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The 1-RWELL

G. Bencivenni et al., The micro-Resistive WELL detector: a compact spark-protected
single amplification-stage MPGD, 2015 JINST 10 P02008
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The pu-RWELL is a resistive MPGD, with a GEM derived amplification
stage, composed of two elements:

e Cathode
* WU-RWELLPCB:

— aWELL patterned kapton foil (with Cu-layeron top) acting as

amplification stage
- aresisitive DLC film with p~50+100 MQ/C
— astandard readout PCB with pad/strip segmentation

R. Bellazzini et al., The WELL detector, Nucl. Instrum. Meth. A423 (1999) 125.
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NOT IN SCALE

The “WELL” acts as a multiplication channel for the
ionization produced in the drift gas gap.

The resistive stage plays a crucial role ensuring the spark
amplitude quenching, which is essential for stable
operation.

Drawback: the capability to stand high particle fluxes is
reduced, but largely recovered with appropriate grounding
schemes of the resistive layer.
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ABSTRACT: In this work we presc compact spark-protected single amplifica-
tion stage Micro-Pattern Gas Detector -ctor amplification stage, realized with a
structure very similar to a GEM foil, is ¢ 1 resistive layer in the readout board.
A cathode clectrode, defining the gas conver letes the detector mechanics. The
new structure, that we call micro-Resistive WE 5 some characteristics in com-
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Technology spread

In the last years there has been a significantspread 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 hnRWELL based amplification stage, for the detection of the X17 boson

TACTIC @ YORK Univ. (UK): radial TPC for detection of nuclear reactions with astrophysical significance

Muon collider: R&D fora digital hadron calorimeter
CMD3 (RU): GEM+ pRWELL disk for the upgrade of the tracking system

UKRI (UK): thermal neutron detection with pressurized 3He-based gas mixtures

NoOuUuhWNER



DDG - LNF R&D projects IDEA
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DDG - LNF R&D projects
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High-rate layout: principle of operation

To overcome the intrinsic rate limitations of the Ground

Single Resistive Layout, it is necessary to | %
introduce a high-density grounding network for

the resistive stage (DLC).

Top Cu
Metalized :
vias

Readout

Pre-p;reg

Segmenting the DLC with conductive
micro-strips/dots with a typical pitch of
1cm: a sort of tiling of the active area
using a set of smaller SRL.

Single Resistive Layout (SRL) with edge grounding




“ Ig II - rate Iavo “ts evnlutln n G. Bencivenni etal., The u-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 to 1MHz/cm?

2014 - 2016 2017

Single Resistive Layer Y “Double Resistive Léyer
* Single DLClayer with edge conductive line *  Two stacked resistive layers with a double matrix of conductive vias
*  2-D current evacuation . 3-D current evacuation
. rate capability <100 kHz/cm? *  Rate capability >10MHz/cm?
* Easyforindustry *  Complex manufacturing not easily engineered

Silver Grid

2021/22

PEP Groove (Patterning — Etching -Plating) -

* SingleDLClayer Single DLC layer

*  2-D current evacuation: conductive grid by etching from the top Cu, through the 2-D current evacuation through conductive grid on the DLC layer
kapton foil down to the DLC *  rate capability >10MHz/cm?

* No grid alignment issues, scalable to large size — large dead zone (>15%) .

* Easily engineered, because based on SBU technology

2018 - 2020

Easily engineered, BUT complex Cu+DLC sputtering/alignment




PEP-DOT: o
DLC grounding through conductive dots
connecting the DLC with pad r/outs

Pad R/O = 9x9mm?

Grounding:

- Dot pitch =9mm

-dotrim=1.3mm

PEP-Groove:

DLC grounding through conductive
groove to ground line

Pad R/O = 9x9mm?

