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The Science covered
Neutrinos 

• Oscillation precision 
measurements (δCP, 
mass ordering, θ23 octant, 
sterile νs) 

• Neutrino interactions 
(from CEνNS to DIS) 

• Astro neutrinos

2

Dark Matter 

• Direct detection 
(WIMPs, … )

0νββ 

• Search for Majorana 
neutrinos

EXO/nEXO

SNO+



The Physics Needs (high level overview)
Neutrinos 

• Push Energy 
thresholds down to 
~1MeV to enhance 
oscillation physics, 
supernovae νs study, 
to enable solar νs … 

• Unambiguous 
readout 

• Scalability

3

Dark Matter 

• Push Energy 
thresholds down to 
1 meV/10 eV/1 keV 
to enable low mass 
DM/1 GeV DM/
WIMPs. 

• Reduce 
background rates 

• Scalability

0νββ 

• Improve Energy 
Resolution to sub-
% FWHM 

• Reduce 
background rates 

• Scalability 



Future targeted projects 
Liquid Nobles 
(Argon/Xenon) 

• Dark Matter (Xe): XLZD 
(Few R&D needs from inputs) 

• Dark Matter (Ar): Argo/
GADMC 

• Neutrinos: DUNE LAr 
3rd/4th modules 

• 0νββ: nEXO


• Future Kilotonne-scale 
Xenon detectors:       
https://indico.slac.stanford.edu/event/8015

Liquid Scintillator 

• THEIA (WbLS),  

• LS 0νββ: SN0+ high 
Te doping, KL-Z+ 

• Opaque LS: LiquidO

Water Cherenkov 

• HyperK  
(Few R&D needs from inputs) 

• Future neutrino 
telescopes 
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https://indico.slac.stanford.edu/event/8015


R&D Roadmap for Liquid Detectors (DRD2) 

2.2. MAIN DRIVERS FROM THE FACILITIES 41

Must happen or main physics goals cannot be met Important to meet several physics goals Desirable to enhance physics reach R&D needs being met

Detector components radiopurity 
and background  mitigation

Low power

Large arrays (sensors)

Detector services (e.g. 
cryogenics) and integration

High pressure

Liquid doping and purification 
(87 - 290K)

dE/dx (combine modalities: 
charge, light, heat, acoustics)

Fine granularity

Expand wavelength 
sensitivity

Lower energy threshold

Higher energy resolution

Lo
w-

E 
sc

int
illa

to
r n

eu
tri

no
 d

et
ec

to
rs

To
n-

sc
ale

 0
nb

b

Hu
nd

re
d-

to
n 

sc
ale

 D
M

 d
et

ec
to

rs

Lig
ht

 d
ar

k m
at

te
r d

et
ec

to
rs

Ne
ut

rin
o 

te
les

co
pe

s (
km

3 )

JP
ar

c/
HK

Ne
ut

rin
o 

ne
ar

 d
et

ec
to

rs

PI
P-

II/
LB

NF
/D

UN
E 

(m
od

ule
 3

)

Lo
w-

E 
sc

int
illa

to
r n

eu
tri

no
 d

et
ec

to
rs

Lo
w-

E 
sc

int
illa

to
r n

eu
tri

no
 d

et
ec

to
rs

Bi
g 

Ba
ng

 (C
NB

) d
et

ec
to

rs

M
ult

i-t
on

 sc
ale

 0
nb

b

Hu
nd

re
d-

to
n 

sc
ale

 D
M

 d
et

ec
to

rs

Lig
ht

 d
ar

k m
at

te
r d

et
ec

to
rs

Ne
ut

rin
o 

te
les

co
pe

s (
m

ult
i-k

m
3 )

JP
ar

c/
HK

Ne
ut

rin
o 

ne
ar

 d
et

ec
to

rs

PI
P-

II/
LB

NF
/D

UN
E 

(m
od

ule
 4

)

To
n-

sc
ale

 0
nb

b

M
ult

i-t
on

 sc
ale

 D
M

 d
et

ec
to

rs

Lig
ht

 d
ar

k m
at

te
r d

et
ec

to
rs

Ne
ut

rin
o 

ne
ar

 d
et

ec
to

rs

Ne
ut

rin
o 

te
les

co
pe

s (
km

3 )

