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' IDEA apparatus & the p-RWELL

Pre-shower: high resolution detector after the magnet to
maximize the energy resolution of the dual readout
calorimeter and tag n® and y.

Muon system: reconstruct and tag the muon using three
layers within the iron return yoke, and reconstruct the

LLP.
8
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I Pre-shower
1
1

DCH Rout =200 cm

DCHRin = 30cm

IDetector height 1100

CalRin = 250 cm

Cal Rout= 450 cm

Yoke 100 cm >
Magnet z=+ 300 cm Muon

detector

Requirements

Tiles: 50x50 cm? with X-Y readout
Efficiency >98%

Space resolution:

« 100pm (preshower)

« 500pm (muon)

el Strumented surface/FEg
Preshower:

« 130m?, 520 det., 3x10° chs. (0.4 mm strip pitch)

Muon:

. 1500m?, 6000 det., 5x10° chs., (1.2mm strip
pitch)

GOALS

Reliability ®© high gain

Easy Manufacturing

Mass production — Technology Transfer to Industry
FEE cost reduction - custom made ASIC




The II-RWELL: the layout

The p-RWELL is a resistive MPGD, with a GEM
derived amplification stage,

elements:

Cathode
p-RWELL PCB

a WELL patterned kapton foil (with Cu-layer
on top) acting as amplification stage

a resisitive DLC film with p~50+100 MQ/o

a standard readout PCB with pad/strip
segmentation

composed of two

Cathode PCB
Copper 5 pm

0

kapton ; 70 pm

Drift gap
(3-6 mm)

Y
DLC layer (<0.1 ym)
p~10+100 MQ/O

Pre-preg v

Rigid PCB ~ '
electrode

G. Bencivenni et al., The micro-Resistive WELL detector: a compact spark-
protected single amplification-stage MPGD, 2015 JINST 10 P02008




The u-RWELL: principle of operation

Applying a suitable voltage between the top Cu-layer and
the DLC the “WELL"” acts as a multiplication channel
for the ionization produced in the conversion/drift gas gap.

The charge induced on the resistive foil is dispersed with a

time constant, T ~ pxC [M.S. Dixit et al., NIMA 566 (2006)
281]:

the DLC surface resistivity 2> p

the capacitance per unit area, which depends on the
distance between the resistive foil and the pad/strip
readout plane -> t

Top copper layer
—

kapton—™

Resistive foil (p)
o —

Pre-preg — =

Pads — 4

NOT IN SCALE

_ S
C = £0><£r><?

The figleckric.canatalipd dbeiich oE 4 &reiistive Etage is the suppression of the transition

from streamer to spark, with a consequent reduction of the spark-amplitude

As a drawback, the capability to stand high particle fluxes is reduced, but appropriate
grounding schemes of the resistive layer solves this problem (see High-Rate layouts)



The RalD stens

R&D on low-rate layout R&D on high-rate layout

Initial Concept in the 2009, but
we really started the R&D on this
new MPGD on the 2014

PEP-Dot

slice test:

DC+ LS ; 4k
preshower+ DLC 2D readout  TIGER FEE
dual_calo+ Resistivity = segmentation

muon +

2D readout

R&D on large area and 2D readout




1-D Tracking studies

RD-FCC pu-RWELL, Residuals test resolution - 7SADC threshold

Ar:CO,:CF, 45:15:40
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With a 0.4 mm strip pitch and 0.15 mm strip Increasing the r/out strip pitch will
width, no effects were observed within this reduce the spatial resolution: oy >
resistivity range. V12®pitch

Additionally, DLC resistivity uniformity is not a
critical parameter for spatial resolution.




1-D tracking (inclined tracks)

For inclined tracks and/or in presence of high B fields, g_
the charge centroid (CC) method gives a very broad =
spatial resolution on the anode-strip plane (typical 2
effect observed on MPGDs). c_:;
Implementing the pTPC mode!'l, using the knowledge of é
the drift time of the electrons each ionization cluster ©
is projected inside the conversion gap, and the track 3
segment in the gas gap is reconstructed. (%
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1D Strip R/O: 400um pitch

B S S— v | B u-TPC
- .......................... .......................... .......................... ....... + Combined
[ SRS, SR ISR Sl Temem—
0 10 20 30 40 50
Angle (°)

Combining the CC and pTPC reconstruction
(through a wheighted average) a resolution
well below 100 pm could be reached over
a wide incidence angle range.