Grounding:

- Groove pitch =9mm

-width = 1.1mm

-~ . B oA N

-> 97% geometric acceptance B .
DOT = plated blind vias

- 84% geometric acceptance

Dead area 1.1 mm
A gND 035 my, 923 mry

Cu 0.094 mm 0.175 mm

759,07um

1116,32um

L1=48,27um L7=48,27um
L5=93,33um
L2=48,27pm L3287 55um LB=46.13




Groove vs DOT (X-ray characterization)

Gas gain

ArCO,:CF, 45:15:40

(NN

. —&- Groove 7: [0.023977]*exp([0.019827] x HV)
PN T T T T T T T T T YT T T R S
500 520 540 560 580 600 620 640 660

Rate Capability PEP Groove

Gain = 4000, Ar:CO,CF, 45:15:40, 6mm gas gap, muons 450 MeV — long,; 57eT* —

g | 1 (NFN
N T — 5 —3 o ¥F-006
= L
O osi-
L .
2 L
= L
L —
~ 0.6 C
04 resistivity: 10 ME/o
L | @3cm - spot 7.07cm?
0.2 [ | @dcm- spot 12.6cm’
L | @5cm- spot 19.6¢m’
ol sl
10° 10 107 10*
owos m.i.p. Flux [Hz/em?]

Both layouts exhibit
satisfactory performance:

* gas gain up to 104

* rate capability (@ 90% gain
drop) > 10 MHz/cm?,
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

81 ~ —1
= —o0s
TE:

b —08
6 = % —o7
5 <3 —{06

[ =05
IESeei = 04
35_ A 03

é ) 02
2p 3 .

o 0.1
1:..‘.|,,.I..‘[,.,,t..u, A N PR PR 20 SR 0

3 3.5 4 4.5 5 5. 6 6.5 7 7.5 8

X pos. (cm)
1?? PR Ir e e Rt 4 e
| FE
0.8 T i
’[ [ ndf’ 5283735
- 0.9704 0004185
0.6 P 5356 1 20002

- p3 7975 £ 141

- pd 5.543 Z0.002666

L ps O0.1005 + 0.01987

0.4
i 600V -FOI3-1o0r2clu
0.2 ﬂi y
0 L L . . L L
5 52 5.4 5.6 5.8 6

(cm)

Y pos.

Efficiency along XY expected for LHCb DOT

3 s e
2f= 2
1:,..‘|‘...Mm;\..Hl’mmx-u.r‘;.,‘x..,.ny.,.h‘..
3 3.5 4 4.5 5 5.5 6.5 7 7.5 8
X pos. (cm)
ITI jflicangansis i{'fmfffflwfﬁ”%
0.6
- % Todl 3072736
Prob 0.3076
' po 0.9878 =0.002373
. p! 53.91 £2321
04 " 75 2 Ltes
i = 03025 £ boregt
0.2 00V -FOlL3-10r2clu
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
4.6 4.8 5 5.2 5.4

—0.9

04

0.3

0.2

0.1

Efficiency

0.6

0.4

0.2

Plateau Efficiency
o
[=] —_

S
>

S
'S

0.2

APV25 based Fee

TB2023 LHCb RWELL Average Efficiency

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

poT |

>

—&— FOI 5 - DOT
—&— FOI5-GR

\IIIII[‘IIII
L.
>
[ oo

FOI 3 - DOT

i i Grnnw—n—mlsr(m

lll‘

I

L A 4
: A &
A S N I BN B
400 450 500 550 600 650
HV [V]
TB2023 LHCb RWELL Plateau Efficiency
Ed = 3.5 kV/em - Fit away from GROOVE/DOT and within pion beafn spot T
C PO T i i
oot
L s
- i
F Groove
L —&— FOLS-GR
r —&— FOI3-GR
L Ak —&— FOI 5 - DOT
L FOI 3 - DOT
C i
1 T
|i|?||l||||{1|||J||1||||1||
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 LHCb-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




Manufacturing high-rate layouts

The PEP-DOT layout is a rigid-flex PCB uses an SBU technology-based PCB, that is compatible with standard
industrial processes.

The ELTOS is the industrial partner involved in the manufacturing of the p-RWELL.
This presents a significant advantage, in view of large-scale production for the Muon upgrade at LHCb.

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 way for the
use of u-RWELL technology across various fields of applications.




Detector Manufacturing flow chart @AI DA

LAYOUT design

DLC foil production

Feedback from tests .

