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LHGh upgrade Il (Rund - Run6)
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LHGh upgrade Il (Rund - Run6)

Detector size & quantity (4 gaps/chamber - redundancy)

R1<+R2: 576 gaps, size 30x25 to 74x31 cm?, 90 m? det., 130 m? DLC dmmm | RWELL technology
R3:
R4 :

Rates (kHz/cm?

The Muon system (MWPC+GEM) during Runl & Run2 (1+4 x 1032 cm2s1) R1 749 431 158 13
exhibited tracking inefficiency, from dead time, at level of 1% in Runl R2 a4 54 23 15
and 2% in Run2 R e ;
0 R4 8 2 2 2

Detector requirements Run5 — Run6 Area (m?) M2 M3 M4 M5

, R1 09 10 1.2 14

* Rate up to 1 MHz/cm? on detector single gap IE_Q 36 492 49 55

Rate up to 700 kHz per electronic channel R3 144 168 193 222
Efficiency (station) > 95% within a BX (25 ns) i oT6 674 Tr4 88T
Long stability up to 1C/cm? accumulated charge in 10 y of operation (M2R1, G=4000)

Pad cluster size < 1.2

Proposed solution:

768 gaps, size 120x25 to 149x31 cm?, 290m? det.

3072 gaps, size 120x25 to 149x31 cm?, 1164 m? det. Under discussion the replacing of part of R3:
no problem with detector size (CLAS12- JLab
Upgrade — 150x50 cm2 uRWELL chambers)




The n-RWELL

Cathode PCB
Copper 5 um

kapton S g 70 ym i*’)

50 ym | Drift gap
140 ym (3-6 mm)

a
DLC layer (<0.1 pm) -
p~10+100 MQ/O it

Pre-preg # ‘ =

/
Rigid PCB

electrode >

The p-RWELL is a resistive MPGD composed of two
elements:

* W-RWELL_PCB
e (Cathode

The MRWELL_PCB is realized by coupling the resistive
(grounded) amplification stage with the readout PCB
through a thin prepreg foil.

Max DLC size: 50 x 200 cm? (limited by CERN-INFN DCL
machine)

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

a resisitive DLC layer!(") (Diamond-Like-Carbon), with p~40<100 MQ/O

a standard readout PCB with pad segmentation

C = eoxerxs”t“dz72pF><S(cm2)|t£0.05mm

() DLC foils are currently provided by the Japan Company — BeSputter in future with DLC machine @ CERN



The low-rate layout
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High-rate layouts

1st matrix vias (v1)

Polyimids \pc Double Resistive Layer
DLC—_ e 3-D current evacuation scheme
* two stacked resistive layers connected through a matrix of
conductive vias
* Resistive stage grounding through a further matrix of vias to
the underlying readout electrodes
» pitch of the vias with a density less than 1/cm?

Pre-preg

2nd matrix vias {v2)
2 Read-out

The Silver Grid

* simplified HR scheme basedonaSRL N @&

*  2-D evacuation scheme by means a conductive grid realized on Pro-piog W
the DLC layer R LT

* grid lines can be screen-printed or etched by photo-lithography

* pitch of the grid lines of the order of 1/cm




High-rate layouts: performance w/K-rays
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High-rate layouts: performance w/m.Lp.

Gain up to ~ 104 Rate capability (@ G = 5000) ~ 5-10 MHz/cm?
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Limitations of DRL/SG layouts

Both DRL and SG show very good performance, but some practical limitations:

* both layouts require for DLC+Cu sputtering technology

 The DRL based on double matrix of vias require complex manufacturing

* The SG layout is more simple than DRL, BUT a bit critical for the alignment of the
conductive grid pattern on DLC wrt the amplification pattern on the top (the well-

pattern)

New layouts have been proposed in the last year in order to overcome such limitations,
further simplifying the PCB manufacturing of the HR layouts.



