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for Gaseous Detectors
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Introduction

Part |

A Innovative solutions in gaseous detectors  : a selection of past examples from which we may
draw useful lessons for the future

Part Il

A Overview of Application Driven strategic R&D in Gaseous Detectors

A R&D framework and tools to push forward innovative detector-based innovative solutions
(including Gas and Material studies, Modelling and Simulation, Electronics, Manufacturing Techniques,
Testing Facilities )
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Part Il - Outline

Innovation Driven by Application
A Strategic R&D for future experiments and applications

Appropriate R&D Framework to support Detector Innovation
A Knowledge and technology sharing and transfer, peer reviewing
A Common methodologies, tools, infrastructures
A Gas and Material studies
Modelling and Simulation
Electronics

Manufacturing Techniques

o o Io P>

Testing Facilities
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Innovation Driven by Applications

Current Reference in High Energy Physics: ECFA

European Strategy Update for Particle Physics
(2020)

community is first invited to submit proposals (also called inputs)
for projects that it would like to see realised in the near-term, mid-
term and longer-term future inputs are then reviewed by the
Physics Preparatory Group results of these discussions are then
concisely summarised in this Briefing Book

Physics Briefing Book: Input for the European

Strategy Update for Particle Physics
https://doi.org/10.48550/arXiv.1910.11775

Preparation of the ECFA Detector Roadmap
https://indico.cern.ch/event/957057/page/21633-mandate-for-the-
preparation-of-the-roadmap

Detector R&D Roadmap

THE 2021 ECFA DETECTOR
RESEARCH AND DEVELOPMENT ROADMAP

The European Committee for Future Accelerators
Detector R&D Roadmap Process Group

Y ECFA
Europe?r: §£rategy m  Commitiee

SYNOPSIS OF THE 2021 ECFA DETECTOR
RESEARCH AND DEVELOPMENT ROADMAP

by the European Committee for Future Accelerators
Detector R&D Roadmap Process Group

The links are here to the Synopsis and Full Document as presented to
the Scientific Policy Committee and CERN Council in December 2021.

The Full Documents can be found on 10.17181/CERN.XDPL.W2EX
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https://doi.org/10.48550/arXiv.1910.11775
https://indico.cern.ch/event/1090779/contributions/4592538/attachments/2335809/4037008/ECFA%20Detector%20R%26D%20Roadmap%20Synopsis.pdf
https://indico.cern.ch/event/1090779/contributions/4592538/attachments/2335809/4036993/ECFA%20Detector%20R%26D%20Roadmap%20Main%20File.pdf
https://cds.cern.ch/record/2784893
https://cds.cern.ch/record/2784893
https://cds.cern.ch/record/2784893
https://cds.cern.ch/record/2784893

Requirements for future experiments at future facilities

Rate Capabilities Up to several MHz/cm2
Spatial Resolution Down to 50mm

Time Resolution Down to few tens of ps
Radiation Hardness  up to 103 n,/cm?/y
Ageing Up to C/cm2

Material Budget <1% X/X0

Magnetic Field Up to several Tesla
Gain Larger than 10>-106
dE/dx Down to 10%

é .

Extracted by ECFA Detector R&D Roadmap
(detailed tables in backup)
10.17181/CERN.XDPL.W2EX

Muon Systems (HL-LHC, ILC/FCC-ee/CepC/SCTF, Muon
Collider, Hadron Physics, FCC-hh),

Inner and Central Tracking (HL-LHC, ILC/FCC-ee/CepC/SCTF,
Rare/Atomic/Nuclear Physics, Hadron Physics),

Preshower/Calorimeters (ILC/FCC-ee/CepC/SCTF, Muon
Collider, Hadron Physics),

Particle ID/TOF: RICH and TRD (Hadron and Nuclear Physics,
FCC-ee/CepC), TOF (Hadron and Nuclear Physics),

TPC for Rare Decays (WIMP, Solar Axions, Nuclear Physics,
Neutrino and neutrino-less double beta decay, DM)
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https://cds.cern.ch/record/2784893

