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DarkSide-20k 
50 tonne 

20 m2 of SiPM coverage 
(2022 - ) 

DarkSide-Prototype 
1 tonne 

1 m2 of SiPM coverage 
(2018 - )



SiPM to enhance LAr technology: 
24 cm2 single-channel detector

• 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) 
strategy largely funded by Regione Abruzzo 
• 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) 
• Massive test and selection of detector modules before 

installation in DS-20k (INFN-Naples)
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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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ReD

Recoil directionality in Liquid Argon
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FIG. 35. Schematic drawing of the ReD experimental setup.

for the LAr TPC. The baseline configuration fore-
sees 7Li beam energies between 17 and 25 MeV. The
detection of 7Be particles at 4-5 deg will tag neu-
trons emitted at about 20-30 deg with energy of a
few MeV, which is appropriate to produce Ar re-
coils within the energy range of interest (i.e. be-
tween 20 and 100 keV). The geometrical arrange-
ment of the detector components is designed to al-
low to span the entire range of recoil energies be-
tween 20 and 100 keV by only changing the energy
of the primary 7Li beam, namely without the need of
physical movements along the beamline. In order to
have the possibility of producing and detecting nu-
clear recoils that are parallel to the electric field (i.e.
in the upwards/downward direction), the LAr TPC
and the Si telescope must be displaced such to tag
p(7Li,n)7Be reactions happening in a non-horizontal
plane. In the baseline configuration, the LAr TPC
and the Si telescope are deployed such that the inter-
action plane forms an angle of approximately 20 deg
with respect to the vertical. The distance between
the target and the LAr TPC is 150 cm. The array of
liquid scintillator neutron detectors is designed to se-
lect neutrons scattered from the LAr TPC at about
35 deg and 80 cm distance. Such a configuration
meets the key requirement of tagging nuclear recoil
between 20 and 100 keV and having momentum par-
allel and perpendicular with respect to the electric
field. As mentioned above, one or more liquid scintil-
lator neutron detectors is deployed at much smaller
angle (3-5 deg), in order to tag low-energy NRs in
the LAr TPC.

The associated-particle detector, which for the
identification of the accompayining 7Be, is a con-
ventional �E/E telescope of Silicon detectors. The
envisaged detectors are B-016-050-500 by ORTEC

for the E stage, having active area of 50 mm2 and
thickness of 500 µm, and D-035-050-15 by ORTEC
for the �E stage, having active area of 50 mm2 and
thickness of 15 µm. The Si telescope will be placed a
minimum angle of 4-5 deg with respect to the beam,
to avoid damage from the direct beam irradiation
and from elastically-scattered particles. The small
angle of the Si telescope limits the beam intensity
which can be used for the measurement. Under
the reasonable assumptions of 2 pnA beam inten-
sity, limited by the counting rate of the Si telescope,
and of a 0.2 mg/cm2 CH2 target, a few 105 n/s are
produced. The anticipated counting rate for gen-
uine neutron scattering in the LAr TPC is a few Hz
and approximately 0.25-0.5 counts/minute of gold-
plated triple-coincidence nuclear recoils, parallel and
perpendicular to the electric field.

C. The ReD LAr TPC

The ReD experimental setup is designed to mini-
mize all neutron interactions other than single scat-
ters in the liquid argon. This is achieved in two
ways: by reducing as much as possible the material
between the neutron beam and the LAr, and with
an innovative structure for the LAr detector which
minimizes the presence of inactive volumes.

The LAr TPC used for this measurement is a
custom-made TPC which is a miniaturized version
of the LAr TPC for DarkSide-20k. It is conceived to
achieve a very high light (> 8PE/keVee), an excep-
tional single photon resolution of 5% to 10%, and
spatial resolution of 5mm in each of the two direc-
tions in the x� y plane, which will considerably im-
prove the multi-hit events rejection. The TPC (see
Fig. 36) will be a cube with size of about 50mm.
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to record data for di↵erent recoil kinematics simulta-
neously. Detectors are deployed in a lightweight me-
chanical structure, where they can be placed at dif-
ferent angles on support guides held at constant ra-
dius from the LAr TPC center, as shown in Fig. 37.
This would allow the simultaneous detection of scat-
tering neutrons corresponding to a given recoil en-
ergy but with the argon recoil emitted at di↵erent
angle with respect to the electric field direction. An
additional mounting position at small-angle is fore-
seen, to be used for the measurement of low-energy
nuclear recoils.

FIG. 37. A 3D rendering of the integrated setup, includ-
ing: the cylindrical scattering chamber with the beam
pipe, the carriage holding the LAr TPC and the cryo-
genic system, the neutron spectrometer with its support
structure.

XIII. DARKSIDE-PROTO

G.Fiorillo

XIV. STATUS OF ARGON
PROCUREMENT, PURIFICATION,
TRANSPORTATION AND TESTING

A. Overview

The UAr extraction and purification chain is one
of the key points of the DS-20k project, as well as for
the long term objectives of the Global Argon Dark
Matter Collaboration. The Urania project makes up
the e↵ort to design and build a plant for extracting
argon from the CO2 rich gas coming from the Kinder
Morgan Doe Canyon Facility in Cortez, CO, USA,
install and commission that plant on location in Col-
orado, and then actually do the extraction of the 50 t
of argon required for DS-20k. It will be necessary to
make a final chemical purification of the UAr before
deployment into the LAr TPC (driven by the filtra-
tion capacity of the getter purification unit), bring-
ing the chemical impurity levels to those shown in

TABLE V. Urania/Aria: Inlet purity required by the
getter of DarkSide-20k.

