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The un-RWELL and G-RWELL detector

URWELL

Cathode PCB

GRWELL

Cathode PCB

DLC, p, ~

Drift field :
Drift gap 100 MQ/O

3.5kV/cm Pitch 140 pm

Pitch 140 pm AVgeu=450V
850 pm

DLC, p, ~
100 MQ/O] 70
/ A AV, g1 ~500V

SpumCu

PCB Read-out PCB Read-out

Pre-preg

Cathode PCB Ar:CO2:CF4 45:15:40

Transfer

[mm]

GEM foil - 50 um Apical — 140 um pitch
2024 6 3
2025 6 2

aresistive DLC layer (Diamond-Like-Carbon) for discharge
- EW) LHCb U2 3 2
H RWELL—PCB . suppression with surface resistivity ~ 100 MQ/o

a standard readout PCB

a WELL patterned Apical foil acting as amplification stage
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The LHCb U2 Muon System
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LHCb: the Muon System today

Current detectors:

« 1104 MWPC;

o 4 stations: M2-M3-M4-M5;
e 4 chambers (gap) per station:

o 4 regions per statioﬁ‘Rl- -R3-
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LHCb: requirements for Upgrade i

U2 requirements:
* Instantaneous luminosity = 1.0 x 103*cm2s!:
* Rate M2R1 ~ 1 MHz/cm?:

* ~800 kHz for single RO pad,;

* Triggerless acquisition @ 40 MHz;

« efficiency 25 ns time window:

* 98% on 4 gaps majority = 90% single gap;

*  MWPC: the rate-induced dead time inefficiency would ' —
e . Rates (kHz/cm?) M2 M3 M4 M5
be a major limiting factor:
R1 970 370 330 260
* Replace all R1 & R2 with MPGD detectors R2 2000 50 31 20
R3 33 6 4 4
R4 9 2 1 2

Alessia Satta - Muon Parallel 22/06/2026
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https://indico.cern.ch/event/1696922/#33-introduction-and-news
https://indico.cern.ch/event/1696922/#33-introduction-and-news
https://indico.cern.ch/event/1696922/#33-introduction-and-news

The PEP-DOT p-RWELL

DLC-GND
pitch [mm]

Dead Area
[mm]

GND width

Insulation

[mm] gap [mm]

9 1.3 (1.6%) 0.767 0.175

0.535

Dead area 1.305 mm
GND 0.767 mm

Cu 0.094 mm 0.175 mm

DOCA 0.535 mm

759,07um
1116,32pm
191,90pm

145557um"

« The most recent high rate layout:
Patterning-Etching-Plating
« The DLC ground connection is established by
creating metalized vias from the top Cu layer
through the DLC, down to the pad-readout of the
PCB
o The dead area is ~2%

T7um

As an alternative, a Silver Grid high-rate scheme
is also under investigation but the PEP-DOT still
remains the favorite option.

16/10/2026

M. Giovannetti - LNF-DDG activities



Efficiency in 25ns

Raw Efficiency:

3500

entries

fraction of events in which 3000
a cluster is found within a 2500
Field of Interest (Fol)
around the reconstructed
track, restricted to the
fiducia area.

2000

1500

1000

500

25 nsec

vh tFast Trakg M 4

Entries
Mean

Std Dev
Underflow
Overflow

15200
-169.9
7.276
0

0

The time distribution of the
fastest hits in the selected
clusters is then used to
evaluate the

25 nsec Efficiency:

maximum fraction of events
with the fastest cluster
timestamps contained
within a 25 ns time window.

-300
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Efficiency in 25ns

Raw Efficiency:

fraction of events in which
a cluster is found within a
Field of Interest (Fol)
around the reconstructed
track, restricted to the
fiducia area.

The time distribution of the
fastest hits in the selected
clusters is then used to
evaluate the

25 nsec Efficiency:

maximum fraction of events
with the fastest cluster
timestamps contained
within a 25 ns time window.
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G-RWELL: the Bi-Gap effect

Ionization in the transfer gap may generate early
signals due to amplification only by the pnRWELL:

At high p-RWELL gain (HVyy; > 500 V), this signal can exceed
the threshold before the main signal characterized by two
amplification stages.

Early-time contributions degrading the time resolution.
An ongoing R&D program is investigating the mitigation of the

BI-GAP effect by reducing the transfer gap size: the first
G-RWELL degree of freedom.

entries

entries

800
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500

400

300

200

100

900
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600

500

400

300
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tFa';-'.t

G_RWELL

iy

vh_tFast_Trakg__G_RWELL
Entries 3422
Mean -168.6
Std Dev 7.749
Underflow 0
Overflow 0

FD-ARM 2/12

HV g, : 500 V

HV ge: 460 V

=250

-150 -100

=200 -50 0 50
tFm [nsec]
t.. G_RWELL
ast —
vh_tFast_Trakg__G_RWELL
- Entries 3401
— Mean 1744
= Std Dev 7.32
= Underflow 0
= Overflow 0
= FD-ARM 2/12
= HV,yp,: 535V
= HVgem: 460 V
.E PRI N T T L PR, PR S SR TR (N SRR SR SR S T TR T N T | |
-250 -200 —150 -100 -50 0 50
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The G-RWELL optimization