PCB production

Final detector
manufacturing
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Step 0 — Detector PCB design @ LNF

Step 1 — CERN_INFN DLC (C.1.D) sputtering machine installed @ CERN
* 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
Pl etching - amplification-holes

Step 7 — Electrical cleaning and detector closure @ CERN




The CID (CERN-INFN-DLC) sputtering machine, a joint project between CERN and INFN, is used
for preparing the base material of the detector. The potential of the DLC sputtering machine is:

« Flexible substrates upto1.7mx0.6m
« Rigidsubstratesupto0.2mx0.6m

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

In 2024, the challenge is the sputtering of large foils.
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Detector manufacturing at ELTOS (1)

Step 2 (@ ELTOS)
1) PCB production

Step 3 (@ ELTOS)

1) Photoresist lamination for DLC protection
2) Photoresist UV-exposure

3) Photoresist developing

4) DLC patterning with brushing machine




Detector manufacturing at ELTOS (Il

Step 4: The final manufacturing operation carried out at ELTOS is the coupling of the DLC foil

and the PCB through a layer of prepreg.
106

N. 16 prototypes of micro-RWELL were made with 4 different prepreg thicknesses (D1 special).
The test, beside validating the whole manufacturing process (ELTOS © CERN), allowed for the
study of the dependence of the induced signal amplitude as a function of the readout X2 106

capacitance wrt the amplification stage. X2 1080

1080

Main parameters:
Pressure 180 N/ cm? Preliminary results for Prepreg thickness scan

PEP3E_23 detectors, APV25 FEE, Ar:CO,:CF, 45:15:40

Temperature 210 °C 72000 N
51800 F CN Em
2 1800F
8 1600 [
-] 2 1soof .o
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c S 800
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At the end (.)f the manufacturing process at CERN, a conditioning The 16 co-produced prototypes have been
procedure is performed:

dard hi extensively tested with X-rays:
Stan z_ar PCB w.as .mg . . . 15/16 are fine
* Electrical cleaningindry air (90°Cin an oven) from 300V to .
) * 1/16 needs re-cleaning
680V (each step with current< 1 nA) ] . .
 Detector closure and final test at 600 V in ambient air Productionyield>93%




summary & Qutiook

The R&D on high-rate layouts for the LHCb upgrade has been completed:

* the PEP-DOT layout shows good performance: gain of 104, 98% efficiency, > 10 MHz/cm?, 7ns time resolution

* General parameters of the detector have been set to maximize stability and gain:
* p250MOhm/square, DOCA =0.5 - 0.6mm (dead-zone ~ 1.3mm)
*  prepregthickness ~28um
’”““ Amplification stage optimization by reducing the well pitch: 140pum, 110um, 90um
* Large size:
*  M2R1-LHCb (25x30 cm? active area): delivered mid-May ‘24, X-ray characterization in June, test beam in Nov. ‘24.
@ M2R2-LHCb (30x70 cm? active area): design by the end of 2024, production beginning in 2025
The detector manufacturing process is nearly finalized:
* Several construction steps are performed by ELTOS
* Detector finalization (Kapton etching, electrical hot cleaning, etc.) is carried out at CERN

7z

| The DLC sputtering machine, C.1.D., will provide the base material, once the sputtering parameters are optimized
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I-RWELL at LHGh

Innerregion @ Run5—Run6 detector requirements!"

* Rate up to 1 MHz/cm2on detector single gap

* Rate up to 700 kHz per electronicchannel

* Efficiency quadrigap >=99% within a BX (25 ns)

* Accumulated chargein 10y at M2R1 up to 1C/cm2

Detector size & quantity (4 gaps/chamber - redundancy)
* R1+R2: 576 detectors, size 30x25 to 74x31 cm?, 90 m? detectors —130 m? DLC

R Tungsten M4 MS Chamber rates on M2R1-R2 (Hz/cm2)

Magnet & ECAL M3

. v N
Magnet Stations  SciFi TORCH  "Sheiding M2

i Fl 11994701 217584 255560 | 107048 |
zil J ISTATBEN 21062 w0500 [soeurr|saassd [NAZOT05M)
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L TRE o s (79881

|t WABEETN] +1053 550067 sasues saassi (1525960
A 11085851 200674 248696 | [A14114"]
o = 65005 | 122367 135696 || 73421 |

Phase-Il Upgrade


http://cds.cern.ch/record/2776420?ln=it

High-rate I-RWELL - R&D plans

v' M2R1 design — delivered mid-May 2024

* M2R1 X-ray characterization (June- July 2024)

* Electronicintegration, FATIC3 chip based (Sept. 2024)

* Test beam (NA— H8C CERN or T10-PS ) M2R1 with FATIC3 (Nov. 2024)

 R&D plans:
« amplification stage optimization (gain vs well-pitch)
* optimization coupling DLC_foil - R/out PCB
* test of Hybrid layout 2 G-RWELL
* electrical cleaning optimization (w/Rui)
* irradiation studya GIF++ (w/CERN Gas Group)

