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We discovered a non linear behavior of GEM response; 

Gain seems to saturate when the density of electrons (i.e. the number 
of electrons in each single channel) is too high;

If primary electrons are 
sparse, GEM gain is 
linear

If primary electrons are 
too dense, avalanche 
can shield GEM electric 
field and gain is lower

Less secondary electrons mean less light
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This phenomenon was already seen at CERN

for very high gain (1.7 105)
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By increasing the gain in first GEM, we simulated different energy 
releases

These plots give the charge coming out form GEM-3 as a function of 
the charge coming in. Less linear as long as the VGEM increases; 
Good linearity with 5 times less gain.
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- exploit electro-luminesce to decrease 
the electron gain while keeping the 
same light yield; 

- correct data according to performed 
measurements

We studied two possible solutions to the issue:
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In Optical Readout GEM detectors, light is produced by gas molecules 
hit by electrons in the avalanche; 
Since the ratio ph/el is constant, more electrons are needed to have 
more photons; 
Is it possible to stimulate the gas to produce light without ionising it?

3 mm distance between mesh and GEM

V= tension between mesh and GEMΔ

0.07 ph/e

??? ph/e

We added a grid below the third 
GEM to accelerate electrons

0.07 ph/e

0.07 ph/e
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With a field of 10-12 kV/cm we 
expected 1 ph/el per cm

10
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E = 0 kV/cm

E = 10 kV/cm

We set a ΔV from 0 to 3.5 kV (unfortunately there were discharges and we 
stopped there), i.e. an electric field from 0 to 11.5 kV/cm; 
Detector was illuminated with a strong  55Fe

Photon yield visibly 
increases
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Short exposure data (100 x 0.5 sec) to study in detail the 55Fe peak position;

E = 0 kV/cm E = 11 kV/cm
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400 photons more
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The currents drawn by the bottom electrode of last GEM and by the mesh 
were monitored, to check possible increase in total charge, indicating a 
multiplication process

Sum of currents 
Fraction of 
current on 

G3down

Fraction of 
current on Mesh 

(at max 60%)

Sum is constant 
and sharing 
changes

Garfield 
simu

60%
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We can now evaluate the “photon production efficiency”

0.4 ph/electron in 3 mm gaps, means a 
mean free path of about 1 cm

10

Good agreement
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Since the production efficiency increase very quickly with the electric field, 
by putting ΔV to 4.5 kV (i.e. with an electric field of 15 kV/cm) we can have 
30 ph/el/cm

Therefore, with a 3 mm distant gap, 
we should be able to reduce the 
electron gain by a factor 10 and have 
a linear behavior;
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The other method is a “software” compensation of the non linearity 
based on measurements

G A I N  N O N  L I N E A R I T Y

For the moment we tried to use a running sensitivity constant (eV/ph) 
dependent on the light density (ph/pixel) for an average correction of 
signal energy 

Phenomenological fit to 
measurements
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G A I N  N O N  L I N E A R I T Y

Once corrected by the 
average angle: 
modedE/dx = 2.5 keV/cm 
(instead of 2.3 keV/cm)

60.9 keV in good 
agreement with 59 keV 
expected
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 0.01 keV± = 5.93 1m
 0.01 keV± = 1.48 1σ

 0.27 keV± = 11.78 2m
 0.22 keV± = 2.60 2σ

55Fe

Cosmics dE/dx 59 keV from 241Am



Davide Pinci - The CYGNO Project

B A C K G R O U N D  R E J E C T I O N
15

To evaluate the background (electron recoils) rejection capability and the 
signal (nuclear recoils) efficiency, we tested LEMON 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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In both cases, after energy re-calibration, a first event selection was 
applied: 

- Field cage efficient region (geometry); 

- Track length < 6 cm and slimness > 0.3 (remove cosmics); 

- Density > 5 ph/pix (remove residual split cosmic tracks); 

- 60 keV component removed;
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We evaluated the distributions of re-calibrated energy and density for the 
selected samples



Davide Pinci - The CYGNO Project

B A C K G R O U N D  R E J E C T I O N
18

Adding selection on the final variable (energy density):
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- eff(S) ~ 50% [40%] 

- eff(B) ~ 0.88 * 0.05 [0.012] ~ 4% [1%] 

Background suppression of 10-2 
together with a signal efficiency of 40%
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Comparing the signal spectra and after the cuts:

before

after
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Comparing the signal spectra and after the cuts:
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Beginning of February, 
we made an inspection 
to Lab proposed for 
LIME 

LIME site

Control Room

We can easily fit LIME 
and test shieldings

S I T U AT I O N  AT  L N G S

We had a meeting with LNGS 
Director in November.

It’s hard to foresee the 
future of the organisation 
of room at LNGS
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We are investigating 
the possibility of 
building custom tanks

- LIME shield would cost 20 k€, 16 k€ of “tooling” and 250 €/tank 
- this would significantly reduce the cost of CYGNO shield
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We started studying 
50 cm water + 5 cm 
copper shield

Prelim
inary
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Two papers submitted Two papers under internal review

We proposed 3 talks to RD51 workshop in June (on-line only)