The new PEP HR layout

Cathode PCB
— S— PEP1 6//8 1 0.475 66%
00 um (3=6mm) PEP2.1 8.9 08 0375 91%
5 um Cu - 150 um PEP2.2 17.8 0.8 0.375 95.5%
ICch
140 um S50um
DLCmO oy DOCA (Distance of Closest Approach):
- - .. )
- — — — — minimum distance between a
\--_ e T = o T T 1 grounding line and an amplification
channel

PEP: Patterning — Etching — Plating

* Single DLC layer

* Grounding from top by kapton etching and plating
* No alignment problems

* Scalable to large size — ’

ACTIVE AREA 30 x 30 cm?




PEP-1]ayout

A first high rate PEP prototype,
developed for LHCb, has been realized
and it has been extensively tested
(layout optmization in progress)

P
i
§
£
;
£
£
i
£
H
£
£
t
i
i
i
i




PEP-2 layout ([yeometry optimization)

Unitary cell dead zone:
1-(8.9-0.8)/8.9 = 0.089 — 9%

To be confirmed

8.9 mm

i -

8.1 mm

T

by Rui
_ _ B 7 0.8
amplification /
Copper ' - 01" 0.15 0.325
Kapton | | |
HV GND HV
DLC Kapton | - -
A DOCA = 0.375 ___| 0.225

0.05

NOT IN SCALE,

values given in mm




The PEP performance

Rate Capability PEP
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PEP-1 layout performance

U-RWELL stability test

G = 4000, Ar:CO,:CF, 45:15:40, X-Ray Flux = 250kHz/cm?
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100 A long-term X-ray irradiation is on-going:
- the current of the detector electrodes (Itop,
5 Icat) as well as ambient parameters (T, P,
60 RH) are constantly monitored.

- Q,. ~ 100mC over all the test period
- (irradiated area= 20 cm?).
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Because of the common effort in the scientific community to reduce the F-based
components, we are changing the gas mixture to Ar:CO,:iC,H,,68:30:2 and starting the
stability measurement



Time performance (old measurement)
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* A first measurement of the time resolution has been done at H8C CERN - NA

* The detectors were operated with Ar:CO,:CF, 45:15:40 gas mixture (the same used by GEM @LHCb) and
equipped with VFAT2. A saturation due to FEE is visible at high gain

* There is room to improve the resolution, improving the FEE



Time performance (simulation)
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2022 plans

* 9/2022 — delivery 10x10 cm2 PEP2.1-RWELL pad layout (LNF)

* 11/2022 — assembly, characterization w/X-ray, long-term test
w/Xrays (LNF)

* 11-12/2022 — FATIC integration & preliminary test w/cosmics
(Bari + LNF)

* 7/2022 — meeting for eco-gas mix with CERN — Gas group (B.
Mandelli)

* > 2022 - start eco-gas mix search/test



2023 tentative plans

* Test Beam of 10x10 cm2 PEP2.1-RWELL pad layout (LNF + Bari) — Ottobre
2023

* Design/production of the M2R1 (20x25cm2) PEP-RWELL pad layout following
results on 10x10 cm2 (LNF)

* Electronics ... (Bari)

* GIF++



"OpenRaD

Gas related R&D:

CF4 is not an eco-gas, responsible of strong kapton etching observed on GEM detectors (STUDY OF ETCHING EFFECTS ON TRIPLE-GEM DETECTORS
OPERATED WITH CF,-BASED GAS MIXTURES, M. Alfonsi et al., IEEE Trans.Nucl.Sci.52 (2005) 2872-2878.)

F- (responsible of kapton etching) is produced with any small CF4 concentration (Studies on fluorine-based impurity production in Triple-GEM
detectors operated with C-based gas mixture, B. Mandelli et al., NIM A 1004 (2021) 165373.)

