@\ ACCELERATING SCIENCE

e


https://home.cern/science/physics/standard-model

TEORIA SIMMETRICA DHELL ELETTRONE
E DEL POSITRONE

Nota di ETTORE MAJORANA



THE SCIENCE GOALS

e Find the bottom of the dark matter well

* Yes/no search for Majorana neutrinos
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HIGH MASS SEARCH REQUIREMENTS

e Exposure of O(1000 tonne x year)
e Background free operation

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

The Cathode
High-Voltage
Feedthrough
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Dual phase xenon TPC,
7 tonnes fully active
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The phases of the XENON Program

XENON10 XENON100 XENON1T XENONNT
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2005-2007 2008-2016 2012-2018 2019-2023
25 kg- 1ocm drift 161 kg- 30 cm drift
~10-43 cm?

3200 kg- 100 cm

| 8000 kg-150 cm drift
~10-45cm? ~10-47 cm?

~1 0-48 Cm2
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http://doi.org/10.1103/PhysRevLett.121.111302

Radon dominates
ER backgrounds

LZ backgrounds summary
5.6 tonnes, 1000 days

NR (cts)

Intrinsic Contamination Backgrounds | ER (cts) (w/ SF rej.)

Subtotal (Detector Components)

222Rn (1.81 qu/kg)

natKr (O. 015 ppt g/g) -
natAr (0.45 ppb g/g) 2 -
210Bi (0.1 uBa’kg) 40
Laboratory and Cosmogenics 5 0.06
| Fixed Surface Contamination 0 0.39
Subtotal (Non-v counts) 873 0.52

Physics Backgrounds

Subtotal (Physics backgrounds) — 322 072
Total 1,190 1.24
Total (with 99.5% ER discrimination, | 5.97 0.62
6.59

Gamma backgrounds

(PMTs, cryostat) are
negligible.

pp solar neutrinos,

elastic scattering on
atomic electrons

scattering on xenon
nucle1
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Liquid Argon TPC |
183 kg 3PAr-Depleted ||
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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
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http://doi.org/10.1103/PhysRevD.98.102006

THE DARKSIDE-20K PROJECT

e £90M capital funding

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

e Seed funding by Regione Abruzzo and Regione Autonoma della Sardegna



Production and Purification
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UAr transported via boat
for final purification at Aria
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Production: Urania
e Commercial-scale plant to extract UAr
* Located in Southwestern Colorado

 UAr extracted from CO, 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

Renshaw, PNNL LRUA Workshop 2018
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Enter the Age of Urania
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Top View

Side View Side View

| | | | | | |
1 2 | 3 4 | 5 | 6 7 8



Gain: 52.68
c,: 2.19

1200 SNR: 24.1

Entries

1000

800

600

400

200

0 50 100 150 200 250 300
Amplitude [Arb.Units]
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DIRECTIONALITY REQUIREMENTS

e Directional sensitivity to be deployed on the top of technology already
independently able to provide background free operation tor O(1000
tonne X year) exposure
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http://doi.org/10.1103/PhysRevD.91.092007
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NEUTRINOLESS DOUBLE BETA DECAY
REQUIREMENTS

1030 years
e Exposure O(1000 tonne X year)
 Nearly background free operation

e <1% (O) resolution



The Global

ArD M DS-20k
DarkSide { Argon Dark DS-LM
DEAP Matter Argo
MiniCLEAN DarkNoon

Collaboration



350 COLLABORATORS

[ TALY, US, CANADA,

BRAZIL, CHINA, FRANCE,
GERMANY, POLAND, RUSSIA,
SPAIN, UNITED KINGDOM



SCIENCE

PLAN




-
3
-

¥

. AERRBRRR



: l \"} o X u
B R B S
> i B - A N
R FIEANLN e AV . -

Al .'

—{

a . PRy A
- — o - 2 byt = 5 2 ‘o4 o
o e PP i e S W e it
! 3 - - X | . y T

-~

. ")‘:'; o
T S,
- 0 (»"4.. .

. \ ,;‘\.

. "-.\
o)




> TUOL

~
O

R i\\“\\\\\\k\\&

Cataprlce







Princeton University
Department of Physics
Joseph Henry Laboratories
Post Office Box 708
Princeton, New Jersey 08542

Gran Sasso Science Institute
Viale Francesco Crispi 7
67100 L'Aquila (AQ)

Italia

S GRAN SASSO
SCIENCE INSTITUTE

l SCHOOL OF ADVANCED STUDIES

Scuola Universitaria Superiore

Progetto Satyria

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

Cristiano Galbiati
galbiati@Princeton.EDU
364 Jadwin Hall

Washington Road

Princeton, New Jersey 08544

Cristiano Galbiati

cristian.galbiati@gssi.it
Edificio Mariani
Stanza P|-




THE GOALS OF THE SATYRIA PROJECT

* Provision of 13¢Xe-enriched xenon for a neutrinoless double beta decay

searches with a fiducial target of 50 tonnes ot 136Xe
e Provision of 700 tonnes of argon for DarkSide-20k
e Provision of 5,000 tonnes ot argon for Argo

e Provision of 100,000 tonnes of argon tor DUNE

e Provision of special steel I-beams for DUNE






Detector s
Configuration

TPC as of DarkSide-20k,
Veto as DUNE cryostat
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AAr in veto, UAr+Xe in TPC

Fiducial mass of 50 t of 136Xe, _ |
Xe 20% molar fraction, 3

136Xe enriched to 90% via Aria
technology

41t SIPM coverage,
0.1ns timing resolution,
0.8% o resolution

N i\ W Y

222Rn reduction and SiPMs’ single
photon counting by operation at 87 K,
Cherenkov-based discrimination of
single and multiple electrons 20 m




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

41t SIPM coverage,
0.1ns timing resolution,
0.8% o resolution

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