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Discharge quenching mechanism
and RPWELL performance
with tunable 3D printed resistive plates

Luca Moleri - Abhik Jash - 3rd International Conference on Detector Stability and Aging Phenomena in Gaseous Detectors
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https://indico.cern.ch/event/1237829/

Discharge quenching and resistive materials

Motivation for the present study

* At present the available selection of resistive plate materials is small
(e.g. Semitron ESD 225, semiconductive glass’)

* (Classic resistive materials have fixed resistivity (at fixed temperature)
— no optimization wrt rate and quenching power

* The physics of discharge quenching and the effect of quenched discharges on detectors is
still not well understood

* |n this work we
1. Produce and characterize 3D printed resistive plates with tunable resistivity

2. Use classic and tunable resistive plates to investigate discharge quenching effects
(quenching power, charge persistence, discharge probability, gain variations)

*Wang, Y., Wang, J., Yan, Q., Li, Y. and Cheng, J., 2008, October. Study on the performance of high rating MRPC. In 2008 IEEE Nuclear Science Symposium Conference Record (pp. 913-916). IEEE.
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https://www.mcam.com/mam/37352/GEP-Semitron%C2%AE%20ESd%20225%20POM_en_US.pdf
https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=4774543

3D printed resistive plates

with tunable resistivity
. 3DXSTAT'™ ESD ABS (Acrylonitrile Butadiene Styrene)

 Conductive additive: embedded multi-wall carbon nano-tubes (CNT)

* Printed with standard FDM 3D printer.
Hot base and extruder nozzle temperature are inversely proportional to sample resistivity (min ~105Q cm)

« Samples of different thickness and resistivity were produced by 3D & functional printing center @HUJI
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| 200 nm EHT = 1.00 kV Signal A = InLens Aperture Size = 20.00 pm XMSui 200 nm EHT= 1.00 kV Signal A = InLens Aperture Size = 20.00 pm XMSui 100 ym EHT= 1.00 kV Signal A= SE2 Aperture Size = 20.00 ym XMSui
5, — Mag = 93.93KX WD = 5.1 mm File Name = Batch1_11.tif — Mag = 96.22KX WD = 5.1 mm File Name = Batch1_10.tif | | Mag= 213X WD = 6.3 mm File Name = Batch1_01.tif
SEM images by Xiaomeng Sui @WIS. Directionality of filament deposition and of CNT distribution are clearly visible.
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https://www.3dxtech.com/product/3dxstat-esd-abs/

3D printed resistive plates ‘

characterization: variable T and thickness

* RP CharaCteriStiCS are not predictable as a ANSI/ESD STM11.13 Bulk resistivity @50V-250V
function of T only.
Large variability from plate to plate

anodes
° Need 2] dedicated measurement Of Surface and ® batch1 T=230C @ batch2 T=220C batch3 T=215C @ Semitron ESD 225
bulk resistance for each anode ® Semiconductive glass
0.7
» Surface resistance of hot plate side increases 10000 2.
quite consistently for thicker plates (labels) S 1000 - 1 o
while bulk resistivity fluctuates. Batch 2 with S 100 04 08 1.6 o
t= 2 mm sample shows exceptionally high < . o © g ®
resistivity. i 10 = -
(Semitron and semiconductive glass are 1|14
referenced). 10 100 1000 10000
o Surfaces are important, bulk measurements R surface [MQ]

are not enough to characterize samples

Luca Moleri - 3rd International Conference on Detector Stability and Aging Phenomena in Gaseous Detectors 4
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characterization of gain
and electrical breakdown

 RP+anode at ground potential.
During a quenched discharge the hole region is
charged up with ~10nC, resulting in a local potential
change relative to the effective capacitance involved®

 When gas breakdown occurs:

* Large current pulse is induced on Anode and
WELL-top

 DC current is produced by detector capacitance
discharge between WELL and anode

 Amplitude of anode pulses is calibrated to measure
induced charge from gas breakdown

 Power supply currents are recorded and integrated to
measure discharge intensity

« RPWELL gain is monitored as a function of time and
source rate

The RPWELL detector ____

Iﬁ X-ray source

........................ E Gas out
WELL-top Spectroscopy pC
e = = [E— > CSP M ampliﬁer = MCA
g& =1
R% §R
s : Anode \
i_"_ _||__E r Gas in
= = |Filter
TFA
RS SR |box |
Power Oscilloscope
supply

