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To the neutrino floor… 
…and beyond… 

Walter M. Bonivento, INFN Cagliari, Italy

 Low Mass  DM searches 
in underground labs
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you are free to choose your 
preferred one…
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The triangle of WIMP detection

Argon,xenon
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The high mass searches
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High mass status and prospects
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The neutrino floor 
A “real” bottom level for DM searches, since CENNS is really 
indistinguishable from WIMP scattering. 
“Real” after the discovery of CENNS by COHERENT at 
ORNLL 

At low masses it is dominated by solar neutrinos (8B). The 
floor comes from the uncertainty on fluxes and CENNS cross 
sections. At best it will be a few %. 
  
Could go lower by directional techniques, but those 
developed so far (mostly at low DM mass) have little mass 
(gas detectors, emulsions, carbon nano-tubes), while to go 
beyond  the neutrino floor one needs  large detector mass 
(exposures). 

At present it is not something to worry about. It will be in the 
future. Some techniques may overcome the others since the 
floor depends on the material.
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The low mass searches
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Recoil spectra
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DARKSIDE 50              0.6

SuperCDMS —>40eV in prospect

CRESST-III        30eV—>10eV in prospect
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Issues a): ionisation response 
calibration  

Xenon e- recoil Xenon nuclear recoil
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Issues a): scintillation response 
calibration; nuclear quenching! 

Very difficult measurements, in particular at low energies, that  
require real side experiments that last for years!
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Issues b): 
background suppression 

Backgrounds to DM searches are: 
- cosmogenic activation or n-induced (not really direct cosmic 

rays)—> going underground 
- radiogenic (material radioactivity) 

- shielding  
- material screening (experiments in the experiments) 

For the low mass DM searches the particle id capabilities are 
generally lost (due to the low recoil energy)  

Therefore the dominant backgrounds are by far the electron recoils 
(e.g. 40K in NaI crystals) 
New backgrounds appear that are not present at high masses: 
- single electrons trapped (noble liquids) 
- unknown stuff (e.g. CRESST-III)
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Setting the stage: 
 DarkSide-50 results
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Liquid Argon TPC 
153 kg 39Ar-Depleted 
Underground Argon 

Target
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4 m Diameter 
30 Tonnes 

Liquid Scintillator 
Neutron Veto
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10 m Height 
11 m Diameter 
1,000 Tonnes 

Water Cherenkov 
Muon Veto
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DM-nucleon 
low-mass
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electrons trapped by impurities and late-released
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DarkSide-LM
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Basic Research Needs Workshop on Dark Matter Small Projects  
New Initiatives October 15 – 18, 2018

very preliminary  
dream sensitivity 

(we assume optimistically 
here that  

some current issues 
will be solved)!
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Two crucial technologies

Liquid argon target depleted in the radioactive 39Ar , with respect to 
the  1Bq/Kg of the atmospheric argon (AAr) 

Cryogenic SiPMs replacing PMTs

—> higher light yield (#PE/KeV), low cost for large areas, very low 
dark noise, very low radioactivity background (with radio-pure 
substrates), long term stability
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For DarkSide-50, about 70Kg of underground argon (UAr) were extracted  with  a 
pilot plant 

UAr vs AAr in DS-50: (0.73±0.11)x10-3Bq/Kg vs 1Bq/Kg
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The argon path

!42

Urania Aria

LNGS
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The Urania project@Kinder Morgan 
Doe Canyon Facility, CORTEZ,CO 
(USA)

extraction of 50t of UAr from CO2 
deep wells where cosmic rays 
hardly  make any 39Ar

Starting from 95% CO2 and 440ppm 
of UAr!

New plant, funded, under tendering 
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The Aria project: includes  regional funds from Sardinia, Italy

39Ar isotopic separation with cryogenic distillation —> factor 
10 suppression per pass (from UAr to DAr)

CarboSulcis mine in 

Nuraxi-Figus 

The Seruci-I column:

350m height, 30cm diameter
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CERN : leak tests 
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first step : installation and test of a 
28m tall test column Seruci-0 in a 
surface building at the mine  
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For DarkSide-20k:
Seruci I  —>removal of chemical impurities to make the UAr  detector grade with 2 

passes at 1t/day with 85% recovery—> inlet purity required by DS20k getters of order 
0.25-1ppm

For DarkSide low-mass:
10Kg/day isotopic distillation  of 39Ar and chemical purification

A measuring device:

 The measurement of 39Ar content in the argon coming from Urania and Aria is planned 
with a specific innovative device named DART based on LAr active vetoing approach
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At LSC 
Spain
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A new SiPM  production chain

NUV-HD-LF working at cryogenic temperatures

  Low field SPADs, near UV (410nm) peak efficiency, 25𝜇m cell size 

Regional funds from Abruzzo, Italy—> 

 — SiPM large scale production at LFoundry, Avezzano (AQ) after 
successful R&D and design by FBK, Trento (TN)

 — NuovaOfficinaAssergi at l’Aquila Tecnopolo for packaging and module 
assembly
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The tile is readout by 4 
TransImpedanceAmplifiers (large detector  C of 
50 pF/mm2) with discrete components

 mounted on radio-pure substrates 



LM DM Workshop, Roma3, 2018!56

24 cm2 tiles equipped with 1x1cm2 SiPMs fully working

… assembled as self-consistent one-channel units 
PhotonDetectorModules, replacing 3” PMTs

Need  8280
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Photon Detection Efficiency (PDE): 45% requirement met and surpassed

Dark Count Rate (DCR): 0.1 Hz/mm2 requirement met and surpassed

250mW power/consumption/PDM 

20ns time resolution



LM DM Workshop, Roma3, 2018!58

requirement is SNR>8

 after digital filtering

allows to work as single photon counter 
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Competing technologies? 
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LZ xenon TPC
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THE ULTIMATE GOAL, VERY CHALLENGING
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Going to lower thresholds 
(sure you already heard of them) 
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SuperCDMS (SNOLAB)
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CRESST-III scintillating bolometer
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CRESST-III scintillating bolometer
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Some new stuff
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40eV threshold for bubble formation 
no e- recoil background 
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CYGNUS

Roma1-GSSI… 
He gas TPC  

optical readout
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Paleo-detectors
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Can I say anything new about 
DAMA?
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New result from the COSINE 
Collaboration
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time integrated
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XMASS (xenon) 2018 
annual modulation analysis
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DARKSIDE50
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very preliminary  
dream sensitivity 

(we assume optimistically 
here that  

some current issues 
will be solved)!
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Conclusions 

A very active and competitive research field with 
many new ideas emerging almost every year 

The first one reaching the neutrino floor gets a 
beer! (if she/he sees something beforehand, 
she/he gets >1M$, this is well known) 