2-D Tracking layouts

N.2 u-RWELLS 1D (2x1D)

u-RWELL - Capacitive Sharing r/out

(") K. Gnanvo et al. NIMA 1047 (2023) 167782

X-strips

Operation at lower gas gain wrt
the « COMPASS» r/out (X-Y r/out
decoupled)

- 0.4 mm (0.8mm) X-Y strip

The charge sharing is performed
through the capacitive coupling
between a stack of layers of pads
and the r/out board.

- 1.2 mm X-Y strip pitch.

Reduce the FEE channels, but the

—total-charge-is-shared between the X
& Y r/out.

u-RIWELL TOP r/out

The TOP-readout layout allows
to work at low gas gain wrt the
«COMPASS» r/out (XY r/out
decoupled).

- 0.8 mm X-Y strip pitch.

X strips patterned on the TOP of
the amplification stage introduces
“dead zone in the active area.




2D layouts performance

0.4 mm X-Y strip pitch

Capacitive Sharing

SRR = L -

qq

Entes 10518
Meanx —0.06262
Meany —0.1261
Std Devx  0.3622
StdDevy  0.3701

Entries 38586 Entries 12209
Meanx  -0.04946 Meanx  0.1903
Meany 001754 Meany 01715
.| Sdbevx 02081 Std Dev x 0.3572
StdDevy 0236 StdDevy 0.354

0.4 mm X-Y strip 1.2 mm X-Y strip 0.8 mm X-Y strip
pitch pitch pitch
ox = 85pm ox = 142 pm ox =173 pm
oy = 121pm oy = 147 pm oy = 250 pm



2D layouts performance

Efficiency
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2x1D: spatial resolution < 200pm (pitch 0.8 mm), low voltage operating point ~520V, efficiency

~ 95%

CS: spatial resolution <200pm (with pitch 1.2 mm), high voltage operating point, = 600V,
efficiency ~ 98%
Top r/out: spatial resolution < 20Upum (pitch 0.8 mm), low volrage operating point ~520V,



B 2D-readout (XY)
New tecnnologv sol“llnns MRGroove

« p-RGroove - evolution of the top/r-out layout, where the amplification

stage is based on «grooves» rather than «wells». This design could facilitate 2.1

the implementation of the strip readout on the top, without introducing

dead-zones ( Z. Yi in RD51). o el W
- p-RWELL with CS layout with pad readout > new design in which the ~— ——

readout PCB is segmented into pads instead of strips. This choice allows e o

for collecting all the charge on a single readout electrode with an L e e e

increase of FFE channels (30%). With a pad size of ~ 1 cm?, a spatial M. Todice

resolution of ~ 300 pm has been achieved (M. Iodice in RD51). e ———

Drift Gap: 6mm

« GEM + p-RWELL with CS layout with strip/pad readout - a hybrid
design featuring a GEM pre-amplification stage to lower the operating \
point, greatly enhancing detector stability while maintaining high spatial
performance with millimeter strip-pitches

Transfer Gap: 3mm


https://indico.cern.ch/event/1413681/contributions/5993223/attachments/2878940/5042958/DRD1_june24_v2.pdf
https://indico.cern.ch/event/1413681/contributions/5993223/attachments/2878940/5042958/DRD1_june24_v2.pdf
https://indico.cern.ch/event/1413681/contributions/5994709/attachments/2876610/5042827/First%20results%20of%20the%20cylindrical%20%CE%BCRGroove%20prototype%20for%20STCF%20inner%20tracker.pdf