Setup for characterization of RPWELL gain and electrical breakdown

ABS (batch 3: p= 3x10° Qcm)

4 -
200

2 4
100

s .,
"O - : .-l----
- 1 - -—
T — . [ r—

r
|

Anode pulse after TFA
o
Current supplied to WELL/Lop (nA)

F—200

F —300
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Time (s)

Model of electrical breakdown mechanism

Electron avalanche Gas breakdown

Aval. size > Raether limit >
|| || S jom—< om— - . o<1

£

Conductive paths

Streamer propagation >
= - 3 - e

){ oV

— 1 —1

Hundreds of fC induced signal on anode.

Hundreds of pC induced signal on anode. Current flow between the short electrodes.

*Jash, A., Moleri, L. and Bressler, S., 2022. Electrical breakdown in Thick-GEM based WELL detectors. Journal of Instrumentation, 17(11), p.P11004.
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ABS samples, T=220°C

11+ Ar:CO2 (93:7)
L0
The RPWELL detector e
Gain vs RP thickness £ e
103 ,;:5“‘
114 MQ < Rs < 600 MQ, 30 MQ < R, <150 MQ P e
£ | &
* maximum gain achieved ~ 1.5x104 107 g o 2T Re = A M o 2 SRR = L) R e
. . -©-- 0.4 mm, Rg = ; = , P = cm
(translates to ~ 5x10°6 e-, Raether |Imlt?) ©- 1.4 mm, Rs = 280 MQ, Eb = 90 MQ, p = 45 MQ cm
- ©-- 1.6 mm, Rg = 600 MQ, R, = 150 MQ, p = 66 MQ cm
« Stopping measurement when spectrum gets distorted because of 1550 1600 1650 1700 1750 1800 1850 1900
discharges or quenched discharges Ve [V]
] ] ] . . ABS Samples, VWELL = 1650V
 Max gain is higher, reaching saturated regime at larger 100{76, - O (0
RP thickness, Rs and Ry (how to disentangle the effects?) e §> _____________ = r:CO2(93:7)
] N ::\ ~~~~~~~~~~~~~~~~~ Sl
. . . T 1 T A S 2 T N O A i s e |
In this resistivity range: 0.96 e . ©
_ _ . | 094 e
* Gain does not depend on RP thickness: RP is transparent likean ¢ Cp®
insulator allowing induced signal across it but it does g0 g
not affect the weighting field (no field within RP, like a conductor) 5 0.90
_ _ ] 0.881 ~-©- 0.2mm, Rs =114 MQ, R, = 31 MQ, p = 110 MQ cm
* Rate dependance is mildly affected by thickness, | ~©- 0.4mm, R, = 63 MQ, Ry, = 27 MQ, p = 48 MQ cm
and by bulk and surface resistance e A 60 MO oL 150 Wb — 6 Mo o
(caveat - might be different if current through entire electrode area) 0.84 b

Source rate [kHz/mm?]
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ABS samples

The RPWELL detector 25888

B o
| ,@ggg@”
Gain vs resistivity s | P
D10°1 o o
15 MQ < Rs < 33 GQ, 9 MQ < Ry < 2.5 GO ot gh ArCO2 937
£ cal 8 keV X-ray @ 2kHz/mm?2
102 -

- 1.8 mm, Rg = 15 MQ, R, =9 MQ, p =4 MQ cm

 |Lower gain at higher resistivity values could be due
both to a rate effect and to weighting field.
A measurement in current mode should allow

©
] -©-- 1.6 mm, Rg = 599 MQ, Ry, = 150 MQ, p = 66 MQ cm
1 -©- 1.6 mm, Rg = 1200 MQ, R, = 213 MQ, p = 94 MQ cm
| -©- 2 mm, R; = 33000 MQ, R, = 2500 MQ, p = 880 MQ cm
1ot L\ m——— -

