
Ashlea Kemp 
UKRI Future Leaders Fellow 

Rutherford Appleton Laboratory 
ashlea.kemp@stfc.ac.uk

ECFA-UK Meeting on UK Studies for the European Strategy Particle 
Physics Update, 
Durham University, 
23rd - 26th September 2024

DarkSide-20k: Status & Prospects

1

mailto:ashlea.kemp@stfc.ac.uk


Direct Dark Matter Detection in ESPP Update 2020
Ellis et l.,”Europen 
Strtegy for Prticle Physics 
Preprtory Group: Physics 
Briefing Book." rXiv preprint 
rXiv:1910.11775 (2019).

Direct drk mtter detection hs importnt 
complementrity with future ccelertors. 

Accelertors cn probe wht the drk mtter 
prticle is; direct detection cn tell us if the 
interction relly origintes from our DM hlo.  

Hppy region of overlp where ccelertors 
cn confirm direct detection discovery (nd 
vice vers).
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Courtesy of S Shw.



The Challenge
Mass Scale of Dark Matter (Not to Scale)

Dark Matter can span over 80 orders of magnitude! 

Lin, Tongyn. "TASI lectures on drk mtter models nd 
direct detection." rXiv preprint rXiv:1904.07915 4 (2019).
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Patience is a Virtue

It took 50 yers fter prediction for CE NS to be discovered!ν
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Globl Argon Drk Mtter Collbortion (GADMC) 
comprised of 400+ people cross 14 countries.

June 2023 DrkSide-20k Collbortion Meeting t LNGS

DarkSide-20k: Overview



DarkSide-20k: Overview
Globl Argon Drk Mtter Collbortion (GADMC) 
comprised of 400+ people cross 14 countries.

DrkSide-50

MiniCLEAN

DEAP-3600

ArDM

Under Construction: 
DrkSide-20k @ LNGS! 

- Leverges ProtoDUNE 
Cryostt Technology. 

- 50t of Underground Argon 
(UAr) in Dul-Phse TPC. 

- Viewed by 27 m2 Silicon Arry 
Sensors. 

- Nominl Runtime of 10 yrs.

3D printed 
model by T. 
Covell 
(Bnn for 
Scle).
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DarkSide-20k: Overview
Construction at LNGS well underway: 
✓Cryostat and infrastructures in LNGS Hall C complete. 
✓Cryogenics system operating in Hall C. 
✓TPC components in production. 
✓ Installation of UK photodetectors starting 2025; construction complete 2026.

UK groups building 
25% of Silicon Detector 
Readout, Production, 

and Installation.

DrkSide-20k locted in 
Hll C t LNGS, Itly 

(3400 m.w.e)

June 2023

June 2024

Mrch 2024
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DarkSide-20k: Detector Structure
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Cosmogenic (Outer) Veto: 

- 650t Atmospheric Ar. 

- Instrumented with Silicon 
Photomultipliers (SiPMs) 
with sprse coverge.

Neutron (Inner) Veto: 

- Enclosed in Stinless Steel 
vessel; HDPE neutron 
shield surrounding vessel. 

- 35t UAr. 

- (Gd) PMMA brrel. 

- Instrumented with SiPMs; 
UK building 7 m2. 

- Light yield: 2 PE/keV. 

Dul-Phse TPC: 

- 50t UAr; Instrumented with 2x Opticl Pltes of SiPM rrys with 21 m2 

coverge; Light yield for S1 scintilltion [S2 chrge] is 10 PE/keV [20 PE/e-].

S1

S2

χχ e-

e-
e-

e-

Edrift

8m

8.5m

3.5m

3.5m



DarkSide-20k: Light Readout with SiPMs 

First drk mtter experiment to be fully instrumented 
with SiPMs! 

SiPMs bost lower noise, lower rdioctivity, nd 
higher photon detection efficiency compred to PMTs. 

518 PDUs in TPC; 120 PDUs in Neutron Veto; 30 PDUs in 
Cosmogenic Veto.
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Silicon Photomultiplier 
(SiPM)

Photodetector 
Module (PDM)

5x5 cm2; 24 
SiPMs + Front-

End Electronics

Photodetector 
Unit (PDU)

20 x 20 cm2;      
16 PDMs + 

Motherbord

~ 21 m2 

518 PDUs

TPC Opticl Plne

1 cm2 
95k Single Photon 
Avlnche Diodes

1 lrge PCB enbles/disbles nd bises 
individul tiles, nd sums signls from ech 
qudrnt (4 qudrnts per PDU = 4 redout 
chnnels). 

