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The aim of CYGNO project is the development and realisation of a GEM-based 
Optically Readout Time Projection Chamber for the study of rare events with energy 
releases in the range 1-100 keV.  

Expected performance is: 

- High detection efficiency down to 1 keV; 

- Directionality at 10 keV; 

- Background rejection below 10 keV; 

Main ideas of the technology are: 

- He/CF4 based gas target (atmospheric pressure); 

- GEM amplification stage; 

- Combined optical readout (CMOS for granularity + PMT for timing);
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5.9 keV photons from 55Fe source were used to test detection efficiency 
and light yield. Detector run continuously for 25 days

500 photons collected per keV 
Energy resolution of 15%

Similar resolution with PMT

PMT

CMOS

Full detection efficiency in 
all tested Field Cage lenght
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To evaluate the background (electron recoils) rejection capability and the 
signal (nuclear recoils) efficiency, we tested LEMON (a 7 litre prototype) 
with 55Fe and AmBe sources.

Unfortunately in all cases cosmics 
and natural radioactivity produce 
an unknown  background that 
piles-up to signals.  
Need to go underground.

AmBe produces:  

- 59 keV photons; 

- 4 MeV photons; 

- 1-10 MeV neutrons;

A 5 cm Pb shield was used
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A sizeable efficiency in the range 5-10 keV was measured 
while more than 95% (99%) 55Fe photons were rejected
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Full Detector simulation in GEANT4 
Gamma and neutron background due to internal radioactivity simulated

Measured radioactivity of GEM  
and different Cameras

Included in GEANT4, resulted 
dominant with respect to external 
shielded
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Shielding of 200 cm water and 5 cm copper giving a bkg cpy [1-20] keV of few 102;

1 m3 of He/CF4 60/40 (1.6 kg) at atmospheric pressure subdivided in two 50 cm 
long parts by the cathode with a drift field of about  1 kV/cm

Each side equipped by a 3x3 matrix of LIME-like: 

- sCMOS sensor 65 cm away; 

- Fast light detector (PMT or SiPM).
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A possible room for CYGNO is in Hall-F 
(tunnel connecting A and B halls); 

Available cross section is 3x3 m2  (l=17 m)

It will be possible to house 0.4 m3 - CYGNO with 
a 110/10 (water/Cu) shielding scheme;

Background rate of 2x104 cpy, will be lower than internal bkg (currently 5x105 cpy) 
and will allow to study it; 

With a rejection of 102-103 these numbers will result in an avoidable bkg of few tens 
of events/year external and few hundreds of events/year internal;
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We are investigating 
the possibility of 
building custom tanks
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14C contamination in gas can give important bkg. Need to know the origin 
of C in CF4. 

Copper and plexiglass can be produced with low-radioactivity content. 
Need to get in contact with producers, develop special procedures, 
measure quality of materials. 

Need to study a low radioactive GEM production; 

Need to find  low radioactive CMOS sensors; 

Need to purify and monitor gas mixture.  

Some study already started about radioactive source to be used. Any 
advice?
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Interactions of recoils in gas simulated: GEANT 
for electrons and SRIM for nuclei;

Gas parameters (ionization, diffusion, drift velocity, 
attachment) simulated with GARFIELD;

Response and noise behavior of PMT and CMOS simulation on-going
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50 litre sensitive 
volume
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Data acquired so far with a DAQ prototype able to synchronise 
CMOS and PMT; 

Need to design and assemble a reliable DAQ system, running 
underground for several CMOS and PMT; 

Brazilian group is working on this.
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Two papers submitted
Three papers under internal review

CYGNO paper in preparation. 
Who wants to contribute and sign?