HVgepy= 460 V
THR: FD — ARM (fC)

2-12 3-6
470 Vyyp, — G: 5x10°  87.040.6 %

500 Ve, — G: 1x10%  90.6 0.5 % 89.5 +0.5 %
535 Ve, — G: 2x10° | 87.3+0.6 % 87.0 £0.6 %

G-RWELL 25 nsec Efficiency

-
€

0.9

0.8
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0.4

0.3

| GRWELLscan  HVye: 470V

== [D-ARM 2-12

0.2

FTTTTTT T T[T T T[T T[T T[T T TT[TTTT[TTTT]TTITT

0.1 == FD-ARM 6-12
P == [D-ARM 8-12
0 1 1 1 1 1 1 1 1
360 380 400 420 440 460
HVgen V]

Gas: Ar/CO2/CF4 45/15/40
FEE: FATIC3 (different THRs)

APiCALe | Drift gap

6-12 8-12
81.8+0.7 % 78.0+£0.7 %
88.9+0.5 % 85.8+0.6 %
89.0+0.5 % 89.4+0.5%
G-RWELL 25 nsec Efficiency
1: w
ng ........ g;.
08 5 /‘.//’7:’//"//
06% ;-// / / --------
0.5F <
N
O
) O S—
0oF G-RWELLscan  HVye: D00V
= =  FD-ARM 2-12
0.1 . === FD-ARM 3-6
- ,bwi | i == FD-ARM 6-12
0 360 380 200 = FD-ARM 812
HVgen VI

Cathode PCB

DLC, p,~

100MO/ Pitch 140 pm

1=
0.9F e s et S S [
0.8: /% .......
07: / ......
O
T R
0.4F -
03 e ]
0oF - . | GRWELLscan  HVye: D35V

= = FD-ARM 2-12
0.1 o == [D-ARM 3-6

R ; == FD-ARM 6-12

ol_ L L | 1 1 1 | L L 1 | — FD-ARM 8-12

360 380 400
HVgey V]

In collaboration with the LHCb U2-muon group,
thanks to INFN Tor Vergata and Bari
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G-RWELL and p-RWELL comparison

uRWELL Raw Efficiency G-RWELL Raw Efficiency
~ 100 — < 100p
S E S 7 S F -~ —f— —g=
L o 0 e RWELL G-RWELL
80— // 80~
oF o HVye: 650V HVyg,: 500V
60 soC HVgey: 460V
E E G:1.1x10* G:1.x10*
50; / 50;
S ST s S sof i Raw Eff. (%) 96.1+0.3 95.0 0.4
F RWELL scan E G-RWELL scan HVyp,: 500V FD-ARM
30 — FD-ARM 2-12 |77 30 m— FD-ARM 2-12 T 2-12
soF — FD-ARM 36 | soF —— FD-ARM 3.6 25 nsec Eff. (%) 93.5 £0.3 90.6 +0.5
C = FD-ARM 6-12 E === FD-ARM 6-12
1of == FD-ARM 8-12 | 103 m=  FD-ARM 8-12
o— — 560 I I 580 — 6C|)0 — 6;0 — Gégl I[V] o - 560 — 380 — 4(|)O ‘ I4;0 I ‘ 44|f0 I ;‘vl 46([)VI]
WELL GEM
URWELL 25 nsec Efficiency - G-RWELL 25 nsec Efficiency
w 1: w 1:
0.92 ?/ 0.92
- i - e s The nRWELL shows high
0.8F /_/ 7(/ 0.8F ST epn SNOWS nigner
ork // ork e A 25 ns efficiency compared to
ool ﬂ'; 0 e57 |t the G-RWELL.
g F T
0o e 08 The BI-GAP effect
04y 04EY associated with the 3 mm
0.3 7 03 transfer gap is evident in the
02 02 G-RWELL 25 ns efficiency.
0.1F 0.1F
O_ T ‘JT ;60 1 1 1 580 1 1 1 600 1 1 1 620 1 ] 1 640 ] 1 OI_ ‘I VIW3YGO 1 1 1 380 Il 1 1 400 1 1 1 420 Il 1 1 440 1 1 1 460 I
AView V] HVeen V]
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TB PSI 2026

MicroMegas  u-RWELL

TRK_ U  u-RGRoove  TRK_M G-RWELL

Scintillator: 3 fast scintillators 16x16cm?
Trackers: p-RWELL 5x5cm? — 0.4mm strip R/O

M-RWELL: 10x10cm? - 9x9mm? pad R/O — Drift 6mm

TRK_U _

10x10cm? - 9x9mm? pad R/O — Transf 1mm, Drift 6mm

MicroMegas: 10x10cm? - 9x9mm? pad R/O — Drift 3.5mm
U-RGRoove: 10x10cm? - 9x9mm? pad R/O — Drift 3mm

GOAL:

raw efficiency & 25 ns efficiency

rate capability through a measurement of the beam spot and
of the rate in current mode

long-operation performance and stability at max beam flux (we
estimate ~ 50 mC/cm? per day)

BEAM CHARACTERISTICS TM1:

High intensity pion beam line with a momentum ranging
between 100 and 500 MeV/c

Quasi-continuous beam: bunch frequency 50 MHz
Very high pion rate up to 200 MHz @ 350 MeV/c
Proton contamination < 10% @ 350 MeV/c

Spot size up to 4-5 cm?