Detector R&D Themes and Requirements from future
experiments ¢ o
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ECFA Detector R&D Roadmap Document

DETECTOR RESEARCH AND DEVELOPMENT THEMES (DRDTs) &

DETECTOR COMMUNITY THEMES (DCTs)

2030-
<2030
2035
DRDT 1.1 Improve time and spatial resolution for gaseous detectors with ———

long-term stability

in large volumes with very low material budget and different read-out
schemes

areas with high-rate capability
DRDT1.4 Achieve high sensitivity in both low and high-pressure TPCs ———

https://cds.cern.ch/record/2784893/files/Synopsis%200f%20the%20ECFA%20Detector%20R&D%20Roadmap.pdf

DRDT1.2 Achieve tracking in gaseous detectors with dE/dx and dN/dx capability — sefe————

DRDT1.3 Develop environmentally friendly gaseous detectors for very large —————

October 2021

> 2045
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DRD1: A very large and diversified set of technologies and
solution, a very large and diversified community

133 Institution

Technologies at the Institutions at the A More than 30 Countries & . : -
time of the proposal time of the proposal More than 700 members @ DRD1
WIRE LvD v 26

16% 15% 25 Development of Gaseous Detectors Technologies
DRD1 e
Extended R&D

15 13
TRC Proposal
16% 10 9 b
" (December
.
5 3 3 3 3 3 3
2 2 2 2
MPGD 1 I 1 1 1 I I )
\ 34% O.Il.- .--. - lI-- .ll 2023
& 5@ PP ELEF & & & FH S 2 (\b R N SR 3 o
'z> & Cal Q P & & _\“ NS & N
RPC v\)&,\\%\oj Q}@x% &0 (,(J\o 0‘:\ e}?\)Q\%‘ 030@‘ U@N \o & R . ;53\;@0@ Q°Qo°\;o°° :\#\Q;s-o GJQ%‘:\:;‘:&Q\@ &
19% o i https://cds.cern.ch/record/2885937
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DRD1 Collaboration

DRDTs
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DRD1 Work Packages

WP ID
WP1 Trackers, hodoscopes, large area muon systems
WP2 Drift chambers
WP3 Straws and drift tubes
WP4 Tracking TPCs
WP5 Gaseous calorimeters
WP6 Gaseous photon detectors
WP7 Timing detectors
WP8 Reaction/decay TPCs

WP9 BHEP applications
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Trackers, hodoscopes, large area muon systems

Strateglc R&D:

Developing trackers, hodoscopes, and
large -area muon systems.

A Improve time and spatial resolution for
gaseous detectors with long -term
stability .

A Develop environmentally friendly
gaseous detectors for very large areas
with high -rate capability

A Leptonic Colliders: Focus on large

gaseous detectors and eco-friendly gases.

A Hadronic Colliders: Developing detectors
for rates up to 10 MHz/cm2.

Manufacturing

CERN-INFN DLC (CID) sputtering machine

Progress:

Detector Technologies:

A New resistive MPGDs and hybrids:
eRWELL, GEM-eRWELL, eRGROOVE

A New structures: RCC

A Resistive and Capacitive sharing

A Optimization of Resistive Plates materials
for tens kHz/cm? rates.

A RPCb tests with eco-gas mixtures

New Front -End/DAQ systems: ASICs:
progress on SALSA, VMM3, TORA

New Detector Structures

Shielding —_,

Pick-up ele

" Resistive Cylindrical Chamber: RCC
https://doi.org/10.1016/j.nima.2023.168822

Notes IT-INFN.BA

IT-INFN.BO
IT-INFN.FE
IT-INFN.LNF

Future Challenge: Manufacturing of large-
area detectors through the crucial technology
transfer of these cutting -edge
methodologies to industry , while rigorously
maintaining the performance specifications
demonstrated by the laboratory prototypes.

IT-INFN.NA
IT-INFN.RM2
IT-INFN.RM3

IT-INFN.TO

Multiple technologies are investigated
simultaneously (cross-fertilization, new ideas,
diversified approaches)
Sustainable Gaseous Detectors
(eco-gases et al.)