GEM + I-RWELL

Ed = 2.5kV/cm, Et = 4.5kV/cm, Ar:CO,:CF, 45:15:40

p-RWELL gain @ 3500

5
= 10 — 5 Ed = 2.5kV/em, Et = 4.5kV/em, Ar:CO,:CF, 45:15:40
= = 10 )
< —
=} CINEN & FN
w2 INF-DDG
3 g
© S |60k |-
/-/l/./ -
v»““i“"/%
A\ QQ“ /
/ 2
\Nﬁ\)‘)/'/ /
L% s
10* o s 1-RWELL gain 3500
a T o
n '\““\’ proto: hybrid_2 / / —@— hybrid_2 [682.52758]%exp(x*[0.00995])
?\‘.‘1@\) =4 —®— W-RWELL gain: 3500 [682.52758]*exp(x*[0.00995]) | -1/ —M— hybrid_3 [674.36277]*exp(x*[0.00989])
Vi —— |-RWELL gain: 2000 [314.89966]*exp(x*[0.01078]) [ [ .
—4— hybrid_4 [711.67849]exp(x*[0.01012])
—— -RWELL gain: 1000 [93.59269]*exp(x*[0.01217]) 4
11 1 11 1 11 1 11 1 11 1 I 11 1 | 11 1 | 11 1 | 11 1 I 11 1 10 L1 1 | - L1 1 | - - | - | 11| I L1 1 | | - - I 11 1 I I 1 1
300 320 340 360 380 400 420 440 460 480 500 300 320 340 360 380 400 420 440 460 480 500
i}iﬁzj/lli:::vilftu.\lbcmuflhl(lHI(l/EI’I(.'/guithyhl HV GEM [V-] ‘«;f;JL;G/l;\\«;rlftusxbmnl\l/lhltll«iI(]/EI’I("/gmn_hyh_ik.i . v HV GEM [V]
GEM gain A very stable detector: it doesn’t show any hint of instabilities even at a
@ 450V = 20 gain of 60k.

We stopped because the FEE saturates.



Tracking technologies comparison
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Particle Flux [Hz/cm?]

10*

Tracking technologies comparison

not exhaustive, only orders of magnitude
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Technology Transfer to Industry



Detector Manufacturing & TT @Al DA

The p-RWELL_PCB is a rigid-flex PCB based on SBU technology, that is compatible with
standard industrial processes.
The ELTOS is the industrial partner involved in the manufacturing of the p-RWELL.

The ELTOS SpA was founded in 1980 in Arezzo, Italy.

The Company has a large experience in the construction of
MPGDs, including technologies such as Thick-GEM (THGEM)
and MicroMegas.

The involvement of a private industry in this R&D opens the | ¥ (L &=

applications.




Detector Manufacturing flow chart QAI DA

LAYOUT

Feedback from tests

Final detector
manufacturin
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Step 0 - Detector PCB design @ LNF

Step 1 - CERN_INFN DLC (C.I.D) sputtering machine installe@
* In operation since Nov. 2022
*  Production by LNF-INFN technical crew

Step 2 - Producing readout PCB by ELTOS
« pad/strip readout

Step 3 - DLC patterning by ELTOS
» photo-resist — patterning with BRUSHING-machine

Step 4 - DLC foil gluing on PCB by ELTOS
» Large press available, up to 16 PCBs workable simultaneously

Step 5 - Top copper patterning by CERN
Cu amplification holes image and HV connections by Cu etching.

Step 6 - Amplification stage patterning by CERN L Eimin
PI etching — amplification-holes

Step 7 - Electrical cleaning and detector closure @ CERN



The CID (CERN-INFN-DLC) sputtering machine, a joint project between CERN and% _
gg ~ INFN, is used for preparing the base material of the detector. The potential of the DL.E&RE%
-t/ _. sputtering machine is:
(™ . Flexible substrates up to 1.7x0.6m?2
~ . Rigid substrates up to 0.2x0.6m?

In 2023, the activity on CID focused on the tuning of the machine on small foils: good
results in terms of reproducibility and uniformity.

