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Dark Matter in the 
Milky Way

• Dark Matter (DM) forms a spherical halo 
permeating the Milky Way 

• Apparent DM wind from the Cygnus 
direction

• Solar system travels through this 
haloDM Direct Detection:
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The CYGNO   project
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Camera sensitivity 
+ high granularity

•Energy 
•2D coordinates
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•Independent measurement of the 
energy 

•Temporal evolution  z 
evolution  3D 
reconstruction (PMT + Camera)

→
→
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• Aiming for a large detector for high precision 3D tracking of rare low energy nuclear 
recoils (keV) possibly induced by dark matter (DM) particles and solar neutrinos 

• Strategy: photograph nuclear recoils in a (1 atm) He:CF4 TPC with a GEM amplification stage 

➡ low energy events in 1 atm gas  visible tracks  optical readout⇒ ⇒
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Our 
data



INITIUM: the Negative Ion 
Drift
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๏ Same light yield, smaller diffusion 

๏ Slower signals: O(ns)  O(ms) →

Electron Drift

Negative Ion Drift

He:CF4 He:CF :SF4 6

Advantages

Reduced diffusion

Better spacial 
resolution

Better 
directionality

Better sensitivity to 
directional signals

Multiple charge 
carriers

Absolute Z



                generations at GSSI                
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๏ BaBar 
๏ MEG 
๏ ERC: INITIUM (NID) 
๏ DM, TPCs, MPGDs, 
…

GEN 0 GEN 1 GEN 2

๏ CYGNO DM sensitivity 
๏ Light yield enhancement 
๏ Optics 
๏ NID

๏ Track reconstruction 

๏ PID with ML

๏ Data-MC comparison 

๏ Simulation

๏ Directionality 

๏ Feasibility of neutrino 
searches with 
CYGNO-30
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                generations at GSSI                
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David Marques

GEN 3 GEN 4 GEN 5

Zahoor ul 
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(again)

Davide (again) Stefano Piacentini

๏ Maxwell simulations 

๏ DAQ / Detector operation 

๏ PMT reconstruction / 3D 

๏ NID (PMT)	

๏ Crystal collimation 

๏ SiPMs 

๏ Migdal

๏ Neutron simulation 

๏ Migdal 

๏ Analysis

๏ CMS 
๏ GEMs 
๏ Picosec (timing) 
๏ Polarimetry

๏ LIME operations  

๏ Analysis (PMT and 
camera) 

๏ DAQ 

๏ DarkSide 

๏ Sensitivity projections 
and limit setting



LIME
the first underground CYGNO
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๏ LIME underground since 2022 
➡ Validation of our MC and background model 
➡ Latest tests ongoing in sight of CYGNO-04 
➡ Analysis of 2-years long data taking



CYGNO-04
Building an experiment demonstrator: broke ground last week
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๏ Commissioning of CYGNO-04  
➡ Finalization of the executive design 

➡ Data taking foreseen to start in 2026 

➡ Prove the scalability to a larger detector

CYGNO TDR, DOI:10.15161/oar.it/76967

Hall F, or else how 
to build a  cygnus 

in a bottle….

Very exciting times ahead!



What you can do in               !
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๏ LIME sensitivity to DM and 
CYGNO limit setting tool 

๏ Improve 3D reconstruction 

๏ Directionality 

๏ ER vs. NR discrimination 

๏ Background model 

๏ Detector response model 

๏ Simulation

๏ Data vs. MC comparison 

๏ Commissioning of CYGNO-04 

๏ DAQ of CYGNO-04 

๏ Neutrinos 

๏ X-Ray polarimetry (see poster) 

๏……
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