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CYGNO Experiment
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• CYGNO is the project of a directional detector, whose
  main goal is the direct detection of Dark Matter

 He:CF4 gas mixture as target

 looking at its nuclear 
(electron) recoils

Detectable recoiling 
nucleus

Dark Matter 
particle



  

Directionality
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• The addition of directional information to the energetic one boosts the capabilities of the 
  search

Signal highly unikely
to be reproduced

by background

High potential for positive 
discovery 

F recoil due to WIMP
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• The addition of directional information to the energetic one boosts the capabilities of the 
  search

Signal highly unikely
to be reproduced

by background

Recoils from coming 
from Solar neutrinos

 will not overlap with DM ones

What is now considered 
background can become

signal 

High potential for positive 
discovery 

F recoil due to WIMP

Capability to probe DM nature



  

TPC
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• The one conceived for CYGNO will have two back to 
  back 50 cm drift regions with 1 m2 of readout area

• Main gas mixture He:CF4 

• Room temperature and atmospheric pressure



  

Readout
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Triple GEM structure 

for charge amplification 
and light production

CF4 emission sectrum

Triple GEM  
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Triple GEM  PMT

Energy
 z coordinate
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Triple GEM  PMT

Energy
 z coordinate

sCMOS camera
- Single photon sensitivity

- High granularity (2304x2304 pixels)

-Market pulled

-Large areas of detection

Energy
 x-y coordinate
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Negative Ions
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• It consists in the addition of a high electronegative dopant to the gas (CS2, SF6)
Improved track resolution thanks to 

limited diffusion

- electrons get attached to the dopant close to the 
    ionization position o(100) um

- Anions drift acting as the image carrier but with a    
   longitudinal and transverse diffusion reduced to the 
   thermal limit

Full 3D fiducialization

- Thanks to multiple charge carriers, the difference in 
    mass induces a difference in arrival time 

T. Ohnuki et al.,
J. Martoff et al.,
NIM A 463

J. Martoff et al.,
NIM A 440 355



  

State of the Art
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LEMOn
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LEMOn

G.Dho, GSSI Science fair 01/03/2021 9

• Tested performances with a 5.9 keV iron source

• Tracking and fiducialization assesments
Energy density and 

diffusion used to 
reconstruct 
absolute Z

(~15% res)
E. Baracchini et al.
NIM A 936 (2019) 453-455

Energy resolution 

15% @ 5,9 keV

Low noise and 
ghost clusters

E. Baracchini et al.
JINST 15 (2020) 10, P10001



  

LEMOn
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• Particle ID and background rejection tests

E. Baracchini et al.
Measur.Sci.Tech. 32 (2021) 2, 
025902

Nuclear recoils 
down to few keV



  

LIME
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• It is a large 50 L prototype with 50 cm drift. Exactly one of the 18 modules that will build CYGNO

• Already operational and stable



  

LIME
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• It will provide the first directional measurement of the neutron flux in the underground 
   
   laboratories at LNGS

Slowed by COVID
 but will move to 

underground LNGS 
in summer 2021



  

MANGO
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Plastic 
gas-tight
box

Lenses

17mm FL, f/0.95 Fast C Mount 
https://www.schneideroptics.com

sCMOS Camera
Orca fusion

www.hamamatsu.com.

TPC volume:
   Max volume 500 cm3 

     (10x10 cm2) area

   He:CF4 mixture 60/40

   1 atm

3 GEMs:
   50 µm thick

   140 µm pitch

   70 µm holes diametre
 
  

A Multipurpose Apparatus for 
Negative ion studies with GEM  

Optically readout



  

MANGO
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• Electroluminescence studies produced results 
Cathode

Mesh

55Fe 1 cm, E=0.9 kV/cm

2 mm, E=2.5 kV/cm
2 mm, E=2.5 kV/cm
3 mm  Em=

Light emission 
increases

0 kV/cm 11.3 

Total charge 
is not sensitively 

increasing



  

MANGO
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• MANGO is a multipurpose prototype for R&D 



  

CYGNO
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Installed and 
commissioned

by 2023



  

CYGNUS
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CYGNUS
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CYGNO at GSSI
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Professor/boss

Post-doc

PhD students

• LIME background simulation

• PMT signal reconstruction

• CYGNO sensitivity

• EL and NID with MANGO

• Neutron simulation

• Analysis of LIME data underground

• Noise simulation

• Machine learling for PI

• Study of directionality

• Neutrino case

• Exams

E. Baracchini

A. Cortez

G. Dho

F. Di Giambattista

A. Prajapati 

S. Torelli

D. Marques

All GSSI people
You can find us anytime!!
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