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ARGON

Large liquid argon detectors offer one of the best 
avenues for detecting galactic Weakly Interacting 
Massive Particles (WIMPs) via their scattering on atomic 
nuclei. 

However, Atmospheric Argon (AAr) has a naturally 
occurring radioactive isotope 39Ar, 

 isotopic abundance of 8 × 10−16 in mass, 

 is a β-emitter of cosmogenic origin, 

 activity ~ 1Bq / kg,

 T1/2 = 269y.

3

PHYSICAL REVIEW C 100, 024608 (2019)



UNDERGROUND ARGON (UAr)

 The activation of materials due to exposure to cosmic rays may become an 
important background source for experiments investigating rare event 
phenomena.

 Dark matter experiments require ultra-low background conditions. 

 In this context, long-lived radioactive isotopes induced in the materials of the 
experiment by the exposure to cosmic rays during fabrication, transport and 
storage can be relevant. 
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UAr CHAIN 

 Ar e suoi isotopi

 Focus su Ar39

1st
→URANIA 

Doe Canyon, Colorado USA

2nd
→ARIA 

Sardinia, Italy

3rd
→DarkSide-20k 

Laboratori Nazionali del Gran 
Sasso (LNGS), Italy
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UAr – PRODUCTION SITE

 Doe Canyon, Dolores County, SW Colorado

 Doe Canyon is a natural carbon source field. It is placed 
near one of the most prolific natural CO2 source fields in 
the world

 Kinder Morgan (KM) operates the Doe Canyon Deep unit. 
They produce CO2 that is used for oil drilling in New 
Mexico and Texas

 The CO2 source field is several hundred meters 
underground, so it has been protected by cosmic ray
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URANIA FACILITY

CO2

URANIA

CO2
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URANIA FACILITY

Credits: WB, TAUP 2023 Vienna

 UAr production = 
250 kg/d 

 MAX UAr prod. = 
330 kg/d

 UAr purity = 99.99%
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99.99%

For the DS-20k 
experiment a higher 

level of purity  is 
required



SOME PICTURES
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SOME PICTURES
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SOME PICTURES
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ARIA
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WHAT IS ARIA?

ARIA is a CRYOGENIC DISTILLATION COLUMN
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Distillation separates different components from a fluid based 
on their different boiling points. 

In the specific case of isotopic distillation, the elements we try 
to separate are isotopes, so the difference in volatility is very 
small! And it makes the process harder!

For this process, the liquid and gaseous phases of the fluid 
must coexist. 
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ARIA IS A CRYOGENIC DISTILLATION COLUMN



ARIA IS A CRYOGENIC DISTILLATION COLUMN
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ARIA IS A CRYOGENIC DISTILLATION COLUMN

Credits: https://webbook.nist.gov/

~ 87K

ARGON
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WHERE IS ARIA?
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CARBOSULCIS
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CARBOSULCIS
– some info

 Carbosulcis is the last coal mine 
in Italy

 Dec. 2018→Carbosulcis stopped 
coal production

 Access to the mine is guaranteed 
by 4 shafts and 1 underground 
road

 One of these deep shafts (Seruci) 
is going to host ARIA
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WHY DOES ARIA “NEED” 
CARBOSULCIS’ SHAFT?

350
 m
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When the boiling points of the substances that we want to 
distil are very close, we need a massive number of theoretical 
stages.

N(ARIA) = 2870 stages      → tot. active height = 287 m      →
tot. column height = 350m

For more details see: Eur. Phys. J. C (2021) 81:359

𝑙𝑛𝜶𝑖−𝑗 ≅ 𝑙𝑛
𝑃𝑖

𝑃𝑗

𝑆𝑖−𝑗
𝑇 𝐵 =  (𝛼𝑖−𝑗)𝑵



ARIA COLUMN -
some numbers

• Height: 350 m

• External diameter: 71 cm

• Internal diameter: 32 cm

• Tot. weight: 100 ton

• 1 top module

• 1 bottom module

• 28 central modules

• 2 LN pumps (+ 2 backup)

• 4 Stirling cryogenerators

• 1 GN compressor (+1 backup)

• 5 vacuum stations
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SERUCI MINE 
SHAFT

• Depth  350 m

• Diameter  5 m

• Shaft lining ~ 40 cm

• Year of construction 1940s

• Bottom shaft -200 m AMSL 
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PRELIMINARY 
WORK

1. Inside the shaft: 
Dismantling the old pipes, 
electrical cables and 
obsolete facilities. 
Refurbishment of the 
wood beams and their 
anchors.
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PRELIMINARY 
WORK

2. Outside of the shaft: 

Refurbishment of the 
headframe  
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PRELIMINARY 
WORK

2. Outside of the shaft:

Refurbishment of the 
headframe  
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PRELIMINARY 
WORK

2. Outside of the shaft: 

Civil work, refurbishment 
of the building

Machine room

Office & 
Control room
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COLUMN 
INSTALLATION

✓ Design of the support 
structure

• Installation of the beams

• Installation of the 
fiberglass grid

Up to now 
23 platforms out of 87 

have already been 
installed
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• March 15, 2021

• A lot of work has been done 
together with Carbosulcis for 
carrying out this crucial test. 

• The module was lifted down for 
some meters inside the shaft.

Each module has:
• high 12 m

• diameter 70 cm
• weight 3000 kg
• held by 3 support 

structures
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MODULE 
PLACEMENT – 1st test



MODULE 
PLACEMENT – 1st test
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• March 15, 2021

• A lot of work has been done 
together with Carbosulcis for 
carrying out this crucial test. 

• The module was lifted down for 
some meters inside the shaft.



IN THE MEANTIME…….

SERUCI 0

The prototype ARIA column 
is working
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SERUCI 0

Fully installed in a Carbosulcis
building.

It is made of the column itself 
and all the auxiliary equipment.

The column is a shorter version than ARIA. 
It is made of only 1 central module + top and 

bottom modules.
It is 26m high.

It is held by an ad-hoc reticular beam structure. 
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TEST

2019 – 29N2 / 28N2

 The separation between two 
isotopes of nitrogen has been 
observed.

 The Seruci-0 plant and auxiliary 
components and devices have 
been successfully tested.

 For more details see: Eur. Phys. J. 
C (2021) 81:359
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TEST

2021 – 36Ar/ 40Ar & 38Ar/ 40Ar 

 The separation between three 
isotopes of argon has been observed.

 The pressure inside the column. Has 
been stabilised.

 A good automatism of the plant has 
been reached.

 The simulations have been confirmed 
and validated.

 We become more confident with the 
plant.

 For more details see: Eur. Phys. J. C 
83 (2023) 5, 453
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SAMPLING 
SYSTEM
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 Continuous sampling 
system

 MKS Instruments, Cirrus™ 3-
XD quadrupole mass 
spectrometer

Credits: Riccardo Stefanizzi



RADIOACTIVITY MEASUREMENTS
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DArT

See the talk: “Monitoring 39Ar 
Background for DarkSide-20k with 

DArTinArDM” by Daniel Díaz Mairena



TRANSPORTATION & STORAGE

Example of  std cryogenic container
https://wessingtoncryogenics.com/

 Currently the collaboration is evaluating 
different containers (also liquid) and have 
not yet made a final decision. 

 Cosmogenic activation can be kept under 
control by minimizing exposure on the 
surface and storing materials underground, 
avoiding flights, and even using appropriate 
shields.

 For more detail about 39Ar activation see 
the talk "Study of cosmogenic activation 
above ground of Ar for DarkSide-20k"  by 
Susana Cebrian.
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OTHER EXPERIMENTS YEARNING UAr
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THANK YOU
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