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Outline:

[ Electroluminescence : Former studies

[ Detector: Gaseous Counter + GEM + LAAPD
=

 Electroluminescence (EL) scintillation amplification of charge signal

(Advantages of /requirements for EL)

[ Gas mixtures for CYGNO : CF4, He/CF4, HE/CF4/iso-butane

] Future work
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Electroluminescence : Former studies

Studies of electroluminescence y|9|d (@C.M.B. Monteiro et al., Secondary scintillation yield in pure xenon, 2007 JINST 2
(number of photons / primary electron/unit ~ P0>001

path |ength) (@C.M.B. Monteiro et al., Secondary scintillation yield in pure argon, Phys. Lett. B
668 (2008) 167-170
In different electric field geometries:
(@A.F.M. Fernandes et al. Low-diffusion Xe-He gas mixtures for rare-event
> uniform electric field: paraIIeI grids; detection: Electroluminescence Yield, JHEP 04 (2020), 034;

. e @A. S. Conceigdo et al., GEM scintillation readout with avalanche photodiodes,
» non-uniform electric field: 2007 JINST 2 P0O9010

avalanche-generated EL in very high
@C. M. B. Monteiro et al., Secondary scintillation yield from gaseous micropattern

fields inside the holes of G EM, electron multipliers in direct Dark Matter detection, Phys. Lett. B 677 (2009)
THGEM, MHSP, MicroMegas; 133-138

@C.M.B. Monteiro et al., Secondary scintillation yield from GEM and THGEM
gaseous electron multipliers for direct dark matter search, Phys. Lett. B 714
(2012) 18-23

In pure nobel gases and their mixtures:

> Ar, Xe, Kr, Xe-He, Ne-Xe, Ar-Xe
@H. N. da Luz et al., GEM Operation in High-Pressure CF,: Studies of Charge and
4
In mixtures With molecular gases . Scintillation Properties, IEEE TNS 56 (2009) 1564 - 1567

> CF4- @C.A.O. Henriques, et al., Electroluminescence TPCs at the thermal diffusion limit,
’ JHEP 01 (2019) 027. (xenon with CO2, CH4 and CF4)

> Xe-CF4, Xe-CH4, Xe-COZ, P10 (@C.A.O. Henriques et al., Secondary scintillation yield of Xenon with sub-percent
levels of CO2 additive for rare event detection, Phys. Lett. B 773 (2017) 663-671
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Detector - 1

Lab-sized prototype:
stainless steal chamber,

indium sealed,

YV V V V

gas purification / recycling system, with
non-evaporable getters, SAES st707,
operated at [80,200] °C, (CF, : 150°C
hydrocarbon gases: 802C),

» low outgassing materials,

» achieves P ~10° bar, prior to filling with
ultra-pure gases;

» LAAPD (16-mm in  diameter) as
photosensor for EL readout,
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Detector - 2

For these studies the detector has been transformed to flow-mode

Modified for flow mode:

e Viton seal

* No vacuum before
filling

* Getter-purification

system removed
(flow mode)

Mesh made of stainless
steel wires (80 micron in
diameter) with 900 micron

spacing l

84% optical transmission.
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GEM:

A standard GEM (50
micron thick, 2.9 x
2.9 cm?) was used




Detector - 3
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LAAPD -1

* LAAPD from API (Advanced Photonicx Instruments)
* 16-mm diameter active area

* SHV connection.

Focal  PACKAGE DIMENSIONS INCHES
@1.180 Plane
#1.010 0.042 — "—-| = 0.051
16 s iy . [ SHY Connector
A:?\TE Dia—~_ o N - . /
favd :\I — L ]
|1 L 0.547
',,-"l I e I e B el I
=~ 0.480 |=
Connector center pin cathode - 140 -
Connector outer jacket anode SHV PACKAGE
DESCRIPTION FEATURES
The SD 630-70-75-500 is a windowless non-cooled large area DUV e Low Noise
enhanced silicon avalanche photodiode (APD) with high gain and low noise * High Gain
in a SHV package. .
e High Speed
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LAAPD - 2

=== OQRCA-Flash4.0 N-BK7 glass window
e L AAPD —— ZnS (multispectral)
» LAAPD QE curve : Deep-UV enhanced, N-B270 glass window
but 50-60% in the range [400 - 800] nm 291
2 100
» The LAAPD sensitivity overlaps the one of > w0
the ORCA camera (used in CYGNO) in the &
visible spectrum 5
5 40 +
» We will use a filter to remove the UV g
. . 3 20
component: an N-BK7 optical window ©
will allow to obtain a similar response as b — | | | |
. 200 400 600 800 1000
with the ORCA camera. Wavelength [nm]
—— LAAPD x ZnS (multispectral) LAAPD x N-B270
——— LAAPD x N-BK7 —— ORCA-Flash4.0
» The optical window is not yet installed in 80
our system 3
E"GO-
o
£ 40-
> the results we present cover the 5
spectrum down to the VUV. 5 201
o
0_

