
DARK MATTER GROUP 
PATRICK DECOWSKI

Patrick Decowski 
decowski@nikhef.nl1

mailto:decowski@nikhef.nl


• Faculty Members: 

• Jelle Aalbers 

• Auke-Pieter Colijn

• Patrick Decowski [PL]

• Tina Pollmann

• Postdocs:

• Maxime Pierre ‘23

• James Mead ’23 

• Jose Soto ‘25

• PhDs:

• Pravita Hallur ’24 [with GRAPPA]

• Anna Hurhina ’25

• Maricke Flierman ’21

• Carlo Fuselli ‘22

• Pranati Kharbanda ‘23 

• Saad el Morabit ’23 [with Theory]

• Marjolein Troost ’22 [with Neutrino Phys]

• Kelly Weerman ‘22

DM Group Members
• MSc: 

• Conor Ford [RUG]

• Alejandro Guerrero Ramos [UvA/VU]

• Mathilda Lopuszanski [UvA/VU] 

• Nina Oskam [UvA/VU]

• Meera Patel [UvA/VU]

• Bart Sarlemijn [UvA/VU]

• Thijs de Zeeuw [UvA/VU]

2

• HBO:

• Pieter van Toorenenburg [HvA]

• Chris Windmeijer [Haagse Hogeschool]

• BSc: 

• Leo Sahlen [AUC]

• Magali Breur [UvA/VU]

• Mariam Sakiskaya [UvA/VU]

‘xx → started in 20xx



• Faculty Members: 

• Jelle Aalbers 

• Auke-Pieter Colijn

• Patrick Decowski [PL]

• Tina Pollmann

• Postdocs:

• Maxime Pierre ‘23

• James Mead ’23 

• Jose Soto ‘25

• PhDs:

• Pravita Hallur ’24 [with GRAPPA]

• Anna Hurhina ’25

• Maricke Flierman ’21

• Carlo Fuselli ‘22

• Pranati Kharbanda ‘23 

• Saad el Morabit ’23 [with Theory]

• Marjolein Troost ’22 [with Neutrino Phys]

• Kelly Weerman ‘22

DM Group Members
• MSc: 

• Conor Ford [RUG]

• Alejandro Guerrero Ramos [UvA/VU]

• Mathilda Lopuszanski [UvA/VU] 

• Nina Oskam [UvA/VU]

• Meera Patel [UvA/VU]

• Bart Sarlemijn [UvA/VU]

• Thijs de Zeeuw [UvA/VU]

3

• HBO:

• Pieter van Toorenenburg [HvA]

• Chris Windmeijer [Haagse Hogeschool]

• BSc: 

• Leo Sahlen [AUC]

• Magali Breur [UvA/VU]

• Mariam Sakiskaya [UvA/VU]

‘xx → started in 20xx



• Faculty Members: 

• Jelle Aalbers 

• Auke-Pieter Colijn

• Patrick Decowski [PL]

• Tina Pollmann

• Postdocs:

• Maxime Pierre ‘23

• James Mead ’23 

• Jose Soto ‘25

• PhDs:

• Pravita Hallur ’24 [with GRAPPA]

• Anna Hurhina ’25

• Maricke Flierman ’21

• Carlo Fuselli ‘22

• Pranati Kharbanda ‘23 

• Saad el Morabit ’23 [with Theory]

• Marjolein Troost ’22 [with Neutrino Phys]

• Kelly Weerman ‘22

DM Group Members
• MSc: 

• Conor Ford [RUG]

• Alejandro Guerrero Ramos [UvA/VU]

• Mathilda Lopuszanski [UvA/VU] 

• Nina Oskam [UvA/VU]

• Meera Patel [UvA/VU]

• Bart Sarlemijn [UvA/VU]

• Thijs de Zeeuw [UvA/VU]

3

• HBO:

• Pieter van Toorenenburg [HvA]

• Chris Windmeijer [Haagse Hogeschool]

• BSc: 

• Leo Sahlen [AUC]

• Magali Breur [UvA/VU]

• Mariam Sakiskaya [UvA/VU]

‘xx → started in 20xx

Our Physics Goals: 
1. Direct detection of dark matter
2. Study of rare processes such as related to neutrino properties 



Our Activities
KamLAND-Zen

20m
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PTOLEMY R&D [phasing out]

0.1m

XAMS

0.6m

VULCAN

3m

XLZD

1.5m

XENONnT

Main: liquid xenon based rare event experiments
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DUNE [with Neutrino Physics Group]