16/10/2026
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TB PSI 2026
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The ~uture Circular Collider

—CDR baseline runs [31Ps)

al oppor i ies

Operating across four energy stages,

FCC-ee is an ultra-high-luminosity
factory designed to stress-test the

Standard Model with ultimate precision

and directly uncover New Physics

o) 40 1?5 40
=

g
-
&
&

indirect sensitivity
fes roew physics

Z lineshape
QcD
flawvour

ram dacays

dark sacior

ana

$
=4

B

W mass and width

op EW couplings
op Higgs VBF production
T o Higga couplngs im oo highlights

|
[

S predictions
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nnovative Detector for "“lectron-positron ccelerators\

E
DETECTOR REQUIREMENTS S
Large solid angle coverage (|cosf| < 0.99) ”SZtSrfToféi

Energy resolution 3% for 50 GeV jets
Momentum resolution 0(0.15%) for 50 GeV muons

DR Fibre Calo __|

SUBDETECTORS
Silicon Pixel Vertex detector coll J

Drift Chamber DR Crystal Calo

Silicon Wrapper Silicon Wrapper :.

Crystal Dual-Readout ECAL
Superconducting Solenoid

Dual-Readout Fiber Calorimeter HCAL L
Muon Detection System - Vertex Detector [~ | | | o i

* z(m)
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The IDEA Muon Detector

REQUIREMENTS DETECTOR TECHNOLOGY: u-RWELL
Reconstruct and tag the muon and detect LLP * 3 detection stations

- Efficiency > 98% « 50 x 50 cm? 2D tiles to cover about 1525 m?
- Spatial Resolution < 400 um (200 um for LLP) » Strip Pitch = 1.2 mm

 Scalable Production * FEE capacitance = 270 pF

*  Optimization of FEE channel cost * 5 million channels

SIMULATION RESULT

For redundancy and LLP
performances:

*  Number of layers > 4
* ~ 30 million channels

(a) Transverse (z—y) cross-section (b) 3D perspective (quarter section) (c¢) Longitudinal (y—z) section
DD4hep geometry visualization of the IDEA Muon system. The u-RWELL detection layers are shown in grey and the iron yoke segments in red
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2D u-RWELL Layouts

Single-sided cathode

Single-sided cathode

Double-sided cathode

Segmented copper

u-RWELL

2xIDURWELL uRWElL 2D: Charge Sharing r/out UWRWELL TOP r/out

* Shared cathode Charge-Sharing performed through the « X strips patterned on the TOP
* 1 view per uRWELL capacitive coupling between a stack of layers of the amplification stage
» Easy PCB construction of pads and the readout board introduce a dead zone in the
» Operation at lower gas gain *  Good performance but needs higher gain active area

*  Reduce the FEE channels, but the total charge is « Operation at lower gas gain

shared between the X and Y readout
K. Gnanvo et al,, 2023,

NIM A 1047 167782
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2D p-RWELL: Layout Optimization with APV25

Residual sigma [mm]

0.5

@  Residual SIgMa 2D X - 2X1D [eeeeesrremseberrmremmeeemebeseeesseerssese b emmescesee e s
¥ Residual sigma 2D X - CS i ; ; ;
¥ Residual sigma 2D X - Top [ 0.8

0.45

® Efficiency2D-2x1D |if 0 @O0 —0 |
¥ Efficiency 2D - CS : : : :
g Efficiency 2D - TOP [/ g

0.9

Efficiency

0.4

0.35 0.7

....................................

0.3 0.6

0.25 05

0.2 0.4

0.15

0.3

0.1 02

0.05 0.1

IIII|IIII|IIII|IIII|IIII|IIIIIIIIIlIIII|IIII|IIII

O_I I 1 1 1 | 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 | 1

480 500 520 540 |560 580 600 620 640 0 450 500 550 600 650
HV [V] HV [V]

2xID URWEL!L URWELL 2D: Charge Sharing r/out URWELL TOP r/out
(Ioiz"C/t 0.8 mm) /Ibiz"C/t 1.2mm) (pitch 0.8 mm)

Spatial resolution < 200 um = Spatial resolution < 200 um = Spatial resolution < 200 um
Efficiency ~ 95% = Efficiency ~ 98% = Efficiency ~ 70%

In collaboration with the IDEA muon group, thanks to INFN Bologna, Ferrara and Torino
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With APV25

A new entry: the Charge Dispersion up-RWELL /.-

2D CD u-RWELL
U-RWELL with improved Charge Dispersion

—>First DLC layer with high resistivity (p=100 MQ/[J) for higher spark
quenching and detector stability

—>Second DLC layer with low resistivity (p< 1 MQ/0) for signal
spreading

CD p-RWELL - First 2D prototype test (May ‘26)

DDLC3 Space Resolution STANDARD VS ENEMY
—*— Vista X
—»%— ENEMY Vista X
—&— VistaY
—#— ENEMY Vista Y
T=20.7°

* First CD p-RWELL prototypes with 2D readout
successfully built and tested at SPS-H8 beamline
* Production issue: second foil resistivity = 20
MQ/o (non-optimal condition)
* Despite this, the Charge Dispersion mechanism
was clearly confirmed
— results consistent with expectations
* Overall performance was very encouraging
— strong support for further R&D