[CERN Strategies to reduce GHG emlssmnsJ

in particle detection

I
1

[ I
Optimisation of . .
. Gas Recuperation Alternative Gases Gas Disposal
current technologies

L GHG destruction

Gas Recirculation Pressure swing To CaHoFa

Particular attention Membrane To SFe

to operation separation Discarded

Improved control Cryogenic/cold
and monitoring separation

NS

Since the beginning of LHC Runs
Several upgrades and new systems still on-going

CERN strategies for GHG reduction

To CFs

J WP1 Task 5
Since 2012

CERN
S
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Trackers, hodoscopes, large area muon systems

Advances resistive gaseous detectors for muon systems and inner tracking, focusing on innovative materials, optimized geometries, and

enhanced electronics for precise, high-rate tracking and long-term stability.

T2 & T8: Thin-gap GEM-uRWELL Tracker for ePIC Detector @ the EIC

DRD1 WP1

IT-INFN.BA

) IT-INFN.BO

Je on Lab IT-INFN.FE
e e IT-INFN.LNF

<+ Degradation of the spatial resolution with impact angle of incoming particle.

s

% E x B in magnetic ficld negatively impact resolution

Development of Thin-gap MPGDs (~1 mm drift gap):

<+ Improve spatial resolution at large angle and timing resolution
¢ Reduce E x B effect in magnetic field

% Trade off =¥ lose a couple of % in detector efficiency
cPIC MPGD Barrel Outer Tracker (WRWELL-BOT) @ the EIC

% Based on Thin-gap GEM-uRWELL hybrid detector

< Large area detector modules - Active area:170 cm * 33 cm

Performance in beam test of small area thin-gap GEM-pRWELL hybrid (FNAL 2023)

Effclency vs. tRWELL HV (GEM @ 350 V) . Strip multiphcy vs. KRWELL HV (GEM = 350 V) Residuals vs. track angle {6)

¥ W Y
£ e * epmmne () bysee € . agare (tan yted)
os} L R [ B ool * sguensiommmm
& i . o 4 4 Ve F " agane Ome JRWRLL)
& o9 oA 8 ®  eplane 00 S hyondy o-® ¥ a0 Yoo {4 mes byt
: : 2
07 e pr & 25 7 chase 00 Srvm i) g = 7 " yPare 105 ren tyses
¥ - 1 P - EIO yolare O oren pATNIELL)
*Fe w A S 3 B - x il
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E . - s ! 20; - Residuals
ot " 257, ) Pe—— O r— F i ‘ 200- o
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K, Gnanvo, JLAB

IT-INFN.NA
IT-INFN.RM2
IT-INFN.RM3

IT-INFN.TO

Thin-gap GEM-uRWELL hybrid detector Technology

% GEM (pre-amplification) and pRWELL (main amplification)
% Large detector gain & stable operating HV

% Readout layer: 3-layer capacitive-sharing U-V strip readout

roneycomd
sipport

Catiode ke
Deift rame
GEM fod 8

Inductioe
fame

#RWELL fod

UV rendout
B

FEBs

¢PIC uRWELL-BOT Module Design

' Active area 36 cm '

Active area 33 em

3 mm honeycomb

msrrr oy
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Trackers, hodoscopes, large area muon systems

Advances resistive gaseous detectors for muon systems and inner tracking, focusing on innovative materials, optimized geometries, and DRD1 WP1
enhanced electronics for precise, high-rate tracking and long-term stability. IT-INEN.BA
IT-INFN.BO

DETECTOR DESCRIPTION IT-INFN.FE

Material Semi Insulating undoped GaAs IT-INEN.LNE

v High Rate RPC Thickness G40 — 643; pem IT-INEN.NA

Vos = Vgen — pdé(b Diameter 3 ‘ [2= IT-INFN.RM2
R(—‘hi\ﬁVit_V 1.4 x 10° Qem [ 2% |T'|NFNRM3

o IT-INFN.TO

i D . ) A < d=1. . n~1010 i
i Q 6 pC, ch 2-4 IC' d=1.25 b 4 4 107 Qem; Surface treatment | both polished
-> ¢ ~7 kHz/cm? (1) ~1 MHZ/CMZ _ Growth method VGF