200 400 600 800 1000
CPAD Instrumentation Frontier Workshop 2021 - Stony Brook Wavelength [nm]
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LAAPD -3

The LAAPD response (orange) comprises two

main components: 600
—— GEM bottom
i i LAAPD - scintillation
. . . . . 500 - Direct **Fe absorption

» X-rays interaction direct in the LAAPD Si- in the LAAPD

wafer produce a signal, only dependent on 200

LAAPD biasing and independent from the -

o o . . . i s>Fe absorption
electric field applied inside the detector c 300 in the gas
@]
volume. O oo
. .. .y . ] Radiafi : 35
= For a given LAAPD biasing, the position of this ELpeak  Gas mixture: He/CFyfiCattio (58/40/2)
. QVGE;4:520V
peak is constant. 100 )"l / Drift field = 500 V/cm
. Induction field = -300 V/cm
» The Electroluminescence (EL) peak: depends Paa LAAPD bias = 1800 V
. L] . 0 A T T == == T T T T
on the GEM voltage and electric fields in the 0 100 200 300 400 500 600 700 800
Channel [ADC]
detector.

The Absolute Electroluminescence Yield is obtained from these 2 components:

7, _ w(gas) y Agr 1

Yer = —
BL Me w(Si) Ax 8 QE xQxT

Ag, A, are the centroids of the EL peak and direct x-ray-peak in the LAAPD.
LAAPD-QE used was the value for the plateau at the visible region (0.6)

Qis the solid angle (0.263) (geometry factor)
T is the mesh transparency (~84%)
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CF, - Drift Region Optimization

The charge gain measured in the GEM continues to
increase with drift field value for longer than
anticipated (no plateau).

The El yield (LAAPD) follows the same behavior
(due to its dependence on the number of photons

produced in the avalanche).

? decrease in e- attachment during drift ?

Signal-to-noise ratio is worse for EL

104

103.

102

Radiation source: 5Fe B Charge Gain (GEM bottom)
Gas mixture: CF, O ElYield (LAAPD)
AVgem =700 V
Induction field = -300 V/cm
LAAPD bias = 1750 V e —
pumumEmEEEEEEES
— L
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q\ [o5]
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CF, vs P10

During the drift region optimization we
encountered a unexpected behavior:

Tested with P10: a well-known, “well-behaved”
gas

A test with P10 showed the expected typical
behavior (plateau) — no attachment !

Preliminary Conclusion: the “odd behavior” is

indeed connected to CF, electron attachment (and
not some issue with the detector).

Cristina M. B. Monteiro

Gain [-]
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CF, — charge gain & EL gain & ER

—— GEM bottom
—— LAAPD

Radiation source: **Fe

Gas mixture: CF,

QVGEMZ 700V

Drift field = 3.3 kV/cm
Induction field = -300 V/cm
LAAPD bias = 1750 ¥

104 = 800
M Charge Gain (GEM bottom) n u
O El Yield (LAAPD) n® 700
n"® .
[ | 600 -
3 [ | - o]
10° 1 | O
™ 0 © — 500
- [ | (o] =
] o ° 2
[ ] o £ 400
[ ] o o
[ | o O 300
102 o
o}
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Drift field = 3.3 kV/cm
Induction field = -300 V/cm 100
LAAPD bias = 1750 V
102 - ; ‘ - 0 '
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Voltage across GEM [V]
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— c5 (@] EL (LAAPD)
=
I 0]
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CF,- Induction field

Drift Mesh
RrerrEEEEEAEmEEEEEEEERRS Previous results were taken with a negative (in respect
} bri Fieta 6.0 mm to the fig.) Induction field, to ensure all the charge was
GEM Top collected at the GEM bottom.
GEM Bottom T{ndum_mg!d T aomm We varied the induction field and collected the signals
Induction Mash ® = * * 1.omm R from the GEM bottom and from the Induction Mesh.
1 ______ gj | 2.0 mm
l The induction field was varied by varying the voltages

on the GEM bottom while varying those on the GEM
top and Drift Mesh accordingly (to keep those fields

constant).
104 :
Radiation source: S5Fe B Charge Gain (GEM bottom)
Gas mixture: CF,
Drift field = 1.7 kV/cm
AVgem =670 V
LAAPD bias = 1750V
. . 10%4 ™ ]
Another surprise was the behavior of the GEM o ., I L L
. . = .
Bottom signal after 7 kV/cm: showing an < gL' n"
. O
increase (?) 102 il I8
101 ; T T T \ \ T
0 2 4 6 8 10 12 14