Current and future experimentsOur R&D Lab @Nikhef



• Roles in XENON

• Auke Colijn: Technical Coordinator XENONnT

• Patrick Decowski: Chair Publication Board, Collaboration Board

• Maxime Pierre: Physics Analysis Coordinator 

• Roles in XLZD

• Auke Colijn: Siting Committee, L2 co-lead Cryostat+Infra

• Patrick Decowski: Executive Board, setting up Pub Board, L2 co-lead DAQ 

• Tina Pollmann → Jelle Aalbers: Work Group Leader Science & Sensitivity

• Roles in DUNE / ND-LAr 

• Tina Pollmann: Light Readout System (LRS) co-convenor

• Jose Soto: 2x2 LRS analysis convenor 

• Guido Visser [ET]: LRS lead electronics engineer 

Our Current Roles

• Roles in XENON

• Saad el Morabit: MC Work Group Leader

• Carlo Fuselli: (was) MC Work Group Leader 

• Pranati Kharbanda: S2-Only Work Group Leader 



LXe Series of Experiments

Marco Kraan

2023 2033202020152010

XENON100 XENON1T XENONnT XLZD

8.5 ton  xenon 60 ton3.5 ton160 kg

Start of XENONnTNikhef joined XENON

Every few years we build more sensitive experiments, with lower radioactive backgrounds, more xenon target.

The XENON collaboration joined with our LZ competitors in the US to form the XLZD collaboration. 
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XENONnT Status 
• Upgrade completed replacing electrodes to increase 

drift field from 23 V/cm → 100 V/cm

• 1-year long operation: built clean-room in watertank 

• At the heart of the experiment: actual replacement  
took a a few weeks

• Nikhef upgrade contributions: 

• Replace the DAQ machines 

• Photoluminescence inspection of the XENONnT TPC

• Grid installation 

• Current status and plans: 

• Everything back in place, 8.5 tons of LXe

• Commissioning until July, then start of data taking



Electrode Replacement

Top Screening Mesh

Bottom Screening Mesh

Anode
Gate

Cathode



Suspicion Confirmed









XENON Poster Award! 



XENONnT Science Runs

SR0 
108 

SR1 
209 

SR2 
309 

For most analyses only SR0+SR1 analyzed so far: ~2x more data awaiting
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YBe produce 152 keV 
neutrons, XENONnT used it to 
calibrate very low energy NR

WIMP Results for SR0+SR1

SR2 analysis ongoing

Phys. Rev. Lett. 135, 221003
Accepted in Phys. Rev. D



XENONnT achieved a concentration of about 430 radon atoms per 
ton of liquid xenon, only 1 billionth of the radioactivity found in a 
human body and lower than the neutrino background from the sun.

Use spontaneous X-ray emission in low-energy electronic recoil data to 
set world-leading limits on the CSL and Diósi-Penrose collapse models — 
improving prior constraints by up to two orders of magnitude 
experimentally excluding the originally proposed CSL parameter ranges.

Phys. Rev. Lett. 136, 1202201 Phys. Rev. X 15, 031079
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13.78%

Solar Neutrinos

Standard Solar
Model Spectrum
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Coherent Elastic Nucleus Neutrino Scattering (CEvNS)

8B-neutrinos

XENONnT can probe solar ν: 



• Maxime PierrearXiv:2604.06002 submitted to PRL

3.3σ observation of 8B ν  

Neutrino Flux sin2 θW @ q ~0.02 GeV

SR0+SR1+SR2



• PhD Carlo Fuselli

Phys. Rev. C113, 044303 (2026)

214Bi: beta delayed-alpha decay

G.S. 214Bi to G.S. 214Po beta-decay spectrum:
First-forbidden non-unique (L = 1, ΔJ = 1) 

≠ 83x + 131x

Different Models

Goal is to improve nuclear models for heavy nuclei → NMEs for 0ν2β etc. 



Results for 214Bi to 214Po

CVC model strongly favoredDetailed microphysics sim package
to model gamma-ray leakage  



Local R&D - XAMS & VULCAN
• Technology development & testing for XLZD

• e.g. “Characterization of the Hamamatsu R12699-406-M4 
photomultiplier tube in cold xenon environments” recently published 
in JINST

• Investigation of accidental coincidence signals. Potential limiting 
factor for XLZD sensitivity 

• Paper on fluorescence about to be submitted 

• VUV material transmission/reflection studies 

• Testbed for XENON DAQ

• Training facility for Nikhef-XENON collaborators  

• PhD Maricke Flierman

• PhD Anna Hurhina

• PhD Marjolein Troost



• XENONnT remains the scientific focus for the next years. Nikhef group continues to 
play key roles

• XLZD is a fantastic opportunity for a low background multipurpose detector

• Several important steps in forming collaboration and initial detector design, towards CDR  

• Big thanks to our Technology Departments:  

• ET: ND-LAr Light Readout System + Support in DM Lab

• MT: XENON Photoluminescence Setup + Support in DM Lab

• CT: XENON DAQ Update

Summary
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