JP
ar

c/
HK

PI
P-

II/
LB

NF
/D

UN
E 

(m
od

ule
 1

&2
)

2022-2025 2025-2030 2030-2035

Scaling up 
challenges

Target 
properties

Measure-
ment 
strategy

Readout 
develop-
ment   

2.1

2.1

2.1

2.2

2.2

2.3

2.3

2.4

2.4

2.4

2.4

DRDT

Figure 2.2: Schematic timeline of categories of experiments employing liquid targets
together with DRDTs and R&D tasks. The colour coding is linked not to the inten-
sity of the required e↵ort but to the potential impact on the physics programme of the
experiment: Must happen or main physics goals cannot be met (red, largest dot); Im-
portant to meet several physics goals (orange, large dot); Desirable to enhance physics
reach (yellow, medium dot); R&D needs being met (green, small dot); No further R&D
required or not applicable (blank).

DRDT DRM (Figure 2.2) Row Numbering
2.1 Readout Development 2.1.1. Higher Energy Resolution

2.1.2. Lower Energy Threshold
2.1.3. Expand wavelength sensitivity

2.2 Measurement Strategy 2.2.1. Fine granularity
2.2.2. dE/dx (combine modalities: charge, light,

heat, acoustic)
2.3 Target Properties 2.3.1. Liquid doping and purification

2.3.2. High radiopurity
2.4 Scaling Up Challenges 2.4.1. Detector services & integration

2.4.2. Large arrays (sensors)
2.4.3. Low power
2.4.4. Noise & background mitigation

Table 2.1: Mapping of R&D tasks shown in the rows of Figure 2.2 (the “Detector Readi-
ness Matrix”) to the Detector R&D Research Themes (DRDTs) for liquid detectors.
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(https://cds.cern.ch/record/2784893) 

221

< 2030 2030-
2035

2035-
2040

2040-
2045

> 2045

              
 

               
in large volumes with very low material budget and different read-out 
schemes

DRDT 1.3    Develop environmentally friendly gaseous detectors for very large 
areas with high-rate capability

DRDT 1.4    Achieve high sensitivity in both low and high-pressure TPCs

DRDT 3.1    Achieve full integration of sensing and microelectronics in monolithic 
CMOS pixel sensors

DRDT 3.2    Develop solid state sensors with 4D-capabilities for tracking and 
calorimetry

DRDT 3.3    Extend capabilities of solid state sensors to operate at extreme 
fluences

DRDT 3.4    Develop full 3D-interconnection technologies for solid state devices 
in particle physics

DRDT 4.1    Enhance the timing resolution and spectral range of photon 
detectors

DRDT 4.2    Develop photosensors for extreme environments
DRDT 4.3    Develop RICH and imaging detectors with low mass and high 

resolution timing
DRDT 4.4    Develop compact high performance time-of-flight detectors
DRDT 5.1    Promote the development of advanced quantum sensing technologies
DRDT 5.2    Investigate and adapt state-of-the-art developments in quantum 

technologies to particle physics
DRDT 5.3    Establish the necessary frameworks and mechanisms to allow 

exploration of emerging technologies
DRDT 5.4    Develop and provide advanced enabling capabilities and infrastructure
DRDT 6.1    Develop radiation-hard calorimeters with enhanced electromagnetic 

energy and timing resolution
DRDT 6.2    Develop high-granular calorimeters with multi-dimensional readout 

for optimised use of particle flow methods
DRDT 6.3    Develop calorimeters for extreme radiation, rate and pile-up 

environments

DRDT 7.1    Advance technologies to deal with greatly increased data density
DRDT 7.2    Develop technologies for increased intelligence on the detector
DRDT 7.3    Develop technologies in support of 4D- and 5D-techniques
DRDT 7.4    Develop novel technologies to cope with extreme environments and 

required longevity
DRDT 7.5    Evaluate and adapt to emerging electronics and data processing 

technologies

DRDT 2.1    Develop readout technology to increase spatial and energy 
resolution for liquid detectors

DRDT 2.2    Advance noise reduction in liquid detectors to lower signal energy 
thresholds

DRDT 8.1    Develop novel magnet systems
DRDT 8.2    Develop improved technologies and systems for cooling
DRDT 8.3    Adapt novel materials to achieve ultralight, stable and high 

precision mechanical structures. Develop Machine Detector 
Interfaces.

