Resistive High Granularlty é?

Micromegas for Future Detectori a

u T ———T e i 1 : FeL L L UL _)_

_;_l__n s

1 M. ALVIC-I-GLI2 M BIGLIETTIMT CAMERLING‘OK CHMIEE“, sl
EI\/I DELLA PIETR¥, C. DI DONATO/,R. DI NARD®*, P B
IENGG , M. IODICE R. ORLANDINY¥, S. PERNA?, F
PETRUCG’I“,G.SEKHNIAIDZE M. SESSA

1) INFN Napoli (IT); AYniversita "Federico 11", Napoli (IT)3) INFN Roma Tre (IT); 4) Universita ‘
Roma Tre, Roma (IT)) INFN Roma Tovergata(IT); 6) INFN, Bari (IT)7) Universita G
"Parthenope", Napoli (IT) e

—




NNNNNN
NNNNNNNNNN

The RHUM project and Its target

AResistive High granUlarity Micromegas (RHUM project) is a collaboration of
INFN and University of Napoli and Roma3 together with CERNand CERNPCB
workshop (R de Oliveira)

AThe project was born almost 10 years ago to push the resistive micromegas
technology towards stable and efficient operations In very high-rate
environment (order of 10 MHz/cm?).

A Severalkey points:
A Small pad readout to reduce the occupancy of the detector:;
A few mm2to achieve high-rate capability and good spatial resolution.

A Definition of a spark protection layout to ensure stable and efficient
operation at highgainand high rate;

A Demonstration of scalability of the detector over large surface;
A Technologytransfer to industry to reduce the production cost;

A Optimization of the readout scheme for low-medium rate
aﬁpllcatlons to avoid the explosion of the number of the readout
channel overlarge surfaces.
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The path of RHUM project over the year:

AThe R&D project was born and has grown within RD51 Collaboration
and now Is well established inside DRD1 Collaboration

First prototype
built by ELTOS

1III

The ancestor:
Resistive strip
micromegas

for ATLAS NSW

~

layout scheme

Pad patterned Sequential
resistive Build Up (SBU)
layout scheme | 2017 |technique
2018
2015 Double DLC
resistive

2022

2022

First prototype using
Capacitive sharing

2024

2024

Double DLC

medium size
(20 x20 cm?2)
detector

First Large size
detector
(50x40 cm?2)
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X - 48 pads
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y - 16 pads

Many prototypes with different
resistive schemes

Two prototypes PADDY40Q and

ACTIVE AREA4.8 x 4.8 cn? PADDY4062

ANODE PAD SIZE0.8 x 2.8 mn?

TOATL NUMBER OF PALY68 ACTIVE AREA20 x 20 cn? (partial
48 pads pitch 1 mm (x view) readout in central region 40%)
16 pads pitch 3 mm (y view) ANODE PAD SIZEtx 8 mn?

TOATL NUMBER OF PAIA800

NNNNNNNNNNNNNNN Size grows over the years

Small size prototypes Medium size prototypes

Large size prototypes

The BIG One: Paddy2000

ACTIVE AREA50 x 40 cn? (finer
granularity in central region

6.4 X 6.4 cn?)

ANODE PAD SIZE:

1x 8 mmn¥in central region

10 x 10 mn%in surrounding region
TOATL NUMBER OF PAD

512 in central region 2048 outside
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CE ON

Resistive PadPatterned Micromegas

APad patterned resistive layout based on resistive pads
superimposed to the readout copper pads

AEmbedded resistors between resistive and readout copper pads
AEach pad completely independent from neighbours

Polyimide
foils

Pad Patterned layout

Resistive

L pads

Embedded
resistors

Inspired by M.Chefdeville and co-authors [NIM. A 824 (2016) 510 , NIM. A 1003 (2021) 1652@8¢m? resistive pads)
and by (nonresistive MM + GEM hybrid) detector in COMPASJINST (2012) C03006 , JINST 9 (2014 ) C02005]
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good stability upto &
gain of 5 x 10

Asignificant charging
up effect also
affecting severely the
linearity with rates
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Double DLC Resistive Layer Micromega

Alnspired to uRWellresistive layer (GBencivenniet al JINST_10 P02008);
AThe resistive layer are made of Diamond Like Carbon foils;

AA network of dot connections between layers (few mm pitch) is used to evacuate
the charge in active area through the rea@ut copper pads;

Aln first prototypes the dots were filled manually with conductive paste;

ALater, a sequential build up technique (SBU) was implemented exploiting
copper-clad DLC folls. It allows best alignment of vias and connections (R. De
Oliveira INSTR2020)mproving detector stability and performance

DLC1 Typical resistivity is ranging
& top layer

g nl YO WP Wgoindifevdit~ , o

DLC2 configuration between the
bottom layer

Polyimide <

foils

upper and lower layer

M. Della Pietra

Double-layer DLC layout
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Double DLG Performances

ANegligible charging up effect even at high rate.