BOTTOM

Realistic View

TOP




The SRL resistive model

Rate Capability SRL - Spot Effect

Gain = 4000, Ar:C0,:CF, 45:15:40
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Spot Effect for SRL - Manufacturer plot

SRL: Rate Capability vs Spot

From the mathematical model: Gain = 4000, Ar:C0,:CF, 45:15:40
| . TN s 7l
1. detectors with same size but & [ jpa0¢ INFN
different resistivity exhibit a rate N B . -
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L] . . . ‘l
their resistivity. z - - T~/ ° data
_ _ = 100k = 1 <13l . ——  10x10cm’
2. for the SRL, increasing the active g e e Tttt e 50X50cm’
area from 10x10 cm? to 50x50 cm? S Px0 ¢ < g b = 100 MO
the rate capability should go down to P e Y ‘““\\,\ A data
g S L
few kHz/cm? S S T ——  10x10cm?
3. By using a DLC ground sectoring 10* InEN s wo b~ S0S0em
every 10 cm, large (50x50 cm?) i Tl f
detectors could achieve rate P
capability up to 100kHz/cm? (with X- Dago, = > T~ 1
ray) Ps 1<) X
10° | 10 10° 10°
Different primary ionization = 2
v.2021/06/
Rate Cap.mlp. = 3XRate Cap.X-ray ~IL;}[)[I.':;:TL\::'H3[}3]-LB_M.\‘]:-LLNF.er‘_.sp\)L_L'tmf Xray SpOt [Cm ]




] -
Co-production pilot test
Detector # Prepreg type DLC resistivity Max HV/Gain
status

1x 106 Cleaning @ CERN
1x 106 7.5 Delivered 640/10000
1x 106 Cleaning @ CERN
1x 106 7 Delivered 640/9500

et [ wace [ || eens [ | e |
G v | 48 oswered | eoero0 |

woo || wace | 5 || ovewered || na | Tomredemnss |
108004 _____

2x106 Delivered 660/16000

2x106 37 Delivered 650/13000

2x106 35 Delivered 670/15000

2x106 34 Delivered 650/12500
* 16 co-produced prOtOS have been 2x1080 33 Delivered 670/19500

delivered and tested
) 2x1080 110 Delivered 680/19000

 10/16 (LNF) + 5/16 (CERN) are fine

2x1080 44 Delivered 680/19000
 1/16 should be re-cleaned

2x1080 Cleaning @ CERN




* 16 co-produced protos have been
delivered and tested

 10/16 (LNF) + 5/16 (CERN) are fine

 1/16 should be re-cleaned

Ed = 3.5kV/cm, Ar:CO,:CF, 45:15:40
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* 16 co-produced protos have been
delivered and tested

 10/16 (LNF) + 5/16 (CERN) are fine

 1/16 should be re-cleaned

|
I Ed=3.5kV/cm, Ar:CO,:CF, 45:15:40
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The maximum gain is larger for p 230 MOhm/square



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~ = 1fC
— 2000 PEP3E 23 detectors, APV25 FEE, Ar:CO,:CF, 45:15:40 — E \\‘\.\.\ /I"I':T\I
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28um thick prepreg maximize both the amplitude of the signal induced
on the pad readout, and S/N ratio (measurement done with APV25)




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.

—— AV= 800V |
= av=1200V |
|+ av=1600V |

0=~"750 700 750 200 _ 250

Resistivity (M)

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

The study has been performed with a custom
tool, with two thin conductive movable tips.




Irradiation test of DLC and p-RWELL
Bare DLC foils

DLC stability (think BLACK, thick RED) DLC stability (PRC BLACK, JPN RED)

w

()

}

« DLCfoils: monitoring of the resistivity
of two foils under x-ray irradiation.

o M-RWELL detectors: prototypes
irradiated with different radiation.
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FATIC2 block diagram

Charge branch

A 4
Shaper Peak Ack.
) P “| Detector ”| Comparator

I
I

Charge Digital -
—> Sensitive | Logic i
Amplifier

VvV

/ N Fast TDC
Comparator

Timing branch

Preamplifier features: Timing branch:
« CSAoperationmode v Measures the arrival time of the input signal
* Input signal polarity: positive & negative v’ Timejitter: 400 ps @ 1 fC & 15 pF (Fast Timing MPGD)
* Recoverytime: adjustable
Chargebranch:
CSA mode: j écr:]knowledgmentof thfa input §igna|
«  Programmable Gain: 10 mV/fC < 50 mV/fC arge measurement: dynamic range > 50 fC,

* Peaking time: 25 ns, 50ns, 75 ns, 100 ns programmable charge resolution



i-RWELL+ GEM

MNuclear Inst. and Methods in Physics Research, A 936 (2019) 401-404
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Development of 4-RWELL detectors for the upgrade of the tracking system | W)

of CMD-3 detector

Check for
upedaing.