✓ 1/4 less cbles/feedthroughs mens lower 
rdioctivity!



DarkSide-UK Project
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vTile Assembly/Testing: 

- 1.4k SiPM wfers cryoprobed in Itly (94% yield). 

- PCB popultion in Birminghm (Component 
selection from Boulby rdiossy). 

- SiPM die ttch t Liverpool & STFC Interconnect. 

- Cryogenic chrcteristion using lser clibrtion 
t Oxford & STFC. 

- QA/QC for dust counting, signl-to-noise, chrge 
response, brekdown voltge, noise.

Figures courtesy of P. Frnchini.

Si Wfers 
Cryoprobed & 

Diced
PCB Popultion SiPM Die Attch 

& Wire Bonding
vTile Cryogenic 

Chrcteristion
vPDU Assembly 
nd Integrtion

vPDU Cryogenic 
Chrcteristion

Delivery of DarkSide-20k Veto Photodetectors



11

vPDU Assembly/Testing: 

- vPDU ssembly in Mnchester & Wrwick, electricl 
chrcteristion & dust counting. 

- Cryogenic chrcteristion of ech 10 cm x 10 cm 
chnnel using lser clibrtion in PDU test stnds t 
Edinburgh, Liverpool, Lncster, nd AstroCeNT 
(Polnd). 

- QA/QC for dust counting, signl-to-noise, chrge 
response, brekdown voltge, noise. 

- Production > 40% complete meeting yield 
requirement!

Figures courtesy 
of P. Frnchini.

DarkSide-UK Project

Si Wfers 
Cryoprobed & 

Diced
PCB Popultion SiPM Die Attch 

& Wire Bonding
vTile Cryogenic 

Chrcteristion
vPDU Assembly 
nd Integrtion

vPDU Cryogenic 
Chrcteristion

Delivery of DarkSide-20k Veto Photodetectors

Distinct PE 
spectr from 
10cm x 10cm 

chnnel!



DarkSide-20k: Background Mitigation Strategies

1) Use of UAr
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2) Pulse-Shpe Discrimintion (PSD) 3) Neutron Tgging: TPC-Veto 
Coincidence

Globl effort: Extrction in Urni 
(99.9% pure); Purifiction in ARIA 
(99.999% pure); 39Ar depletion fctor 
mesured in DArT. 

 Depletion fctor ~1400!

Mjor Ar 
dvntge: 
Strong ER 
discrimintion 
vi PSD.

ER/NRs produce different # of singlet/triplet sttes with well-
seprted decy times (~1000). 

Rtio of prompt light to (prompt + lte) light is PSD prmeter. 

World-leding PSD demonstrted by DEAP-3600: 10-10 ER 
lekge probbility t 50% NR cceptnce. PRD 100 (2019) 2, 022004. 

Goal: Instrumentally Background-Free over 200 Tonne-Year Exposure

15 cm of Gd-PMMA surrounding TPC: neutron 
modertor. 

1% Gd concentrtion; n-cpture on Gd (65%) c.f. 
H (10%) nd Ar (19%). Look for 8 MeV  in TPC/
veto in 800 us coincidence window with single 
NR in TPC. 

Considering Pure PMMA option (no Gd); 2.1 MeV  
from H cpture (53%) in TPC/veto. 

<0.1 neutron WIMP-like event in 200 tonne-
yers (Gd-PMMA) option.

γ



DarkSide-20k: High-Mass WIMP Sensitivity
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Projected sensitivity 
to spin-independent 
WIMP-nucleon 
scttering cross 
section: 7.4 x 10-48 cm2 
for  1 TeV/c2 WIMP. 

200 tonne-yers 
exposure.



It’s not all about WIMPs…
DarkSide-20k has potential to search for both lighter and heavier dark 
matter candidates!
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Low-Mass WIMPs
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Sensitivity projections bsed on 1-yer 
livetime show  potentil improvement of two 
orders of mgnitude on current leding 
results (DrkSide-50). 

After 10-yers of livetime, DrkSide-20k 
projected to rech neutrino fog t ~5 GeV/c2!

Xe 
experiments

Ionisation Signal (S2)-Only Analysis

GeV/c 2

Acerbi, F., et l. "DrkSide-20k sensitivity to light drk mtter prticles." rXiv preprint rXiv:2407.05813 (2024).