Orientation (100) £ 0.01°

The HPL electrodes guarantee stable operation up to a total integrated
charge of 0.3 C/cm? --> Effective rate capability significantly limited by the | Mobility 5300 em?/Vs
experiment lifetime and background radiation

“112

A new material immune to the ageing effect should improve the effective Thanks to Prof. M. Lucci for the GaAs metallization

rate capability of a factor ten, just with 10'% Qcm resistivity Wafers sputtering holder

Wafers Spacer Wafers holder Voltage supply 3-5 Volt I= I e L W 9 A
Sensitivity 2-4mVIfC .
1mm Noise (independent from detector) | 4000 RMS
Input 1mpc&ancc 100-50 Ohm
B.W. 10-100 MHz
y Power consumption 10 mWich
Rise time &) input 300-600 ps
g Radiation hardness 1 Mrad, 10™ nem?
5 5 -
wn Q
o
-
Gasinlet@ 2 mm->@ 0.6 mm 1,
\ [R. Cardarelli et al, “Performance of RPCs and diamond detectors using a new very fast low noise preamplifier”]
A. Rocchi et al

. Gabiriella Pugliese (IT-INFN.BA), Giulio Aielli (IT-INFN.RM2),
@) E. Oliverl | Gaseous Detectors _SNR| 2025, Genova Mauro lodice (IT-INFN.RM3), Riccardo Farinelli (IT-INFN.BO) 3



Drift chambers

Large -volume drift chambers for tracking and particle ID at future lepton colliders (FCC

Wires Studies

A Tungsten and molybdenum gold-coated, carbon
monofilaments tested.
A Aluminium wires to be characterized.

— ———_

Strategic R&D:

A Large Volume, High Granularity, low
material budget DC : new wire materials
and metal coating and new wiring

Carbon monofilaments

procedures and new endplate concepts 21 1445 103413 09997 28.350 0.567 1418
Cluster Counting FE and DAQ 22 1732 102.886 0.9996 33725 0.675 1.686
Increase rate Capablllty 23 2.120 103.973 0.9999 41.375 0.828 2.069

24 2247 98236 09986 45650 0913 2283

To Too T To

Ageing phenomena 25 2247 107.915 0.9996 41.425 0.829 2.071
Optimization of gas mixture , purification, and Avg:::ee 1958 103284 0999 38105 0762 1.905

recirculation systems
New wiring procedures and new

Loads (IDEA DC) endplate concepts

Sense wire Field wire Sense wire Field wire total

Spacers (yellow) and
' PCBs (green) are
| inserted between the

cell tension(g) tension(g) tension tension tension (kg) B spokse. The specers

number/step length  /cell /cell (kg) (kg) step B v holes for the
2684 4000 43.29 66. 52 116. 19 535. 59 651. 78 distribution of the gas
3452 4360 51.43 79.03 117.:55 818. 41 995. 95

= The edge of the PCB
4220 4720 60.28 9262 254,37  1172.51  1426.88 bt capoe emdenpoating
4988 5080 69. 82 107. 29 348. 27 1605. 36 1953. 63 ~ spoke, providing a
5756 5440 80. 07 123. 03 460. 87 2124.39 2585. 27 reference.
6524 5800  91.02  139.85 593.79  2737.07  3330.85 S The supporting cables are anchored to some spacers
total 27623 1951 8993 10944 appropriately shaped

Carbon foam core 6x lighter than aluminum — FOAM
ROHACELL® 35 HTC

IDEA DC

E. Oliveri | Gaseous Detectors _SNRI 2025, Genova

CERN
S

-ee, CEPC) and flavor factories (SCTF).
tracking at low 1 and excellent particle ID via cluster counting. Key R&D challenges involve mechanics, electronics, and gas mixture

