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1933, Fritz Zwicky

Dark Matter: the missing mass

● Rotation curves measure the mass distribution
● Mass density distributed more broadly than visible objects
● Non-luminous halo required to describe rotation 

curves
● Found in 1933 by Zwicky from Coma Galaxy Cluster 

analysis
● Confirmed in 1970 by Vera Rubin for Andromeda
● Most of the matter is invisible (neither emits nor absorbs 

light)

1970, Vera Rubin
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● Cosmic microwave background (CMB) observations, resulting in precise 
estimates (WMAP, Planck) supporting LCDM model

Evidence for Dark Matter

Planck, 2018
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What is Dark Matter?
● A number of possibilities considered and excluded:

– Modifications of the gravity law (MOND)

– Massive compact halo objects (MACHOs)

● Primordial black holes

● New Particles

– Weakly Interactive Massive Particles (WIMP), Asymmetric DM, Feebly Interacting 
Massive Particles (FIMP)

Julien Billard et al 2022 Rep. Prog. Phys. 85 056201
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Ways to look for Dark Matter particles

● Indirectly via their annihilation in 
Sun, Earth, Galaxy

– Neutrinos (IceCube, 
Antares/KM3NeT)

– Positrons, antiprotons (AMS)

– g-rays (Fermi-LAT, CTA)

● Direct detection

● By producing them at accelerators 
(LHC, beam dump experiments)

LHC

AMSANTARES/KM3NeT Fermi-LAT

indirect
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Historical perspective
Direct dark matter detection started nearly 40 years ago from these 2 papers:
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DM direct detection signature

100 GeV WIMP

● Only through rare interactions with ordinary 
matter

● After the interaction, recoiling nucleus 
deposits energy in the detector, which is 
detectable (heat, light, electric charge, ...)

astrophysics

detector response

particle/nuclear physics

Directionality
→ annual modulation of the signal

   Nuclear recoil spectrum
● featureless, ~exponential
● lower threshold → more sensitivity
● natural radioactivity is a background
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Backgrounds
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Direct detection landscape

● Spin-independent, with the usual assumptions: Standard Halo Model, isospin parity
● LAr and LXe dominate searches in the spin-independent sector >~2 GeV/c2
● Continued search towards the neutrino floor still very well motivated

Julien Billard et al 2022 Rep. Prog. Phys. 85 056201

MK, PoS(TAUP2023)018
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Liquid noble detectors

Excitation

Nuclear 
recoils  (NR)

Ar and Xe are used for WIMP detection.
● Ar inexpensive and advantageous for purification and background rejection

Why noble elements?
● High light yield, transparent to their own scintillation
● Easy to purify and scalable to very high masses
● (At least) two available detection channels: scintillation and ionization

Heat
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Liquid argon (LAr) detectors

10 kg

100 kg

1000 kg

100000 kg

DarkSide-50
(50 kg, LNGS)

DEAP-3600 (3.3t,
SNOLAB)

ArDM (1t, LSC)

2010

2015

2020

Global Argon Dark Matter
Collaboration formed

DarkSide-20k
(50t, LNGS)

ARGO: 400 t

● More than 300 scientists 
from 15 countries and 60 
institutions

● Officially supported by 
underground labs: LNGS, 
LSC, and SNOLAB

Slide courtesy J. Monroe
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Status and prospects: high mass

● Results from LZ, XENONnT and PandaX
● Multiple new results from LAr detectors, reducing 

the sensitivity gap

● Roadmap in place for reaching the 
neutrino floor

● Scale-up requires global consolidation 
of efforts and R&D
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● ~300 physicists, 60 institutions, 11 
countries

● Under construction at Gran Sasso (Italy)

● Concept:

– Inner LAr time projection chamber (~50 
tons) instrumented with SiPMs

– Enclosed in an active LAr veto 

– Enclosed in a passive LAr shield tank

● Data taking to start in 2028 

DarkSide-20k
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DarkSide-20k Time Projection Chamber (TPC)
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Underground Argon (UAr)
● Trace amounts of cosmogenically produced 39Ar (β emitter, 1 Bq/kg) are a background 

● The collaboration exploits the source of underground Ar, >1400 times lower in 39Ar

➢ For DS-20k used only for chemical purification,
with a much higher throughput
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DarkSide-20k: neutron veto

Steel

● 40 cm thick space between the steel vessel and 

PMMA

● 8 walls made of 15 cm thick PMMA

● Enhanced Specular Reflector (ESR) with 

polyethylene naphthalate (PEN) wavelength 

shifter foils: ~200 m2 

● Neutrons are moderated in PMMA and 

captured on hydrogen

● High energy de-excitation gamma is 

emitted

● Argon scintillation light is wavelength-

shifted and detected by vPDUs
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Polymeric wavelength shifters for LAr
● Necessary to convert ultraviolet scintillation of liquid 

argon (at 128 nm) to visible light, which can be efficiently 
detected

– Production of standard vacuum evaporated WLS coatings 
difficult to scale up to large areas (hundreds of square 
meters and more)

● At Astrocent we proposed and demonstrated scaleable 
large format polymeric reflector and WLS for the 
DarkSide-20k

