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e Scientific motivations and organization

e Status of Urania

e Status of ARIA
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THE HEART OF THE DARKSIDE-20K
PROJECT: UAR

[sotope Abundance Specific activity (Bq/kg,,)

YAr 0.9960 Stable
% 0.0033 Stable
0.0006 Stable

8.2 x 10-16 1.0 [7.8]

~1.3 x 107% ~4.5 x 107* [9] PHYSICAL REVIEW C 100, 024608 (2019)
6.8 x 102! 6.8 x 1075 [10,11]

e 3I9Ar: Q=565keV and T1/,=269y;
e 8x10-16 g/g in the AAr; B emitter with specific activity 1Bg/Kg

e Produced in the atmosphere mainly by neutron-induced reactions of
cosmic rays on 40Ar

e Very low production going underground (UAr). Production from natural
radioactivity reactions (Q, n)-induced on 3K
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- UAR EXTRACTION SIT

e DOE canyon, Dolores County,
Colorado

e The company Kinder-Morgan (KM),
extracts gas from the subsoil, which
is later used for oil mining purposes,
with composition: CO, 95%, UAr
430ppm; DarkSide "takes” the argon
and returns the rest to KM

e The gas comes from the mantle

Composition

(‘magmatic CO,'); the concentration

Upper Continental Crust

of uranium and thorium in the Lowe: Continentel Crust
Bulk Conunenial Crust
mantle is typically at the level of ppb, ~ [SASeHEaw"

1/1000 relative to the crust (Well
depth 3 KM) —>low probability of

{!@ oroduction of 3%Ar
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PIONEERING PLANT FOR

DARKSIDE-50 SINCE 2010

e |n-situ plant: Pressure Swing
Adsorption System (PSA)->
gas with 3-5% argon

FERMILAB distillation column

Total packing height 3.2m; 60 theoretical
stages

Extracted and purified 156kg of UAr with
contamination <10ppm of N, at 1Kg/day

Quantity extracted and purified not

enough for Darkside-20k ’
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INFN

DARKSIDE-50

PPhys. Rev. D 93, 0831101 (2016)

10’ &
— AAT Data
== QUAr Data
UAr MC Total

14 . -
““'Bi Co 85
10° 609 XxaV 1.17 eV “’co MC TKr

- 8Kr: 1.8 £ 0.1 mBqg/kg 3 P R -
107 = : N/ 3
- 39Ar: 0.7 £ 0.1 mBa/kg
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For DS50 results please see the talk of THugues Aug 2%th
4.45PM Dark Matter session
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DARKSIDE-20K GOALS: WIMP
DARK MATTER

Spin Independent (Sl) scattering

Exclusion 90% C.L.

Scalar complex WIMF [EPJ C B 982 2022]-\*~
RS Dirac complex WIMF [EPJ C B 992 2022] 0\
.Ml Ar v-fog [PRL127 251802 2021) ‘

> LZ 903%CL excl [2207.03764]
1z 2.7 vy (15.3 ¢ yr)
XENONNT 5 vy (20.2 t yr)
Ds-20k Fid. 5 y (100 t yx)
DS-20k Fid. 10 y (200 t yr)
D8-20k Ext. 10 y (460 yr)

© ARGO Fid. (3000 t yr)
XLZD (1000 t yr)

e See 29/8 Yi Wang Dark Matter session
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DARKSIDE-20K GOALS:
NEUTRINOS FROM SN

e At LNGS in the near future (after removing liquid

scintillator detectors) the most sensitive detector to
detect neutrinos from SN

‘ DarkSide-20k  Argo
11-Mz SN-ws 181.4 1396.6
27-M,, SN-vs 336.5 2591.6

P Ar 4.3 33.8

external background 1.8 8.8

single-electrons 0.7 5.1

e With CEVNS ~500eVnr threshold, 10kpc
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WHY WE NEED UAR IN DARKSIDE-20K

e Reconstruction issues with pile-up in the TPC in
3.5m drift length (3.8 ms time)

e Dead time when vetoing (800 us coincidence time

Wilgelel'Y)

e At present assuming UAr is 1400 x less radioactive

than AAr

TPC rate (Hz) Veto rate (Hz)

S E s Az mlYl Gamma, ©(50) ©(100)
%(2023) 102878 Beta 30 26
J
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THE UAR PATH

