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* [Introduction of the context:
« The DarkSide Collaboration
« A bit of history

* The Underground Argon (UAr) Project:
- Urania
* Aria
- DArT in ArDM

* Future interests
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The DarkSide Program: A multi-stage approach
2013 - 2018 2026 - 2035

Concept design

from Mark Boulay
DarkS|de 10 DarkSide-50 DarkSide-20k Argo @ SNOLAB
First prototype Science detector Novel Technologies Ultimate LAr DM detector
Helped to refine the TPC design Demonstrated the use of UAr First peek into the neutrino fog Push well into the neutrino fog
No Dark Matter goal First background-free results Nominal exposure: 200 t y Nominal exposure: 3000ty

Best limits for low mass WIMP searches

* Where we go with Liquid Ar-based Dark Matter Searches -

Spurious Electron and S2-only backgrounds at Darkside-50 -

Quality Assurance and Quality Control of the 26 m2 SiPM production for the DS-20k dark matter experiment -
The R&D of the dual phase argon TPC, from DarkSide-50 to DarkSide-20k -



Started about 2008...

..and then purified at FERMILAB.
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800 Nm3/h

19,988 Nms3/h 3,998 Nm3/h
CO2 95.5% CO» 77.7% CO2 10-20 ppm 7,69 Nm3/h
N2  3.5% N2  80.8% - -
CH: 0.92% N2> 17.5%
S CH: 4.5% CHs 18.1% Ar 99,99%
ar 4;18 ppm At 022% CO» 20% A 1.0%
e ppm He 250 ppm - He 0.116%
Removal of CHsand N,
1ST CO2 2ND CO2
SEPARATION SEPARATION
i i STREAM
: |
CHILLER :
y Lo KO L G
FEED E ii
| ¥ o RECYCLED
l N UL j% OFF-GAS
: | UNIT
I . o
| x } RECYCLE
! ~ 5 ar ¥ COMPRESSOR - OOC
i Z: NH3 i | — NH3
i SN HT chm ii _H?FCRH?MER
gé?URN ‘_5_©_ = i E
| RETURN GAS L y
COMPRESSOR O

___________________________________________________________________________________

o UAr Extract rate: 250-330 kg/d at 99.99% of purity

F. Gabriele - Nagoya Workshop on Technology and Instrumentation in Future Liquid

Noble Gas Detectors - Feb, 16 2024



plant

Leak test

7y
-
e
©
e
)
L
c
©
p -
-

~ 'y it
ot e
| ii g

AL 58
»
o

Production




. - - “ - :
. - P
& . b ’ oo P . o p
. 2
3 . 2N o - . 3 a 7
oy T € @ W N Y o U B Y _ ‘ - Z
! ey, ol y . : [ g y 48 N B Ry BT R i 3
3 Y B = ‘ O D N : 2. A i A
v
| \ 3
Y9
[ ]

Urania Site: Executive Design

Urania Skid

i al Transformers
LN2 reservoir
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Transportation Vessel




Transportation Vessel

e Tanks will include an

iﬂtegra’[ed COO”ﬂg coll ISOVAC 20 - SCHEMATIC DIAGRAM
for condensing the .
argon .

BD

e Cooling coil is estimated to
a minimum of 18m In
length and 1 inch
diameter

VPP

o
e Approximately 3 days to Draft

reset container to O barg
from peak pressure
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Main Featuring

e Cryogenic distillation column (total height ~350 m)

« 28 Central modules: 12 m each

1 Condenser (top) module: 7 m

1 Reboiler (bottom) module: 5m

Outer Diameter of the column: 32.3 cm
Inner Diameter of the column: 31.8 cm
* Quter Diameter of cold box: 71.2 cm

* Process Is based on the difference in volatility

e Packing: CY from Sulzer
* Number of theoretical stages: ~2870

e Chemical Purification rate: 1 t/d (or more)

Aria column

Distilation Colu

mn 350 meters
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Aria Sketch
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Bottom Skid
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Aria Status: Seruci-0

* Reduced scale cryogenic distillation
column (total height ~26 m)

« 1 Central modules: 12 m each

- 1 Condenser (top) module: 7 m N/
NI i Ll 1 <

- 1 Reboiler (bottom) module: 5m G

e

T T —
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* First operation with nitrogen in 2019 ik e s ——
(Eur. Phys. J. C (2021) 81:359) |

» Second operation with argon in 2021
(Eur. Phys. J. C (2023) 83:453)




Aria Status: Result from Ar run
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Aria Status: Result from Ar run

— 700
o -
g 650
% 600|— ¢
§ 550 —_
L — M
L ©
n _ o]
g SO0t T by N
g ~ 2
5 450 g
& - -
> s00 A B C o
- 2 1.6
350 — + —
— g B
300_ llllllllIIIIllllllllIIIIl]lllllllllllllllllll B
0 10 20 30 40 50 60 70 80 90 g 1-4
Time [h] g B A B C
5 -
Vv fl te in th li t & 12
apour mass tiow rate In the auxiliary system. B
l_llllllIlIIIlIllllllllllIIl]llllllllllllIlll]Il
() 10 20 30 40 50 60 70 80 90

Time [h]

Pressure inside the column.

F. Gabriele - Nagoya Workshop on Technology and Instrumentation in Future Liquid
Noble Gas Detectors - Feb, 16 2024



a Status: plant
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Not in scale

Polyethylene shielding

Sectional view of ArDM

DArT detector

Support rings B

Lead shield

Support plate

» Single-phase inner detector for 1.42 kg of liquid UAr

 DArT will be installed inside ArDM:
e 13 PMTs

» ~1tonne liquid AAr buffer
* New Pb-Shield

F. Gabriele - Nagoya Workshop on Technology and Instrumentation in Future Liquid
Noble Gas Detectors - Feb, 16 2024




@ [
o
» 12000
@ I
w 1 "
Preliminary
w
8000 ]
6000
4000 ! Featureless background

QOOOﬁ—
0llllllllllllllllllllllll | Y (] |

llllllll

0 200 400 €00 800 1000 1200 1400 1600 1800 2000 2200 2400
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39Ar depletion factor sensitivity: (2020 JINST 15 P02024)
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Future interests in particle physics:

e DarkSide-20k . 120 t

e LEGEND 1000 — 30t

e COHERENT LAr S 1t

e ARGO - 400 t

* DarkSide-Lowmass 1t of depleted argon
* SN neutrinos in a DUNE-like detector
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The end

Contact:

federico.gabriele@Ings.infn.it
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