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Goals of the CYGNUS 
collaboration:

● Search and identify a clear Dark 
Matter signature for low WIMP 
mass (1-10 GeV);

●  Detect Coherent Neutrino 
Scattering from the Sun.

Directionality and Particle Identification 
are key to achieve these goals.

The CYGNUS Galactic Nuclear Recoil Observatory
R.C. Roque, 16th June 2021
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The CYGNO-INITIUM collaboration will 
develop a large TPC for high precision tracking 
of low energy nuclear recoils (~keV).

Current status: 1 m³ demonstrator based 
on a MPGD (triple GEM stack) where the EL 
signal will be detected by a low noise, high 
granularity sCMOS sensor.

Currently there are:

almost 50 collaborators

from 8 institutions

in 4 countries

Triple GEM stretched 
with pullouts on a 
plexiglass frame.

Field cage copper rings.  LIME inside the 
Faraday cage.

LIME detector assembly at Laboratori Nazionali di Frascati

CYGNO-INITIUM
R.C. Roque, 16th June 2021
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Motivation Goal of this work

Helium: 60%

● Extends the sensitivity to low WIMP masses;
● Allows 1 atm operation.

CF4: 40%

● Improves gas scintillation;
● Highly sensitive to Spin Dependent Coupling.

Isobutane (i-C4H10): ? %

● Improves gas tracking properties;
● Maintains low target mass.

Low mass targets are essential to access low 
WIMP mass.

Goal

Gas Mixture

Study how the inclusion of isobutane 
influences the Charge and EL signals of 
the mixture.

Optimize the gas mixture for the CYGNO optical TPC

R.C. Roque, 16th June 2021
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Experimental setup Detector Layout Detector Components:
● Meshes with ~84% optical transparency;
● Standard GEM with 3 x 3 cm² area;
● LAAPD:

○ Active diameter: 16 mm;
○ Range: 150 - 1000 nm.

Detector operates in continuous flow mode at atmospheric pressure.

X-rays produce primary electrons

Multiplication & EL

R.C. Roque, 16th June 2021

LAAPD QE and CF4 EL emission curve.
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Experimental setup Detector Layout Detector Components:
● Meshes with ~84% optical transparency;
● Standard GEM with 3 x 3 cm² area;
● LAAPD:

○ Active diameter: 16 mm;
○ Range: 150 - 1000 nm.

Detector operates in continuous flow mode at atmospheric pressure.

X-rays produce primary electrons

Multiplication & EL

Detector Setup: LAAPD, induction mesh, GEM and 
drift mesh (from bottom to top).

R.C. Roque, 16th June 2021
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Experimental setup Electronic readout

The LAAPD detects the EL 
photons produced in the GEM 
avalanches.

Secondary electrons are 
collected at the bottom 
of the GEM.

C.M.B. Monteiro, PhD Diss. 2011. 

Gas Flow:

We kept He/CF4 flowing at 60/40 (4 L/h) and then 
added the required % of isobutane (1% - 5%).

Radiation energy, 
silicon w-value

EL and ⁵⁵Fe X-rays peak 
ratio

quantum efficiency, 
solid angle, mesh 

transparency

R.C. Roque, 16th June 2021

https://eg.uc.pt/handle/10316/14635
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Results Number of avalanche electrons and energy resolution for He/CF4 (60/40) + isobutane

The number of avalanche 
electrons increases with 
increasing isobutane content 

2.7 fold increase in the maximum 
number of avalanche electrons from 0% 
to 5% isobutane.

Energy resolution does not 
depend on the isobutane content

All studied mixtures have an energy 
resolution (FWHM) around 12% for the 
charge signals.

R.C. Roque, 16th June 2021
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Results Total number of EL photons per keV absorbed and energy resolution 
for He/CF4 (60/40) + isobutane

Total number of EL photons per 
keV absorbed decreases with 
increasing isobutane content: 
isobutane converts EL photons into 
vibrational and rotational states. 

2.8 fold decrease in the total number of 
EL photons per keV absorbed from 0% 
to 5% isobutane.

Energy resolution does not 
depend on the isobutane content

The gradual degradation in energy 
resolution is attributed to low statistics 
and not to decreased detector 
performance.

R.C. Roque, 16th June 2021
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Results Number of EL photons emitted per avalanche electron 
for He/CF4 (60/40) + isobutane The number of EL photons 

emitted per avalanche electron 
decreases with increasing 
isobutane content due to quenching.

7.9 fold decrease in the number of EL 
photons per avalanche electron from 0% 
isobutane to 5% isobutane.

However, only 2.8 fold decrease in the 
total number of EL photons produced 
in the avalanche, from 0% to 5% 
isobutane. 

This is due to the increasing number of 
avalanche electrons with increasing 
isobutane concentration.

% Isobutane 0% 1% 2% 3% 4% 5%

Average EL photons 
per avalanche electron

0.0705(11) 0.0410(5) 0.02395(35) 0.01546(20) 0.01099(13) 0.00890(12)

R.C. Roque, 16th June 2021
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Results Producing additional EL photons in the induction region for He/CF4 (60/40) 

Experimental conditions

The voltage across the GEM was kept at 
540 V and the induction field was 
reversed to collect the electrons in the 
induction mesh. 
The goal was to produce additional 
EL photons in the induction gap. 

We got a 40% increase in 
absolute EL for 11 kV/cm

There is a gradual increase in the 
number of emitted EL photons with 
increasing induction field.

Other independent results within the 
collaboration obtained 42% increase in 
EL at 11 kV/cm with an ITO glass.

G.Dho, E. Baracchini, A. Cortez (17/12/2020, 
private communication)

R.C. Roque, 16th June 2021

https://agenda.infn.it/event/25064/contributions/127003/attachments/77843/100421/Slide_17_12_20.pdf
https://agenda.infn.it/event/25064/contributions/127003/attachments/77843/100421/Slide_17_12_20.pdf
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Conclusions

Our results show that:

● The number of avalanche electrons increases with the addition of isobutane:

○ 2.7 fold increase in 5% isobutane relatively to 0% isobutane;

● The EL yield decreases with the addition of isobutane:

○ 7.9 fold decrease in total number of EL photons emitted per avalanche electron for 5% isobutane 
relatively to 0% isobutane;

○ But only a 2.8 fold decrease in the number of EL photons for 5% isobutane relatively to 0% 
isobutane;

● Energy resolution stays unaffected (FWHM @ 5.9 keV): 

○ ~12% for charge signals;

○ ~20% for EL signals.

● An additional 40% increase in the number of EL photons was achieved by increasing the induction field from 
0.3 kV/cm to 11 kV/cm.

R.C. Roque, 16th June 2021
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