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Liquid Xenon 

‣ Denser & Radio pure 

‣ Lower energy threshold 

‣ Higher sensitivity at low mass WIMP 

FEATURES OF NOBLE LIQUID DETECTORS
▸ Dense and easy to purify (good scalability, advantage over solid targets) 

▸ High scintillation & ionization (low energy threshold, not low enough to search < 1 GeV/c2 DM) 

▸ Transparent to own scintillation 

For TPC 

▸ High electron mobility and low diffusion 

▸ Amplification for ionization signal 

▸ Discrimination electron/nuclear recoils (ER/NR) via ionization/scintillation ratio
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Liquid Argon 

‣ lower temperature (Rn purification is 
easier) 

‣ Stronger ER discrimination 

‣ Intrinsic ER BG from 39Ar 

‣ Need wavelength shifter
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normalized to the rate expected in the DM search data. The
events in the liquid should be primarily due to ERs from
background γs, so we estimate the rate by comparing the
rate of 60Co events and DM search data events at energies
far beyond the region of interest, as done in [13]. The gas
event rate was estimated from DM search data events with
an S2 asymmetry larger than 0.45 (again, well beyond the
region of interest), as seen in Fig. 2.
We remove events with an S2 asymmetry parameter larger

than 0.17 and smaller than an S2 size-dependent threshold
derived from 241AmBe (−0.32 at 100PE). The 0.17 threshold
is chosen by optimizing the ratio of the liquid events over the
square root of gas events. Only 61% of liquid events with an
S2 signal of 100 PE will pass the asymmetry cut (as
determined from the 241AmBe data). The low acceptance
is necessary because of the gas event background in this
analysis. We also apply a loose S2 10%-width selection of
½0.8; 2.7" μs with an acceptance of 99.8% at S2 ¼ 100 PE.
Figure 3 shows the analysis acceptance and the trigger

efficiency [13] as a function of the S2 signal size. The trigger
efficiency in our region of interest is more than 80%. The
product of the trigger efficiency and analysis acceptance is
our final signal detection efficiency. Table I shows the
acceptance of the analysis selections discussed above, as
well as the number of events remaining at each stage. After

applying the data selection cuts summarized in Table I to the
entire data set of 30 kg × yr, 13560 valid candidate events
remain in the S2 range [80, 1000] PE (see Fig. 4).

IV. RESULTS

The interpretation of the outcome of the data selection
requires the reconstruction of a nuclear recoil equivalent

FIG. 3. The analysis acceptance (red triangles) and the trigger
efficiency (blue circles). The purple dashed line is the analysis
threshold (80 PE).

TABLE I. Acceptances of the different data selections and
number of DM candidate events passing the selections. The cuts
are applied sequentially. The number of events is in the S2 energy
range [80, 1000] PE.

Description of cut
Acceptance at
S2 ¼ 100 PE Events

Radial cut (starting events) 100% 254901
Depth and electronic recoil 92% 103914
Detector noise 97% 57516
Single S2 and 10 ms cut 95% 49041
Interaction in the gas 61% 13560

FIG. 4. Energy distribution of the events remaining in the data
set after all data selection cuts. As an example, the expected
spectrum for a WIMP of 6 GeV=c2 and a spin-independent
WIMP-nucleon scattering cross section of 1.5 × 10−41 cm2 is
also shown. The corresponding nuclear recoil energy scale is
indicated on the top axis. The charge yield model assumed
here has a cutoff at 0.7 keV, which truncates the WIMP spectrum.
The optimum interval (thick red line) is found in the S2 range
[98, 119] PE and contains 1173 events.

FIG. 5. Charge yield (Qy) as a function of energy for nuclear
recoils (keV). This analysis employs the conservative nuclear
recoil charge yield model of Bezrukov et al. (electric field
independent) [15], given by the green line. It agrees with the
measurement of XENON100 (E ¼ 0.53 kV=cm) [14] (red tri-
angles), while the NEST model (E ¼ 0.73 kV=cm) [16] (dashed
black) and the recent measurement of LUX (E ¼ 0.18 kV=cm)
[17] (blue points) predict higher yields. To account for the mild
discrepancies at low energies, we use the model from Bezrukov
et al. and conservatively assume Qy ¼ 0 below 0.7 keV.