DRDT 8.4    Adapt and advance state-of-the-art systems in monitoring 
including environmental, radiation and beam aspects

DCT 1          Establish and maintain a European coordinated programme for training in 
instrumentation

DCT 2          Develop a master’s degree programme in instrumentation

DRDT 2.4    Realise liquid detector technologies scalable for integration in 
large systems

DRDT 2.3    Improve the material properties of target and detector components 
in liquid detectors

DETECTOR
  s(DCT ) THEMES COMMUNITY DETECTOR

  &s(DRDT ) THEMES DEVELOPMENT AND RESEARCH 

Gaseous

Liquid

Solid
state

PID and
Photon

Quantum

Calorimetry

Electronics

Integration

Training

Figure 11.1: Detector R&D Themes s(DRDT ) and Detector Community Themes 
s(DCT ). Here, except in the DCT case, the final dot position represents 

the target date for completion of the R&D required by the latest known 
future facility/experiment for which an R&D programme would still be 
needed in that area. The time from that dot to the end of the arrow 
represents the further time to be anticipated for experiment-specific 
prototyping, procurement, construction, installation and commission-
ing.  Earlier dots represent the time-frame of intermediate “stepping 

stone” projects where dates for the corresponding facilities/experi-
ments are known. (Note that R&D for Liquid Detectors will be needed 
far into the future, however the DRDT lines for these end in the period 
2030-35 because developments in that field are rapid and it is not 
possible today to reasonably estimate the dates for projects requiring 
longer-term R&D. Similarly,  dotted lines for the DCT es  ca indicate that 
beyond the initial programmes, the activities will need to be sustained 
going forward in support of the instrumentation R&D activities).

DRDT 1.1 Improve time and spatial resolution for gaseous detectors with
 long-term stability
DRDT 1.2 Achieve tracking in gaseous detectors with dE/dx and dN/dx capability

Figure 11.1: Detector R&D Themes (DRDT) and Detector Community Themes (DCT).



Collaboration organisation
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J. Asaadi (US) & E.Gramellini(UK)

Task Leaders

• Interim Spokespeople: Roxanne Guenette & Jocelyn Monroe 
• Interim Work Package tasks leads:

A. Deisting (DE) & K. Mavrokoridis (UK)

J. Monroe(UK), F. Retiere (CA) 
&  P. Agnes(IT)

C. Cuesta (ES), M. Kuzniak (PO) 
& J. Martin-Albo (ES)

S. Schopmann (DE), H.Steiger (DE) 
&  M. Wurm(DE)

C. Franco (FR), A. Szelc(UK) & 
A. Zani (IT)

J. Dobson (UK)  & R. Santorelli (ES)

W. Bonivento (IT) & Y. Meh (US)

J. Crespo (ES) & G. Fiorillo (IT)No current representation, 
but topic to consider for 

future

No current representation, 
but topic to consider for 

future

Entirely covered by DRD4, 
serves as liaison 



Work Packages
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Spokespeople

Pixels & 
charge+light 

Group leaders 

Charge-to-light, 
electroluminescence 

& amplification 
Group leaders 

Ion detection 
Group leaders 

Charge Readout 
Conveners 

Light Readout 
Conveners 

Target Properties 
Conveners 

Scaling-up Challenges 
Conveners 

Increased sensor 
quantum efficiency 

Group leaders 

Higher efficiency 
WLS and collection 

Group leaders 

Improved sensors 
for LS & WC 
Group leaders 

Target properties 
and isotope loading 

of LS & WC  
Group leaders 

Target properties 
and isotope loading 
of noble elements 

Group leaders 

Radiopurity & 
background mitigation 

Group leaders 

Detector and target 
procurement/production 

& purification 
Group leaders 

Large-area readouts 
Group leaders 

Material properties 
Group leaders 

Institutional Board 
Institution reps

Common Facilities 
Board

WP1 WP2 WP3 WP4



WP1 - Charge Readout 
• Noble Element TPCs with fine-grained readout enable access to 

detailed neutrino interaction information, from MeV - GeV scales 

8

Ultimate goals: reach 107 channels, 
fC charge, 100 ENC, lower-energy 
photon detection threshold
With charge:

QPix, LArPix, …

With charge + light:

LiLAR, SoLAr, …

With charge-to-light:

ARIADNE 

Spokespeople

Pixels & 
charge+light 

Group leaders 

Charge-to-light, 
electroluminescence 

& amplification 
Group leaders 

Ion detection 
Group leaders 

Charge Readout 
Conveners 

Light Readout 
Conveners 

Target Properties 
Conveners 

Scaling-up Challenges 
Conveners 

Increased sensor 
quantum efficiency 

Group leaders 

Higher efficiency 
WLS and collection 

Group leaders 

Improved sensors 
for LS & WC 
Group leaders 

Target properties 
and isotope loading 

of LS & WC  
Group leaders 

Target properties 
and isotope loading 
of noble elements 

Group leaders 

Radiopurity & 
background mitigation 

Group leaders 

Detector and target 
procurement/production 

& purification 
Group leaders 

Large-area readouts 
Group leaders 

Material properties 
Group leaders 

Institutional Board 
Institution reps

Common Facilities 
Board

• Novel technologies are needed for charge-to-light conversion to enable future detector 
sizes and to increase the detector sensitivity.



WP2 - Light Readout 
• O(0.1-10) kT experiments are, and are planned, to use liquid 

noble targets which scintillate in the VUV wavelength range (Ar, 
He, Xe) 
➡ Aim: photon readouts reaching O(100 m2), cryogenic temperature
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Spokespeople

Pixels & 
charge+light 

Group leaders 

Charge-to-light, 
electroluminescence 

& amplification 
Group leaders 

Ion detection 
Group leaders 

Charge Readout 
Conveners 

Light Readout 
Conveners 

Target Properties 
Conveners 

Scaling-up Challenges 
Conveners 

Increased sensor 
quantum efficiency 

Group leaders 

Higher efficiency 
WLS and collection 

Group leaders 

Improved sensors 
for LS & WC 
Group leaders 

Target properties 
and isotope loading 

of LS & WC  
Group leaders 

Target properties 
and isotope loading 
of noble elements 

Group leaders 

Radiopurity & 
background mitigation 

Group leaders 

Detector and target 
procurement/production 

& purification 
Group leaders 

Large-area readouts 
Group leaders 

Material properties 
Group leaders 

Institutional Board 
Institution reps

Common Facilities 
Board

➡ Key challenges: decrease reflectivity, increase collection efficiency, 
increase quantum efficiency

• Exploration of new materials, i.e. better wavelength shifters, light traps with 
dichroic filters, coatings optimised for range of angles of incidence, 
metalenses, and new processes (i.e. BSI-SPAD + passivation)



WP3 - Target Properties
• Aim is to increase photon yield and detection efficiency by 

doping, improve understanding of microphysics, add additional 
physics/medical capability to large liquid detectors, in two 
paths….

•
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Spokespeople

Pixels & 
charge+light 

Group leaders 

Charge-to-light, 
electroluminescence 

& amplification 
Group leaders 

Ion detection 
Group leaders 

Charge Readout 
Conveners 

Light Readout 
Conveners 

Target Properties 
Conveners 

Scaling-up Challenges 
Conveners 

Increased sensor 
quantum efficiency 

Group leaders 

Higher efficiency 
WLS and collection 

Group leaders 

Improved sensors 
for LS & WC 
Group leaders 

Target properties 
and isotope loading 

of LS & WC  
Group leaders 

Target properties 
and isotope loading 
of noble elements 

Group leaders 

Radiopurity & 
background mitigation 

Group leaders 

Detector and target 
procurement/production 

& purification 
Group leaders 

Large-area readouts 
Group leaders 

Material properties 
Group leaders 

Institutional Board 
Institution reps

Common Facilities 
Board

Cryogenic noble gases (CNG): 
• Liquid Argon  
• Liquid Xenon 
• Liquid Helium (future?) 
➡ Doping of liquid Argon with 