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

State 630090, Russia

ARTICLE INFO

ABSTRACT

Keywords:

Tracking detectors
Miero-RWELL
Micro-partern gas detectors

An upgrade of tracking system of Cryogenic Magnetic Detector (CMD-3) is proposed using microresistive WELL
technology. CMD-3 is a general purpose detector operating at the VEPP-2000 collider at Budker Institute of
Nuclear Physics and intended for studies of light vector mesons in the energy range between 0.3 GeV and 2 GeV.
The new suk consists of double-layer cylindrical detector and the end-cap discs. Two prototypes, micro-
RWELL and micro-RWELL-GEM were built and tested. Gas amplification of micro-RWELL detector was measured
with several gas mixtures and maximum gain between 20000 and 30000 was observed. However, maximum gain
is fluctuating from measurement to measurement 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
achieved for both prototypes are 7 ns for micro-RWELL and 4 ns for micro-RWELL-GEM.

Cathode

Drift Gap: Shekhtman 3mm — LNF+Roma2 6mm

L4=50,32um

15%22,49um 12+22.48um

L. Shekhtman, Nuclear Inst. and Methods in Physics Research, A 936 (2019) 401404

Developed for CMD3 upgrade disks (4 sectors 50x50cm?)

The GEM must be stretched: sizes larger than 50x50cm?
could be critical (depending on the gas gaps size).




H-RWELL + GEM:

Ar-CO,(75%-25%)
Ar-iC H, (90%-10%)
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Fig. 4. Gain as a function of voltage on the top electrode of y-RWELL for different gas

mixtures. Voltage across the drift gap is 500 V.

L. Shekhtman, Nuclear Inst. and Methods in Physics Research, A936 (2019) 401404
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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.



1-D Tracking

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 width, no
effects were observed within this resistivity range.
Additionally, DLC resistivity uniformity is not a critical
parameter for spatial resolution.

In collaborationwith G. Cibinetto, R. Farinelli, L. Lavezzi, M. Gramigna, P.Giacomelli, E. De Lucia,
D. Domenci, A. D’angelo, M. Bondi, M. Scodeggio, |. Garzia, M. Melindi
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Increasing the R/O pitch will resultin a
reduction of the spatial resolution




1-D tracking (inclined tracks)

For inclined tracks and/or in presence of high B fields, the
charge centroid (CC) method gives a very broad spatial
resolution on the anode-strip plane.

Implementing the uTPC model'], using the knowledge of the
drift time of the electrons each ionization cluster is
projected inside the conversion gap, and the track segment
in the gas gapis reconstructed.
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Combinig the CC and WTPC reconstruction
(through a wheighted average) a resolution well
below 100 um could be reached over a wide
incidence angle range.



' '2-DTracking

R&D on tracking u-RWELL for muons systems
e 2® 1D layout
« 2D > 1D @ top-readout

» 2D w/Capacitive Sharing

* Ar-CO2-CF4 mixture
* APV readout / No time information available
* External tracking with X&Y strip upstream and downstream chambers

40




2-D Tracking layouts

N.2 u-RINELLS 1D (21D) u-RWELL - Capacitive Sharing r/out u-RWELL TOP r/out

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

X coordinate on the TOP of the

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

Reduce the FEE channels, but the total

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

Tested @ TB2022 charge is divided between the X & Y r/out. amplification stage introduces dead
zone in the active area.
Tested @ TB2023
Tested @ TB2023




Tracking periormance

TB2023 p-RWELL, Efficiency

Efficiency [%]
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spread the working
point is shifted to high
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* Spatial resolution
improves at high gain
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a strip pitch of 1.2 mm
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Top-r/out pitch 0.8 mm

* low-voltage/gain
operation but low
efficiency level due to
the geometrical dead
zone on the segmented
amplification stage