" 1 e — a > ) o
development “
2000 4000 6000 8000 10000 12000
GAIN

=20.7°C
P =950 mbar

APV25
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C-RWELL
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Low X, Cylindrical p-RWELL

Thanks to the LNF and INFN-Fe eu r|70n
Eurizon collaboration European network

for developing new horizons for Rls

By exploiting the flexibility of both the p-RWELL amplification
stage and its readout, we are developing a low-mass (0.6-1%
Xo), modular inner tracker for low-energy et*e- colliders:
the C-WELL.

o From standard p-RWELL on rigid PCB supports

— a full flexible detector tile

o Three tiles have been glued on composite/foam roof-tiles,
then mounted on the anode cylindrical support

« A full cylindrical-cathode will close (externally) the detector

Detector size
« external diameter =20cm
« global length = 100cm

. active length= 60cm

16/10/2026 M. Giovannetti - LNF-DDG activities
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eurizon

The final assembly didn’t require a highly R Pl
sophisticated sliding machine, thanks to the large R T
distance (10 mm) between the roof tiles and the [
internal surface of the cathode. I A o o
The tile gluing and the detector : 4, i ¥/
assembly took 14 days. Tracking system: 4 1D p-RWELLs f
Gas: Ar:C0O2:CF4 45:15:40 sl
- large residuals due to inclined tracks |

Preliminary CWELL analysis - HV Scan

Ld = 2kVlem, Ar:CO, CT, 45:1540

— 1200 ; 1l
E T | eurzon - o,
= [ - e horlzons i B -
S 1000~ : ' i
= L . L
3 SUUK ] ; 200
§ - . i i
% ol . i ]
[ Y :
é B . 2 . 150
B . L
400_ ......................................... ........ ‘ ....... L ; ; ;
- # residual width up mu_lIIIlll|IIII'IIIIII|III|III|IIIIJJI|III
2001 & residual widthdw | 100 80 -60 40 20 0 20 40 S0 BOD 100
.f L
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MSPC
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MWPC:
Reliable, Robust,
Good Performance

But have two
manufacturing problems:

A very high personpower needed
for each detector

Very few production sites still
available in the world

But due to MWPC
time consuming manufacturing,
even in low irradiated
applications sometimes
MPGDs are favoured
since they are easier to build.

16/10/2026 M. Giovannetti - LNF-DDG activities
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Why and How

But due to MWPC
time consuming manufacturing,
even in low irradiated
applications sometimes
MPGDs are favoured
since they are easier to build.

MWPC:
Reliable, Robust,
Good Performance

But have two
manufacturing problems:

A very high personpower needed
for each detector

Very few production sites still
available in the world

PR Cthode

Amp. Stage

Support
Bias Backplane

Manufacturing simplicity
= Photolitography
= Anode: Cu strips (30um)
= Which substrate?

Spark Protection
= Cathode-Anode distance: Drift Gap O(2-6mm)
= Anode strip pitch O(2mm)
= Are Cathodic strip (100um) needed?
= HV bias Backplane (as a «Virtual Cathode») ?

Gas
= a simple gas mixture: Ar:CO, is the target

Should be built like a «MicroPattern»
...might not be a «MicroPattern»!

16/10/2026
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The VultiStrip Proportional Chamber

Gas mix used
Bl Ar:CO, 90:10

GLASS

Sense Strip 30um

J 1 GLASS

Bias Backplane

Sense Strip
DLC

\/

Sense Strip 30um

e e o Field Strip 100um
: GLASS
Bias Backplane

16/10/2026
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MSPC GLASS — Manufacturing

First small batch
produced

Detector Yield 20%
mainly due to calibration
of sputtering and etching

Strip Yield for a good
detector: 100%

Detectors mounted on an FR4
support, useful for HV distribution

Vessel top view \ |
w/ closed cathode
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MSPC GLASS - Stable Operation

eff_geom vs time

N 1 1 1 1 1 _
1 f— —
08— —
06— —
- At = 31 days .
04— —
B Measured loss: (+0.0+ 0.1)% per day ]
- distance from m=0: 0.2 sigma -
02— Measured level if flat: (89.9+ 0.5)% ° eff_geom -
: Slope lower level limit (3 sigma): -0.2% per day ’ eff_geom tp_corr :
o i i i i i
02:00 02:00 02:00 02:00 02:00
06/08 13/08 20/08 27/08 03/09
sing_rate [kHz] vs time
- 1 1 1 1
2.8 —
26~ . —
24~ oo —
- L -
22— —
= ¢ oo =
2=~ (R —
18- . =
16— - -
14~ —
12 e —
1| Slig —
— [ =
08~ % o —
- L ] -
= o ® =
06 - i i i i =
02:00 02:00 02:00 02:00 02:00
06/08 13/08 20/08 27108 03/09

08— -
06— -
04 =
: FD plateau: 0.899 :
o Turn-on: 0.297 -
02 Slope: 19997.265 =
: Normalization: eff_tp_corr = eff_geom * plateau/ f(tp) :
0'.|....|....|....|....|....|....|..'
0.297 0.298 0.299 0.3 0.301 0.302 0.303
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Future Steps