ACharging up of the pad patterned detector mainly due to charges
accumulating on the dielectric facing the amplification volume.

AReversible process by applying a reverse electric field as demonstrated
by P.lengo& G.Sekhniaidze in JINST (2023) 18 C06007.
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= | PAD-P = DLC
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Gain
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Double DLG Performances

AHigh stability, even with very high gaim 10° T using 2% of iC,H,,
AGood energy resolution (~18% at 5.9 keV Fe55rxys)
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Double DLG Performances

AVery good rate capability with stable gain up to 10 MHz/cm2 with DLC ~30
~, %,

A During usual operation in HEP, with Gain= 6k, 10% gain drop at 10 MHzfcm
that can be recovered increasing amplification voltage of few volts
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Double DLG Performances

AThe dependence of the gain with the irradiated area has been studied
with the medium size detector, irradiating with Xrays over different area
ranging from 0.63 to 25 cm?2.

AObserved a logarithmic gain drop increase with the surface

o1.2 Surface resistivity of o
I Ar:CO, (937) G =5k about 2000 M LWIse, p O
l _____ paige with grounding R — S—

= : :
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ASeveral testbeams
have been carried over
ten years.

ATypical setup with:
A2 scintillator for trigger

A2 resistive strip
micromegas for
Independent tracking

AMuons orpions beams
from CERN SPS
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Spatial resolution

A Spatial resolution is measured from the cluster
residuals with respect to the fitted track
obtained from tracking chambers.

AThe cluster position is evaluated as the centroic
of the collected charges on the pads.

_ 2 Tig;
> q;

A The parameterp is chosen minimizing the width of the
distribution;

A The improvement is of about 35% reaching a resolution of 65
um for medium size chamber with pad size of 1 mm ;

A Saturation of frontend electronics degrades the resolution at
high amplification voltage and makes this technigue useless.

A Statistical uncertainty negligible, systematic one quoted 5%
(fitting procedure)
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Time resolution

A A
3, %3, C
'%od 7o Qo
CN %Oo’ (N
®

AUsing two medium size chambers with a common cathode .
configuration, and AmmrCF,TiC,H,, (88110T72) gas mixture, time b ’
resolution has been measured as the width of the difference of the
cluster time for the same track crossing both detectors.

Alnclined tracks have been used, and the contribution of the
electronics is still included

18 E20_+ ArCFiCH,, (88:10:2) gSSOf—Ar:CF“:iC,‘Hw (88:10:2) ,
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AEfficiency is measured looking for fired cluster .. Paddy400
around the gxtrapolated tr.ack._ | | -~ perpendicular tracks
AFor perpendicular tracks, inefficiency is due to s ot s
pillars, whose size depends on each detector, 02 - a2 s caoss
ranging from 0.3 to 0.7 mm | Y
AQutside pillars region, or with inclined tracks, TP oison coordinate il
efficiency is close to 100%
DLC20 (pillar size 0.3 mm) 5 T | i
Eﬁ? 03 é 0.95] Bl | 0sl
> 40;— To,a ;’:, 09; ‘ : Paddy400
o N S °or 30deg tracks
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Large area prototype preliminary results

AChamber tested for the first time six months ago at CERN H4

APreliminary results show performances very close to all the other
prototypes

il 9 Spatial resolution

> 1 D ® o b ~ T
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AA capacitive sharing of the collected charge
can be used to reduce the number of readout
channels preserving the spatial resolution.

A Original idea by R. De Oliveira and Knanvo
et al., NIMA 1047 (2023) 167782

AFirst prototypes built and tested with a single
DCL resistive layer divided in two halves:

1.25 mm

2.5 mm
5mm

10 mm

A Side-L: four stages of capacitive sharing in four layers
NKO=P+ NKO=P WG G = W& W= HOP + = OP WG

A Side-S: three stages of capacitive sharing in four layers
NIKO=Z=PF+# NO=P WG G = WS W= OP + = IOP WG

Side-L Side-S
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Very promising results:

12}
2400
@ Capacitive sharing
5
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A Spatial resolution defined as half of the
width around the maximum of residual
distribution containing 68% of the event.
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Technology Transfer to industry

ABulking a Micromegas, i.e. how to trap and sustain the mesh in the
pillars, is a nonstandard PCB production process that requires
experience and, above all, time: that means costs!