– Polyethylene naphthapate (PEN) foil

– The material is already procured

● We are responsible for the design, quality control and 
installation of the reflectors and WLS for the veto 

Visible lig
ht

(420 nm)

Wavelength
 

shift
er (

W
LS)

Our publications:
JINST 20, C06042 (2025)
JINST 20, C05006 (2025) 
JINST 20, C05033 (2025)
JINST 19, C05017 (2024)
JINST 19, C05019 (2024)
Nucl. Instrum. Methods Phys. Res. A 1034, 166683 (2022)
JINST 16, P12029 (2021)
Eur. Phys. J. C 81, 1099 (2021)
Instruments 5, 4 (2021)
Nucl. Instrum. Methods Phys. Res. A 968, 163631 (2020)
Eur. Phys. J. C 79, 291 (2019)
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DarkSide-20k photodetectors
PDU Production:   PDU: NOA@LNGS (ISO-6 clean room)

vPDU: Birmingham, STFC interconnect, Manchester, Liverpool
Eur. Phys. J. C 85 (2025) 5

Assembled PDUs tested in a cryogenic test facility in Naples
vPDUs cryogenically tested in facilities at Astrocent, Edinburgh and Liverpool

Majority of 120 vPDUs to be tested at Astrocent in Warsaw. 
Testing campaign is currently in progress.

mailto:NOA@LNGS


7-09-2025 Marcin Kuźniak – 49. Zjazd Fizyków Polskich, 2025 20

Low-mass WIMP search

DarkSide-50 achieved leading sensitivity for low-mass WIMPs with S2-only analysis.
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Low-mass WIMP sensitivity with LAr

Nominal sensitivity projection for 
DarkSide-20k for the S2-only 
analysis.

Neutrino fog reachable with a dedicated 1-tonne LAr detector optimised for low-mass sensitivity 
(currently at conceptual phase).

Commun Phys 7, 422 (2024)

Phys. Rev. D 107, 
112006
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Argo: the ultimate detector

Slide courtesy: Mark Boulay, SNOLAB Future Projects Workshop 2025
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Polish contributions 
● Jagiellonian University, Kraków

– M. Czubak, M. Haranczyk, T. Pelczar, T. Mróz, M. Wójcik, G. Zuzel

– Radiopurity assays, selection of materials, Rn monitoring

-> See poster “Pb-210 and Po-210 as a background source in the DarkSide 
Experiment” by Milena Czubak

● Astrocent, CAMK PAN, Warszawa
– I. Ahmad, S. Belayneh, S. Choudhary, A. Cortez, M. Kuźniak, M. Kuźwa, G. 

Nieradka, M. Olszewski, C. Sunny, M. Wada, A. Zabihi, P. Zakhary

– DS-20k veto reflectors and WLS. vPDU cryo testing. 

– ReD and Aria operations and analysis

– DS-50 analysis. DS-LM and Argo concepts and R&D.

● Warsaw University of Technology
– A. Buchowicz, G. Galiński, G. Pastuszak

– DAQ, online analysis/data compression 



7-09-2025 Marcin Kuźniak – 49. Zjazd Fizyków Polskich, 2025 24

Summary
● Nature of  dark matter is one of the most 

exciting mysteries in physics, with a real 
potential for groundbreaking discovery

● Liquid Argon based detectors well positioned in 
the global race for such discovery, with the 
ultimate sensitivity within reach in the next 
decades

● Exciting new and well motivated physics within 
reach of DarkSide-20k
 

● Construction in progress, installation on site at 
LNGS upcoming

● High impact contributions of the Polish groups 
to the Global Argon Dark Matter Collaboration 
program

● Contact me if interested in projects/openings 
for students or postdosc 
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Backup
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Group profile
● Group members: 

– Leader Marcin Kuźniak

– PhD students:
● Sarthak Choudhary (graduated in June)

– Pulse shape discrimination analysis + light collection optimization
● Iftikhar Ahmad (graduated in February)

– SiPM testing for DarkSide-20k 
● Samuel Belayneh

– Reflectors and WLS for DarkSide-20k

– Postdocs: 
● Michał Olszewski

– Monte Carlo simulations
– DEAP-3600 WIMP data analysis  

– MSCA Fellow: Andre Cortez

– Support from technicians and an engineer
● Past members: Theo Hugues, Cenk Turkoglu, Marek Walczak

● Access to electronics, chemistry and cryogenic (cleanroom) lab at CEZAMAT

● Cooperation agreement with the University of Warsaw, Chemistry Department
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More evidence for Dark Matter
● Gravitational lensing observations (Bullet Cluster, ...)
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WLS test setup 2PAC designed/built @Astrocent

“DArT-eye” SiPMs

Approx. 5 cm diameter each

● Dual-chamber system immersed in a LAr bath at LNGS
● Using Teonex Q51, 25 micron thick (identified as the 

most promising in ex-situ measurements).

Eur. Phys. J. C (2021) 81: 1099

Designed, fabricated, optically characterized and simulated at AstroCeNT.
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Phys. Rev. Lett. 127, 251802 (2021)
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