* [2026] «Proof of Concept» 5x6 w/ single R/O ch.
e MSPC DLC — under development

LA 50 um Kapton

Ry

Two different Kapton thicknesses will be tested
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Future Steps

* [2026] «Proof of Concept» 5x6 w/ single R/O ch.
e MSPC DLC — under development

p— - - o e

" 125 um Kapton

LA 50 um Kapton

Ry

Two different Kapton thicknesses will be tested

* Detector 10x10, w/ integrated FEE
e [2026] MSPC DLC — to be finalized after 5x6 protos.
e [2027] MSPC GLASS —to be designed

Front-End Passive Sum: 12 chs. OR; VTX-AMP: 10mV/fC; CSA-shaper: 4 mV/fC 4us

Back-End Active Sum: VTX signals OR; Discriminator: for VTX signals; x12 EMO: output
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Summary and Outlook

Future HEP experiments demand gaseous detectors combining excellent spatial and time resolution,
high-rate capability, operational stability, and radiation resistance.

For over 30 years, the Detector Development Group (DDG) at the INFN Frascati National Laboratories
has been developing innovative gaseous-detector technologies to meet these challenges.
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Summary and Outlook

Future HEP experiments demand gaseous detectors combining excellent spatial and time resolution,
high-rate capability, operational stability, and radiation resistance.

For over 30 years, the Detector Development Group (DDG) at the INFN Frascati National Laboratories
has been developing innovative gaseous-detector technologies to meet these challenges.

Our R&D efforts are primarily focused on the ui-RWELL, addressing different requirements:
* LHCb U2: operation in high rate environment, targeting time resolution <5ns

* FCC/IDEA: large-area detectors providing high-precision tracking.

* Low X, Cylidrical detectors, for inner tracking systems
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Summary and Outlook

Future HEP experiments demand gaseous detectors combining excellent spatial and time resolution,
high-rate capability, operational stability, and radiation resistance.

For over 30 years, the Detector Development Group (DDG) at the INFN Frascati National Laboratories
has been developing innovative gaseous-detector technologies to meet these challenges.

Our R&D efforts are primarily focused on the ui-RWELL, addressing different requirements:
* LHCb U2: operation in high rate environment, targeting time resolution <5ns

* FCC/IDEA: large-area detectors providing high-precision tracking.

* Low X, Cylidrical detectors, for inner tracking systems

In parallel, the DDG continues to explore new detector concepts,
most recently the MSPC, a promising, cost-effective solution
for moderate-rate applications.
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Summary and Outlook

Future HEP experiments demand gaseous detectors combining excellent spatial and time resolution,
high-rate capability, operational stability, and radiation resistance.

For over 30 years, the Detector Development Group (DDG) at the INFN Frascati National Laboratories
has been developing innovative gaseous-detector technologies to meet these challenges.

Our R&D efforts are primarily focused on the ui-RWELL, addressing different requirements:
* LHCb U2: operation in high rate environment, targeting time resolution <5ns

* FCC/IDEA: large-area detectors providing high-precision tracking.

* Low X, Cylidrical detectors, for inner tracking systems

In parallel, the DDG continues to explore new detector concepts,
most recently the MSPC, a promising, cost-effective solution
for moderate-rate applications.

We look forward to the challenges ahead and are
pleased to welcome our USTC colleagues,
who have recently joined our LHCb R&D effort!
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FATIC3 ASIC

Test Channel |
Channel 31 |
Channel 0

Digital
Lz § Control

= i /\ - I Unit
By I VAN
‘Shaper Peak Charge discriminator

el 7] B 68T

CSA

Global Bias

* FAst Timing Integrated Circuit (FATIC) designed in CMOS 130 nm technology

* CSA with programmable polarity, gain (10 mV/fC, 50 mV/fC ) and recovery time of ~1 s,
ENC @150 pF: 1.2 fC

e Shaper with programmable peaking time: 25 ns, 50 ns, 75 ns, 100 ns

* Charge measurement with dynamic range < 50 fC and programmable charge resolution
* Time measurement (ToA) using 100 ps TDC

* 640 Mbps serial link, GBT compatible

* Power consumption ~200 mW
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FATIC4 ASIC

The FATIC3 chip has a dead time of ~1us, mainly driven by the CSA, which should be reduced up to 100ns in order to
guarantee efficient operations at the expected rates (~700kHz/ch): a new FATIC version has been produced.

Fast reset circuit

TDC -
L 2 .
Charge Discriminator e N\ Global logic
Trise A c< _AD E—
S’
— w
Channel logic

Time Discriminator FastOR

TDC

CSA mode (the same of the previous FATIC3 version): programmable MOS discharge resistor. Fixed gain (7mV/fC), adjustable recovery time.
Fast reset : speed-up the discharge process: fast recovery<100 ns

Leakage-current compensation circuit (LCC) with two programmable parameters (filter capacitance and LCC bias current) can be activated to
compensate a constant detector leakage current and/or an ion tail.

Charge branch: acknowledge of the input signal + filter noise. Charge threshold < 50fC.