Xenon or more complex 
mixtures

Liquid scintillators (LS) (organic/water): 
• Solvents: LAB, DIN, PC, Xylene, … 
• Diluted Solvents 
• Slow Scintillators and Blended  
• Solvents Wavelength Shifters 
• Water Based Scintillators + Surfactants 
•  Loading of scintillators with Gd, Te, Xe, 

Cd, B, Li, In …



WP4 - Scaling-up challenges
• Background reduction requirements get commensurately harder: 

reaching 1 event/kg/millennium 
➡ Key challenges: radiopurity of all detector materials, including target liquids! 

• Developments in production/purification thus far owned by experiments  
✓ UAr production led by GADMC development of major infrastructures 

(URANIA, ARIA), use cases for   DarkSide-20k / LEGEND-1000 / 
COHERENT / ARGO  

✓ Xe purification in each of current experiments + developments towards 
XLZD/DARWIN 

• LSc challenges in scale-up synthesis of laboratory-prepared fluorescence 
materials 

• Gd-doping now widespread in use, R&D needs on increasing concentration, 
purity, optics

• Large scale assembly and test facilities needed, including underground
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Spokespeople

Pixels & 
charge+light 

Group leaders 

Charge-to-light, 
electroluminescence 

& amplification 
Group leaders 

Ion detection 
Group leaders 

Charge Readout 
Conveners 

Light Readout 
Conveners 

Target Properties 
Conveners 

Scaling-up Challenges 
Conveners 

Increased sensor 
quantum efficiency 

Group leaders 

Higher efficiency 
WLS and collection 

Group leaders 

Improved sensors 
for LS & WC 
Group leaders 

Target properties 
and isotope loading 

of LS & WC  
Group leaders 

Target properties 
and isotope loading 
of noble elements 

Group leaders 

Radiopurity & 
background mitigation 

Group leaders 

Detector and target 
procurement/production 

& purification 
Group leaders 

Large-area readouts 
Group leaders 

Material properties 
Group leaders 

Institutional Board 
Institution reps

Common Facilities 
Board

Cherenkov detectors, it is Super-Kamiokande, holding 22.5 kton and using PMTs as well, and the community is
preparing for the Hyper-Kamiokande detector that will be up to 8 times bigger, using high quantum e�ciency
PMTs for the light readout.

Proposed research: The need for accomplishing the assembly and characterization of readout units at the final
scale before deployment drives the creation of dedicated facilities equipped with the cryogenic infrastructure, slow
controls and DAQ services capable of handling the required scales. A complementary and parallel e↵ort is re-
quired to address the large data volumes expected from these detectors by using readout electronics placed as
close as possible to the sensors and digitizing the signal as far upstream as is feasible, in order to benefit from
the higher signal-to-noise and multiplexing, which reduces the number of channels, simplifying the detector design
and construction. Finally, there is a need for o↵ering platforms for performing joint integration tests where all
readout systems can be deployed simultaneously. A remarkable challenge is the extension of the photocoverage
in the noble liquid TPCs. Since the cathode and field cage are subject to a very high voltage, any photodetector
to be deployed on them must be electrically isolated, requiring power and signal transmission via non-conductive
connections. The field cage structure will be slimmed down for new photodetectors to be embedded within the
available space. A solution based on the use of power and signal over fiber systems will have to be tested on the
large scale before it can be adopted.

Overall Goals: T4.3.G1: Development of mid-scale facilities for large-area readout assembly and characterization
at cryogenic temperature; T4.3.G2: Large-scale digitization technologies; T4.3.G3: Large-scale joint integration
tests.

