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WHY MORE LIGHT AND LESS DIFFUSION
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« At the same time reducing the diffusion is fundamental for directional detectors: DM mass (GeV/c’)

« Improves the angular resolution
« Allows for larger drift length = more exposure

« Reduces the directionality threshold
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LUMINESCENCE ADDING ELECTRIC FiELD BELOW THE LAST GEM

« The addition of a strong electric field below the last GEM to accelerate electrons to generate extra light is possible
and has been investigated in the past
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« Combining the extra electrode with a different structure of amplification (thickness and number of GEMs) could
possibly reduce diffusion while keeping high light yields

Cathode Cathode
I 0,8 cm, E=1 kV/cm 0,8 cm, E=1 kV/cm

1 2 mm, E=2.5 kV/cm - s s mm CEM!
GEM2 _—— - N S . - > B

_L 2 mm, E=2.5kV/cm I 2 mm, E=2.5kV/cm

GEM3 — '———3— - ___3_E___GEM2
Mesh - B AL LU VA ‘ mm &y

G. Dho > Romact8/12/2022



DETECTORS

LEMOn

« Large volume and readout area « Small 10 X 10 cm? readout area and 0,8 cm drift

« ITO glass as extra electrode (T=0.9) « Metallic mesh as extra electrode (T=0.55)

. Very intense %Fe source which allows to « Low activity **Fe source which allows to measure
measure event by event the light from the **Fe interactions

« average light output

« Integrated charge from the power supply
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CHARGE MEASUREMENTS

g B « Total sum of the charge is zero (black)
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« Mesh only collects electrons
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CHARGE MEASUREMENTS

Charge (nA)
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« Nothing happens untill 10 kV/cm
« Above 10 there is arise in charge — Charge is produced

« The amount of charge created can be evaluated from the
mesh after taking into account for the sharing of electrons
between 3D and mesh

G. Dho 4

Total sum of the charge is zero (black)

3U collects ions from 3™ stage of amplification
(magenta)

Mesh (red) and 3D (blue) share the electrons
generated by the amplification

If any new charge is generated in the induction:
« 3D and 3U collect the ions

« Mesh only collects electrons
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LIGHT MEASUREMENTS

« Long exposure (1s) pictures taken with the camera

» Different regions are selected on the images and the average light measured after
pedestal evaluation
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LIGHT MEASUREMENTS

« Long exposure (1s) pictures taken with the camera

« Different regions are selected on the images and the average light measured after
pedestal evaluation

« Clearincrease in light yield

« Since 10 kV/cm charge is produced but it
is considerably less than the light

Relative Integral

Light increment far
exceeds the extra charge
produced
0 2 4 6 8 10 12 14 16 18
E o (kV/cm)
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LIGHT MEASUREMENTS: ANALYSIS

« The lower activity of the radioactive source induce a low occupancy on
the camera pictures

« This adllows an event by event analysis
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DIFFERENT GEM STACK CONFIGURATIONS

o Different combinations of GEM thicknesses and humber of GEMs were implemented in MANGO.

« Also helium content was increased from 60 up to 80 %

50um GEM , 70um holes 140um pitch 125um GEM , 175 um holes 350 um pitch
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(GAIN: VOLTAGE SCAN
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GAIN: PARAMETRISATION

« A parametrisation of the gain can be performed in terms of reduced gain (I') and reduced field (X) (T.N. Thorpe, S.E. Vahsen,
10.1016/j.nima.2022.167438)

1— - A, B free parameters - p pressure
ln ( G) VG m n pt m -m parameter of the gas between O and 1 -t thickness of GEM
I = =A exp —-B g -n, number of GEMs —Vg sum of voltage across GEMs
ngpt ngpt Vg - Glight yield
%
>=—=
ngpt
« Inthe voltage scan performed, the reduced field scanned is small so the approximation m=1 can be performed
By
I'=Ap+ BpX=Ap + Ve
phngt
| COI’lf ’ COlOUI' ’ [OJ torr-cm ’ O—[O] lorr-cm ([lj r()rr-lr.'m-\/\ 0-[1] torr-cm-V
. Fitting the data of previous slide the table is ut60/40 |  Black -0.36 0.14 0.00106 0.00011
obtained Tt 60/40 Green -0.7 0.2 0.0012 0.0004
Tt 70/30 Cyan -0.6 0.2 0.0012 0.0003
, , Tt 70/30 | Dark Green -0.49 0.19 0.0011 0.0002
« The parameters are consistent with each other Tt80/20 | Purple Gray 0.6 0.3 0.0014 0.0004
Tt 80/20 | Dark Purple -0.6 0.2 0.0013 0.0002
« Good understanding of the amplification TT 60/40 Blue -1.6 0.9 0.0017 0.0007
parametrisation TT 70/30 Red -1.6 1.0 0.0018 0.0006
TT 80/20 | Magenta -1.1 1.5 L 0.0015 ) 0.0010
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INDUCTION FIELD: LIGHT YIELD
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INDUCTION FIELD: LIGHT YIELD