Element Inlet Purity Requirements (ppm)
CH4 <0.25
CO <0.1
CO2 <0.1
H2 <1
H2O <1
N2 <1
O2 <1

Table V. Additionally, it would be beneficial to fur-
ther deplete the UAr of 39Ar, giving extended sen-
sitivity to DarkSide-20k and a level of 39Ar that is
acceptable to be used in an experiment that is at
the multi-hundred tonne scale. The Aria project
will serve to chemically purify the UAr to better
than the levels shown in Table V using a cryogenic
distillation column called Seruci-I. Aria could also
potentially further deplete the UAr of 39Ar by a sec-
ond, and larger cryogenic distillation column called
Seruci-II. The ultimate goal of the Aria project is
to process about 150 kg/d of argon through Seruci-II
to achieve an additional depletion factor between 10
and 100 (in addition to the reduction of 39Ar al-
ready seen in the UAr). However, the first objective
of the Aria project is to chemically purify the UAr
using Seruci-I. Therefore, the procurement of the
UAr for DarkSide-20k is broken into two main op-
erations, extraction of the UAr by Urania and then
chemical purification by Aria using Seruci-I. The
requirements for the UAr procurement and purifica-
tion stated in [9] are:

Argon-i Extract 50 t of UAr from the same gas
source as for DS-50, ensuring that the gas will have
at least the same reduction factor of 39Ar as mea-
sured in DS-50;

Argon-ii Extract UAr at a rate of 250 kg/d to
maintain the overall project schedule and start of
DS-20k data taking within 2021;

Argon-iii Urania must produce UAr with a pu-
rity of 99.9%;

Argon-iv Aria must purify the UAr to detector
grade, with compositions matching Table V;

Argon-v Deliver UAr to LNGS in time for de-
tector operations.

B. Argon Procurement: Urania

The Urania project will extract at least 50 t of
low-radioactivity UAr, providing the required 47 t
of UAr to fill DarkSide-20k. The goal of the Urania
project is to build a plant capable of extracting
and purifying UAr at a rate up to 250 kg/d, from
the same source of UAr that was used for the
DarkSide-50 detector. This rate of extraction is

ReD Experiment @ LNS

• Irradiate a small LAr TPC with neutrons and produce recoils parallel or 
orthogonal wrt the E field to test Columnar Recombination models 

• Measure scintillation & ionization at variable recoil energy and E field 
➡ Bonus: measure light and charge yield for low energy nuclear recoils
• A significant reduction in Qy uncertainty and “some” indication of the 

underlying distribution of the number of ionization electrons at very low recoil 
would allow significant improvement in the sensitivity at lower masses (1-2 
GeV/c2)



ReD TPC
• Designed and built at UCLA 
• Optimized for neutron beam tests  
• Assembled at Naples CRYOLAB 
• In its dedicated LAr cryosystem

B. Bottino and M. Caravati



Two 5×5 cm2 tiles  
24 NUV-HD-LF rectangular 

SiPM,  
25 μm cell, 10 MOhm 

quenching resistor, 
Arlon substrate

Photoelectronics

• RED TPC with SiPM based optical readout 
• Higher PDE compared to PMTs 
• Individual readout of top SiPMs provides 

sub cm spatial resolution of the X-Y 
position of the S2 signal, improving recoil 
measurement 

• Low noise at cryogenic temperatures 24ch FEB from INFN-NA

2 tiles with new SiPMs from PU



ReD 
@ LNS

ReD @ NAPLES

Si only
Si Ù TPC

γ-like n-like



ReD TPC

1-ton prototype

DS-20k

Evolution



A scalable design: Motherboards
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From Photon Detector Module 
to Motherboard
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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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mock-up from INFN-BO/INFN-PI
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Motherboard is the basic modular unit: 
Single MB TPC  

(so-called Proto-Proto)
• A TPC to test the basic modular 

unit  
• 25 top + 25 bottom r/o channels  
• reduced drift length to avoid 

pile-up

• GOALS: 
• electroluminescence field 

uniformity 
• gas pocket thickness uniformity  
• S2 signal resolution  
• xy position reconstruction

June design



1ton prototype TPC
 13

370 PDM (19 MB)



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 



Phases of the Proto Project
✓ Proto 0:  

• Standalone test of cryogenic system concept; identification and preparation of 
full readout and DAQ of 50 pre-production PDMs 

➡ Proto I: “Proto-Proto” 
• Design, construction and operation at CERN of R&D TPC equipped with 50 pre-

production PDMs (2 Motherboards);  
• assembly, commissioning, and operation of full read-out and DAQ for 50 PDMs; 

‣ Proto II:  
• Assembly and commissioning of full system, including 400 first production 

PDMs;  
• full electronics chain and DAQ final components.  

➡ Radiopure Proto to be deployed at LNGS to develop Low Mass DM searches
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DS50 Expected Limit
Ar, 2 mBq/PDM390.7 mBq/kg 

Ar, 2 mBq/PDM390.07 mBq/kg 
Ar, 0.2 mBq/PDM390.007 mBq/kg 

NEWS-G 2018 LUX 2017
XENON1T 2017 PICO-60 2017
PICASSO 2017 CDMSLite 2017
CRESST-III  2017 PandaX-I I  2016
XENON100 2016 DAMIC 2016
CDEX 2016 CRESST-II 2015
SuperCDMS 2014 CDMSlite 2014
COGENT 2013 CDMS 2013
CRESST 2012 DAMA/LIBRA 2008
Neutr ino Floor

Future Darkside Low-Mass Searches

1 year data taking with DS-Proto
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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


