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Topics:

● Influence of isobutane on the EL yield
● Additional EL yield in the induction gap
● Measurements of the visible EL
● Detector stability test
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Experimental Setup Detector Components:
● Meshes with ~84% optical transparency;
● Standard GEM with 3 x 3 cm² area;
● LAAPD:

○ Active diameter: 16 mm;
○ Optical sensitivity range: 150 - 1000 nm.

The LAAPD detects the EL produced 
in the GEM avalanches.

Charge readout

Secondary electrons 
are collected at the 
bottom of the GEM.

Photo of our detector.
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(150 nm - 1000 nm)
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Former results (a reminder)

● The number of avalanche electrons increases with 
increasing content of isobutane.

● Energy resolution unaffected (charge signals).

● EL yield decreases with increasing content of isobutane.

● Energy resolution degradation (EL signals).

Full spectra
(150 nm - 1000 nm)



EL photons emitted per avalanche electron

The number of EL photons emitted per avalanche electron is approximately  inversely proportional to the percentage of 
isobutane present in the mixture.

Full spectra
(150 nm - 1000 nm)



Producing additional EL photons in the induction gap

● 40% decrease in EL due to the addition of isobutane.

● Similar results for 1% and 3% isobutane content.

● EL yield increases with increasing Induction field.

● Maximum values limited by detector discharges.

He-40%CF4 He-40%CF4 + isobutane

Full spectra
(150 nm - 1000 nm)



Visible EL
300 nm - 1000 nm

We have placed a borosilicate glass window (filter)  to cut off the VUV-UV photons and, this 
way, match the CYGNO’s camera spectral sensitivity range. 

With this setup, we can evaluate the EL emission in the spectral range from 300 - 1000 nm.

New measurements



We have placed a borosilicate glass window (filter)  to cut off the VUV-UV photons and, this 
way, match the CYGNO’s camera spectral sensitivity range. 

With this setup, we can evaluate the EL emission in the spectral range from 300 - 1000 nm.

The glass absorbs the 5.9 keV
 => no direct x-rays in the LAAPD.
The EL spectra do not have the direct 
55Fe absorption peak for calibration

 => calibration à posteriori.

EL and ⁵⁵Fe 
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ratio

Visible EL
300 nm - 1000 nm

Preliminary results.
Not calibrated.

New measurements
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He-40%CF4 + isobutane mixtures

Isobutane seems to quench visible 
EL photons emitted by He-40%CF4: 
the EL peak amplitude decreases with 
increasing isobutane content.

Isobutane slightly degrades the 
energy resolution: this is probably due to 
low statistics and not to decreased detector 
performance.

Full spectra

Good validation: 
charge measurements are within 10% of those obtained without the glass window.

Visible EL
300 nm - 1000 nm

Preliminary results.
Not calibrated.

-55 %

-65 %



He-CF4 mixtures

Increasing the amount of CF4 
increases the EL(max) peak 
amplitude, because the GEM sustains 
higher voltages before the onset of 
micro-discharges.

Helium improves the energy 
resolution of the EL signals:
The minimum energy resolution obtained 
was around 20%.

Visible EL
300 nm - 1000 nm

Preliminary results.
Not calibrated.



He-CF4 mixtures + 2% isobutane

Increasing the amount of CF4 in 
the mixture may compensate for 
the EL quenching due to the 
addition of 2% isobutane.

 EL(max) centroid

He-40%CF4 596.3

He-40%CF4
+

2% isobutane
478.7 🔻20%

He-60%CF4
+

2% isobutane

738.4 ⬆ 24%

Visible EL
300 nm - 1000 nm

Preliminary results.
Not calibrated.

+54 %



For 5% isobutane, EL(max) is 
similar for all %CF4 in the He-CF4 
mixtures.

He-CF4 mixtures + 5% isobutane
Visible EL

300 nm - 1000 nm

 EL(max) centroid

He-40%CF4 596.3

He-40%CF4
+

5% isobutane
268.09🔻55%

He-50%CF4
+

5% isobutane

295.99 🔻50%

CF4
+

5%isobutane
378.91 🔻 36%

Preliminary results.
Not calibrated.



Maximum EL amplitudes (EL(max)) of He-CF4-isobutane
Visible EL

300 nm - 1000 nm

● With 2% isobutane there is 50% more EL(max)  for 60%CF4 than 
for 40%CF4 (which has been used so far).

● With 5% isobutane the amount of EL(max) is similar for 60%CF4 
and 40%CF4 and 50-67% lower than with 2% isobutane.

● With  5% isobutane EL(max) is always lower independently of 
%CF4

● 60%CF4  and 2% isobutane shows the highest EL(max).
● Above 60%CF4 EL(max) will not improve, it is already 

roughly as high as for 100%CF4.
● For 5% isobutane EL(max) is similar for contents above 

30%CF4.

Preliminary results.
Not calibrated.

Preliminary results.
Not calibrated.



Detector stability test to ambient variables (P/T)
Full spectra
(150 nm - 1000 nm)



Detector stability test to ambient variables (P/T)
Full spectra
(150 nm - 1000 nm)



P/T detector response - charge gain

Charge gain

● Sensitivity of 1.35(6) K/mB 

in agreement to what is obtained in a 
standard GEM : 1.55 K/mB,  J.A. Mir et al 
(2007).

● Increases with increasing T 

for P=1 bar and a rise in T = 20ºC → 25ºC, 
the gain variation is +7.4%.

● Decreases with increasing P 

for T=20ºC and a rise in P=1000 mB → 
1020 mB, the gain variation is -9.6%.

Full spectra
(150 nm - 1000 nm)

https://www.sciencedirect.com/science/article/pii/S0168900206021632?casa_token=KvVuEdu7c4YAAAAA:paE9rXfD-nBETKgLMosk3WJ1hQS2sqVTLX8Tr3sM1w03FehFth8GZFqFHmvDwefNw9C-XQPKHUY
https://www.sciencedirect.com/science/article/pii/S0168900206021632?casa_token=KvVuEdu7c4YAAAAA:paE9rXfD-nBETKgLMosk3WJ1hQS2sqVTLX8Tr3sM1w03FehFth8GZFqFHmvDwefNw9C-XQPKHUY


P/T detector response - EL yield

EL photons per secondary e-

● Sensitivity of 1.92(8) K/mB 

42% more sensitive to temperature and 
pressure variations than the charge gain.

● Decreases with increasing T 

for P=1 bar and a rise of T = 20ºC → 25ºC, 
the gain variation is -11.6%;;

● Increases with increasing P 

for T=20ºC and a rise of P=1000 mB → 
1020 mB, the gain variation is +12.3%;

Full spectra
(150 nm - 1000 nm)



Conclusions
● The number of EL photons emitted per avalanche photon is inversely proportional to the percentage of isobutane 

present in the mixture (full spectra);

● Additional EL yield can be produced in the induction gap with isobutane admixtures, although with less efficiency 
than for He-40%CF4 (full spectra);

● Isobutane seems to quench visible EL photons emitted by He-40%CF4. Increasing the amount of CF4 in the mixture 
may compensate the light quenching of 2% isobutane.

● The number of EL photons per avalanche electrons increases with P/T with a sensitivity of 1.92(8) K/mB (full 
spectra);

What we will do next:
● Calibrate the visible EL results for calculating absolute EL yield values;

● Install the WLS in the detector to convert the UV EL into the visible range and, in this way, collect all the 
produced EL but within the ORCA spectral sensitivity range.

★  Studies of EL yield : COBRA_125 vs GEM
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