Dul-phse TPC design drifts nd extrcts single 
ionistion electrons in gs with ner-100% efficiency— 
signl mplified  further x20 exploiting 
electroluminescence in the gs phse. 

By exploiting ionistion signl (S2) lone, DrkSide-20k 
cn rech sub-keV recoil energy thresholds.

χ
e− e−

χχ



Low-Mass WIMPs
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Including Migdl: most stringent limits 
between 40 MeV/c2 nd 5 GeV/c2. 

Project >1 order of mgnitude 
improvement with respect to current 
experiments with only  1-yer 
livetime!

After nucler recoil, surrounding electron cloud 
gets ccelerted, releses de-excittion ionistion. 

‣ Additionl ionistion signl results in even 
lower energy threshold!

GeV/c 2Including Migdal Effect
χ

e− e−
χχ e−

e−

Acerbi, F., et l. "DrkSide-20k sensitivity to light drk mtter prticles." rXiv preprint rXiv:2407.05813 (2024).



Light Dark Matter
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MeV/c 2Elastic Scattering off Atomic Electrons
Light drk mtter cn be sub-GeV fermion or 
sclr boson, intercting with tomic electrons vi 
 vector meditor. 

Meditor cn be light  or hevy 

.

(mmed ≪ mχ)
(mmed ≫ mχ)

Project >1 order of mgnitude improvement with respect 
to current experiments with only  1-yer livetime!

Light Hevy

χχ χ

e− e−

χ

e−

Acerbi, F., et l. "DrkSide-20k sensitivity to light drk mtter prticles." rXiv preprint rXiv:2407.05813 (2024).



Warm Dark Matter: Sterile Neutrinos
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keV/c 2Inelastic Scattering off Atomic Electrons

Sterile neutrinos mixing with n ctive neutrino 
stte by n ngle   could inelsticlly sctter 
off  bound electron. 

Predecessor DrkSide-50 first direct detection 
experiment to set limits on sterile neutrino mixing 
ngle!

|Ue4 |2

νs + e → νe + e

Strongest direct limits fter 1-yer 
livetime… 

… Phse spce lredy ruled out from 
NuSTAR indirect mesurements.

χ

e− e−

χ

e−

χ

Acerbi, F., et l. "DrkSide-20k sensitivity to light drk mtter prticles." rXiv preprint rXiv:2407.05813 (2024).



Axion-Like Particles & Dark Photons
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keV/c 2Absorption by Atomic Electrons
Non-reltivistic ALPs [DPs] interct with electrons vi 
xioelectric effect [kinetic mixing]: constrin ALP-e-

coupling  nd DP kinetic mixing strength . 

Mono-energetic signl t .

gAe κ

mχ

Project x7 
improvement 
with respect to 
current 
experiments 
with only  1-
yer livetime!

χ

e− e−

χ
e−

γ

Acerbi, F., et l. "DrkSide-20k sensitivity to light drk mtter prticles." rXiv preprint rXiv:2407.05813 (2024).



It’s not all about WIMPs…
DarkSide-20k has potential to search for both lighter and heavier dark 
matter candidates!
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Very Heavy Dark Matter 
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10 19GeV/c 2
May be produced non-thermally through GUTs, primordial black hole 
radiation, or extended thermal production in a dark sector. 

Unlike standard WIMPs, Planck-scale DM has a high enough mass to scatter 
multiple times as it traverses a detector: multiple co-linear nuclear recoils. 

DarkSide-20k is an excellent target: large detector area normal to DM flux 
and large “thickness”… 

‣ Sensitivity paper in preparation.

Planck-Scale Masses
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Physicl 
Review 
Letters 
128.1 
(2022): 
011801.



Conclusions
DarkSide-20k is making exciting progress and 
should be acquiring first physics data in 2027. 

DarkSide-20k has huge potential for dark matter 
discovery, from keV-scale up to Planck-scale masses. 
‣ Within 1-year of data-taking, DarkSide-20k 

projected to probe unchartered parameter 
space for light dark matter candidates  from keV 
to GeV range. 

DarkSide-UK: Strong synergy with UK involvement 
in ECFA Liquid Detectors Collaboration (“DRD2”) now 
established at CERN. 

P5 endorsement and long term running: 
DarkSide-20k prioritised on P5 baseline programme 
for a decade of operations from 2027. Consistent with 
recent DarkSide-UK Consolidated Grant submission 

Thanks for listening! Questions?
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UK Ambassador 
to Italy visits 
DarkSide-20k, 
12/23

DarkSide-20k