AIn 2022 we started a collaboration with ELTOS S.p.A. an Italian
company leader in manufacturing PCB, that was already involved
In ATLAS Micromega production.

AThe aim of the collaboration is to transfer the technology of the
most critical steps to the industry to simplify, automatize and
possibly reduce the costs.

AAfter a first single DLC small detector production, a new batch of
production has been done in ELTOS in June 2024.

RN
g8y M. Della Pietra
% L ..."{JE,
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Technology Transfer to industry

AThe produced prototypes were operational after first assembly/closure,
though with some instabilities that has been solved by experts (the process
need to be perfectioned)

A Performances measured with Fe55 sources and in tedbeam campaign are
comparable with detectors produced at CERN

Gain vs HV ELTOS II 1600 ._ ............................................... Enmes ............... 7282, ........
140! : T— et ge .....| Mean 0.000412 |.....
- preliminary | St4Dov o
1200 ._— S e el Prob 4.5430-36 |
....... - i Constant 1656 = 23.7
1000 ’.—_ ;. ...................... \ ..................... Mean _001417 % 000513 ......
B : 1 Sigma  0.4124 = 0.0032
800[— L :
. | | , =400 um
T 1] My - s Sevenreeergcinaes I
: | pad size 1.6 mm
200:_ : ....................... ..................... ‘ ..............................
80 490 500 510 520 = H : H
HV (V) o R it ¢ | R, N o
4 2 0 2
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The horizon of the project

A After 10 years of studies, several prototypes designed, built and tested,
achieving impressive performance in terms of:
A Robustness and stability during operations;

A I\/ery highrate capability (gain drop < 20% up to 10 MHz/cthwith double DLC resistive
ayer;

A Very good spatial resolution (~70 um with a pad size of 1 mm);

A Very good time resolution (56 ns with high drift velocity);

A Very good efficie_ncY (~100% for inclined tracks), only geometrically limited by pillars in
case of perpendicular tracks.

AExploited different layouts to cope with different requirements:

A In case of lowwmedium rate, capacitive sharing readout can help maintaining good
resolution drastically reducing the number of channels.

A Started a fruitful technological transfer collaboration with ELTOS company
(Italy) for producing the "bulk resistive micromegas" in industry:

A Very promising results from first prototype

20/02/25 Resistive High Granularity Micromegas for Future Detectors VC!2025
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The horizon of the project

APossible application in HEP:

AVery forward muon tracking extension in existing experiments;

AMuon tracking/tagger or TPC for next accelerators (FG&, Muon Collider,
FCC-hh);
A Expression of Interest submitted for both ALLEGRO and IDEA muon systems;
AReadout element for sampling calorimeter (see L. Generoso poster);

AProton structure T QCD Physics with AMBER (see C. Alice poster).

Dual-readout Fiber HCAL

Muon System Solenoid

Apparatus for Meson and Baryon
Experimental Research

20/02/25
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The horizon of the project

Alntense program for next years:

Alnvestigate the limit of the capacitive sharing balancing number of
layers/pad-size/signal response;

AOptimisation of the resistive protection scheme- Understand the limits
of single DLC foll for large size modules (resistivity / detectesize /
Voltage drop)

AAdvance the technology transfer for construction in the industry;
A Optimisation of readout electronics.

AEnhancement of time resolution while minimizing the use of higiGWP
gases.

AAgeing studies, aimed at ensuring the integrity and operational stability
of the systems over extremely long datdaking periods.
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Resistive High Granularity Micromegas for Future Detectors VC!2025

g°El'y M. Della Pietra
.% i ‘..":"




i
Dy T
o A NS

e A p T A

R -Y- \ } ’? Y icromega \
y . ety / y \
”»{ AL S / / \

S\ N N

Thanks for the attention

20/02/25 Resistive High Granularity Micromegas for Future Detectors VC!2025




NNNNNN

Y Aknowledgementand bibliography

Many thanks to:
A R. De Oliveira, B. Mehl, CRizzirussoand A. Texeira (CERN HPT) for ideas, discussions and the
construction of the detectors

A CERN RD51 Collaboration CERN GDD Lab for the continuous support during prototypes
testing.