In 2024, the challenge has been the sputtering of large foils:
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At the end of the manufacturing process at CERN, a
e s : The 16 co-produced prototypes have
conditioning procedure is performed: been extensively tested with X-rays:
Standard PCB washing . 15/16 are fine '
Electrical cleaning in dry air (90°C in an oven) . 1/16 needs to be re-cleaned
from 300 V to 700 V (each step with current < 1 nA) . . o
Detector closure and final test at 600 V in Production yield > 93%

ambient air



Ed = 3.5kV/cm, Ar:CO,:CF, 45:15:40
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« 10/16 (LNF) + 5/16 (CERN) . . .
are fine Characterized with X-ray gun - Gas gain measurement
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Max-gain vs resistivity

« 16 co-produced protos have
been delivered and tested

« 10/16 (LNF) + 5/16 (CERN)
are fine

—~—%/16-should-bere=cleaned—

Max HV [V]
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I Ed =3.5kV/cm, Ar:CO,:CF, 45:15:40
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The maximum gain is larger for p = 40 MOhm/square



CS 01 13 MOhm/sq, area 46x38 cm?
M2R1 260 MOhm/sq, area 30x25 cm?

max gas gain VS DLC resistivity
Ed = 3.5kV/cm, Ar:CO,:CF, 45:15:40
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For large-size detectors, the max-gain increases with the DLC resistivity, although, compared to the
small-size detectors, the gain curve for the larger size is shifted towards lower values.



summary

The p-RWELL is a well-established technology with excellent performance.

« Several 2D readout layouts have been tested, demonstrating spatial resolution up to 100
pm over a large particle incidence angle range (0°- 45°).

« New layouts to improve stability, maximize gain, and enhance overall detector
performance are under study.

« A significant effort is being made to well define and simplify the manufacturing process
and facilitate the technology transfer to industry.

« The DLC sputtering process — a crucial manufacturing step— is now fully under our
control.
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- Front end electronics: TIGER

~10000 80 FEBs 80 Data and LV
channels 160 TIGERs Patch Cards 20(+2) GEMROCs 2 GEM-DC

HV

TIGER chip features

fanout

e 64 channels

Point to point

- '\ - x2 @ - Event rate 100 kHz/ch
i =  Input dynamic range up to 50 fC
P - Im » Time resolution < 5 ns
g Ixae ‘ ‘ g « ENC < 2000 e rms with 100 pF input capacita:
CGEM VME

Connector
Ethernet

LV and data LV and data
Short Haul Cable (1.2m) | ong Haul Cable (8\10m) FSeia el lio02

Readout chain

The full readout chain is well known.
A complete setup is under deployment in Beijing for the BESIII CGEM-IT where a cosmic ray
data taking is ongoing since Dec. 2019




WP3 2024 - Front-end electronics

Detector under test:

Active area = 400x50 mm?
Resistivity = 80 MQ/OJ
Strip pitch = 0.4-1.6 mm
Strip width = 0.15 mm

1D readout

The data taking consisted

of HV scan, Drift scan and Thr. scan, with

harge_SH [FEB_labei-4 £& 6.25°(15

iy tcaama) 400 B3 6.25°(1570

Sonarseie

400 85 aba(ae

_canrse 2

htemp

AT:COQ:CF4 .
Data analysis is ongoing, .

and will be the task of the
next months
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WP3 2024 - Front-end electronics

N
W
j=}

Resolution [um]
=~
S
S

(%]
o]
=]

250
200
150
100

50

Similar results are obtained with TIGER electronics and APV, even though small differences are
present in the two setups (noise, threshold): 1-2 fC with APV and 2-4 fC with TIGER.

The grounding scheme must be improved in future setups.

A spatial resolution of 100 pm is achieved with a 0.4 mm strip pitch, a shift between the efficiency
plateaus of 0.4 mm and 0.8 mm pitch is observed, as expected (due to larger noise on the 0.8 mm

detector) ArCO2CF4 45:15:40 ArCO2CF4 45:15:40
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Testing CF,-free gas mixtures

The gas mixtures based on CF, are effective for fast electron drift but are not considered eco-friendly.

Alternatives to CF, are needed. Here, we compare the performance of a p-RWELL using Ar:CO, (70/30)
and Ar:CO,:CF, (45:15:40). A shift in the working point of approximately 50-100V is observed due to
the different Argon ratios, along with a reduction in the plateau width of about 50V.

ArCO2 70:30 ArCO2 70:30
— 500
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Testing CF,-free gas mixtures

Comparing the time performance of the two gas mixtures:

. 12 ns is achieved with Ar with Ar:CO,

. 7.8 ns is achieved with Ar:CO,:CF,

The contribution of the electronics (approximately 2 ns) and time-walk are included.

