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DARK MATTER 
DETECTION 
status and perspective of direct detection activities in Rome
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●

OLD! (pre-2018)

WE WILL 
GO HERE!
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●
○Easy purification
○PSD (Single phase/double phase)
○High LY (~40 PE/kev)
○Transparent to his own scintillation
○Acceptable quenching factor
○High electron mobility
○Scalability
○Self shielding

●

●

Argon Xenon

Atomic number 18 54

Liquid density 1.4 kg/l 3.0 kg/l

Scintillation 
wavelength

128 nm 178 nm

Boiling
temperature

87 K 165 K

Ionizing energy 23.6 eV 25 eV

Scintillation
Time components

6 ns
1600 ns

17 ns
24 ns

Rejection ~1/109 (S1)
~1/300 (S2/S1)

~1/300 (S2/S1)
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●
○530 live days x 46 kg
○1.14 × 10−44 cm2 @100GeV
○UAr ~ 0.7 mBq/kg
○LY ~ 8 PE/keV
○Blinding scheme



IN
FN

 S
ez

io
ne

 d
i R

om
a

●
○Hall C @LNGS
○LAr-TPC with UAr
○Veto: acrylic shells with Gd (1-2%) with AAr 
layers (gamma and n’s)
○Proto-DUNE like cryostat
○PMMA sealed TPC 5cm (DEAP like) - 50t UAr
○Lateral reflector (no Cherenkov as in PTFE)
○Clevios™ conductive polymer 
○~10.000 PDMs SiPM based  

@100 GeV:
- DS-20k: 2x10-48 cm-2

- Argo: 3x10-49 cm-2
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TOWARDS HI-PURITY LIGHT DETECTION

PDM

UNDERGROUND Ar:
URANIA

PURIFICATION: ARIA
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ReD
(directionality)

Proto-0 Proto-1
(low-mass)
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●

○based on 
ionisation-only 
analysis

●
●

https://arxiv.org/abs/1802.06994
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● 10x better
○ we are preparing a proposal for LNGS

● reach neutrino floor
○ URANIA+ARIA to purify argon with cryogenic distillation
○ ultra-pure SiPMs
○ radio-pure stainless-steel cryostat

● calibrate

○ ReD or dedicated experiments

https://indico.cern.ch/event/765096/contributions/3295671/attachments/1785196/2906164/DarkSide-Argo_ESPP_Dec_17_2017.pdf
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●

○ INFN grant neoassunti + support from DS-RM
■

●

○ light collection with SiPMs

●

○ small TPC to study background to S2-only 
search

○ crystals for light-yield vs temperature (figure)

●
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●

○test performed at 
CERN (Aug 2018) in 
the context of CH4 
doping studies

●

○mixture of argon + isotopically-enriched xenon could be used for 
ultimate double-beta decay experiment
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●
○ software trigger (possibly at FPGA-level!)

●
○ fast signal processing
○ machine learning

●
○ simulation & data analysis
○ radio-pure cryostat design for prototypes

●
○ ReD, LArNaI

●
○ ReD, argon+xenon doping

HOW IT’S DONE

IN ROME
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2020

Proto-1
Seruci-1

2022

DarkSide-20k
commissioning

2019

ReD
Proto-0
Seruci-0

2022

URANIA
60t UAr production

NOA

2025

Seruci-II (?)
Towards ARGO

2030

ARGO
Neutrino Floor
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●

●

●

●

GADMC
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●

○ shown by DS-50 with depleted Ar

●

○ needs radiopure SiPM and materials

○ needs depleted Ar with reduced 37Kr and 39Ar contamination (URANIA+ARIA)

●

○ LAr+LXe: pet? double-beta?

○ LArNaI project - a facility for cryogenic R&D

○ intense synergy with CERN neutrino platform


