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Conclusion of workshop talk
“…

 the light is not enough w
e’ll try to increase the am

ount of C
F

4  in the m
ixture or to add 

a fourth G
EM

 to the stack;”

W
e started from

 the easiest: increase the am
ount of C

F
4  in the m

ixture. W
e m

oved to an 
H

e/C
F

4  60/40 (increase of C
F

4  by a factor about 10); 

V
gem

 @
 480. N

om
inal gain 600

 instead of 50;2
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From
 this paper an increase of a factor 

10 in gain and a low
er ratio photons/

electrons are expected;
The overall gain in light w

asn’t 
expected to be huge;



The gas mixture: Garfield
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•
The ionization due to the crossing of 2 G

eV m
uons in the 3 m

m
 drift gap w

ere studied: m
uons produce 

about 10 clusters in average in the 3 m
m

 drift gap. Therefore, the m
ean distance betw

een tw
o ionization 

points is about 300 μm
.

•
The distribution of the num

ber of electrons per cluster has a m
ean value of 2.3. 

•
The total num

ber of prim
ary electrons due to a m

inim
um

 ionizing m
uon crossing the drift gap perpendicularly 

to the G
EM

 plane is thus expected to be around 20.



Experimental set-up: PM
T

The light yield of the triple-G
EM

 detector w
as m

easured by m
eans of cosm

ic rays;

Tw
o N

aI scintillators used to 
trigger penetrating m

uon tracks;

Light produced by the triple-G
EM

 
collected by a R9800 PM

T;

A
 quantum

 efficiency below
 5%

 is 
expected on the orange-red part;
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Charge spectra: cosmic rays and PM
T

The w
aveform

s w
ere num

erically integrated to evaluate the total collected charge

Exam
ple of the charge spectra obtained 

w
ith the highest gain for stable operation;

The pedestal is evaluated in a sim
ilar gate 

before the trigger signal;
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The total am
ount of light is 100 tim

es higher;

A
 huge increase not expected from

 published data;

The larger pedestal is due to the different scale on 
the scope used for the D

A
Q

;
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Equivalent to 1 pC



Electric field optimisation
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A m
axim

um
 value found for drift field values 

betw
een 1.5 kV/cm

 and 2.0 kV/cm
The light yield increases very rapidly w

hile 
increasing the drift field w

hile it is alm
ost stable 

for values in the range 2.0÷3.0

The dependence of the light yield on the electric fields w
as studied;

W
e decided to operate w

ith a drift field of 1.5 kV
/cm

 and transfer fields at 2.0 kv/cm



The CM
O

S-Camera
The PM

T
 w

as replaced
 by an O

RC
A

 flash 4.0 cam
era that w

e instrum
ented

 w
ith a 

Schneider bright lens
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•
low

 noise: nom
inal level lesser than 2 photons per pixel;

•
high sensitivity: a quantum

 efficiency higher than 70%
 in the C

F4 em
ission spectral range;

• high granularity: 2048 x 2048 pixels w
ith an area of 6.5 !m

 x 6.5!m
 for a total sensitive                   

surface of 13.3 m
m

 x 13.3 m
m

.



The Camera performance
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The perform
ance of the photo-sensor w

ere studied by m
eans of a calibrated light source;

The cam
era behaviour is w

ell linear in the 
w

hole studied range w
ith a response of 

0.91±0.01 counts

In order to evaluate the noise level, the response 
of a pixel w

as acquired several tim
es w

hile the 
cam

era w
as kept in the dark. 

Fluctuations of the pedestal are low
er than 2 

counts, i.e. low
er than tw

o photons per pixel in 
good agreem

ent w
ith the expectations



The lens
The PM

T
 w

as replaced
 by an O

RC
A

 flash 4.0 cam
era that w

e instrum
ented

 w
ith a 

Schneider bright lens
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By inserting a 1.0 m
m

 spacer betw
een the cam

era and the lens w
e w

ere able to w
ork at 

a distance of about 20 cm
 w

ith w
ith a field of view

 of about 10x10 cm
2;

A
 de-m

agnification of a factor about 10 w
as obtained;

Each pixel looked at a 50 !m
 x 50 !m

 surface;
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M
uon tracks
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By m
eans of this setup w

e w
ere able to acquire several im

ages of long and straight 
tracks as the above ones. 
They are very likely due to cosm

ic rays;
(W

e are having som
e problem

s in converting these heavy im
ages in png form

at w
ithout 

loosing in “clearness”…
)

29 m
m

 track

42 m
m

 track



Light collection
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To study the collection of the light by the sensor 
a sim

ple analysis w
as perform

ed;

The response distribution of the pixel along the 
track w

as com
pared w

ith the one obtained in a 
sim

ilar non illum
inated area;

In the not-illum
inated region a response 99 ± 2 

w
as found, in good agreem

ent w
ith the 

m
easurem

ents perform
ed in the dark 

conditions;

A
 large am

ount of pixels w
ith a response up to 

30 photons above the pedestal w
as obtained in 

the illum
inated region.

A
 light yield of about 600 photons per track m

illim
etre w

as evaluated



Efficiency
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These figures show
 the m

aps of the pixels w
ith a response three sigm

as larger than the 
pedestal (i.e. higher than 105 photons);

A
n am

ount of 40±5 pixels satisfying the above requirem
ent per track m

illim
etre w

as 
m

easured.



Electrons
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D
uring the data taking, several im

ages of short, intense and curved tracks w
ere acquired;

These tracks (as the ones show
n in Fig. 10) are very likely due to ionizing electrons 

produced by natural radioactivity and traveling w
ithin the drift gap;

27 m
m

 track
16 m

m
 track



Efficiency for electrons
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These figures show
 the m

aps of the pixels w
ith a response three sigm

as larger than the 
pedestal (i.e. higher than 105 photons);

A
n am

ount of 300 pixels satisfying the above requirem
ent per track m

illim
etre w

as 
m

easured.



Conclusion and future steps
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The use of m
ore C

F
4  allow

ed to increase the light production;

For m
uon tracks an am

ount of 600 photons/m
m

 w
ere collected;

For electrons tracks about ten tim
es m

ore;

W
e intend to:

A
ssem

bly new
 detector w

ith larger drift gap
 (1 cm

) and
 sm

aller G
EM

 
holes;

Test new
 gas m

ixture w
ith a larger am

ount of C
F

4 (60%
);

Perform
 the sam

e tests at the Frascati electron beam
 (BTF) in N

ovem
ber;
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O
RCA Flash 4.0
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