ArCO2CF4 45:15:40 ArC0O2 70:30
& 40 = 40r
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L : 25—t
0] O —— U —— : 20 ;
r . r
1 5 :_ - - .................. 1 5 :_
L e L] R S
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Spot Effect for SRL — Manufacturer plot

From the mathematical model
of the resistive stage of a p-
RWELL:

1. detectors with same size but
different resistivity exhibit a rate
capability scaling as the inverse
of their resistivity.

2. for the SRL, increasing the
active area from 10x10 cm? to
50x50 cm? the rate capability
should go down few kHz/cm?

3. By using a DLC ground
sectoring every 10 cm, large
(50x50cm?) detectors could

achieve rate capability up to
100-u=RilErenhprimary
1ionization =
Rate Cap.m.ip. = 3XRate
Cap.X-ray

SRL: Rate Capability vs Spot

Gain = 4000, Ar:C0,:CF, 45:15:40
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Irradiation test of DLC and p-RWELL
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i-RWELL + GEM

Cathode

Muclear Inst. and Methods in Physics Research, A 936 (2019) 401-404 Drift Gap: Shekhtman 3mm - LNF + Roma2 Gmm
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Development of y-RWELL detectors for the upgrade of the tracking system | M)
of CMD-3 detector o

L. Shekhtman *, G. Fedotovich, A. Kozyrev, V. Kudryavtsev, T. Maltsev, A. Ruban
Budker Institute of Nuclear Physics, 630090, Novosibirsk, Russia

State 30090, Russia

ARTICLE INFO ABSTRACT

Keywards: An upgrade of tracking system of Cryogenic i (CMD-3) is proposed using mi istive WELL i

Tracking detectors technology. CMD-3 is a general purpose detector operating at the VEPP-2000 collider at Budker Institute of Prp—

Micro-RWELL Nuclear Physics and intended for studies of light vector mesons in the energy range between 0.3 GeV and 2 GeV.

Mlcro-pattern gas detertor The new sul consists of double-layer cylindrical detector and the end-cap discs. Two prototypes, micro- U=5032um
RWELL and micro-RWELL-GEM were built and tested. Gas ampli ion of micro-RWELL detector was |
with several gas mixtures and maximum gain between 20000 and 30000 was observed. However, maximum gain 12222 485m
is fluctuating from ent to by a factor of 2 and thus a safety margin of 2.3 is needed to

provide reliable operation of the device. In order to increase the signal GEM was added to micro-RWELL, new
prototype was tested with the same gas mixtures and gains above 10° have been demonstrated. Time resolution

e o b protypes e 7 fo i KWL s 4 o i KWL GEM. _D.esze.loped_foLC.MDlu.pgradelsks_(A sectors
50%x50cm?)

The GEM must be stretched: sizes larger than
L. Shekhtman, Nuclear Inst. and Methods in Physics Research, A 936 (2019)] 50x50cm? could be critical (depending on the gas
401-404 gaps size).




H-RWELL + GEM: gas gain
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Fig. 4. Gain as a function of voltage on the top electrode of x-RWELL for different gas
mixtures. Voltage across the drift gap is 500 V.
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Fig. 5. Gain as a function of voltage on the top electrode of y-RWELL for GEM voltages
providing additional gain of 50-100 and for different gas mixtures. Voltage across the
drift gap is 500 V.
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Thikcness |(um) X0 (cm) |% X0 Glue 0 33.5 0.000]
Cu Ground FEE 3 1.43 0.021] E kapton 0 28.6 0.000
~ |kapton 50 28.6f  0.017 T [Glue 0 33.5|  0.000
S lglue 25 33.5]  0.007 o  [MILLIFOAM 0 1312.5  0.000
g FR4 100 19.3  0.052 = [Glue 0 33.5|  0.000
g glue 25 33.5 0.007, Kapton 0 28.6 0.000]
S |MILLIFOAM 3000 1312.5|  0.023 0.000)
< glue 25 33.5 0.007
FR4 100 19.3]  0.052 [  Tot.Anode | 0.37§
0.187
| | S [cu 3 1.43  0.021
| & |kapton 50 28.6  0.017
¢ cu 5 1.43  0.035 +  |glue 25 33.5|  0.007
% |kapton 50 28.6|  0.017 5 R4 100 19.3]  0.052
a bLC 0.1 12.1  0.000 § glue 25 33.5|  0.007
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T [glue 25 33.5  0.007 | 0.233
g [cu 5 143  0.035
kapton 50 28.6 0.017 X0 - singlé{ 0.611
0.112 X0 B2B 0.99