Time branch: - measure of ToA (two switched channels capable of detecting 2 hits within few ns), resolution 100ps.
- measure of Time over Threshold, resolution 400ps.
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LHCb 2025

TB area:
M2R1 M2R2 CERN, PS-T10
. » November, 2025
domeam e G-RWELL i
Beam:
Ll 5 GeV/c muons
S; S S
775.0 199.0 0 mm
Tracker: M2R1: Tracker: M2R2: Tracker:
URWELL G-RWELL MRWELL G-RWELL G-RWELL URWELL
10x10 cm?  60x25 cm? 10x10 cm?  10x10 cm? 30x25 cm?2  10x10 cm? 10x10 cm?
Pad R/O, '1”252)‘(‘23 Pad R/O, 'lrlfz)l:ﬂ' , PadR/O, Pad R/O,
9x9 mm? 5 ' 9x9 mm? 5 ' 9x9 mm? 9%x9 mm?
cm cm

ift: ift: ift- : Drift:

oo PURIO, o Padro, U T
9%9 mm? 9x9 mm?

TB2024: Drift-Tran: Drift-Tran: TB2024:
1.2 mm 6-2 mm 6-2 mm 1.2 mm
pitch-strip pitch-strip
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LHCb 2025 beam test software

Multi-purpose detector setups
equipped with both strips and
pads readout

+ online data quality
monitoring

+ offline analysis

Main useful tools included:
+ Event display
» HV-scan plots generation

+ Clustering based on
topology and time

» Detector alignment

» Track reconstruction

Software Configuration file
(Analysis_setting.C)

variables inizialization
and
validation of the set parameters
ot

loading of the detectors
geometry and fiducial areas

Software operating mode
Detector setup selection
Analysis parameters

[

External Interface gy
(bridge.C)
Interface between the
software core and

W

Final Scan-Plots
generation

-
+ Runs dataset loading

* Plotting configuration loading

DETECTOR class::
+ i hits_coordinates()
+ £_hits_time()
+ {_Geo&Time_clusterS()

Finalization and Cleanup

event data structures

externally developed
- modules
inizialization of the

DETECTOR class DFETclass_histoS;

User variables RAW Plots

» inizialization generation
Plots inizialization
DETEGTOR_class::main()

RAW/GOLD-Event

N Fill histograms
RAW-Events characterization: input

* Time window Finalization e
« Hits/Clusters multiplicity
per detector r GOLD Plots
- generation
GOLD-Event Plots inizialization
definition

I S Fill histograms
—resese—

— clustering - Save
S s N
/ TRACKING \ Any User
\\ ALIGNMENT - /\ external package
detectors EFFICIENCY User variables
Alignment.txt measuremen inizialization

= User algorithms

-

N on
B RAW/GOLD event

Finalization

Also designed for collaborative use,

featuring a user-friendly C++ interface for detectors configurations, final

plot production and packages extensibility.

The tracking algorithm implements fiducial Areas
on the n/G-RWELLs, in order to exclude dead pads.

Dead pad

XY, Fast G_RWELL (3)
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The G-RWELL

MNuclear Inst. and Methods in Physics Research, A 936 (2019) 401-404

Nuclear Inst. and Methods in Physics Research, A

Contents lists available at ScienceDirect

journal homepage: www.elsevier.com/locate/nima

Development of y-RWELL detectors for the upgrade of the tracking system | M)

of CMD-3 detector

Chesk for
upcates

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

Novosihirsk State University, 630090, Novosibirsk, Russio

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 mesans in the energy range between 0.3 GeV and 2 GeV.
The new sul 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.

L. Shekhtman, Nuclear Inst. and Methods in Physics Research, A 936 (2019) 401-404

12=22,48um 16=25,17um

Cathode
Drift Gap: Shekhtman 3mm - LNF+Roma2 6mm

Transfer Gap: Shekhtman 3mm - LNF 3/2/1mm

L1=10,72um

14=50,32um

15=22,49um 12=22,48ym 16=25,17um
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G-RWELL and p-RWELL gas gain

Gas gain

Ar:CO,:CF, 45:15:40 Ar:CO,:CF, 45:15:40
Py £ N -RWELL ~T
INFN '3 B HV 595 GAIN 4037 E,=2.5kV/cmh INFN
E,=3.5kV/cm — o O i HV 580 GAIN 2855 Bt Bl - | thF-Dog
» —— HV 565 GAIN 2019 r=4.5kV/cm
10* < HV 550 GAIN 1428 |
_ O 105 | — HV 535 GAIN 1010 agil
; = — || —— HV 500 GAIN 450
2 ~ || — HV 470 GAIN 225
: = L || — HV 425 GAIN 80 | ra
¥ PEP3: [0.024905]*exp([0.019951] x HV) - |-~
T=21.0° P=993.0mbar /
@ MI: [0.007788]*exp([0.022362] X HV) 10% | | / P / -
T=24.5° P=981 3mbar - -
@ M2: [0.008175]%exp([0.022049] x HV) ... | /
T=24.5° P=987 4mbar B -
M3: [0.017122]*exp([0.021209] x HV) |
T=22.3° P=987.2mbar -
-8 M4: [0.004829]%exp([0.023171] X HV) |-~
exp([ 1 x HV) 3 /
T=23.9° P=985.2mbar 10° E / =
1 1 | 1 1 1 1 I 1 1 1 1 I 1 ] | | ] | i | ] J/ | | ] ] i I/ | I | i | | | | |
450 500 550 600 650 700 200 250 300 350 400 450 500
] v.2024/12/03 ]
HV [V_ ~/DDG/lavori/testbeam/tb202410/LHCb/hyb_gasgain HV GEM [V_
// GAIN GEM:
TF1 *f GEM = new TF1("f GEM", "( (x<10)¥1000+(x>10)*(x<375)*([0]*exp(x*{1])+[2]) + (x>375)*([3¥exp(x*[4])) J[5]", -1, 540); . . . )
f GEM->SetParameters(12.084448,0.017333,1186.539573,106.497361,0.011873,1000.000000); It is p0551b1e to extrapolate the total gas gain for different WELL HV values.
// GAIN WELL HYB: . . . o o
TF1 *f WELL HYB = new TF1("f WELL HYB", "[0Jexp(x*{1])", 400, 700); The Hybrid gas gain should be considered preliminary.
f WELL_HYB-SetParameters(0.00436,0.02309); ) . .
I GAIN M2R1: The measurement will be done again soon as possible,
FMORT - GetParameters(0.006175,0.005040) 100700 when the test beam setup will be shipped back.
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Applicatio
n