Urania

Alexrk2, CC BY-SA 3.0 <https://creativecommons.org/licenses/by-sa/3.0>,

TUBS, CC BY-SA 3.0 <https://creativecommons.org/licenses/by-sa/3.0> via Wikimedia Commons, name labels and arrows added by the presenter
via Wikimedia Commons, name labels and arrows added by the presenter
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URANIA

16,200 N7 3,250 Nm#/h 650 Nm3h

e COz2 95 ?‘;o CO, 77.7% CO2 10-20 ppm
* N> 3.5% N: 17.5% N2 80.8%

e CH: 0.92% 1 Eoy .
- CH “ 5(?0 fo) CH; 18.1%
« Ar 4:10 ppm Ar 0.22% CO, 20% e 1 0%
* He S0 ppm « He 250 ppm He 0.116%

1ST CO2 2ND CO2 ARGON
SEPARATION SEPARAT ™ PURIFICATION

6.25 Nm3/h,
Ar 99.9%
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PRELIMINARY LAYOUT

* Online sampling system

e Offline sampling system
(test samples of about
Tkg to be sent to LSC
Spain for testing with
DART,see talk by L.Luzzi
29/8 17.30 DM session)
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URANIA PLANT BUILT@POLARIS
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VACUUM LEAK CHECKS@POLARIS
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NEXT STEPS URANIA

e KM is going to prepare the connections to their plant,
drawings readly.

 The University of Houston manages the site
construction project and plant installation

e Design drawings being completed

e Ready to bid for site installation contractors
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TRANSPORTATION

e \We are considering liquid containers: final choice of specific
container in progress

e The activity of 3°Ar induced during extraction, purification
and transport on surface, in baseline conditions, is evaluated
to be <5% of the UAr activity measured in DarkSide-50

(Astropart.Phys. 152 (2023) 102878), and thus considered
acceptable.

e Other products in the UAr such as 3’Ar and 3H are shown not

to be relevant due to short half-life and assumed puritication
methods.
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-URTHER PURIFICATION OF THE
JAR
The purity of the gas from URANIA: 99.99%

For DarkSide-20k we need much greater purity (at least two
orders of magnitude): ARIA

The purification carried out with ARIA can proceed at 1t/

day, confirmed by simulations with professional software,

validated by measurements on the prototype column and
with parameters measured by experimental runs

ARIA was designed for the isotopic distillation of 3°Ar.
Chemical purification is 'easier’.
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THE ARIA PROJECT

ISOTOPIC D
DIFFERENCE

DISTIL

NAV@] WA

VERY SMALL
—>MANY STAGES OF

VERY LOW BO
TEMPERATURES
—>CRYOGENIC PLANT

_ATION
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THE STRUCTURE OF THE COLUMN
| | Eﬁ 4F

i 03

s _..::

Condenser ¥
Distillate

Flow (D)

Rectifying section

Stripping section

Reboiler
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VACUUM LEAK TESTS: CERN
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D UL

=S READY IN SARDINITA
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€ THE PACKING

e 30cm diameter

e Packing height 287/m

heoretical stages 2870

359

e Plant described in detail in EurPhys.J.C 81 (2021) 4,
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- THE DISTRIBUTOR
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https://www.carbosulcis.eu
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SUPPORT INSTALLATION.
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PROTOTYPE
COLUMN
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ILLATION TEST WITH ARGON
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p=1.54 bar
® p=1.82 bar
® P=1.95 bhar

e DarkSide-20k's

article
e FurPhys.J.C83 —
(2023) 5, 453 :
e Technology J
Welt ] B R B E I

Sizing parameter F ({Pa]

|8
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DISTILLATION

HETP [cm]

‘ , { . : ‘ ‘
20 40 60 80 100 120 140 160
Time[h]

Fig. 16 HETP vs. time for *?N,-*®N, distillation in the prototype
plant.

e Eur.Phys.J.C 81 (2021) 4, 359
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RENOVATION OF THE MINING

CASTLE

IN PROGRESS
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2022 2023 2024 2025 2026 2027

. Urana site design contract signed

Urania
— Jesign for Phase 2 (siie yout and 3yout of plant components whin the buldng)
m Desgn or Phase 3 (mechancal and piping connections detalls)
Constructon contract(s) awarded « Phase 2 (Phase J and Phase 4 wil folow)
Corstruction - Phase 2 Civil Constr (grading. fcundstions. bulding structure)
Ceorstruction - Phase 3 Instalation of the plant components delvered by INBN and CFl
Corgtruction - Phase 4 elecinical, mechanical & pipng comedtnns among all components
Jrana plant Commies weng
UAr extrachon at Urania 1aciity
[#
B Final Seruc-0 test runs
»
Mra

