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Experimental Setup Detector Components:

e Meshes with ~84% optical transparency;

1 Gas oute e Standard GEM with 3 x 3 cm? area;
LAAPD:
Dead region “Fe source o Active diameter: 16 mm:;
05 kv/em o  Optical sensitivity range: 150 - 1000 nm.
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The LAAPD detects the EL produced
in the GEM avalanches. Photo of our detector. 3



Full spectra

(150 nm - 1000 nm)
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EL: former studies

Studies of electroluminescence yield
(number of photons / primary electron/unit
path length)

In different electric field geometries:
» uniform electric field: parallel grids;

» non-uniform electric field: avalanche-
generated EL in very high fields inside
the holes of GEM, THGEM, MHSP,
MicroMegas;

In pure nobel gases and their mixtures:
» Ar, Xe, Kr, Xe-He, Ne-Xe, Ar-Xe

In mixtures with molecular gases :

» CF4;

» Xe-CF4, Xe-CH4, Xe-CO2, P10
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Experimental results for He-CF4 (60/40)+isobutane
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The number of avalanche electrons increases with

increasing content of isobutane.
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e EL yield decreases with increasing content of isobutane.

e Energy resolution degradation (EL signals).



Full spectra

EL photons emitted per avalanche electron (50 rm-1000
He-CF4 (60/40)+isobutane
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The number of EL photons emitted per avalanche electron is approximately inversely proportional to the percentage of
isobutane present in the mixture.



Relative EL yield

Producing additional EL photons in the induction gap [t

He-CF4 (60/40)+isobutane
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e EL yield increases with increasing Induction field.

e Maximum values limited by detector discharges.
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He-40%CF, + isobutane
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e 40% decrease in EL due to the addition of isobutane.

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



Visible EL

300 nm -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.
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Visible EL

New measurements N

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.

500 EL spectra (LAAPD)}
00 Direct **Fe absorption WithOUt the
wof | T glass window

300 EL peak (x10}

The glass absorbs the 5.9 keV
: => no direct x-rays in the LAAPD.

j%100
Ce S Y The EL spectra do not have the direct 5°Fe

o 100 2
Channel [ADC]

absorption peak for calibration
=> calibration a posteriori.

150

With the glass window

125

Electronic noise

100

EL and *sFe x-
rays peak ratio

75
50

25

R — E keV Ay 8 w(S1) X QF x Q@ x T

Counts




He-40%CF, + isobutane mixtures

Visible EL

300 nm -1000 nm
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He-CF, mixtures
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Visible EL

300 nm -1000 nm

Increasing the amount of CF,
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%.
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He-CF, mixtures + 2% isobutane
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Increasing the amount of CF, in
the mixture may compensate for
the EL quenching due to the
addition of 2% isobutane.
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Visible EL

He-CF, mixtures + 5% isobutane

For 5% isobutane, EL(max) is
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Visible EL

300 nm -1000 nm

Maximum EL amplitudes (EL(max)) of He-CF,-isobutane
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e With 2% isobutane there is 50% more EL(max) for 60%CF,
than for 40%CF, (which has been used so far).

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

e With 5% isobutane EL(max) is always lower independently of
O/OCF4

w
o
o
Relative EL amplitude (max.).

Relative EL amplitude (max.).

e 60%CF, and 2% isobutane shows the highest EL(max).
e Above 60%CF, EL(max) will not improve, it is already
roughly as high as for 100%CF,.

e For 5% isobutane EL(max) is similar for contents above
300/OCF4.
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In summary

e The number of EL photons emitted per avalanche photon is inversely proportional to the percentage of isobutane
present in the mixture (full spectra);

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

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