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Principle of operation

We can decrease the gain of GEMs so that e.g. for 1 electron reaching 
the GEM 105 electron are produced in third GEM (more than half of the 
will be captured by the GEM electrode, let’s say 2/3).


In the very high fields inside the GEM we get 8 x 103 photons;

In the low electric field below the GEM we’ll have 3 x 104 electrons.

If we manage to make each electron creating a 2 or 3 photons we 
can have the same amount of light.

We can add a grid below the Triple GEM structure:

z=distance between mash and GEM

V= tension between mash and GEM
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To have an idea about the number of 
photons we can produce, we started 
from a phenomenological formula (valid 
for Xe)
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p= gas pressure

z=distance mesh - GEM3 

V= tension mesh - GEM3 
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The Bible we started in 2015



Experimental setup

  

Light around 620 nm is produced 
in CF4 dissociation processes

Very high energy threshold; 
Close to ionization threshold;

http://inspirehep.net/record/1319543


Experimental setup

  
Very high threshold 
translate in very high 
electric field to start the 
process
Something between 10 and 
12 kV/cm

At 12 kV/cm mean free path of 3.3 mm

http://inspirehep.net/record/1319543


Experimental setup

  

Since it was found that CF4 electroluminescence has a very high energy threshold, we 
decided to modified MANGO adding a grid with z=3 mm and V up to 4 kV in 
order to have electric fields up to 10/12 kV/cm

Unfortunately there were discharges at 3.5 kV and we stopped there (i.e. 10 kV/cm)

Δ Δ

Then, we tested everything with 55Fe X rays.

While keeping GEM at 400 V and scanning in V we took two kinds of data:

1) Long exposure images (30x10sec) to quickly measure the total amount of light 

produced;

Δ

E = 0 kV/cm

E = 10 kV/cm

http://inspirehep.net/record/1319543
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hqIn
Entries  2096
Mean    76.43
Std Dev     84.98

 / ndf 2χ  46.81 / 43
p0        429.5±  4242 
p1        0.00537± 0.02846 
p2        1.125± 4.665 
p3        8.6±   262 
p4        2.28± 25.21 
p5        2.21± 25.17 
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Mean    490.5
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 / ndf 2χ  40.51 / 32
p0        1.101e+03± 3.664e+04 
p1        0.000588± 0.009279 
p2        0.319± 5.333 
p3        17.2± 258.6 
p4        1.20± 38.06 
p5        1.31± 23.22 
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Short exposure data (100 x 0.5 sec) to study in detail the 55Fe peak position;

spot fit
long exposure

E = 0 kV/cm

E = 10 kV/cm
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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

Sum is constant 
and sharing 
changes

Garfield 
simu
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We can now evaluate the “photon production efficiency” ( )αMesh

NGEM = nel × αGEM × Ω × TmeshNumber of 
photons 
produced by 
the GEM 
structures Number of 

electrons 
produced by the 
GEM structures

GEM structure 
photon 
production 
efficiency 
(photon/electron)

Solid angle 
covered by 
camera

Optical 
transparency of 
the Mesh

NGEM is measured with 0 kV/cm = 160 photons

αGEM is found in literature

Fraga et al

Fraga et al

Orange

αGEM = 0.08
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We can now evaluate the “photon production efficiency”

NMesh = nel × ϵextr × αMesh × Ω × TmeshNumber of 
photons 
produced by 
the Mesh

Number of 
electrons 
produced by the 
GEM structures

Mesh structure 
photon 
production 
efficiency 
(photon/electron)

Solid angle 
covered by 
camera

Optical 
transparency of 
the Mesh

Fraction of 
electron 
extracted from 
the GEM and 
accelerated

NMesh
is the difference of total number of photons collected and number with 0 kV/cm 
= 400 photons

ϵextr was evaluated to be 0.5 at 10 kV/cm
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We can now evaluate the “photon production efficiency”

αMesh = αGEM ×
1

ϵextr
×

NMesh

NGEM
= 0.08 ×

1
0.5

×
400
160

= 0.4

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