Increase due to better defined field

— B lines below the last GEM (Maxwell)
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INDUCTION FIELD: LIGHT YIELD
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INDUCTION FIELD: LIGHT YIELD
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INDUCTION FIELD: LINEAR RISE

« Employing the parametrisation of the gain, the reduced field can be expanded with a term to include the influence of

1(vg
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Once Vg is fixed this is a

constant term ([O])
which should match the
terms fitted with the gain
(Condition C)

I'=Ap+
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Term proportional toE,

h

Conf | 0] oz | 9100 e | U v | 9111 ey | Cond. C
(W 60/40 | 0912 0.005 0.0036 | 0.0010 %
TL60/40 | 0.747 0.009 0.0010 |  0.0009 %
TL70/30 | 0.704 0.007 00020 | 0.0015 v
Tt80/20 |  0.700 0.009 0.0031 | 00019 v
TT60/40 | 048 0.01 00025 | 0.0013 %
TT70530 | 0.505 0.004 0.0016 | 0.0010 v
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INDUCTION FIELD: LINEAR RISE

« Maxwell simulations presented at the previous meeting also confirm that the field inside the GEM hole is modified

E2

E1

G. Dho

Electric field [kV/cm]
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- lin. fit: A= 1.48e+401; B= 7.10e-01 +/- 5.29e-03
- lin. fit: A= 4.35e+01; B= 1.77e-01 +/- 8.98e-04
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The linear increase is due to the
influence of the Emesh on the field

inside the GEM hole

It does not explain the change in
behaviour of the light yield

The exponential growth is induced
by another phenomenon
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INDUCTION FIELD: LINEAR RISE

« As we want to study the exponential growth phenomenon we can remove this linear growth

N
0o

[II|I[I]II[|1II[I1I|II1|III|[II|I[||

Relative intensity

Flat until 10, then it changes
behaviour

EM esh {k'\,ﬂ Cm}
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INDUCTION FIELD: BREAK POINT

o Thereduction is applied to all the dataset

Relative Integral

G. Dho
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—— T+T, 6040 GEM1/2 @ 775/490V
——=—— T+T 70/30, GEM1/2 @700/500V
——=—— T+160/40, GEM1/2 @7 T430V
= T+ T30, GEM1/2 @T00385Y
= T+t 80/20, GEM1/2 @E40/340V

The intensity of the light
increase seems to depend on
the last GEM

The gas affects the E___

needed to initiate the
phenomenon

o
o

P 1
10 12 14 16
EMesh (k-V‘F Cm)
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INDUCTION FIELD: BREAK POINT

« The gas affects the E___ needed to initiate the phenomenon

7-5") 185 « The data are fitted in order to find the breaking point
L 16 .
= E [ —— to, 600 GEM @eoov of the exponential growth
; 14— T+T, 60/40 GEM1/2 @T75/490V
% = === T+T 70/30, GEM1/2 @700/500V E d
— 12— T+1 60/40, GEMA/2 @770/430V C —
&J E T+t TO/30, GEM1/2 @700/385V a + b ¢ 'e M
1 G :_ T+t 80020, GEM1/2 @E40/340V
8
6
4 « Consistency is found with the same helium content
2
0' | | 1 ] P T T TR NN T ST N SR S
0 2 4 6 8 10 12 14 16
Epresn (KV/Cm)
E = (9.7 +£ 0.8) kV/cm E = (8.7 £ 0.7) kV/cm E =(7.1 + 1.1)kV/cm

break,60/40 break,60/40 break,80/20

As for the gain scan, more helium requires less voltage
for the phenomenon to begin
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ENERGY RESOLUTION
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« Energy resolution is constant with field if the last
GEM is thin