3 Common test facilities and tools

Cross-cutting the R&D for liquid detectors, a pressing need for small, medium, and large-scale testing facilities
emerges to facilitate the development of new detector prototypes and to explore the properties of media. A list of
current and future, planned facilities identified in the Work Package sections of the proposal can be found in table 9.
This list reflects the current plans of DRD2 community participants to the proposal development process. We
expect this will coalesce and evolve into access-granting and eventually common facilities as the DRD2 collaboration
develops. We anticipate eventually operating access-giving and common facilities in a user-access model, whereby
host institutes make a fraction of the operation time available to external DRD2 collaborators, with the allocation
of time to be done annually by an appointed board of the collaboration, following the successful RD model.

Infrastructure Location Work Package . Task Current/Future

MMP Common Test Platform SNS 1.1 Current
MMP Common Test Platform CERN (potentially Neutrino Platform) 1.1 Future
ARIADNE Liverpool 1.2 Current
NUXE UCSD 1.2 Future
PANCAKE Freiburg 1.2 Current
PIONEER TRIUMF 2.1 Current
BUTTON Boulby 2.1 Current
QE, noise vs. (�, T ) CIEMAT, Liverpool, Napoli 2.1 Future
CLEAR TRIUMF 2.1 Future
SOLAIRE Boulby 2.1 Future
Materials characterisation Nikhef 2.2 Future
WLS/light collection Astrocent 2.2 Future
1TBNL, 30TBNL BNL 3.1 Current
1TBNL, 30TBNL BNL 3.1 Current
Xenoscope Zurich 3.2 Current
WbLS Testbeds various 4.2 Current
100 tonne-scale WbLS facility TBD 4.2 Future
URANIA Colorado 4.2 Current
ARIA Sardinia 4.2 Current
Neutrino Platform CERN 4.3 Current
WCTE CERN 4.3 Current

Table 9: Facilities and Infrastructures, Current and Planned, engaging with liquid detectors R&D. For description, see the
related Work Package section.

3.1 Small and Medium facilities

Several institutions such as universities and national institutes already possess unique and useful capabilities that
we intend to integrate and share within our collaboration, and a number of small and medium-scale R&D facilities
are proposed here (i.e. DRDT2.1.D3). This sharing of resources requires e↵ective coordination, management, and
a database system. To address this, we propose the establishment of a Network of Small Experimental E↵orts
(NoSEE), which will provide a collaborative platform for every aspect of DRD2.

19



DRD2 Collaboration 

• DRD2 held its first Collaboration Meeting in February (https://indico.cern.ch/event/1367848 

• Currently ~160 members from 71 institutions  

• Large breath of R&D efforts were presented 

• Use/sharing of infrastructure is desired and was discussed  

• Recently elected the new Collaboration Board Chair (Walter Bonivento) 

• In process to vote the by-laws to proceed to spokespeople elections  

• You are welcome to join at any time! Email Roxanne, Jocelyn or Walter

12
walter.bonivento@cern.ch

roxanne.guenette@manchester.ac.uk
jocelyn.monroe@physics.ox.ac.uk

https://indico.cern.ch/event/1367848


DRD2: UK input

Charge readout 

•Manchester 
•Liverpool

Light readout 

•Edinburgh  
•Manchester 
•Liverpool 
•Open Uni. 
•RAL/STFC 
•RAL PPD 
•Royal Holloway 
•Royce Institute 
•Sussex 
•York

Target 
Properties 

•Edinburgh 
•Liverpool 
•King’s 
•Oxford

Scale-up 
challenges 

•Boulby (STFC) 
•Edinburgh 
•King’s 
•RAL PPD 
•Sheffield 
•UCL

13



DRD2: UK input

Charge readout 

•Pixel development 
(QPix, SoLAr) 

•Amplified optical 
readout (ARIADNE)

Light readout 

•Development of 
back-end illuminated 
sensors for VUV 

•Metalenses for light 
collection 

•  Wavelength shifters 

•New fibers for 
opaque scintillators

Target 
Properties 

•Quantum dots 
Liquid Scintillators 

•Opaque Liquid 
Scintillator (LiquidO) 

•Te loading and slow 
fluor  

Scale-up 
challenges 

•New radioassay 
techniques 

•Novel low-bkg 
material

14

● What if the whole pixel plane could 
collect light?

