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Dark Matter searches
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DAMA/LIBRA 
Universe 4 (2018), no. 11, 116

• Dark matter (DM) detectors in the GeV - TeV range exploit nuclear or 
electron recoils induced by DM scattering, either with or without 
background identification



Identifying a Dark Matter signal

• An unambiguous evidence for 
Dark Matter observation requires the 
identification of a peculiar feature
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• Discrimination of dark matter 
against coherent neutr ino 
s c a t t e r i n g r e q u i r e s t h e 
identification of a peculiar feature

Earth motion in the DM 
halo enhances the cross 

section for particles 
observed in the 

direction of the earth 
motion 

(Cygnus constellation)
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Directionality provides a unique tool to  
assess the Dark Matter origin  

of an observed signal 
and in particular to 

break the neutrino floor 
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Experimental challenges of directional searches
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1 TeV WIMP, max. recoil 
energy

recoil direction 
information quickly 

deteriorated by 
multiple collisions

Very short tracks —> 3 options 
1) high granularity 

2) strong detector anisotropy 
3) tiny statistical effects in isotropic (e.g. 

columnar recombination) or slightly 
anisotropic detectors



Experimental challenges of directional searches
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Gaseous TPC = low density 
= O(mm) tracks  

Direction can be 
reconstructed event-by-

event
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Experimental challenges of directional searches
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Channeling in carbon 
nanotubes (CNTs) 

Only electron recoils in a 
specific direction can be 
efficiently reconstructed
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A worldwide community

• The CYGNUS network connects several experimental efforts 
around the world for the search of dark matter with  gaseous 
directional detectors
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The CYGNO project

• Helium-CF4 gas mixture: 

- Helium —> light, O(GeV) dark matter sensitivity 
- Fluorine —> Spin-dependent sensitivity 

• GEM with double optical readout (high granularity + fast) 

• To be installed at Laboratori Nazionali del Gran Sasso 
• Synergy with INITIUM ERC Grant (E. Baracchini - negative ion drift with He:CF4:SF6): 

- reduce the electron diffusion 

- improve fiducialization 
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Optical readout of GEMs

In He:CF4 mixtures  
(typ. 60:40), scintillation 
light is produced in the 

avalanche

• Light readout with a sCMOS camera 
allows for a high granularity imaging of 
the event
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• Light readout with 
fast detectors (PMT, 
S iPM) a l l ows fo r 
reconstruction of the 
event topology in the 
3rd dimension

• Pioneer ing work at INFN Rome 
(Marafini, Pinci)



The CYGNO roadmap
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ORANGE LEMON

2015 2016 2017 2018 2019 2020 2021 20232022

10x10x1 cm3 20x24x20 cm3

2024 2025 2026



The CYGNO roadmap
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ORANGE LEMON LIME

2015 2016 2017 2018 2019 2020 2021 20232022

10x10x1 cm3 20x24x20 cm3 33x33x50 cm3 (54 l)

2024 2025 2026

After a long campaign of overground tests, 
now under commissioning underground 

at LNGS 

Data taking with different shields to validate 
the background simulations 

Neutron flux measurement one of the first 
pictures underground



The CYGNO roadmap
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ORANGE LEMON LIME

DESIGN

2015 2016 2017 2018 2019 2020 2021 20232022

CONSTR. RUN
CYGNO

10x10x1 cm3 20x24x20 cm3 33x33x50 cm3 (54 l)

100x100x100 cm3 (1 m3) 
the demonstrator for a 

multisite directional Dark 
Matter observatory

2024 2025 2026



Critical issues and Sensitivity

• gamma radioactivity from sCMOS 
camera and optics, extremely 
difficult to shield 

• 106 electron recoils/year/m3 

- dedicated R&D activities to 
develop radiopure devices 

• Non-linearities from GEM 
saturation 

- dedicated calibrations and 
software compensation 
algorithms
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INFN Rome/Sapienza role
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Background identification algorithms

Development of dedicated optics  
with low-radioactivity materials

Detailed 
simulation 

models 

• The group at INFN Rome/Sapienza is 
in charge for some of the most critical 
issues for the future of the project: 

- background (radiopurity, 
simulations, identification) 

- data acquisition



INFN Rome/Sapienza role
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Simultaneous acquisition of fast (PMT, SiPM) 
and slow (sCMOS) devices with custom DAQ 

boards (in collab. with UFJF - Brazil)  

• The group at INFN Rome/Sapienza is 
in charge for some of the most critical 
issues for the future of the project: 

- background (radiopurity, 
simulations, identification) 

- data acquisition
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The ANDROMeDa Project

• The Strongly Interacting Massive Particles (SIMP) DM hypothesis 
requires sub-GeV particles to fit cosmological constraints 

- very low nuclear recoil energies —> light nuclei and extremely low 
thresholds are required 

- better look for electron recoils 

• Exploit channeling in CNTs
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The “Dark PMT”



Activities at INFN Rome/Sapienza

• A facility to synthetize nanotubes was 
established 

• Anisotropy of electron emission under UV 
light was observed 

• Upgrades ongoing
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Critical issue: improving the parallelism of CNTs 

Upgrade: full growing process on-site 
(evaporation of iron on the substrate + 

annealing + nanotube growth) 

Goal: a new growing technique to get an 
unprecedented CNT alignment



The Dark-PMT prototype

• 2 e- detector options considered 

- Avalanche photo-diode (APD) 

- Silicon drift detector (SDD)
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Technological applications

• UV light detection 

- 100 k€ ATTRACT grant (completed) 

• Carbon nanotubes for biosensors 

- 13 k€ Sapienza grant on going 

• Antibacterial films 

- in collaboration with Univ. di Bologna 

• Development of composite materials with nanotubes 

- in collaboration with INFN HAMMER (Hub for Additive Manufacturing @ LNGS) 

- deposited patent for CNT-reinforced copper (Dragon Copper)
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Conclusions

• Dark Matter with directional capabilities with CYGNO and 
ANDROMeDa: 

- enhanced sensitivity to GeV and sub-GeV Dark Matter 

- aim at limits competitive with non-directional experiments 

- the path toward a dark matter astronomy
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