Old GEM detectors at LHCb will be analysed to check for CF4 etching effects (we can learn from this study)

PEP p-RWELL irradiated with X-Rays at LNF will be analysed to check for possible CF4 etching effects

Eco-gas mix for RWELL: looking for collaboration (Gas — CERN group will provide support for gas analysis)
Long-term test of a PEP pu-RWELL will be started soon with Ar/Co2 gas mix (no CF4): X-Rays (LNF) & GIF++ (looking for collaboration)

Mechanics raleted R&D:

Electronics & detector design:
FATIC design and integration with detector
Detector layout optimization (FEE & HV connectors, gas pipe, ect)

Defining a safe assembly/testing procedure: DI-washing+electrical hot-cleaning, humidity control in the gas line, detector conditioning (in
strict collaboration with Rui)

Replacing FR4 frames with PEEK frames, more expensive BUT not hygroscopic and then compatible with CF4 (eventually only in closed
mode)




The road-map: R&D + Engineering

-
Y RaD loop A
Layoutdesign —®—— CERN prototyping —™—— LNFvalidationtests —™— Layout adj.
‘ Y
\DEA - — Manufacturing readiness
| A
Engineering —— Pilot-run L QA/QC —=— Process adj.
+ Engineering loon _*

-]



Technology transfer

( )

Start QAI DA EU-project

Iinnova

M-RWELL technology transfer

|N!N:FN messsssssssssssss) 1105

\_ Istituto Nazionale di Fisica Nucleare Yy,

i
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INFN

DLC sputtering
know-how @
Completed p-RWELL @ PCB shipping *DLC Magnetron
detectors & closed with Sputtering machine
framed cathode Detector co-funded by INFN-

manufacturing CSN1

PCB production

=

DCL foil production




Step 0 - CERN_INFN DLC sputtering machine @ CERN
* bid concluded
+ delivery foreseen end of July 2022 - operational within end of 2022

Step 1 - producing PCB readout for pj-RWELL (pad/strip readout) @ ELTOS
. with top patterned (pad/strip side)
. without patterning bottom layer (connector side)

Step 2 - DLC patterning - two options under investigation:
+ photo-resist ® patterning with BRUSHING-machine (ELTOS)
+ photo-resist ® patterning with JET-SCRUBBING-machine (CERN)

Step 3 - DLC foil gluing on PCB > three options under investigation:
+ double 106-prepreg, ~2x50um thick (by ELTOS - before 2021)
« PCB planarizing w/early-stripping of suitable prepreg (115°C/15min) & single 106-prepreg (by CERN)
+ PCB planarizing w/gap filling with epoxy Taiyo THP-100DX1 VF (screen printing) @ single 106-
prepreg (by ELTOS - NOW)

Step 4 - Top copper patterning for successive kapton etching to create evacuation vias (by CERN and/or ELTOS)
Step 5 - Amplification stage patterning: kapton etching @ plating ® ampl-holes (by CERN)



Tests In ELTOS ()

DLC patterning

photo-resist application/developing ® patterning with brushing-
machine

while at CERN a different approach, based on a JET-SCRUBBING-
machine, is implemented

PCB planarizing

PCB planarizing by filling the gap between pads with epoxy resin
Taiyo THP-100DX1 VF (screen printing) ® PEM planarizer
(POLA&MASSA)

While at CERN a PCB planarizing w/early-stripping of suitable
prepreg (115°C/15min)

gap filling 24 um
pad 29 um




Tests In ELTOS (Il

DLCed Kapton foil gluing on PCB w/pressing machine

pacothane

/—/

Stainless steel plates

DLC-Kapton foil |

n.1 PANASONIC R-1551W t|p0106 &

PCB-1.6mm

\_

: | n.1 Pacoflex(1000)-250 um

Main parameters:

« pressure 180 N/cm?
+ temperature 210°C
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Tentative schedule p-RWELL in LHGh (un solo vintegration groupn)