More significant publications and conference proceedings from our R&D:

M. Alviggild q) LI €angdectlbm and test of a SmalPads Resistive Micromegas prototypesA Lls f  E NLUN O Wbl = M|
no.11, P11019

M. lodice et al., "Small-pad Resistive Micromegas: Comparison of patterned embedded resistors and DLC
based spark protection systems J. Phys.: Conf. Ser. (2020) 1498 012028

M. Alviggiet al., "Resistive fine granularity Micromegas: characterization and performance for different spark
protection resistive schemes', JINST 20 (2025) P01012

19/03/21 Resistive High Granularity Micromegas for Future Detectors VC!2025

JeiE Y M. Della Pietra




VCI

IENNA
CONFERENCE ON
INSTRUMENTATION

Backup slides

20/02/25 Resistive High Granularity Micromegas for Future Detectors VC!2025 M. Della Pietra




|||||||||||||||

A A metallic micro mesh separates
the drift volume (25 mm thick)
from the amplification volume
(~100, uthick);

A electrons and ions produced in the
amplification volume are collected
In ~1 ns and ~100 ns respectively;

A spatial resolution < 100, G
independently from the incoming
track angle;

A resistive anode strips on the top of
the readout strips (with insulator in
between) to suppress discharges.

A The "ATLAS" resistive strip
micromegas with a wide surface
(about 2 n¥) will operate at a
moderate rate of about 20
KHZcm?2.

G Our ancestor: Resistive Micromegas for
ATLAS New Small Wheel upgrade

Resistive strip MM detector sketch

| Drift Electrode 3

A
. Ar:€0,=93:7 1.

e
- Edrift =0.6 kV/Cm
(I I 0

5 mm Conversion/Drift Gap e
\e Micromesh

b A A ..." .............
.%:lé?:‘;:#; |= 39 kV/ cm

0.3 mm e Readout Strips
e Resistive Strips

oovA

+500V

19/03/21

Resistive High Granularity Micromegas for Future Detectors VC!2025




 DLC SBU procedure

ASequential build up allows a better

alignment of the conducting vias petwoen the two s
below the pillars increasing oot
detector stability s

AUse of copperclad DLC foils BIG loyer sa

PCB

Residual copper

coating : 1%
o e ‘.'l./ : \:‘l_--— DLC Layer Standard X Mesh I 388y DLC
Drill | i —— — — — — f P SA TS T .
Plate ‘ ‘\ Polyimide DLC % . “'. - ‘.. S .,' SBU
Pattern Cu insulator HIR" e 7 "“i Pillars *“ LT i N
Glue "DLC+" - “:“-5 ’;l:"l' 2L ::
| i i . e g A
il e - e asSLUy Conductive il e
Pattern Cu ' ‘l"‘_“.‘!:_" vias CHE B PN e e

"“Bulkage” Iﬂ; ——— _:.:_ p——

| Courtesy of R. De Oliveira
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"""""""""""""" Resistive layout schemes
AMixed DLCT Screen printing

* First Prototype: Full screen-printing (including the insulation layer) -
failed due to sparks caused by (unavoidable2) micro-holes in the insulation layer;

 Second generation: 2 layers screen printed resistors on Kapton = Successful

* Third Generation: Patterned DLC for the embedded resistors and shaped coverlay top structure with pad-
shaped vessels “filled” with resistive paste (see Rui’s talk at INSTR 2020) (PAD-P2 and
PAD-P3 in the following plots)

«  MIX"DLC" and screen printed

20/02/25 Resistive High Granularity Micromegas for Future Detectors VC!2025
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~~~~~~~~~~~~~~ Medium size detector sketch

J ‘ . Readout section
I = % pacs
Ill"'" & Active section
III l £ not readout
Total activa area:
pad sector 200x192 mm?
6 x 20 pads 4800 pads
Each pad: Readout area:
1x8 mm? 40x192 mm?2
1920 pads
20/02/25 Resistive High Granularity Micromegas for Future Detectors VC!2025
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''''''''''''''' Summary of construction parameters