« At the breaking point the thick GEMs have a clear
worsening of the resolution
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DIFFUSION

oslgmal size (mm)

o
w

0.25

0.2

0.1556 '

— tHi+ 6040, GEM (@400

t+t+t B0/40, GEM (@400

T+T 6040, GEMZ @470V
T+T &60/40, GEM2 @500V
T+T 6040, GEM2Z @520V
T+T 7030, GEM2 @500V
T+T &0/20, GEMZ @440V
T+t 6040, GEM1 @TTOV
T+t TOB0, GEMZ @390V
T+t 7030, GEM1 @710V
T+t 8020, GEMZ @340V
T+t 8020, GEM1 @640V

ARSRAARNRRRANAN

NP EFENTE EFEPE ENAETErE IS AP PRI ETAVErr IS AP I
900 950 1000 1050 1100 1150 1200 1250 1300
VGEM (V)

. Diffusion is in general independent of the V_

« ttt clearly worsens with the applied voltage

« Tt has the lowest diffusion among all (only two
GEMs and the granularity copes with the GEM
pitch)

G. Dho

0.25

0.2

17

Induction
field

——— t+t41, 60/40 GEM @400
T+T, 60/40 GEM2 @490V
T+T 70/30, GEM2 @500V
T+t 60/40, GEM1 @770V
T+ 70430, GEM1/2 @700/385V
T+t 80120, GEM1/2 @640/340V

|I II|III[|IIII[]III|I1II

= -_'_;_.—ﬂ—’-'l{,_
(S S S T N T R PR T
Eppeen (KV/Cm)
« From the breaking point the spot size
increases
« Expected as extralight is generated out of the
focus
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LIGHT OPTIMISATION WITH DIFFUSION

« How much light can be recovered with the large induction field?

Integral

10°

Induction gap

Voltage across GEMs

G. Dho

o ——— R
86 88 90 92 94 96
E,, (kV/cm)

Fictional variable to express the
two data sets on the same plot

18

With the ttt 14 kV/cm can revover almost
all the light obtained at the higher gain

At the same light output the diffusion of
the amplification stage is

= (396 + 2) um

o_.
gain

o= (382 4+ 4) um

The value has worsened of 19% with
respect to when no field was applied

Slower than the voltage scan
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LIGHT OPTIMISATION WITH DIFFUSION

« Assuming we can accept a worsening of the diffusion of 19% for the increase of the induction field how much light the
various configuration can recover

Integral

10* —

1 ‘ 1 1
1180

1 \ 1 1
1200

1 \ 1 1
1220

1 J 1 1
1240

Il \ Il 1
1260

1 J 1 |
1280

1 J 1 1 1
1300 1320
VGEM (V)

ttt 60/40
TT 60/40
TT 70/30
Tt 60/40

Tt 70/30

Tt 80/20

o, = (382 + 4) um
o, = (320 & 7)um
0 = (337 £ 3)um
o= (280 + 2) um
o= (326 + 8)um

o = (328 4+ 6) um

« Mixture with more helium are in general more unstable and do not give in return better performances but only similar

« Extremely interesting the Tt as recovers a nice amount of the light yield of ¢ttt but offers 100 um advantage in diffusion

« Couldit recover also saturation? (under study after article and thesis)

G. Dho

19

Roma 19/12/2022



WHAT 1S
HAPPENING WITH
THE INDUCTION
FIELD?



MANGO CHARGE MEASUREMENTS

« MANGO could also measure the charge with two different readout chains:

G. Dho

RC filter to directly look at the waveform (total charge is distorted, but the measurements are only relative)

Preamplifier (CAEN A422A, 300 us decay time) and shaper (CAEN N968 Spectroscopy amplifier, shape time

0,5-6 us)

Relative integral

18

16

14

12

10

1l||1l||1f||1f||1[||l[||ll||l|||l|

Derivator filter

Preamp and shaper (0.5 ps)

Preamp and shaper (6 us)

L I i L i |. L i i I L i L J L L i I i L i | L i L | i i L l i

16
Eqgean, (KV/CM)
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MANGO CHARGE MEASUREMENTS

« MANGO could also measure the charge with two different readout chains:

« RC filter to directly look at the waveform (total charge is distorted, but the measurements are only relative)