distinguishing the two. 1600 1700 1800 1900 2000
 Rate dependance is mild, except for the most resistive e PBS samples, Viye = 1650 V
sample (Rs= 33 G2, Rp= 2.5 GQ, p= 880 MQ cm) I S S e =
| P O o P
. . . 1 Q
« (Gain saturation regime starts: >
15 MQ < Rs < 600 MQ s oL
9 MQ < Rp < 150 MQ A LT
4 MQcm < p <66 MQ cm g St
“0.7{- Ar:C0O-(93:7) RS
| -o- 1.8 mm, R =15MQ, R, = 9 MQ, p = 4 MQ cm
1 -©- 1.6 mm, Rs = 599 MQ, R, = 150 MQ, p = 66 MQ cm
06l ~©- 1.6 mm, Rs = 1200 MQ, R, = 213 MQ, p = 94 MQ cm
17 -©- 2mm, Rs = 33000 MQ, R, = 2500 MQ, p = 880 MQ cm

Source rate [kHz/mm?]
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Discharge

Discharge characterization [ ==

Power supply currents "j>_ A

ov

-

Current flow between the short electrodes.

Three different discharge regimes identified No RP (THWELL) - 1650 V p= 0.3 MQ cm ABS 1.4 mm - 1750 V
_ _ 1000 {1y i 4y — Cathode 1000 , . | — cathone
1) Non quenching region: o |Arco. (93:7) — anode ~F ArCO: (9317 — Catno
Rbuk < 50 MQ 600 600f
g 400 E 4003—
» For THWELL discharge B - || “ Jv 1 § 200"
1 LU e | O
(including HV cable and PS) W 00
_ _ 4000 _400-Rouik = 0.6 MQ
* Any RP allows reaching higher - | | - | |
~00075 50 100 ~600 -5

L1 co e e b b by |y ce v e by b by |y
VOItageS Wl-th reSpeCt -to THWELL Tir:éO(s) 200 250 300 50 100 Tirllseo(s) 200 250 300
(lower discharge probability)

p=48 MQ cm ABS 0.4 mm - 1800 V p=4 MQcm ABS 1.8 mm - 1750 V
e Thick (1 .8 mm) P= 4 MQ cm 1000~ Ar:CO- (93:7) - ngrffjp 9971 Ar:C02(93:7) _ ngffijp
and thin (0.4mm) p= 48 MQ cm 300 |7 fnode 8001 - Anode
plates can only mildly reduce 600 600
discharge intensity B B
T 200- { | k d | u S 200 k
Sl U (WL S o] L LF_ %&7 -
0 0 —
A — [ (.
Routc= 27 MQ | Rygkc= 9 MO
—-600 T . T . - —-600 T T T
0 50 100 2 250

150 00 300 0 50 100 150 200 250 300
Time (s) Time (s)
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Discharge characterization

Power supply currents

Three different discharge regimes identified

50 MQ) < Rpuk < 250 MQ

Current (nA)
N
o
(=)

()

* Both quenched and non-quenched

Transition region

45 MQ cm ABS 1.4 mm - 1800V

1000}

2) Transition region: s00F
600

400F

SO O [

Ar:CO2 (93:7)

— Well-top
—— Cathode
— Anode

150 nC-200 nC discharges

~200F

discharges oot Rouk =90 MQ
_600:|I|||I||||I||||I||||I||||I|||||[
« ~150-200 nC discharges R S E
(material defects?)
* Quenched discharges ~10 nC e ———
(quite close to baseline noise) 218 |
3) Quenching region: s T TN
Rbuk = 250 MQ

* Only quenched discharges

50

100

150

time (s)

200

250

30C

Current (nA)

Current (nA)

Quenching region

880 MQ cm ABS 2 mm - 1800V

1000 A —— Cathode
Ar:CO2 (93:7) —— WELL-top
800 - —— Anode
600 -
400
200
0 - o0
—200 A
4001 Rpuk = 2500 MQ
_600 T T T T T T T
0 50 100 150 200 250 300
Time (s)
15 1 ] —— Cathode Q
10 nC quenched discharges —— WELL-top
—— Anode

10 A

®® " » D @ D @ @

50 100 150 200
Time (s)

250
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Discharge characterization

Power supply currents

e Similar discharge intensity for
samples in transition region

* Discharge probability is similar

for all tested resistive plates

e All resistive plates show

discharge regime at higher
voltage wrt THWELL

Discharge rate [Hz]

Discharge intensity from PS (non-quenched discharges only)

1.50E-06

1.00E-06 ‘ 1750V -1.4 mm;