Detector Name PAD-P2 PAD-P3 DLC20 DLCS50 DLC-SBU2 Paddy400
Pad Patterned Pad Patterned Double-layer Double-layer =~ Double-layer =~ Double-layer
Resistive configuration with embedded with embedded DLC DLC DLC DLC
resistors resistors
Construction technique Screen-printing “MIX” - Screen Printing  Standard Standard Sequential Build-up Standard
+ Patterned DLC
Active area (cm?) 4.8x4.8 4.8x4.8 48x4.8 48x438 4.8x4.8 20 x 20
Readout pad pitch (x, y) [mm] (1, 3) (1, 3) (1, 3) (1,3) (1, 3) (1, 8)
Average Resistance (MQ) 5 19 - - - -
(top-to-readout pad))
DLC top / bottom layer - - 20/20 50/50 5735 25 /35
resistivity (MQ/L])
Grounding vias pitch (mm) - - 6/12 6/12 6 8
Pillars diagonal pitch (mm) 4.2 4.2 4.2 4.2 4.2 5.7
Pillars diameter (mm) 0.4 0.8 0.3 0.3 0.3 0.7
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~~~~~~~~~~~~~~~ Experimental setup in lab

Command Line

MCA

| )\
Drift \\
\ HV Bias _'f

Mesh ¢  PREAMP s?::g;r o >—SMR

I DICRIMINATOR

A
_LPicoammeter

Pads
Oscilloscope
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NNNNNN
NNNNNNNNNN

Energy resolution vs gain

o

E DLC20 best energy resol. 22%

(%)

Paddy400 best energy resol. 17%

(9]

o
IIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIIIIII

Energy resolution (%)
R @ & & O

25
20 . {
I

15
10 ;

| | | Lo 1 | .. .Ix10

5 10 15 20 25 30 35

Gain
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''''''''''''''' lon Back Flow measurements

lon Backflow

w 0.04
3 * V=450V, E__ ~45kVicm
! * Vong =470V, E__ ~ 47 kV/cm IBF = Iarift/ (Tamp + Larit)
s Vo =485V, Eamp‘ ~ 48.5 kV/cm
0.03[
i - baid
f 3 '¢+j_+.+§m~
| I 2 " .-.L. ., * ] ]
Q.02 4y, L .. Decrease with rate and with Vamp
- i ba | . ., . 5
i e ., "t Inversedependance from Eamp/ Edrift
Egn = 0.6 kV/cm
0 | | | | 11 1 | | 1 1 11 II | 1
10° 10’
Extr rate (Hz/cnr)
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""""""""""""""" Rate capabillity vs resistivity and vias pitc

o1.2 1.2
Ar:CO,iC, H,,(93:5:2) G = 10k

! T _

G/G

Q
(D -

ArCO,(93:7) G ~6.5k

[ ]
m ®

| | ]
- " - ® SBU-2 5 MOhm/sq, 35 MOhm/sq
= DLC20 12mm vias pitch
0.4 0.4 ® DLC20 20 MOhm/sq, 20 MORM/SG: - Mg

|~ DLC50 50 MOhm/sq, 50 MOhm/sq

0.2| 1 Lol 1 Ll 1 Lol | L 0.2|||| 1 I Lol L L Ll L L I
10* 10° 10° 107 10° 107 10°
Extr rate (Hz/cm®) Extr rate (Hz/cm®)

“{EY M. Della Pietra
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Spatial resolutio

METHOD

* Unbiased cluster residuals wrt extrapolated position from

tracking chambers

* Position from charge weighted centroid

O°2i : * Extrapolation error (~50 um) subtracted
E 0'18? ArC0O,iC4H(93:5:2) * Statistical uncertainty is negligible
— o (NP, P — 5 mm drift gap .
5 0'16; Y vg o * Systematic uncertainty (fit procedure) ~5%
é 0.12 } S o T e * Different resolutions measured for chambers with very
5  0.1b—-t + +. + + +"f+ ! similar layout, gain and cluster size, BUT with different
8 b 3 i =
2 0.08F gt PADAGO ;9&1 um-- RC
0.06 + *} e N ) . L * Investigate the impact of the different contributions
0.04E ' | DLG20 ~65 um from: direct induction, capacitive coupling AND
0.02E resistive charge spread
0= e e el — However, similar resolutions with optimized cluster
10° 10° . e :
nnnnnnnnn e i o ooy Gain position reconstruction
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Spatial resolution vs Drift gap size

need higher gain with 1.5 mm drift gap to reach full efficiency (as expected)

“ss;"“q"af \
'f g% M. Della Pietra
“"V
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