« Preamplifier (CAEN A422A, 300 us decay time) and shaper (CAEN N968 Spectroscopy amplifier, shape time

0,5-6 us)

Relative integral

G. Dho
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Derivator filter

Preamp and shaper (0.5 ps)

Preamp and shaper (6 us)
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16
Eqgean, (KV/CM)
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SHOCKLEY-RAMO

« The Shockley-Ramo theorem describes the istantaneous current induced on an electrode

iI=qV E,

i :istantaneous current induced on an electrode

g : charge of the particle in motion

Vv :instantaneous velocity

E, : electric field component parallel to the instantaneuos velocity
calculated with charges removed and only the electrode under

analysis with voltage 1 (the rest with zero)

!

« The bump at around 4 kV/cm seen by the derivator and the
preamp can be due to the drift velocity properties of the gas

mixture

G. Dho

21

Drift velocity (cm/us)

The best way to calculate the charge is to integrate infinitely long
to integrate all the contributions: as done in LEMOn

He/CF , Ratio
e 70/30
o 60/40

P S T SIS Y

6 8 10
Drift field (kV/cm)
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BuMP AT LOw FIELD

« Also the dependence on the helium content seems somewhat followed

& 12

2 C

3 L

g B

> 10—

£ -

F L

T B

= 8C °

a - ©oo00009%Q
6_— I I
4 ?9 He/CF, Ratio
- s 70/30
ol o 60/40
De—! | L A
0 6 10

« The higher the helium content the earlier the peak in the bump is

« But what about the increase of charge at high fields?

G. Dho

8
Drift field (kV/cm)

Relative Charge

t+t+t, GEM @ 400V
T+T 60/40, GEM1/2 @ 775/490V
T+T 70/30, GEM1/2 @700/500V
T+t 60/40, GEM1/2 @770/430V
T+t 70/30, GEM1/2 @700/385V
T+t 80/20, GEM1/2 @640/340V
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SHAPER WAVEFORMS

 ttt 60/40 shaper waveforms of the GEM with 0,5 us shaping time

0.35

0.25

Amplitude (mV)
o
w

o
" N .
\H\|\|\|‘HI\‘HI\|H\I‘IH\‘\H\|\|\

s = 0 kV/em
esn = 2 kV/em
esh = 3 kV/icm

sh = O kV/cm

01 5 | E, .on = 10.5 kVicm
0 1 I \ —— Epeen = 12.5 kVicm
;‘q / < —— Epq = 13 kViem
0-05 / / T —— Eeen = 13.5kVicm
0 | | | |
0 5000 10000 15000 20000

Time (ns)

A larger shaping time includes more of this

signal, changing the increment of charge at

high fields. Also the derivator is affected
G. Dho 23

Already shown that the increase in light
and charge happen together

A new slow signal is appearing at 9.5
kV/cm

The time length indicates it is induced by
ions

The ionic signal is induced as soon as
they move but is detectable only if it gets
close to the GEM

By the time distance it can be generated
few tens of um away from the GEM

The higher the field the faster they are and
induce strong signals
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MAXWELL SIMULATIONS

« Maxwell simulations were performed also on the intensity of the electric field below the GEM

Electric field [kv/cm]

sl V_ind scan

50 1
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« Very strong electric fields are generated below the GEM holes (few tens of um away) which can induce amplification

o These are not normally present

« The effectis relatively stronger on thick GEMs

G. Dho
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CHARGE PRrRODUCED VERY CLOSE TO THE GEMS

« The hypothesis: the induction field is generating a region few tens of micrometers were the field becomes extremely
strong and charge an light are produced

o It explains
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CONCLUSIONS

In the CYGNO context, it is important to otimise the amplification stage to maximise the light output,
while minimising the diffusion.

With LEMOn and MANGO detector, the possibility of enhancing the light yield with the addition of a strong
field below the last GEM withdifferent configurations of GEMs was tested

With a mixture of 60/40, above 10 kV/cm on the induction gap both charge and light are produced, but
light far exceeds the charge production

With the induction field it is possble to recover large part of the light emitted in the brightest configuration
(ttt), but it is possible to do so with a lower diffusion induced by the amplification stage

The generation of a small region below the GEM hole of few tens of micrometres with a very strong
electric field which can produce the light and the charge observed is a possible explanation of the
phenomenon

. Dho 20 Roma 19/12/2022
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