& 165 V- THWEEL Transition region

— » \/ - 0.
2 1800?/ 0.4 mm
1750-1.8 mm
O 5.00E-07 :
1800V 1.4 mm 1800V -1.6 mm :
: 1800 V|- 1.6 i
1800V-0.8mm g o ® O .r-nm
0.00E+00 f 1800-V=0-8"mm | i :
0 50 100 150 200
R bulk [MQ]
Discharge probability from PS  (non-quenched discharges only)
0.25 ® THWELL
® 0.4mm, Rs =63 MQ, Rb= 27 MQ, p=48 MQ cm
0.20 0.8 mm, Rs = 380 MQ, Rb= 100 MQ, p= 88 MQ cm
o ® 1.4 mm, Rs =280 MQ, Rb=90 MQ, p=45 MQ cm
0.15 o 1.6 mm, Rs =600 MQ, Rb= 150 MQ, p= 66 MQ cm
0.10 ® 1.4 mm, Rs =3 MQ, Rb=0.6 MQ, p= 0.3 MQ cm
P ® 1.8 mm, Rs =15 MQ, Rb=9 MQ, p=3.5 MQ cm
0.05 0.8 mm, Rs =380 MQ, Rb= 100 MQ, p= 88 MQ cm
1.6 mm, Rs = 1200 MQ, Rb= 213 MQ, p= 94 MQ cm
0.00 . . . = = . .
1650 1700 1750 1800 1850 1900

10

HV WELL [V]
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Gas breakdown

Discharge characterization
Induced pulses from gas breakdown

 Good indicator for guenched discharges

(Gas breakdown

EI\> Streg
— — — —/3

Discharge rate [Hz]

Discharge rate [Hz]

* Might affect electronics dead time and eventually burn

sensitive readout

ABS - Source rate ~ 1500 Hz

ABS - Source rate ~ 1500 Hz

—

Hundreds of pC induced signal on anode.

6
o] § i o e - |8 B e * Gas breakdown probability does not
. 1.6 mm, R = 600 MQ, R, = 150 MQ, p = 66 MQ cm . 1.6 mm, R = 600 MQ, R, = 150 MQ, p = 66 MQ cm . " .
(2>;nm' Rst33308000MM(?'RRb—=120500:\)4('\)40‘)'gz:mmcm %5_ (2);nm' R5R=;’33308000I\:’|§§2,RR1;_=120500|(\)4(|\)’|Qp.E;SSEZMQCFH Seem dependent On reSIStIVIty and
1071+ o l:6mm: Rz;1200MQ,),IF){b_=213M£,'2f)p_=94MQcm 9 i 1:6mm: Rz;1200M£'),Il;b_=213M$"2,pp_=94MQcm ‘thiCkneSS
© ,
- o
v O o
1073 4 n¥ ¥ + * = ® 2 \ 4 Y
0 ] ;:7 & & * 2 31 v v \é M . - " "
X P vy v _gstt?t * |nduced signal intensity mild
(@) "
T ey Y SryvmTg¥s dependance on voltage attributed to
v e T Ar:CO2 (93:7) O % Ar:CO2 (93:7) pileup
1077 T T T T T T T 1 T T T T T T T
1700 1750 1800 1850 1900 1950 2000 1700 1750 1800 1850 1900 1950 2000
Voltage (V) Voltage (V)
ABS (batch 2, Source rate ~ 1500 Hz) 0 ABS (batch 2, Source rate ~ 1500 Hz)
1072 - ad | i
R 4 HIR A
o @) s
. I >
s — 301 @ . . .
B - A - @ * Induced pulse intensity decreases with
: v e’ L] . . .
LA g ] : thickness and resistivity
] © . . .
7Y o m S| Sl T her e (in a similar way wrt Rouk or Rsurface)
e PR BT
° % 1900V 6 o | % 1900V . . . .
5 ArCO(93:7) & 1o *1 & 10V ARCO, (93:7) .  Due to weighting field reduction?