Induction field [kV/cm]
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CF, - Induction field

Drift M_esp .

meRRmEEEEEREEEEEREREE Previous results were taken with a negative (in respect to
TDriﬁFiet‘d figure) Induction field, to ensure all the charge was collected at
6.0 mm the GEM Bottom.
GEM Top
I BE BX B W W For this study, we vary the induction field and collect the
GEM Bottom TMMM%M 2.0 mm signals on the GEM Bottom and on the Induction Mesh.
Induction fAésh H Dead Region 20 The induction field was changed by changing the voltages on
AR ’:] | 20mm the GEM Bottom while also changing the ones on GEM Top and
Drift Mesh (to keep those fields constant).
104 .\ |
Another surprise was the behavior of the GEM Radiation source: **Fe M Charge Gain (GEM bottom)
. . i Gas mixture: CFy [0 Charge Gain (Induction mesh)
Bottom signal after 7 kV/cm: showing an increase (?) Drift feld = 1.7 kvjem
LAKIE;E) bias = 1750 V
. . . . 103
For the same region of Induction Field, the signal —~ --..!DDDDDDDE‘DDUDDDj.ﬂ.----
from the induction mesh, which as expected had = gt Mg 2" Poog
been increasing, started to present a drop. S = "u ann B
102{ H ml
10t : - : - -
0 2 4 6 8 10 12 14
Induction field [kV/cm]
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CF, - Induction field

Drift M_esp .

TDrift Field 6o
.0 mm
GEM Top
. 2K 2K I IR I
GEM B
ottom T Induction Field | 2.0 mm
Induction Mésh T l Dea Region |
2.0 mm

Another surprise was the behavior of the GEM
Bottom signal after 7 kV/cm: showing an increase (?)

For the same region of Induction Field, the signal on

the induction mesh, which as expected had been
increasing, started to present a drop.

The sum of the 2 components (total charge)
increasing slightly (log-scale).

Cristina M. B. Monteiro
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Previous results were taken with a negative (in respect to
figure) Induction field, to ensure all the charge was collected at
the GEM Bottom.

For this study, we vary the induction field and collect the
signals on the GEM Bottom and on the Induction Mesh.

The induction field was changed by changing the voltages on
the GEM Bottom while also changing the ones on GEM Top and
Drift Mesh (to keep those fields constant).

104 | |
Radiation source: >>Fe B Charge Ga!n (GEM bIOttom)
Gas mixture: CF,4 [0 Charge Gain (Induction mesh)
Drift field = 1.7 kv/cm --- Sum of charge signals
AVgew =670 V
LAAPD bias = 1750 V
10° T T ooogodOdnog -
— Wy, _pod Og_gmuuuE
- _J® auif -
= O~ ¥m n Og
= O g [ | O
o O u ]
G} [ |
ANy N
1024 m] |
101— T r . - :
0 2 4 6 8 10 12 14
Induction field [kV/cm]
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CF, - Induction field

Drift M_esp .

eEmsmERREEEEEREERERE Previous results were taken with a negative (in respect to
TDriﬁField figure) Induction field, to ensure all the charge was collected at
6.0 mm the GEM Bottom.
GEM Top
! B WX 3R WK For this study, we vary the induction field and collect the
GEM Bottom } nduction Fietd | 2.0 mm signals on the GEM Bottom and on the Induction Mesh.
Induction Mésh HpeadRegson | 20 The induction field was changed by changing the voltages on
U mm

the GEM Bottom while also changing the ones on GEM Top and
Drift Mesh (to keep those fields constant).

104 | |
Radiati 55 B Charge Gain (GEM bottom)
H H H H 2diation source: “Fe Charge Gain (Induction mesh)
For the same region of Induction Field, the signal on the Gas mixture: CF o 9
. . . . . eld = 1. O ELYield (LAAPD)
induction mesh, which as expected had been increasing, =070 Y oy -—- Sum of charge signals
started to present a drop. 10} uz========= = ‘ -
P P _ L DDDDDDD'EIEIEFDDDDE amumnE
: : < ot ey “oog
The sum of the 2 components (total charge) increasing = cmuoooooosun00000l503000 080
slightly (log-scale). o2 O NEg,"
Electroluminescence Yield increases (log-scale)
~50% from 1 kV/cm to ~ 14 kV/cm ol | | | | | |
0 2 4 6 8 10 12 14
Induction field [kV/cm]
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CF, vs P10 - Induction field (cross-check)

