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What’s DarkSide?
• Aim: direct dark matter detection looking for nuclear 
recoils possibly induced by WIMPs 

• How: usage of liquid argon (Ar) as detector media in a 
dual-phase TPC which 

• has very low background thanks to be housed in 
underground laboratory at LNGS (Italy) and usage of 
low-background materials, including the target itself 

• has powerful background rejection thanks to effective 
PSD, ionisation to scintillation ratio and 3d 
position reconstruction (surface events rejection) 

• has an active neutron and muon veto allowing in 
situ background measurement
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https://www.lngs.infn.it/en


What’s 
DarkSide?
• Water Cherenkov detector 
(1,000 tons of ultra pure 
water): active veto for μ 
and as passive shield for 
external radiation 

• Liquid scintillator 
detector (30 tons of PC+PPO
+TMB): active ɣs and 
neutron detector thank to 
boron loading 

• LAr TPC detector (in the 
current phase ~50 kg of 
argon in the fiducial 
volume): inner detector for 
WIMP
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Gran Sasso mountains 
act as natural filter 

(3,600 w.e.m) suppressing 
μ rate (~106 times less than 

surface) 
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Argon as dark matter 
target
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• Why: good dark matter target material because 

• is relatively dense and easy to purify (chemically) 
allowing to scale the experiment to large volume 

• is a good scintillator (transparent to its own light) 

• has exceptional discrimination power 

• but .. 

• atmospheric Ar (AAr) contains 39Ar (β decay τ~269 yr 
and Q~565 keV), a cosmogenically activated isotope, 
with activity ~1 Bq/kg 

• Solution: use of Ar from underground reservoir (UAr)



UAr 
production 
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• 6 yr effort to collect 
and purify ~155 kg of UAr 

• Ar extracted from CO2 Doe 
Canyon (CO) wells 

• Distilled with ad hoc 
column at FNAL 

• Shipped to LNGS by sea

Map data ©2015 Google, INEGI 500 mi 



PSD and 3d reconstruction
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• PSD parameter f90: fraction 
of light in the first 90 ns 

Nuclear 
Recoil

Electron 
Recoil
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PSD and 3d reconstruction
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S1

• Charge signal (S2) allows 3d 
position reconstruction and 
additional discrimination (S2/S1)

Nuclear 
Recoil

Electron 
Recoil
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DS-50 results: UAr vs. AAr

10Phys. Rev. D 93, 081101(R) (2016)

Fitted 39Ar in UAr: 0.73 ± 0.11 mBq/kg vs. AAr: 1000 mBq/kg

~1400 reduction factor

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.081101
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DS-50 results: UAr

11Phys. Rev. D 93, 081101(R) (2016)

No events in ROI 
with an exposure 
of 2,616±43 kg d

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.081101
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DS-50 results: UAr 
dark matter limit

12Phys. Rev. D 93, 081101(R) (2016)

Best limit to date 
with argon target!

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.081101


What next?
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• Collaboration planned 
to build big volume 
detector (≥ 20 tons) 

• News:  

• R&D on going to 
produce radio pure 
SiPM  

• Plans for massive UAr 
production (Urania 
project: ~100 kg/d) 
and purification 
(Aria project: ~300 m 
tall column for 
isotope separation)

DS-20k - 20 tons 
(2020-202?)

Argo - 200 tons 
(20??)
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Backups
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Events surviving 
additional 
radial and S2/S1 cuts
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of 1,422±67 kg d

http://www.sciencedirect.com/science/article/pii/S0370269315001756


85Kr in UAr
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• Decay: 85Kr→85mRb 
BR=0.4% (τ1/2~1 μs, 
Eɣ~514 keV) 

• Signature: 2 S1s  
(β+ɣ) in delayed 
coincidence 

• Rate: observe 
33.1 ± 0.9 events/d 
vs. spectral fit 
35.3 ± 2.2 events/d
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• 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 
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Thousands of equilibrium stages reflects in a very tall column

Davide Franco – APC Paris 

Towards DarkSide-20k 
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Depleted Ar: the URANIA and ARIA projects 

URANIA 
 
Replacement of the Ar extraction plant in Colorado  
to reach capacity of 100 kg/day of UAr 

ARIA 
 
Very tall distillation column in Seruci mine (Sardinia) for 
chemical and isotopic purification of  UAr 
 
Exploits finite vapor pressure difference between 39Ar/
40Ar: 39Ar reduction factor of 10 per pass at the rate of 
100 kg/day  

Depleted	Ar	:	the	URANIA	and	ARIA	projects	

15	October	2015	 Sandro	De	Cecco	 16	DarkSide

DarkSide: URANIA& ARIA production facilities
• Sub-projects of the DarkSide Collaboration, classified as 

LNGS infrastructures 
• URANIA:  

• Replacement of the Ar extraction plant in Colorado to 
reach capacity of 100 kg/day of UAr 

• Cost: 3.2M€ 
• MIUR/INFN Progetto Premiale 2013 (2.3M€) 
• NSF + other US sources (0.9M€) 
• discussion with CERN towards the possibile 

commissioning and test at the Neutrino Platform 
• ARIA:  

• 350 m tall distillation column in the Seruci mine in 
Sardinia for chemical and isotopic purification of UAr  

• Exploits finite vapor pressure difference between 39Ar/
40Ar (39Ar reduction factor of 10 per pass at the rate 
of 100 kg/day) 

• Protocollo di Intesa between INFN and Regione 
Sardegna 

• Cost: 12.5M€ 
• INFN (4M€) 
• NSF + other US sources (1.3M€) 
• CARBOSULCIS (4.5M€) 
• Regione Autonoma Sardegna (2.7M€)
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Thousands of equilibrium stages reflects in a very tall column

Plant expansion
The plant
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Thousands of equilibrium stages reflects in a very tall column

Plant expansion
The plant

UAr production
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• Urania: expansion of the 
Ar extraction plants in 
Cortez, Colorado (USA), 
to reach production of 
100kg/day of UAr 

• Aria: tall column 
(~300m) in Seruci mine, 
Sardinia (Italy), for 
high-volume chemical and 
isotopic purification of 
UAr


