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European Astroparticle Physics Strategy 
2017-2026

5. Dark Matter

APPEC encourages the continuation of a diverse and 
vibrant programme (including experiments as well as 
detector R&D) searching for WIMPs and non-WIMP 
Dark Matter. With its global partners, APPEC aims to 
converge around 2019 on a strategy aimed at 
realising worldwide at least one ‘ultimate’ Dark Matter 
detector based on xenon (in the order of 50 tons) 
and one based on argon (in the order of 300 tons), 
as advocated respectively by DARWIN and Argo.
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• Next step: DarkSide-20k at LNGS (2022-) 
• Last step: 300 tonnes detector, location t.b.d (2027-) 
• A collaboration supported by the three Underground Labs

• Currently taking 
data:  
• ArDM at LSC 
• DarkSide-50  

at LNGS 
• DEAP-3600 at 

SNOLAB 
• Under 

construction at 
CERN: 

• DarkSide-
Proto



Liquid Argon Synergies
• Key technologies enabling 

DarkSide-20k and future liquid argon 
program  

• Low radioactivity argon  
• ARIA cryogenic distillation column 

leak tests and technical review 
• Cryogenic Photosensors 

• NOA large area SiPM based 
Photon Detector Modules 

• Cryogenics for liquid argon detectors 
• Proto-DUNE cryostats 
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Jan 2018 @ CERN

ARIA column prototype
Aug 2018 @ Nuraxi Figus



Photon Detector Modules: 
SiPM + cold electronics to enhance LAr technology

• Advantages w/r to cryogenic PMTs 
• Very compact, much lower radioactivity 
• Light yield increase by 50% 
• Greater stability 
• Ten-fold reduction of costs per unit area 
• SiPMs love to run at LAr temperature! 

• A full chain (development-production-packaging-
testing) 
• Custom SiPM development for cryogenic temperature 

(FBK) 
• Industrial cooperation for large-scale production 

(LFoundry)  
• Radiopure packaging of the tiles and of the cryogenic FE 

readout board (Nuova Officina Assergi - NOA @LNGS)

25

FIG. 23. Snapshot of the first PDM.

the easy replacement of any single PDM mounted
on the MB.

Recently FBK produced an improved SiPM ver-
sion, NUV-HD-LF 2018 edition, characterized by a
triple concentration of their special dopant, o↵ering
a wider over-voltage operation range and e↵ectively
reducing the fraction of events with after-pulses. A
SiPM run produced with this new technology was
delivered at the beginning of January and tested
shortly later by the DarkSide Collaboration. This
was the first FBK run providing rectangular SiPMs
(7.9 ✓ 11.7mm2), as requested by the DarkSide-20k
tile geometry.

The SiPM run yield at warm temperature was
quite high, of about 65%, while at cryogenic tem-
perature it dropped to 30%. A first characterization
was performed dicing a SiPM wafer and testing few
tens of SiPMs in LN2. These measurements showed
that the I-V curves have a wide over-voltage region
were SiPMs can comfortably work and a good break-
down voltage uniformity. We selected 24 SiPMs with
uniform I-V characteristics to make the first tile
equipped with rectangular, NUV-HD-LF 2018 edi-
tion SiPMs. The PCB was manufactured with Ar-
lon, the cleanest substrate we have identified insofar.

Fig. 23 shows a snapshot of the first PDM. The
rectangular SiPMs and the Front End Board, behind
the acrylic cage, are clearly visible. This tile imple-
mented few changes with respect to the previous ver-
sions, including a new layout with the SiPM voltage
divider on the backside of the PCB and power sup-
ply filtering by appropriate capacitors. The wafer
dicing and the SiPM bonding was made at Prince-
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FIG. 24. Amplitude spectrum of signals of the first
PDM (NUV-HD-LF 2018 with triple dopant concentra-
tion, preliminary result).)

ton University, using a cryogenic epoxy on the SiPM
backside, and a wire bonding procedure on the top.
The tile was coupled with a FEB, whose design was
basically the same we used at the beginning of 2017,
with slight modifications with respect to the previ-
ous versions, to take advantage of a new cryogenic
summing amplifier, OPA 838, with improved per-
formance. The first PDM was assembled at LNGS
during the first week of March and shortly after it
experienced 10 thermal cycles, to verify its mechani-
cal stability. As expected the thermal cycles did not
show any issue. A full characterization of the SiPMs
used to equip the first PDM is ongoing, to quantify
the fraction of after-pulse events, the Dark count
rate and the break-down voltage uniformity. A first
preliminary measurement was performed by immers-
ing the PDM in Liquid Nitrogen: the data analysis
gave a SNR larger than 24, a factor of 2 better than
the tiles equipped with the NUV-HD-LF 2017 edi-
tion SiPMs and the FEB produced in 2017, whose
results were shown at the LNGS Scientific Commit-
tee meeting of April 2017.