LS3 LS4

new HR layout design & test (w/X-ray)

eco-gas searches
test beam with PEP-RWELL with FATIC
global irradiation test (GIF++)

finalizing design HR layout

proto-0 construction & test

TDR

preparation mass production (ELTOS+ CERN)
DLC production w/CID
R1 - Production (ELTOS + Rui)

R1 - integration & test (INFN)
R2-M2/M3 - production{ELTOS+Rui)
R2-M2/MS3 - integration & test (INFN)
R2-M4/M5 - production{ELTOS+Rui)
R2-M4/M5 - integration & test (INFN)

Installtion/commissioning - I
La costruzione segue i seguenti step(*):
- CERN=> produzione DLC con macchina sputtering di cui INFN & co-propretario (costo materie prime e missione
personale INFN) consegna prevista fine luglio 2022 — in operazione inizio 2023
- Eltos > PCB, DLC patterning & gluing
- CERN - finalizzazione rivelatore con etching kapton (RUI)
- CERN - assemblaggio con frame e catodi e procedura di conditioning (RUI)
- CERN - test finale rivelatori e integrazione elettronica (personale INFN)

(*) tempi e modalita di produzione definite con Rui & Eltos e considerando un solo «integration group»



L1=83,76pme
3




LHGh upgrade Il (Rund - Run6)

Aggiornamento Tabella (dimensioni pad, rate, ecc)

M2R1
M2R2
M3R1
M3R2
M4R1
MAR2
M5R1
M5R2

Detector size & quantity (4 gaps/chamber - redundancy)

R1+R2: 576 detectors, size 30x25 to 74x31 cm?, 90 m2 det. - 130 m? DLC
768 detectors, size 120x25 to 149x31 cm?, 290m? det. - 414 m? DLC

Capacita x2 (t=0.05mm)

#cmby/region cmb X (cm) |cmb Y (cm) |cmb Area cm|pad0 X (cm) |scale fact X pad X (em) |pad0Y (cm) |scale factY |pad Y (em) pad Area (cm2) max rate (kHz/cm!rate/pad (kHz) C (pF) l Nch/gap Nch/dgap

12
24
12
24
12
24
12
24

R3:
R4 :

30
60
32
65
35
70
37
74

25
25
27
27
29
29
31
31

750
1500

864
1755
1015
2030
1147
2294

0.63
1.25
0.67
1.35
2.9
5.8
3.1
6.2

0.70
1.40
0.70
1.40
2.80
5.60
2.80
5.60

0.0
0.89
0.96
0.96
1.04
1.04
111
111

3.1
6.3
3.4
6.8
3.6
7.3
3.9
7.7

3.50
3.50
3.50
3.50
3.50
3.50
3.50
3.50

0.89
1.80
0.97
154
103
2.09
111
2.20

0.80
1.61
0.93
1.87
1.07
2.16
1.23
2.44

3300
300
1900
220
650
85
550
55

3072 detectors, size 120x25 to 149x31 cm?, 1164 m? det. - 1662 m? DLC

2630.00
432
1766.00
412
692.00
183
678.00
133

28.22
56.89
32.91
66.32
3771
76.47
43.67
86.22

940
933
929
936
952
939
929
941

3760.00
3732.00
3716.00
3744.00
3808.00
3756.00
3716.00
3764.00



LHGh upgrade Il (Rund - Run6)

Aggiornamento Tabella (dimensioni pad, rate, ecc)
Capacita x2 (t=0.05mm)