DRD1 WP2
IT-INFN.BA

IT-INFN.LE
IT-INFN.RM1

Offer precise

Cluster Counting Electronics

Electronics development

{ 79.99dB [-3dB:395.12M]

* High bandwidth current sensitive g | ; £ =5
preamplifiers based on LMH6629 have been [ T'f eorm [> i % 7 i
designed and developed -

* Tested with detector prototype and digitizer
(DT5751) with 1 GHz sampling rate o E

An 8-channel prototype frontend board
made with COTS, read out using an
oscilloscope

NALU SCIENTIFIC

Waveform Digitizers

Nicola De Filippis (IT-INFN.BA) 14



Straws and drift tubes

Strategic R&D: Ultrasonic Welding Techniqu

Covers a broad range of applications (FCC- 9
ee/hh, hadron and neutrino physics, Dark
Sector) optimizing straw materials, production
technologies, and readout electronics.

Readout Electronics (TORA)

Readout for trackers with PID:
Simultaneous Timei at-Threshold and

cleaning the

Next generation of straw technologies: e gt

A Large volumes with low material budget
A Enhanced resolutions —— charge
A Enhanced longevity e
. . . i - i i . ; Detector MM Straw
A Thin-film straws and large area in vacuum side alu-metalized films | MM [ Staw |
Channels/ASIC 64
Power/channel <10
: : Input capacitance 20-100
Neutrino Physics oy

Straw tracker for hadron physics

Input impedance
Max rate
Peaking time

Time resolution

Charge resolution

Gain

ENC ©10 pF 500-1000
ENC @150 pF 1000-2000
ENC @60 pF

Threshold range

Clock frequency

Self-supporting tracking module with 4 XXYY straw layers

. Self-centering of wires with precisionspacers i
Self-supporting Straw module (PANDA-STT) . B . TOrino Readout (for) AMBER ASIC
C\M E. Oliveri | Gaseous Detectors _SNRI 2025, Genova Peter Wintz (DE-FZJ-GSI-UBOCHUM), Oliver Kortner (DE-MPP), Junjie Zhu (US-UMICH), Daniel Bick

S (DE-UHAMBURG), Roberto Petti (US-SC), Temur Enik (KZ-INP), Katerina Kuznetsova (US-UFL)



Straws and drift tubes

Optimizes straw and drift tube technologies to minimize material while maintaining excellent timing and spatial resolution, using

self-supporting structures and high-granularity electronics.

Ultrasonic welding (USW) technology optimization:
Slide by Temur Enik

Running/Future Detectors: NA62, ‘ -_— “’ '
COMET, » G
SHiP, M NN
DUNE, %{///////fll\\\\\\\\\ N
SPD, ... dr
Str’ v:/ materialé PET

Production lines: mostly laboratories

Advancing the USW technology :
production from double-side Al-metalized film

Double Al-metalization:
— @ « allows to increase the straw quality keeping
7 its cost low compared to Cu/Au-coated films™
™ - » however makes USW problematic
« removing the metalization from the film
side-band improves the production process

destruction of the
ultrasonic head with
aluminum oxide

removing the Al-coating with a laser
during the welding process

(SHIP type)

4 m long 20 mm diameter

straws, wall thickness: 36um,
metallization:
50nm(Cu)+20nm(Au)

4 m long 5 mm diameter
straws wall thickness: 19 um
metallization: double-sided Al
(DUNE type)

NAG62 straw spectrometer:

Straw diameter: 9.8 mm
* Material: 36 um thick PET

* Plating: 50 nm copper + 20 nm gold

*  Wire: 30 pm tungsten wire

Gas: Ar+CO, (70:30)

4 chambers, 7168 straws in vacuum
* ~30 straw hits per track

Total material budget: 1.7% X,

* Dominated by the PET (70%)
Single straw timing performance:

*  Maximum drift time: ~150 ns

* Leading time resolution: 3-4 ns

* Trailing time resolution: ~30 ns

E. Oliveri | Gaseous Detectors _SNRI 2025, Genova
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DRD1 WP4

Tracking Time Projection Chambers (TPCs)

Enhances TPC performance in high-rate, high-multiplicity environments, introducing advanced readout, gating strategies, and optimized gas
mixtures to reduce ion backflow and improve dE/dx measurements.