Technology spread

In the last years there has been a significant spread of the technology among several research groups working on Nuclear and Sub-
Nuclear experiments
CLAS12 @ JLAB (USA): the upgrade of the muon spectrometer
EPIC @EIC (BNL - USA): endcap tracker disks based on a hybrid GEM+uRWELL technology
X17 @ n_TOF EAR2 (CERN):TPC with a pRWELL based amplification stage, for the detectlon of the X17 boson
TACTIC @ YORK Univ. (UK): radial TPC for detection of nuclear reaction 3 .
Muon collider: R&D for a digital hadron calorimeter
CMD3 (RU) GEM+ uRWELL disk for the upgrade of the tracking systemh|
J. i  with pressurized 3He-based gas n..
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High-rate layouts evolution

G. Bencivenni et al., The p-RWELL layouts for high particle rate, 2019
JINST 14 P05014

Extensive R&D has been performed to optimize the DLC grounding, enabling the detector to withstand up

2014 - 2016

(T~ /2
2017

Single Resistive
- Single DLC la}&y®ith edge conductive
line
+ 2-D current evacuation
«  rate capability < 100 kHz/cm?
 Easuforis

PEP Groove (Patterning - Etching -
Plating)

« Single DLC layer
«  2-D current evacuation: conductive grid by etchin
through the kapton foil down to the DLC

« No grid alignment issues, scalable to large size - large dead zone .

(>15%)
- Easily engineered, because based on SBU technology

}from the top Cu,

> Double Resistive Layer

Two stacked resistive layers with a double matrix of
conductive vias
3-D current evacuation

» Rate capability > 10MHz/cm?

+ Complex manufacturing not €

-

Single DLC layer

2-D current evacuation through conductive grid on t
DLC layer

rate capability > 10MHz/cm?2

« Easily engineered, BUT complex Cu+DLC sputtering}fi:“ignment

~ Silver Grid

2018 - 202D




High-rate layouts: PEP layouts comparison

PEP-Groove:

DLC grounding through
conductive groove to ground
line

Pad R/O = 9x9mm?
Grounding:

- Groove pitch = 9mm

- width = 1.1mm

- 84% geometric acceptance

Dead area 1.1 mm
Cu 0.142 mm ND 0. EI:F:I m

DOCA 0.48 mm

L1=48,27um
L5=93,33um

- L4=123,37um
L2=48.27um TR S, ey m

L7=48,27um

L8=46,13

EP-DOT:

DLC grounding through
conductive dots

connecting the DLC with pad
r/outs

Pad R/O = 9x9mm?
Grounding:

- Dot pitch = 9mm

- dot rim = 1.3mm

- 97% geometric acceptance

1116,32um
191,90um

s

759,07um




Groove vs DOT (X-ray characterization)

Gas gain

Relative Gain: G/G,,

ArCO,:CF, 45:15:40

R
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Both layouts exhibit
satisfactory
performance:

* gas gain up to 104
* rate capability (@ 90%
gain drop) > 10

MHz/cm?2, measured

with different
irradiation spot size.

PEP-DOT layout

ArCO,CF, 45:15:40
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Groove vs DOT (test heam characterization)

(cm)

Y pos.

Efficiency along XY expected for LHCb GR

87 — =1
- —0.9
Y|y -
£ —0.8
6 o= —0.7
5‘; —06
= =05
4':*‘ iy 0.4
3 v 03
;1 3 02
2= 2 3
= c 0.1
1 =i o
3 3.5 4 5 5.5 6 6.5 7 7.5 8
X pos. (cm)
L prietsppitte pie I 9 7 P e
[ s S S 20 fﬁ 1T LL%LL +HH1
0.8 r % T
- f o/ ndf 5283735
- 09704 £0.004185
0.6 g; . ’:‘5"601 (Tolol’i
= p3 7975 £ 141
L pd 5543 £0.002666
L ps 0.1005_0.01987
0.4
i 600 V-FOI3-1o0r2clu
0.2 i FT
0 1 1 1 1 1 1 1 1 1 1 1 1
5 5.2 54 5.6 5.8 6

(cm)

Y pos.