● A pixel plane sensitive to UV photons 
and ionization charge SIMULTANEOUSLY 
would be a major breakthrough
○ Your effective instrumented area becomes 

enormous!
○ Even if the device has low efficiency you 

have a huge gain
○ Q-Pix could be an “enabling technology” 

to realize this for LArTPC’s

Pixels which also are photo-sensitive?

9

QPix pixel tiles

QPix + Light

SoLAr Tile

Edinburgh Activities

● Three main activities: 

– development of large-scale WLS coatings 

– fast simulation of scintillation light.

– Tests and R&D of SiliconPMs (currently 
cryo-tests for DarkSide-20k Veto).

Large area evaporator (85cm 
diameter, capable of 
50x50cm surface 
evapora�on) in place at 
Edinburgh.

Used for evapora�ons of 
SBND (40m^2), CCM and 
NEXT.

Working on understanding 
long-term stability of TPB 
and performance of 
alterna�ves (PEN).

Developed method to 
perform fast simula�on in 
large neutrino LArTPCs 
(SBND, DUNE).

Working on further 
improvements/implementa�
on GPUs.

 

Cryo-test stand 
opera�onal. 
Developed for 
tests DarkSide 
veto-PDU units, 
but could be used 
for other 
applica�ons
/quick tests.



DRD2: UK input -> A coherent picture?

Charge readout 

•Pixel development 
(QPix, SoLAr) 

•Amplified optical 
readout (ARIADNE)

Light readout 

•Development of 
back-end illuminated 
sensors for VUV 

•Metalenses for light 
collection 

•  Wavelength shifters 

•New fibers for 
opaque scintillators

Target 
Properties 

•Quantum dots 
Liquid Scintillators 

•Opaque Liquid 
Scintillator (LiquidO) 

•Te loading and slow 
fluor  

Scale-up 
challenges 

•New radioassay 
techniques 

•Novel low-bkg 
material

15

● What if the whole pixel plane could 
collect light?

● A pixel plane sensitive to UV photons 
and ionization charge SIMULTANEOUSLY 
would be a major breakthrough
○ Your effective instrumented area becomes 

enormous!
○ Even if the device has low efficiency you 

have a huge gain
○ Q-Pix could be an “enabling technology” 

to realize this for LArTPC’s

Pixels which also are photo-sensitive?

9

QPix pixel tiles

QPix + Light

SoLAr Tile All related to light!
underpinned by low 

background



Opportunities at Boulby: SOLAIRE

• Under the UKRI invite-only research grant call “to deliver a dark 
matter science project at the Boulby Underground Laboratory” 

• SOLAIRE proposal is a low-mass dark matter experiment that 
enables studies for neutrino physics and infrastructure for R&D 
demonstration

16

Detector elements

8

1. Membrane Cryostat 

2. Drift volume 

3. Diving bell to form a gas pocket 

4. Diving bell readout with SiPMs 

5. Anode Charge+Light readout 

6. X-ARAPUCA light readout

Claudio Savarese



SOLAIRE concept
• Central 1 ton dual-phase LAr region surrounded by a 12 ton single-phase LAr 

TPC (Phase 1: AAr, Phase 2: UAr, Phase 3: adding dopants?) 

• Initial studies suggest excellent prospects for competitive sensitivity in dark 
matter 

• Early opportunity for people interested in future sensor technologies to test 
instrumentation in large low-background volumes undergrounds

17

12

SO
LAIRE –

Darren Price –
M

ar 14
th2024

SOLAIRE concept drawing [old design!]

Thanks to Claudio Savarese for preparing graphic! 

Inner dual-phase volume uses 
low-background SiPM readout

DarkSide-20k has demonstrated readout 
of large-array SiPM sensors.