Ultra -Low Material Budget, High -rate GEM based

Strategic R&D: TPC for Super -FRS @ FAIR and MIXE @ PSI
A high-granularity (pixel) readout for high rate, high multiplicity

A low-X/XCfield cages

A dedicated TPC front-end electronics
A IBF reduction,

A gas mixture studies

High -Rate Tracking (HY

g Tt

DRA)

e

HYDRA pion tracker, GEM+MM TPC with VMM3a readout

@) E. Oliveri | Gaseous Detectors _SNRI 2025, Genova Francisco Ignacio Garcia Fuentes (FI-HIP), Jochen Kaminski (DE-UBONN) 17



DRD1 WP4

Tracking Time Projection Chambers (TPCs)

Enhances TPC performance in high-rate, high-multiplicity environments, introducing advanced readout, gating strategies, and optimized gas

mixtures to reduce ion backflow and improve dE/dx measurements.

Hybrid Detector: Gas Detector on Timepix FE:  GridPix
[NIM A 556 (2006) 490]

sensor chip (e.g. silicon)

high resistivity n-type silicon

p-type <2
silicon layer aluminium layer

fipchip  NUN 5N T T
bonding with___
solder bumps

electronics chip

https://indico.cern.ch/event/581417/contrib
utions/2522462/attachments/1465797/226
Auaiiable BYFDIGHEPTR TP3.pdf  Prysics

ScienceDirect Procediq

ELSEVIER Physics Procedia 17 (2011) 224-231

Physics of Fundamental Symmetries and Interactions — PSI2010
Gaseous and gasless pixel detectors

Harry van der Graaf

Nikhef, Science Park 105, 1098 XG Amsterdam, The Netherlands

Fig. 2. Two B’s from a %Sr source, recorded with a Timepix based GridPix detector. Drift length: 30 mm. Gas: He/i-
butane 80/20, with a magnetic field of 0.2 T oriented parallel to the (vertical) drift field. The bottom plane represents
the Timepix chip (256 x 256 pixels; square pixel pitch 55 pm).

MAPS foil NIV A 1046 (2023) 167673) Embedding approach

Alternative approaches, conceptually i nspi red by iAdMAPS
(Magnus Mager and Rui de Oliveira): MPGD 2022

TSV back-side

Cross section

_________________ Diamond-Like Carbon (DLC)

Copper

01 pum
140 um
<—u> 70 pm / 5um

Well structure (polyimide) t

50 um -

= 50 um polyimide and giue 2oun Pixel front-side
TSV-Timepix4 - N
=130 pml Fill material

Charge collection pad
12 pm opening

https://indico.cern.ch/event/1386009/contributions/6279112/attachments/3
018409/5324403/mpgd-timepix4_vci2025_lucian-scharenberg.pdf

Inspired by ALICE ITS3 A Full wafer Pixel ASIC

Wafer-scale ASIC: entire readout ‘PCB’ in silicon
-> Integrated front-end electronics

- Easier and cheaper routing

- Redundancy and spark protection can be

<C;ERN§§? E. Oliveri | Gaseous Detectors _SNRI 2025, Genova
N
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Gaseous calorimeters

Strategic R&D

Conception, construction and
characterization of large sampling
elements for calorimeters

Timing performance of gaseous detectors
for calorimeters

Readout electronics for calorimeter
gaseous detectors

MRPC (50cm x 33cm)

———_— - _ : (Dmega
* W
. Micromegas URWELL RPWELL [ w‘ :—|
0 | i > | HEE
v T ~ e o L
B R RN R S """‘UH 1 it - H==
S —— e b
-l s I3 . m
n mon- A | ' 2 am am am am am am m—o HV
L Ty ’l | W
R. I_ = L=
+ Double DLC layout + Single DLC layer + Fe-dopped glass [ [ —
-« ~50MQO . ~100 MQ/O « 2GQ-cm —i w I
* Grounding points through vias under « Grounding lines between +  Grounding through pads with [ 5
the pillars GEM HV sectors epoxy-graphite mixture [T~ e 5
J— (o 4 FATIC chips glued on the plugin card

Progress:
Scientific work is ongoing

Working closely with the program proposed in
DRD6.