Complexity

Productio
n

Complexity

Assembly
Stability

Timing

Tracking
Scalability

Cathode PCB
Copper 5 ym

kapton

s
DLC layer (<0.1 pm)
p~10:100 MO/

Pre-preg

Rigid PCB
electrode

Standard MPGD - the everyday use

Mid: low rate p-RWELL are standards, high-rate
ones need a bit more care

None: in principle they are ready to use after
delivery from the MPT

Resistive: stable by design
Single stage: operational gain 6-8k

Down to 5ns

G. Bencivenni et al., 2020 JINST 16 P08036
As large as the DLC foil (for the CID 170x60cm?)

Drift gap

APICAL® 100MQ/O

Very demanding scenarios in which extremely high
gas gain is needed: e.g. time resolution <5ns, 2D uTPC
reconstruction

Low: GEMs are the MPT-Workshop “best sell item”

Mid: it’s an additional manufacture step, they need to
be stretched/glued (more manpower)

Non-resistive: permanent damage
Multi-stage: gain up to 100k

Down to 3.8ns
bigap effect — possible source of stress for the GEM

See Elena’s talk on thursday
As large as the p-RWELL

Summary:
u-RWELL

vs G-RWELL

16/10/2026
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https://events.camk.edu.pl/event/124/contributions/1227/

1D u-RWELL: DLC Resistivity

DLC RESISTIVITY SCAN

Active area = 400 X 50 mm?
Pre-preg thickness = 50 um
Resistivity = [10,14,77,80] MQ/o

Strip Pitch = 0.4 mm

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

—

Spatial resulution [pm

Ar:CO,:CF, 45:15:40

300
= T0 MCY
250F o s0Ma/
L e 60 MQ/O
r 80 MQY/
200 F o 80MQ/D
150
100 F
: “\\N
sof - :
r ‘ ———
gOO 520 540 560 580 600 620 640 660 680 700
HV [V]
Stability
/ operation
Resistive

\_, Charge

a/is,oersion

Efficiency

RD-FCC pu-RWELL, DUT efficiency - 7SADC threshold

1

Ar:CO,:CF, 45:15:40

oL -/ﬁgmw
09F —
E e 10 MQ/O
08EF o 40 MQ/D
F / e 60 MQ/D
07E 80 MQ/O
B o 80 MQ/D
06F
05F
04F
03F
02F
0.1F
0 E 11 111 111 111 111 111 111 11 1 111 111
500 520 540 560 580 600 620 640 660 680 700

HV [V]

The dependence on the
DLC resistivity is
negligible for the spatial
resolution. For resistivities
below 40 MQ/0, the
spreading of the signal
could introduce
inefficiency since each of
the strip will be below the
detection threshold

40 MQ/O 100 MQ/O
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1D u-RWELL: Strip Pitch

STRIP PITCH SCAN

Active area = 400 X 50 mm?
Pre-preg thickness = 50 um

Resistivity = 10 MQ/o
Strip Pitch = [0.4,0.8,1.2,1.6] mm

Resolution [pwm]

charge distribution

s B B B R & &
2 2 2 2 3 2

high segmentation

TB2022 MUON u-RWELL, Resolution
n - P:

C Recostruction - Pass5 - 10 sigma

B ® pitch 0.4 mm

E ® pitch 0.8 mm

: ® pitch 1.2 mm

E “\ @ pitch 1.6 mm

. | o

Ee .\"\‘\ﬂ-——n
r ————

C o r———
- ——
T

OI 111 11 11 11 11 11 111 11 1
520 540 560 580 600 620 640 660 680
HV [V]

Efficiency [%]

0.9
0.8
0.7
0.6
0.5
04
0.3
0.2
0.1

8
L
T |y T T T T

strip readout

TB2022 MUON u-RWELL, Efficiency
Recostru

ion ~ Pass3 - 10 sigma
45 7..%% s 9

e Ne

78

pitch 0.4 mm
pitch 0.8 mm

/

pitch 1.2 mm

pitch 1.6 mm

\_\
T

520

540 560 580 600 620 640 660 680

HV [V]
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low segmentation

The HV scan shows that cluster
size scales with the strip pitch,
plus threshold effects.The smaller
the pitch, the better the
resolution.