Castie refurbesryment

rataligtion of Seruc-1 moduies and supporn systems

Arsa ready for commissionng and operatons

? Arrival of 759% of UAr to Aria
= i+ UAr purifcation at Ana faciity

= o ¢

B A AN E AEESEEAEEEEN

1204 UATr deldvereg

DArT - periodic measurement of UAr samples
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OTHER EXPERIMENTS WHICH MAY
BENEFIT FROM THE UAR

We recently signed with the LEGEND Collaboration an agreement for the

provision of 25t of UAr for the LEGEND1000 argon veto, after the
DarkSide-20k production

—> suppression of 42Ar

e A lot of interest in the UAR from other experiments
e COHERENT 1t (CEVNS)

e ARGO 400t (dark matter)

e DUNE MoO O(10,000) t (Dark matter, SNv, 280v); MoO Workshop 2022

(https://congresos.adeituv.es/dune_science/)

| 8
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https://congresos.adeituv.es/dune_science/

e THE END
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RADIOACTIVITY MEASUREMENTS

How do we know the radioactivity of the extracted UAr?
A. Indirect measurement: air infiltration, or 36Ar/40Ar measurement with UGA

B. Direct measurement: batch mode.

e There are 2 radiometric laboratories in the world that measure 3°Ar and
37Ar using gas proportional counting: the University of Bern in
Switzerland and Pacific Northwest National in the United States. These
technologies are able to reach 3°Ar levels at approximately 2.5% of the
atmospheric concentration, or about 25 mBg/kg

e An emerging technology is the use of atom trap trace analysis, which has
been demonstrated in measuring 3?Ar tfor understanding ocean
ventilation, able to reach 1.7% of the atmospheric concentration.

| 8
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DART IN ARDM AT LSC

Polyethylene shielding

Sectional view of ArDM

DArT detector

Support rings

Lead shield

Support plate
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DARTINARDM

C.E. Aalseth et al 2020 JINST
15 P02024

Expected sensitivity to 39Ar
90% UL for DF=60,000

(To be compared to 1,400 for
UAr as measured by
DarkSide-50)

Under study a more sensitive
detector and limit setting to
42Ar content
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RIBOLLITORE

UNO STADIO DI
DISTILLAZIONE

CONDENSATORE &
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valeg96, Public domain, via Wikimedia Commons da
Alessandri, P. E. Analisi Volumetrica Applicata Ai Prodotti Commerciali e Industriali; Ulrico Hoepli: Milano, 1895.

S| SFRUTTANO LE DIVERSE VOLATILITA' DEI
143 COMPONENTI CHE SI VOLGIONO SEPARARM .
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Andy Beecroft / Distillation Columns at Saltend / CC BY-SA 2.0 Creative Commons Attribution Share-alike license 2.0
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https://creativecommons.org/licenses/by-sa/2.0/
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Ar- Xe complementarity

. - \J
Differential event rate ape OTINE Energy recoll £

Annual modulation
Cirectionality
Atrophy

1
Maxw?

"ll

dN (M| Pou | f S p ()0 20 ED)
dEk M A M py o dER

dv
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' do(E,) \’ I’/ do(E,) \I
_ ' +] =2 =e)
. aky ), \ dE;
Xe-Ar: different itivi

e-Ar. different sensitivity vs mass Ar. Xe Xe only
Xe.Ar disenrangling Spin Independent (S1) fram Spin Dependent (SN interactione

Simul:anaous datecticn in Xe-Ar may breaks the mass-coupling dageneracy
Effective field theory

Most general Lagrangian with 14 operators & several couplings

Gemma 2stera, INFN-CVI meeting - venice, October 13, 2021

A single target cannot determine mass and coupling

htips /conderence ippe.dur ac. ub/evest/S61 fcortributions' 4050/ attachenents/ 341 7/3738,201£-04- Durhamb paf

Example: scalar DM & scalzr coupling
100 GeV

_ Xe +
Xe - combined

not combined

| Y

Col

The experimenta’ response is sensible to the target
Combining results halps in remcvirg the degeneracy

Gemma Testera, INFN CVI mecting  Venice, Octoker 13, 2021



% 6/ TAUP 2023 Vienna