R bulk [MQ]

R bulk [MQ]
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*Jash, A., Moleri, L. and Bressler, S., 2023. Electrical discharges and their effect in a Resistive Plate WELL detector. Nuclear Instruments and Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors and Associated Equipment, 1045, p.167540.

m m I%XWELL
Charge evacuation in RP L 1 T Be :_

LCI

Discharges’ effect on gain B

Gas in RO R]_ R2

. . i TFA Oscilloscope CsP |—| S":ﬁfgj’%?rpy H MCA
3 mm strips, 6 mm between discharge and gain
measurement
60 30
* Discharge rate 0.5 Hz - 3 Hz o _
® L,
. . . ; O )
« Gain drop clearly visible for >10 discharges’ bunches io(’ 40 i ¢ O g & e o it o
— >
. . Q = ®
* Fit gain recovery to y= B-exp((x-Xo)/T) £ =
c 20 & 10
S <
i >
40 discharges bunches
0 0
Evolution of peak position 10 20 30 40 10 20 30 40
40 discharges bunches , ,
number of discharges number of discharges

x l!"'!l ||
ml,w : I

i * (Gain recovery time independent on number of discharges

e Gain drop mildly dependent on number of discharges in this regime

Gain [a.u.]

%' * Charge evacuation ~20s (!) &> T=pe=ms~

* Requires a dedicated study of the underlying phenomena in the
R context of charge mobility in the RP material

Time (min)

60

O
(63}

*Rubin, A., Arazi, L., Bressler, S., Moleri, L., Pitt, M. and Breskin, A., 2013. First studies with the Resistive-Plate WELL gaseous multiplier. Journal of Instrumentation, 8(11), p.P11004.
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https://iopscience.iop.org/article/10.1088/1748-0221/8/11/P11004/pdf
https://pdf.sciencedirectassets.com/271580/1-s2.0-S0168900222X00211/1-s2.0-S0168900222008324/main.pdf?X-Amz-Security-Token=&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20231008T105538Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTY5MOYZY6V/20231008/us-east-1/s3/aws4_request&X-Amz-Signature=ab8cfb07ef544d871fb2a7212e954c5e42de73b2ddef4d7e677109edbbcae59d&hash=2f8746faffd5edb8dd1d17191568fa7584b606fa5b76163fb451642083c04849&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0168900222008324&tid=spdf-5c0ab1b0-5976-4102-8ad7-c29f348416ae&sid=45d61f3440a8344fda297934ef28e8a26a83gxrqb&type=client&tsoh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&ua=130c5c5654040a035754&rr=812dda4709715c8c&cc=il

*Leardini. S., Zhou, Y., Tesi, A., Morales, M., Gonzalez-Diaz, D., Breskin. A., Bressler, S., Moleri, L. and Peskov, V., 2023. Diamond-like carbon coatings for cryogenic operation of particle detectors. NIMA OSCi”OSCOpe
| HV
- - = - - - Multiplication [HSEM
Resistive layer of variable resistivity |
. . . 90K Liquid Ar
« RWELL detector with DLC coated Kapton resistive layer”
S _ . Power supply currents vs Rs
* Surface resistivity smoothly increasing at low temperatures T= 293°K RWELL in Argon vapor T= 90°K
* Attempt to observe transition between quenching regimes as s
the resistivity varies in a continuous way 3! .
* Rs<15 MVsq, not quenched
* TeChnique was ... 2:1 5. = 25 r‘v.ﬂiiif’s«:;<F.{;<4C G“:C quenching
* Caveat - many variables changing together (resistivity, voltage, = " Rs>80 Gll/sq, insulating
gain, vapor density) o1
O
. )
Observations: > |
)
L
. . . . . O
* 4 regions with different quenching properties 2
-1+
* Discharge quenching effective between conductive and — RWELL tor
: : : 5 - Resistive layer
insulating regimes (300 MCY/7 - 10° MQ/0) _2 i |
* Confirmed by measurements of scintillation light 105 10° 10° 10° 10°
R, [MQ/[]]
Presented by A. Tesi at MPGD22 conference: “Cryogenic RWELL: high gain with quenched discharges”
Luca Moleri - 3rd International Conference on Detector Stability and Aging Phenomena in Gaseous Detectors Wz | 12 | WEIZMANN
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https://www.sciencedirect.com/science/article/pii/S0168900223000943
https://indico.cern.ch/event/1219224/contributions/5130754/

Main observations and next steps

Observations

Resistive plates with tunable resistivity (surface and bulk) can be produced by 3D printing commercial plastic materials loaded
with CNT

Resistive plates with tunable resistivity provide a tool to investigate discharge quenching effects (quenching power, charge
persistence, discharge probability, gain variations) and to understand the underlying physics

Quenched and non- quenched discharges seem to be related to different processes: gas breakdown and capacitance discharge

Quenched discharges can be studied by means of induced signals, which will also affect the detector operation (dead time,
electronics damage)

Any tested RP has an effect of reducing discharge probability with respect to THWELL. This should be explained.
In the quenched regime, discharge probability and intensity seems not to depend on the RP resistance values.