Above: one such photodetector module,  
built in the UK

Outer volume proposed to use SoLAr-style pixelated 
charge and light sensors for instrumentation

Enables direct science outputs, acts as veto system for inner 
volume, and large-scale instrumentation tests

Old design! Not to scale for single phase LAr 
volume and readout! (New version coming soon)
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volume, and large-scale instrumentation tests

Old design! Not to scale for single phase LAr 
volume and readout! (New version coming soon)



SOLAIRE Community
• Dark matter, neutrino and instrumentation communities
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SOLAIRE science goals

Target low energy rare-event science programme
⭐MeV-scale WIMPs, sterile neutrinos, solar neutrinos… more!
⭐Initial design sensitivity studies show scope for complementarity with

DarkSide-20k and other experiments on MeV-scale dark matter, 8B CEvNS
and EvNS studies, sterile neutrino searches, hep solar neutrinos…
⭐Driven by TPC design, UAr purity, SiPM integration, spurious electron 

modelling, low-energy calibrations, and low energy threshold sensing

Low mass DM

Solar neutrino CEvNS

Neutrino NSIs
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Dark Matter science

SoLAr Design Drives

6

• Exposure/active mass: ~12 tonnes  

• Energy resolution: 7% @ 5MeV 

• 3D position reconstruction with 

mm-like resolution 

• Low radioactivity

Solar Neutrino

S.Soldner-Rembold for SoLAr

● What if the whole pixel plane could 
collect light?

● A pixel plane sensitive to UV photons 
and ionization charge SIMULTANEOUSLY 
would be a major breakthrough
○ Your effective instrumented area becomes 

enormous!
○ Even if the device has low efficiency you 

have a huge gain
○ Q-Pix could be an “enabling technology” 

to realize this for LArTPC’s

Pixels which also are photo-sensitive?

9

QPix pixel tiles

QPix + Light

Instrumentation
The SOLAIRE Idea

7

SOLAIRE sketch NOT to scale
• Have a single electric field to drift electrons 

both for the DM detector and for SoLAr 

• Top the central part of the anode with a 

diving bell to form a thin gas pocket 

• Instrument the volume of the diving bell with 

DarkSide-like SiPM-based photosensors. 

• Instrument the rest of the anode with SoLAr 

charge&VUV sensors 

• Deploy X-ARAPUCA light sensors outside 

the field cage to enhance energy threshold 

and resolution

Uniform Electric field

Uniform Electric field

No field
Insulation foam

Diving Bell Gas pocket

SiPMs
Charge SensorsCharge Sensors

X-ARAPUCA Light Sensors
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SOLAIRE status

• UKRI has invited SOLAIRE to submit a full proposal 

• Organisation: 
• WBS0: Management and Boulby Laboratory liaison 
• WBS1: Detector infrastructure & installation 
• WBS2: Inner detector  
• WBS3: Outer detector 
• WBS4: Physics and software  

• Each work package will have a UK-lead and a non-UK lead  

• WP meetings expected soon (open to all interested participants!) 

• If you want to get involved contact Darren Price (Darren.Price@manchester.ac.uk)
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Summary

• DRD2 collaboration spans a wide range of R&D activities and a 
lot of interests for collaborative efforts  

• In the UK, the theme of Light Detection seems to allow for some 
coherence without excluding efforts  

• SOLAIRE offers a unique and strategic opportunity to connect to 
Boulby and for instrumentation test bed and should attract 
DRD2 experts (join in!) 

• We need to think about the Early Stage R&D Grant call to decide 
what proposal(s) to put forward under DRD2-UK
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Backup
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SOLAIRE timeline
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Phased construction and commissioning/science plan

1: Atmospheric argon fill: commissioning cryostat, field cage etc.; opportunity for instrumentation testing 
in large Ar volumes and complementary science outputs + proof-of-principle studies

2: Ultra-radiopure underground argon fill: installation and commissioning of diving bell and exploitation 
of dark matter search program

(3: Beyond funding call, potential opportunities for expansion of science programme, unique national 
infrastructure for instrumentation development and testing)

Phased construction and operation plan

PHASE 0
Construction 

begins

Phase 1: 2025—27  
Atmospheric argon fill

Phase 2: 2027—2030
Installation of diving bell

Purified underground argon fill
[Phase 3]: 2030+

Post-bid opportunities

SOLAIRE – Darren Price – M
ar 21

st 2024

Outer detector commissioning, 
dedicated neutrino studies

Inner detector commissioning, 
dark matter search

Extension of DM search with 
dopants, facility use for 
instrumentation testing…


