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1. DarkSide Liquid Argon Program 

● WIMP search
● Low Mass Search

4. DS20K and Beyond

3. Recent Results (DS50k) 
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Outline

● SubGeV Search

2. DS50k Dual Phase TPC 
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DarkSide LAr Program
DS-50

532 days DATA 

 DS-20K 
(50 tonnes) 

2023 

 DS Proto 
(1 tonne) 

2021 
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Global Argon Dark Matter Collaboration
GADMC

DarkSide 
+

ArDM 
(1tonne)

+ DEAP3600 (running) 
single phase - 3.6 tons

⬇ ARGO 
300-400 (tonnes)
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Liquid Argon Dual Phase	
Time Projection Chamber (TPC)

𝞆

S2

S1
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(46.4 +- 0.7) Kg 
Fiducial volume: 
(36.9 +- 0.6) Kg 𝞆
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Dual Phase TPC

S1: prompt scintillation signal  
Pulse Shape Discrimination (elec vs nucl recoil)

S2: secondary scintillation (ionization) 
light fraction in each PMT: XY reconstruction 

Time difference: Z position + background rejection
6
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DS50 Dual Phase TPC

Liquid Ar  
36 cm diameter 

36 cm high 
〜 31 Kg fiducial

Gaseous Ar 

19 PMTs (3”)

19 PMTs (3”)

200 V/cm Drift Field

2.8 kV/cm Extraction Field

Extraction Grid

 Time Projection Chamber (TPC)

Field Rings
cathode

anode
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Backgrounds

neutrons

electrons 
gammas

(radiogenic, alphas)

(𝞫 and 𝛄 decays 
in TPC and Cryostat)

same recoil as 
Wimps

Electron Recoils

Nuclear Recoils
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Powerful only for LAr

Electron 
recoils

Nuclear  
recoils
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Detector Shielding
Clean Room

Water Cherenkov Detector 
(WCD)

10 m

11 m

Liquid Scintillator Veto 
(LSV)

Shielding and anti-coincidence 
radiogenic and cosmogenic neutrons  

𝛄 and CR𝝁

TPC

30 diameter - 30 Tons

1000 Tons

80 PMTs (8”)

110 PMTs (8”)

38 PMTs (3”)
153 Kg

200 V/cm Drift Field
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2.8 kV/cm Extraction  
Field
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DS50k 532.4 days 
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DarkSide WIMP Search
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DS50K Coll - PRD 98 (2018)
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Current SI WIMP limits
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DS50K Coll - PRD 98 (2018)
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LUX (2017)

PANDAX-II (2017)

XENON1T (2018)
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Low Mass Motivation

Asymmetric Dark Matter

⇢
DM

⇢
Baryons

⇠ 5

• No connection in standard WIMP scenario 

• However a connection arises when  
⇢�
⇢�

6= 1

(1  m�  10) GeV/c2

--            is set by freeze out temperature⇢DM

Zurek 
Phys. Reports 537, 2016
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Low Mass Analysis

(1  m�  10) GeV/c2

• Scintillation light (S1)  is too low => not detectable 

S2 only analysis

• Give up Pulse Shape Discrimination 
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S2 Single Electron Yield

• Signal down to single electron 
• approximately 23 PE/e- at detector axis  
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S2 Only Analysis - Ar37

direct Ne calibration for low energy 
electrons

0.27 2.82 keV
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Ionization Yield (Qy) from Nuclear 
Recoils

4.4 MeV 𝜸 signal in veto 
required 

only 4 farthest PMTs 

G4DS uses Bezrukov model 
  (Bezrukov et al., Astropart.Phys. 35 (2011) 
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Ionization Yield (Qy) from Nuclear 
Recoils

Qy from AmBe + AmC + Bezrukov model 
Agree within bounds with other data => systematics 
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Low Mass Wimps: Signal vs Backgrd

Expected signal assumes standard DM halo 

Uncertainties in signal dominated by Qy fluctuations  
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Low Mass Wimps: Limits

DS50K Coll - PRL 121 (2018)
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SubGeV Search
DARK SECTOR

• Hidden sector with not only one DM particle, but 
multiple particles and forces	

• Portals connecting with Standard Model particles

 Also an S2 only analysis

DM - electron scattering
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SubGeV Analysis
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SubGeV Limits

Heavy Mediator

Light Mediator

DS50K has best result 
25 -100 MeV region

Xe analysis 
Essig, Volansky and Yu, 

   PRD 96 (2017)

DS50K Coll - PRL 121 (2018)
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Beyond DS50: DS20k

•50 ton UAr Dual Phase TPC in sealed 

vessel (30 ton fiducial) 

•20 m2 SiPM 

•AAr Veto (ProtoDUNE membrane 

cryostat) 

•Background free(<0.1/100ton year) 

•Data from 2023   

⟷ϕ ∼ 2.5 m
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Underground Argon

URANIA 
UAr extraction @ Colorado 

∼250 kg/day of low-39Ar argon  
(99.9% pure)

⬇
ARIA 

distillation plant @ Serucci 
Sardinia (350 m long) 

further purification of UAr
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PMT          SiPM⬇
High Photon Detection 

Efficiency (>45% at 420 nm) 
Easily Integrated into tiles

PDM (5 x 5 cm) Motherboard (25 x 25 cm) 
25 PDMs
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Neutron Abatement

TPC

Gd loaded  
Acrilic Panels  
(with SiPMs)

Material radio purity 
Fiducialization: 50 to 20 tonne 

Outer Neutron Veto
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Cryostat

ProtoDune cryo (8x8 m2) 
DarkSide + CERN neutrino platform partnership

Radioactivity from cryo faraway from UAr 
SiPM out of UAr region
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Recoil Energy Measurement
Recoil energy Directionality	

(Red) 

Running @ LNS  
(Catania - Italy)
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ReD
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Conclusions

LAr dark matter search program will soon reach the neutrino 
floor in a background free mode. 