Fig. ?? shows the filtered amplitude spectrum
of the first PDM: the low after-pulse behavior of
the new FBK NUV-HD-LF 2018 edition SiPMs is
evident from the modest tail following each peak.
The PDMdescribed above makes use of low ra-
dioactivity components: a broad screening campaign
was made, including capacitors, resistors, electronic
chips, metallic clips, and connectors. The radioac-
tivity of all the PDM components, excluding the
plastic of the two connectors between the tile and
the FEB, and the connector between the FEB and
the MB strips, is estimated at the level of about
1mBq/PDM. This is already a good result, compat-
ible with the DarkSide radioactivity budget. Never-
theless, we are committed with an R&D to further
decrease this number. The most important contri-
bution to the above background comes from the Ar-
lon substrates, whose screening gave an ↵ activity of
about 100mBq/kg. We are presently developing a
fused silica substrate, that would drastically reduce
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Scalability: 
from Photon Detector Module 

to Motherboard

25

FIG. 23. Snapshot of the first PDM.
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DarkSide-Proto 
@ CERN

1-ton TPC prototype of DS-20k 
detector will allow: 

• validation of the design of 
mechanics and cryogenics of 
the TPC  

• integration tests of the custom 
SIPM-Photosensors and of the 
full read-out electronics and 
data acquisition chain 



Scalability: a LAr shield for 
DarkSide-20k

• AAr in ProtoDune style large 
cryostat to provide shielding and 
active VETO 

• Benefit from an important 
technological contribution from 
CERN Neutrino Platform allowing 
to eliminate Liquid Scintillator Veto 
and Water tank 

• Significantly simplify the overall 
system complexity and operation 

• Fully scalable design for future 
larger size detector (300 ton)
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DarkSide future program
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DarkSide-20k 
a 20-tonnes fiducial argon 

detector
100 tonne×year background-free 

search for dark matter

GADMC detector 
a 300-tonnes depleted argon 

detector
1,000 tonne×year background-free 

search for dark matter

20- 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

DS-Proto

DS-20k

GADMC



Scaling up the technologies for NP and DM

• Vacuum & Cryogenics, very large membrane cryostats 

• LAr detector technology 

• Fully digital R/O optoelectronics 

Artificial-Intelligence-powered data acquisition system

• exploit Deep Learning for real-time data processing  

• investigate FPGAs as flexible hardware  

• synergies with LHC experiments (deep learning for big data real-time 
processing), also proposed for DUNE, NEXT, … 

• synergies with ongoing activities involving CERN (HLS4ML, CERN OpenLab, 
CERN KT Department)
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Exploiting Synergies
NP++: international infrastructure for frontier physics 



Exploiting Synergies
Complementarity

• LHC experiments probe the sub-
TeV range for WIMPs. But, if 
WIMPs are discovered by the 
LHC, an astrophysical detection 
will be necessary to connect the 
produced particles with the 
cosmic dark matter.  

• For WIMP masses at multi-TeV, 
only direct and indirect 
detection methods have 
significant discovery potential. 

➡ Common strategic planning of 
future research

• maximize the combined DM 
search potential
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Understanding the nature of Dark Matter



• GADMC 300-tonnes detector could enable a precision measurement of CNO, 
7Be and pep neutrinos 

• more than 10,000 CNO neutrino-electron scattering events in 1,000 tonne yr 

• larger LY, larger purity wrt LSci detectors 

• strong reduction of 222Rn contamination required
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Exploiting Synergies
Not only DM: neutrinos from the Sun



Overlapping areas of research

• See for instance US Particle Physics 
Project Prioritization Panel (P5): 

‣ Cosmic, Energy and Intensity 
Frontiers, on equal grounds within 
the larger field of particle physics 

Diversification strategy

• An example: CERN/Fermilab joint 
LAr programme for neutrino physics 

‣ Technology + physics reach
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From a wide community to a wider one

Conclusion

Neutrino 
Physics

Dark 
Matter