#cmbyregion cmb X (cm) cmb Y (cm) cmb Area cm pad0 X (cm) scale fact X pad X (em) pad0Y (cm) scalefactY padY (em) pad Area(cm2) max rate (kHz/cm2) rate/pad (kHz) (pF) Nch/gap |
MZ2R1 12 30 25 750 0.63 1.00 0.63 3.1 5.00 0.62 0.39 3300 1288 3.82724 1920
M2R2 24 60 25 1500 1.25 2.00 0.63 6.3 5 1.26 0.79 300 236 27.8775 1904
M2R3 48 120 25 3000 2.5 2.00 1.25 12.5 5 2.5 3.13 35 109 110.625 960
MZR4 192 120 25 3000 5 1.00 5.00 25 1 25 125.00 20 2500 4425 24
M3R1 12 32 27 864 0.67 1.00 0.67 3.4 5.00 0.68 0.46 1900 865 16.12824 1896
M3R2 24 65 27 1755 1.35 2.00 0.68 6.8 5 1.36 0.92 220 201 32.4972 1911
M3R3 48 130 27 3510 2.7 2.00 1.35 13.5 5 2.7 3.65 19 69 129.033 962
M3R4 192 130 27 3510 5.4 1.00 5.40 27 1 27 145.80 5 729 5161.32 24
MAR1 12 35 29 1015 2.9 4.00 0.73 3.6 5.00 0.72 0.52 650 339 18.4788 1944
MAR2 24 70 29 2030 5.8 8.00 0.73 7.3 5 1.46 1.06 85 89 37.4709 1917
MAR3 48 139 29 4031 11.6 7.00 1.66 14.5 5 2.9 4.81 9 43 170.1222857 838
M4R4 192 139 29 4031 23.1 1.00 23.10 29 1.00 29 669.90 3 2008 23714.46 6
MBR1 12 37 31 1147 3.1 4.00 0.78 3.9 5.00 0.78 0.60 550 332 21.3993 1897
M5R2 24 74 31 2294 6.2 8.00 0.78 7.7 5 1.54 1.19 55 65 42,2439 1922
M5R3 48 149 31 4619 12.4 7.00 1.77 15.5 5 3.1 5.49 7 38 194.3965714 841
M5R4 192 149 31 4619 24.8 1.00 24.80 30.9 1.00 30.9 766.32 4 3065 M27127.728 6

Capacita /2 (riduzione dimensione PAD)



FATIC ASIC (New Development)
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Digital Shaper || Detector [ Co 'F"
= 1
In_Cho Analog Channel 0 L%nr:irtu ' Dgmal | o
Charge I

In_Ch1 Analog Channel 1 —3| sensitive Logic
Amplifier _|—)
Fast —3
¢ - TDC
In_Ch3 Analog Channel 31 /
R Timing branch
Analog Section: CSA settings:
= 32 Front-end channels: * Input signal polarity: positive & negative
» Fast output: designed for timing measurements * Gain: High = 50mV/C, Low = 10 mV/fC
* Slow output: input signal acknowledgement and charge measurement * Recovery time: adjustable
= Global Bias: temperature and power supply independent, internal
calibration, bias monitoring Shaper settings:

*  Peaking time: 25ns, 50ns, 75ns, 100ns (polarity adj)
Digital Section:

= Control Unit: _ TDC resolution:
* 320 MHz SLVS I/O link * 100ps (5 bits fine + 16 bits coarse)

* Channel & Global bias adj. bits
Cdet< 200 pF

+ TDC control




Clas12 upgrade @ JLAB

* Replace tracking planes in DC R1 with MPGD tracker

. DC chambers in R1 are made of 2 superlayers, of 6 layers each, and should be
replaced with 6 layers of 2D p — RWELL

. Requirements

. Tracking resolution: 100 um

. Timing resolution: 10 ns

° Rate: 100 KHz/cm2 R1 — detector

* 3 * The largest segment is a trapezoid with

| geomEtry a large base of 146.2 cm, the height of
' 1912 om the chamber will be 50 cm, the small

base of 101.2 cm

* The readout concept is U-V strips with
+10° stereo angles relative to the base
of the trapezoid, strips traced on two
sides of the readout plane will be used.

| * The charge share will be through
capacitive coupling. The pitch size of
the readout 0.8 mm, the strip width 0.4
mm.