Tracking: R&D plans

R&D on tracking u-RWELL for muons systems at future colliders

* Finalization of the analysisof the 2022-2023 beam tests:
e 2® 1D layouts
e 2D > 1D @ top-readout
* 2D w/Capacitive Sharing ! M IS
* R&D plans: Al ﬂ ; um‘?‘u. N
* amplification stage optimization (gain vs well-pitch) e L WA :
* new PCB-RWELL multi-task layout (1D, 2D, Hybrid layouts) =I5 SSEAE
* hybrid p-RWELL 2 GEM @ RWELL

* TB-2024 (sinergy with INFN - Roma2)




Low KXo Cylindrical n-RWELL eurizon

European network
for developing new horizons for Rls

Exploiting the flexible characteristic of the amplification stage of the u-RWELL, as well as the readout (to which it is
coupled through the resistive DLC stage), we developed a low-mass (0.6% X0) modular Inner Tracker for low-
energy positron-electron colliders, exploiting the innovative Cylindrical p-RWELL (C-RWELL) technology.

Preliminary CWELL analysis - HV Scan

Ed = 2kViem, Ar:CO,CF, 45:15:40
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Low Mass n-RWELL

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 28.6]  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 g 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
| | E Cu 3 1.43]  0.021
| 8 [kapton 50 28.6  0.017
@ ICu 5 1.43]  0.035 +  |glue 25 33.5|  0.007
£ |kapton 50 28.6]  0.017 S IFrR4 100, 19.3|  0.052
a [DLC 0.1 12.1]  0.000 a  |glue 25 33.5  0.007
g Pre-preg (106) 50 19.3]  0.026 ﬁ MILLIFOAM 3000 1312.5|  0.023
0.078 T glue 25 33.5|  0.007
S [FR4 100 19.3]  0.052
g} glue 25 33.5)  0.007
Cu 5 1.43]  0.035 ©  lkapton 50 28.6f  0.017
Q  |kapton 50 28.6]  0.017 & |CuGround 3 1.43]  0.021
§ lue 25 33.5|  0.007 0.233
g [cu 5 1.43]  0.035
kapton 50 28.6 0.017 X0 - singlef 0.611
0.112 X0 B2B 0.99




	Slide 1: The micro-RWELL for future HEP challenges Design, Construction,Performance
	Slide 2: The μ-RWELL
	Slide 3: The μ-RWELL
	Slide 4: Technology spread
	Slide 5: DDG – LNF R&D projects
	Slide 6: DDG – LNF R&D projects
	Slide 7
	Slide 8: High-rate layouts evolution
	Slide 9: PEP layouts comparison
	Slide 10: Groove vs DOT (X-ray characterization)
	Slide 11: Groove vs DOT (test beam characterization)
	Slide 12: PEP DOT – time performance (preliminary)
	Slide 13: Manufacturing high-rate layouts
	Slide 14: Detector Manufacturing flow chart
	Slide 15: Detector manufacturing steps
	Slide 16: DLC sputtering
	Slide 17: Detector manufacturing at ELTOS (I)
	Slide 18: Detector manufacturing at ELTOS (II)
	Slide 19:      Electrical Hot Cleaning
	Slide 20: Summary & Outlook
	Slide 21
	Slide 22
	Slide 23: SPARE SLIDES
	Slide 25: μ-RWELL at LHCb
	Slide 26: High-rate µ-RWELL – R&D plans
	Slide 27: The SRL resistive model
	Slide 28: Spot Effect for SRL – Manufacturer plot
	Slide 29: Co-production pilot test
	Slide 30: Co-production pilot results (I)
	Slide 31: Co-production pilot results (II)
	Slide 32: Prepreg thickness optimization
	Slide 33: DLC surface discharges - DOCA
	Slide 34: Irradiation test of DLC and μ-RWELL
	Slide 35: FATIC2 block diagram
	Slide 36: μ-RWELL + GEM
	Slide 37: μ-RWELL + GEM: gas gain
	Slide 38: 1-D Tracking
	Slide 39: 1-D tracking (inclined tracks)
	Slide 40: 2-D Tracking
	Slide 41: 2-D Tracking layouts
	Slide 42: Tracking performance
	Slide 43: Tracking: R&D plans
	Slide 44: Low X0 Cylindrical μ-RWELL
	Slide 45: Low Mass μ-RWELL