E. APRILE et al. PHYSICAL REVIEW D 94, 092001 (2016)
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SENSITIVE TO LOW DARK MATTER

COMPARISON WITH XENON100

▸ DS-50 has lower BG at the lowest Ne bins. 

▸ Ar sees more events with given WIMP mass 
and cross section.
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Convert with their 

ionization yield

XENON100 DarkSide-50

BG [evt/keVnr/kg/d] 0.5  
in [0.7, 1.7] keVnr

0.2 @ 1.1 keVnr

BG [evt/keVnr/kg/d] 0.07  
in [3.4, 9.1] keVnr

0.5 @ 6 keVnr

Analysis threshold 0.7 keVnr 0.6 keVnr

DS-50
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XY Reconstruction Introduction
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WIMPs will generate nuclear recoils (NRs)
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LOW NE EVENTS IN DARKSIDE-50

BACKGROUND

▸ The events in Ne<4 are delayed electrons related to impurities. 

▸ The origin of the excess at low Ne events (4<Ne<10) is 
unknown and under investigation.
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DARKSIDE LOW MASS

CRITERIA FOR FUTURE LAr TPC

▸ Low activity of 39Ar 

▸ Low impurity 

▸ good electron lifetime 

▸ low rate of the single 
electron events 

▸ Ultra-pure photo-sensor 

▸ Pure (or no) cryostat
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39Ar SUPPRESSION

FURTHER DEPLETION OF Ar

Urania (Underground Argon): 

‣ Expansion of the argon extraction 
plant in Cortez, CO, to reach capacity 
of 100 kg/day of Underground Argon 

Aria (UAr Purification): 

‣ Very tall column in the Seruci mine in 
Sardinia, Italy, for high-volume 
chemical and isotopic purification of 
Underground Argon. A factor 10 
reduction of 39Ar per pass is expected.

Seruci Wells
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500 510 520 530 540 550 560 570 580 590 600
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R&D Column
30 cm diameter

350 m height

 

 

 

• 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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LOW MASS WIMP SEARCH

SENSITIVITY

▸ Exposure: 1 tonne year 

▸ 39Ar: 1µBq/kg (currently ~1mBq/kg in 
DS-50) with 39Ar depletion in Aria plant 

▸ SiPM: 50 times lower contribution than 
currently achieved in DS-20k (cleaner and 
reduced electronics) 

▸ Acrylic: 5 mm thickness with the activities 
achieved by JUNO collaboration. 

▸ No cryostat 

▸ Analysis threshold: 2 Ne (~0.4 keVnr) 

▸ No systematic uncertainties are included
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1 tonne year projection 
threshold: 2 Ne 

39Ar: 1µBq/kg



ASSUMPTIONS

▸ No BGs except the internal 39Ar BG, external gamma BGs 
from the detector components, and  coherent neutrino 
BGs (the neutrino electron scattering is an order smaller 
and ignored). 

▸ Low Ne events will be suppressed via deep fiduciallization, 
pulse shape, and reduced activity in the active volume.
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DARKSIDE-50

SUB-GEV DARK MATTER SEARCH
▸ Ultra-light DM (m𝜒≪1 GeV) scatter off 

electrons 

▸ DM signals are also ER. 

▸ The same measured spectrum as the 
WIMP search can be used. 

▸ Two extreme cases of Dark Matter 
form-factor are considered 

▸ FDM=1         heavy mediator 

▸ FDM∝	1/q2   light mediator 

▸ The dashed lines are with assumptions 
of 1 uBq/kg for 39Ar, 1 uBq/PDM, Cu 
cryostat, 80,000 kg day, and 2e- 
threshold
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TODO

NR IONIZATION YIELDS

▸ MC + Ionization model [1] fit to 
NR data from AmBe and AmC. 

▸ Need calibration points at low 
recoil energies
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[1] F. Bezrukov, F. Kahlhoefer, and M. Lindner, Astropart. Phys. 35, 119 (2011).
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