* The total number of U&V readout
strips is about 685. i

R1-DC

50 ecm

146.2 cm




21 Sept. 2021 - joint INFN-ELTOS-CERN meeting
« standardizing manufacturing procedures of p-RWELL layout

1-3 Dec. 2021 - CERN-INFN meeting
« status of the R&D on the High Rate layout
- measurement with high intensity X-ray beam
« 2D layout based on the readout of a segmented amplification stage

7-10 Dec. 2021 - 1st test batch in ELTOS
 DLC patterning
« PCB planarizing tests

7-8 Mar. 2022 - 2nd test batch in ELTOS
« PCB planarizing tests
« Kapton DLCed foil coupling with PCB-readout

28 Mar. 2022 - joint INFN-ELTOS-CERN meeting
 discussion with Rui about the results obtained



starting point (2017-2020): ELTOS vs CERN

& standard CERN stacking

&
- - (N4
DLCed Kapton foil gluing on PCB ¢
The coupling/gluing is performed through a 106-prepreg
foil. Main requirements: 16 um Cu : ol _—
- good planarity 50 um Kapton g="%8

* minimizing the DLC-readout distance (to maximize 45, 1xprepreg-106
the signal amplitude): .
a

— preliminary PCB planarizing at CERN + prepreg-106 36um Cureadoutp : e ‘
- different approach implemented in the past in ELTOS m
with a double prepreg-106

’

18=36,41um

. Oy
Q -
Standard ELTOS stacking %, oF standard ELTOS stacking
Re X
q &0
>
m..;... ;@—MM‘:::::[—:’MPJ—" - 5 um Cu 5 um Cu
50 um Kapton 50 um
80 um 2xprepreg-106 58 um 2xpre Preg _,;eum L1=160.97m L2=154,48um " 13=160,91um

<18 280m 22 ' 48 um Cu readout 47 um Cu n_ “
e | 112488,13ym P,




Low-rate (RDFCC) vs PEP -1(LHCh]

L1=79,76pm L5=76,02um

L R B I e

L3=87,804l L5=88,33pm L2=97,97um L6=101,18pm

L7=47,65um L8=48,72um L4=48,18um

L4=56,76pum L6=6639um L7=51,94pm
19=38,
L10=53,00pm

RDFCC Low-rate Ampl. Hole (CERN) PEP - 1 Ampl. Hole (CERN)

B il A kil s RS il st 3 < e
L1=48,27um L7=48,27ym
15-93,33um

L1=51,49um

132105, 13um  LA=B7.9T4m

L2=48,27ym L4=123,37um 18=46,13

15=57,94pm LT 13=81,53um

L8=288,57um

17=17,71pm

RDFCC Low-rate stackout (CERN) PEP -1 stackout (CERN)



PEP-0 vs PEP-1

88 um
102 um

- L1=88,87ym _ -

L2=101,71pm

00 un | 15 um cu |
100 um

L5=76,024m

L6=49,25um 12=97,97m L6=101,18ym

L9=114,03pm L4=48,18um

13=50.33um $ L7=51,94pm

PEP-0 Ampl. Hole (CERN) PEP-1 Ampl. Hole (CERN)

L5=97,43um

13=55,14um

DLC grounding vias DLC grounding vias

L1=48,27pum ¥ L7=48,27um

L1=37,56pm L5=93,33pm

- 14=123,37um .
el v e LB=46.13

12=138,39um

PEP-0 stackout (CERN) PEP-1 stackout (CERN)



PEP-1details

L1=79,76um L5=76,02pm
* =

L2=97,97um L6=101,18um

[FEVEREAT

L3=50,33um L7=51,94pm

18=51,93um

PEP-1 Ampl. Hole (CERN) PEP-1 DLC grounding-hole plating (CERN)

L1=48,27pym t L7=48,27um
L5=93,33um

. 14=123,37um .
L2848, Tumygll - N ST am 18=46,13

PEP-1 stackout (CERN)
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