Reaching the efficiency plateau
requires a higher gain, with a 40 V
shift observed between the

0.4 mm and 1.6 mm pitches.

This voltage shift is driven by
increased noise, resulting from a
larger strip pitch and width, which
results in a higher strip
capacitance.
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MSPC GLASS - Simulation _

;
Back 1700 V . ]
. Sense Strip 30um BACK > CAT
L_J GLASS - i i
Bias Backplane Ideal working point
e
_ Ui. e . . x[cm].
E,u L I R I
0.2_
Two electrodes: — —
CAT — defines mainly drift field and gain Y e e E—
BACK — focus the field lines to SENSE, '
strongly impacting the gain 0@ @ 9
/\/‘\A
ATTENTION: if BACK >> CAT o T T
= Drift field will decrease
= some of the ionization is pushed back to CAT -0z sl bl

-200

—400

—600

-800

-1000

-1200

—-1400

-1600

0.1

|

— =

]v

02
204

C 1000
B 2500

0.1

BACK < CAT
lonization not fully I
collected
-0.2 I I — 0.2 I 0.4

NN

°

16/10/2026

M. Giovannetti - LNF-DDG activities

BACK >> CAT
lonization non fully
collected
I—0.2I — 0 — I0,2I I I0.4
x [em]
55



z [em]

MSPC GLASS - Simulation

| ] .
i \ : | -
Back 2000 V [ 1 W [ —
Field 1500 vV |1 ( ﬂ 1] b = YW
- | | : weak BACK, weak FIELD
i Strio 30 o 4 |  FIELD acts as SENSE,
ense Stri m P
 — _ — Field Strip 100m | high BACK, high FIELD | /o amplification
GLASS ' |deal working point o4 02 0 R
Bias Backplane

0.1

0 ;
— 03— _wiaak RACK, mid FIELD
=t ] push to SENSE
Three electrodes: B ; :;ugh for gain
CAT — defines mainly drift field and gain " | —
BACK & FIELD — focus the field lines to SENSE, o0 oal h x fom]
strongly impacting the gain K
= o hd o —
C . . . 1500 high BACK, weak FIELD
Low FIELD = !onlzatlon will drift to FIELD | FIELD acts as «SENSE»,
instead of SENSE with amplification

BACK >> CAT = ionization pushed back to CAT 2000, |
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MSPC GLASS EE®» Measurements

Measured boss: (-322.5 + 283.5)% per day

eff geom vs time

- distance from m=0: 1.1 sigma :
— Measured bevel ifflat (STT+28)% " cccttrtott o eff geom -
- Slope lower level limit (3 5igma]:—1_ 181.9% per day ’ &ff_peom_tp_corr -
o i i i i [——
T ™20 WEL WLE TS0
03/ng 0oz 03/08 03708 03108

Measured loss: (-80.5 + 121.8)% per day . At — . 100 m

distance from m=0: 0.7 sigma

c 1500 b 1600

c 1300 b 1500
Start: 92%
End: 86%

Start: 95%
End: 84%

c 1400 b 1600 c 1200 b 1400

Start: 85%
End: 95%

Start: 87%
End: 82%

c 1100 b 1300
Start: 95%
End: 75%

Measured level i flat: (848 3.2)% 70000 Q ef_geom o
. Slope lower Ieve? limit (3 sigma): -44.5'9% per day ‘ &ff_geom_tp_corr
I 1 1 1 L L 1
1200 1208 To00 TZE Ta:00 T Toa0
03/08 03/08 0308 02108 02/08 0308 02/08
eff_geom vs time
™ Measured loss: (-187.3 + 182.4)% perd .
- iy iinaiaal: At =60m -
- distance from m=0: 1.0 sigma . : 1
— Measured level ifflat: (876 +26)% """ 777 C Q) eff_geom -
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[ —l —r . —l —d d —
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i P —l el el ol ol
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QA s e eeeeeeeeey At =30m —
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MSPC: comparison Field Strip Sense Strip “Support” Backplane

1991

lﬂm 1988 COated CAthode | 1997
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Schematics of the COCA COLA chamber. Thin anode and cathode strips are placed on the two sides of a plastic foil Backplane (Vi)
ization electrons released in the gas are drifted towards the anode strips. where avalanche multiplication occurs.

Fig. 4. Schematics of the Virtual Cathode Chamber with an ap-
proximated representation of the electric field.
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CERN-INFN DLC (CID) sputtering machine

The CID (CERN-INFN-DLC) sputtering machine, a joint project between CERN and
INFN. It is used for preparing the base material for DLC-based detectors. And various
deposition over electrodes (Cu, Al, 19B4C,...). The potential of the DLC sputtering machine
is:

. Flexible substrates up to 1.7x0.6m?

. 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 goal has been the sputtering of large foils:

« DLC+Cu sputtering on 0.8x0.6m? successfully done (May/June 2024)
« DLC on 1.7x0.6m? large 0/50/0 Apical foils successfully done (June 2024)
« DLC on 1.7x0.6m? large 5/50/0 Apical foils successfully done (July 2024)
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