104
Radiation source: 5Fe B Charge Gain (GEM bottom)
Gas mixture: CF,,- O Charge Gain (Induction mesh)
Drift field = 1.7 kV/cm O ELYield (LAAPD)
AVGEM:WO_V === Sum of charge signals
LAAPD bias = 1750 V g g
0 I e S S g e
o _ _ - goooooUoton gumE
The behavior in P10 was very different and was as 0 ol =i " EDD
= O ] O
expected: 3 cmcooooooS!nggooc_)-50°00°°°O°
102 O Ny
The signal on the GEM bottom decreases in
amplitude with the increase in the induction
field 1083 2 4 6 8 10 12 14
Induction field [kV/cm]
The signal on the induction mesh increases 10°
. - 55 [ Charge (Induction mesh)
steadily. Rediton source, e B Chorse (GEM bottom)
Vet = 3s0u T O  Scintillation (LAAPD)
. LAAPD bias = 1750 V ——- Sum of charge signals
Above 7 kV/cm, we observe some EL with the -
LAAPD - A0\ —_ EE,B
- ‘\,\O Py i \ _E_E--E—EP"B'
o aav Ve 5 My, e
C‘O( . Od ° \OC\ Q) .HED
3 AP (It (L 7 e o
pee 4 of 2
?D‘ . O(\ a‘\ C\(\('(\e(\ 0] ©
\6\“\)5\ (o® At o°
C 1l | | ‘ |
X \e 10075 2 4 6 8
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He/CF, (60/40)- Induction field

Are ions contributing to signal
behavior at higher induction
fields?

Gem Bottom = inverse polarity
Mesh = similar polarity

will be done

P_bottom
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[ 1.00vV Q@ & s0.0omve  |[10.0us 100MS/s & - | 2)an 2021]
++¥3.03000us 10k points 920mV | 09:07 ).

Integration time: 2 us Integration time: 4 us
Low induction fields High induction fields Low induction fields High induction fields
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He/CF, (60/40) vs CF, -

104 -
Radiation source: >*Fe - = o W Charge (GEM bottom)
Gas mixture: He/CF, (60/40) o
Drift field = 500 V/cm n — 601 O EL(LAAPD)
Induction field = -300 V/cm - s
LAAPD bias = 1800 V T 0O
3 | | ; Radiation source: >*Fe
10°4 ™ O e 50 Gas mixture: He+40%CF,
o 8 Drift field = 500 V/cm
] (o) o~ Induction field = -300 V/cm
] o c LAAPD bias = 1800 V
3
[ | o) =
104 3 30
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) & o © |oo
M Charge Gain (GEM bottom) ‘g 20+ " u
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[ | =
n T
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n | 0] o
L o© S 40
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1024 u n 351 L o) [e)]
o v ° o
o L o ©O (o) 0o
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He/CF,/Iso-Butane ( 58/40/2 )

104 ] ] = 1007 T I T
M Charge Gain (He+40%CF,) [ | . Radiation source: 3°Fe B Charge (GEM bottom)
B Charge Gain (He+40%CF4+2%ls0) [} 2 Gas mixture: He/CF4/i-C4H10 (58/40/2) O Scintillation (LAAPD)
. q —_— Drift field = 500 V/
o E Y!eld (He+40%CF,) u S 801 Inl;;uc':ﬁ:n field = 3c0r3 V/cm
O ELYield (He4+40%CF4+2%ls0) u T LAAPD bias = 1800 V
10° . " o z 0
- L . o = 60 o
u o = [0)
u | o 2
= [ ] o) 5
[ | ™ o ©O o 40
10 0
[ ] o L
8 © Drift field = 500 V/cm P 20 Q
(0] Induction field = -300 V/cm s 1
LAAPD bias = 1800 V v W u u [ | [ | [ |
[11]
101 ; 0 ! !
400 450 500 550 600 420 440 460 480 500 520
Voltage across GEM [V] Voltage across GEM [V]

Onset of discharges sooner with
the inclusion of Iso-butane

For same charge gain, higher EL yield in He/CF4/lso (58/40/2)
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Future work (already ongoing):

Increasing iso-butane % in the He/CF,/iso mix

Investigate behavior of the GEM bottom and induction mesh signals in CF, mixtures with
drift and induction fields (ions contributing to signal?)

Improve detector insulation in order to achieve higher induction fields

Include optical glass window for VUV component removal

Return to operation in sealed mode (using getters)

This will greatly increase Electroluminescence Yield
And improve Energy Resolution

CPAD Instrumentation Frontier Workshop 2021 - Stony Brook
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He/CF, (60/40)

T —————
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