Efficiency along XY expected for LHCb DOT

8L
6/ S Sg g PR
SR IR - o
4:— O : S
3F it ] =
2= 2
1:‘ | I P T P Y =W L o o ooy bper o 9 Prap |9 ) oy
3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8
X pos. (cm)
ITINIMHIII*II'% 4'TT3TEFTTII::III
0.6
- 7 Todl 3972136
Prob 0.3076
B 0 0.9878 £0.002373
= pl 5391 £23.21
04 % i
5 i = ogacer
o2k 00V -FOI3-1o0r2clu
ol L L L L L
4.6 4.8 5 5.2 5.4

—0.9

0.4

03

0.2

0.1

Efficiency

0.4

0.2

Plateau Efficiency
<
oo —

I
>

S
'S

0.2

APV25 based Fee

TB2023 LHCb RWELL Average Efficiency

Including GROOVE/DOT zones (Ed = 3.5 kV/cm - pions )
A

A A A 4
por *

LI ‘ LI |
L
L.

—&— FOIL5-DOT
—&— FOI5-GR

FOI 3 - DOT

o i Ernn“e —4— FOI3-GR

A 4
: & i
v & b e e by ]
400 450 500 550 600 650
HV [V]
TB2023 LHCb RWELL Plateau Efficiency
Ed = 3.5 kV/cm - Fil away from GROOVE/DOT and within pion beam spot
n oA A A & &
- L = = = =
- por
N i
- i
C Groove
B —&— FOI5-GR
- —&— FOI3-GR
N FO —&— FOI5-DOT
L FOI 3 - DOT
N i
[z T
I:L?IIlLIILlJIIIIIIlJIILIII
400 450 500 550 600 650

HV [V]



PEP DOT - time performance (preliminary)
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TB-2023 at H8C with preliminary version of the FATIC chip (developed by Bari Group) in the
framework of the R&D for the LHCbh-Muon upgrade. A new test beam foreseen next Nov. ‘24 with an
updated version of the ASIC, aiming to reduce the FEE thr down 3 - 3.5 fC




At LNE we are installing a detector washing station with a stainless-steel tank and a
high-pressure car-washing machine using deionized water.

After washing, the detector is placed in an oven at 90°C. After 24 hours, it is gradually
powered by increasing voltage from 300V to 680V, following Rui's guidelines.

BB ||| ki | 4 |




The DOCA

A study born with
the SG p-RWELL

Cross-section of a p-RWELL with a conductive line on the
DLC (High-Rate scheme).

The concept of DOCA (Distance-Of-Closest-Approach) before
discharge is fundamental for the stability of the detector.
The DOCA is defined as the distance between the edges of
the conductive lines and its closest amplification hole.

—e— AV= 800V |-
) —m— AV=1200V |
—— AV=1600 V

—

°=7"750 " fo0 150 200 250

Resistivity (MQ/0)

The DOCA (before discharge) as a
function of the DLC resistivity, for different
voltages.

The study has been performed with a custom
tool, with two thin conductive movable tips.
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Prepreg Thickness Study - 9x9mm? pad

Preliminary results for Prepreg thickness scan G = 200, Ar:CO,:CF, 45:15:40, eps,= 4.0, APV @3.3pF: 1ADC=210e-, 6250- = 1£C
r_12000 - PEP3E_23 detectors, APV25 FEE, Ar:CO,:CF, 45:15:40 __\ E \M m
£ - ‘ IN o 10° e L/ INF-DDG
§ 1800 - LNF - DDE %’3
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~DDGAavori/AIDAinnova/2023-12_prepreg_thickfanalysis
v.2024/04/17

~/DDG/lavori/AIDAinnova/2023-12_prepreg_thick/FEE_info/prepreg_curves_redux

28pm thick prepreg maximize both the amplitude of the
signal induced on the pad readout, and S/N ratio (measurement
done with APV25)