Charge evacuation time was measured by its effect on gain. The result is 3 orders of magnitude larger than what expected by a
RC model. This deserves further investigation.

Next steps

Implement methodologies from material science (e.g. Impedance spectroscopy) to investigate charge evacuation

Explore other materials loaded with CNT
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Resistive plates used in RPWELL

Production batches and measured values

3DXSTAT ESD ABS (Acrylonitrile Butadiene Styrene)

Thickness | Bulk resistance (Viest) | Bulk resistivity | Surface resistance (100 V)
Batch mm] (MO MO cm] (MO T[°] hot plate/nozzle
0.2 55 194 (250 V) 560
1 1.4 0.6 0.3 (50 V) 3 105/230
1.8 9 3.5 (50 V) 15
0.2 31 110 (50 V) 114
0.4 27 48 (50 V) 63
0.8 65 57 (100 V) 179
2 1.4 90 45 (100 V) 280 105/220
1.6 150 66 (250 V) 599
2 2500 883 (1000 V) 33000
3 0.8 100 88 (500 V) 380 105/215
1.6 213 94 (500 V) 1200

17
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3D printed resistive plates

characterization: variable T and thickness

ABS samples
Glass: 2x10*° Q cm — »

1010 4 * ABS_batchl_Op8mm

| e o \What Is the relevant voltage to
Batch 3: 3x10° Q cm | _batchl_

. fit: ax2 + bx + C

— N
L L. -
e e e | t€ST SAMPIES”:
. B

- fit:ax?2 +bx +C

et Y I - -
Batch 2: 5x10% Q cm ] ee——— e $%e « ABS_batch2_1p6mm

———————
‘‘‘‘‘‘‘
Ll

-

.*._..

...................... ~--- fit: ax? + bx + C
**********

108 e et de el T T S e ABS batch3 Op6mm

= e e During a discharge the local

ABS_batch3_1p6mm

| yoltage in the area of a THGEM

Batch 4: 108 Q cm

Resistivity [Q cm]

fit: ax2 + bx + ¢

ABS_batch4_1p6mm h0|e Can be Very high

fit: ax? + bx + C

Batch 1: 10° Q cm 1064 T e

4

bl By g
L '"'—..'_._'_.

_________

-0 9o
A -0 9
.-.—'_'_._'_. . B ol T S RSP ——

h ad 3
999090 -0-..._..._._‘_._.._.

0 50 100 150 200 250 300
Applied voltage [V]
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Charge evacuation

Gain variation

MCA spectra X, at different distances from R,
2200 — Discharge e o —e— Semitron
2000 —OFF - —o- Glass
1800 — — ON 50—
1600 — -
=3 £ a0
o 1400 = oZ 40 .
§ 1200 — g L e
= o) B e S
© 1000 = £ 30— e
800 = o e ™
600 [ - S
. 20— . \x‘\\
400 — - Tm— T
= B T — e
200" .l T > —
0= ‘ L e ¢ s b g s 3 J o oo s § 5w v ] o 55 [ 3 4 5 f o3 4
0 100 200 300 400 500 600 700 800 4 6 8 10 12 12
Charge (fC) Distance from discharge location (mm)

*Jash, A., Moleri, L. and Bressler, S., 2023. Electrical discharges and their effect in a Resistive Plate WELL detector. Nuclear Instruments and Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors and Associated Equipment, 1045, p.167540.
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* RWELL with DLC resistive layer”

* Use light signal to disentangle piled up discharges

* Light signal and signal induced on anode are similar

iINn shape and almost constant in values

Anode induced signal & light
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Resistive layer of variable resistivity

Cryogenic temperatures courtesy of Ryan Felka

Discharge current & light
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