Units developed in DRD1/WP5 will later be used
in the gaseous calorimeters proposed in DRD6.
Electronics readout and mechanical constraints
are considered in the detector design.

MPGD-HCAL Comparative studies

Notes (Plans,
Issues,..) :

IT-INFN.BA

IT-INFN.NA

Future activities IT-INFN.RM3

A Study of time-response
homogeneity (MRPC)

A Design of large-area detectors
(MPGD)

A Precision mechanics (Common)
A Electronics: use of variants of
CALOROC ASIC developed by
OMEGA within DRD6

Front End Electronics

ready for wirebounding

CALOROC FATIC

E. Oliveri | Gaseous Detectors _SNRI 2025, Genova
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Gaseous calorimeters

RPWELL
SC2 MM URWELL scs3

SC1

IT-INFN.BA

https://indico.cern.ch/event/1453371/contributions/6145977/
attachments/2947499/5182297/Comparative%20study.pdf IT-INFN.NA

IT-INFN.RM3

Technologies studied

T-GEM1 T-GEM3

Micromegas, MM URWELL RPWELL

— MESH (Dulk technique)

BB
H B B |

.
= ~

* Double DLC layer » Single DLC layer * Fe-dopped glass

« ~50MQ/O « ~100 MQ/O e 2GQ-cm

* Grounding points through vias * Gounding lines between * Grounding through pads with
under the pillars GEM HV sectors epoxy-graphite mixture

-
@ E. Oliveri | Gaseous Detectors _SNRI 2025, Genova Imad Laktineh (FR-ULYON1) 20
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Gaseous photon detectors

Strategic R&D

Used in particle and astrophysics experiments, Cherenkov and
scintillation imaging, and large-area photon detectors for
medical and other fields.

R&D focuses on:

A Robust and efficient UV photoconverter
A Visible-light photoconverter

A IBF suppression

A Enhanced time and spatial resolution

A Single-photon readout electronics

Alternatives to Csl
Photocathodes (PICOSEC)

Photocathode comparison

® - Csl3.0nm
® - Tiz4nm
70 - Bsc 5.0 nm

Disclimer; The comprison

o] 0.2 04 06 08 1
Amplitude (V)

Nanodiamond Coating on THGEM

IT-INFN.PD
IT-INFN.TS

Progress:

A Scientific activities on innovative photocathodes and detector performance
improvement are ongoing at Institute level

A Existing link with DRD4 on common activities
environmental impact of gases)

(optical properties and

Low IBF Double Mesh
Micromegas for photon
detection

Drift region

<C\ERN§§? E. Oliveri | Gaseous Detectors _SNRI 2025, Genova
N
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Timing detectors: MPGD, (M)RPC

IT-INFN.BA

IT-INFN.PV
IT-INFN.RM2
Strategic R&D: Progress: Notes
Crucial for future detectors: A Different manufacturing/assembly techniques tested. A New manufacturing approaches towards
A enabling accurate 4D tracking, A MPGD Prototypes for high-rate and high-granularity tilable, large-area detectors.
A effective pile-up suppression, applications produced and tested, confirming good time A Photocathode efficiency and robustness
A enhanced particle identification. resolution. remains a challenge; metallic & carbon-based
This technology is essential for key A (More/RPC or totally/MPGD ) Eco-friendly, non- options promising.
systems, including calorimeters and muon flamma_lble gas mixtures tested, showing good time A Multi_ -chan_nel readout electronics  for
detectors, and enables new precision resolution. precise timing
measurements. A Electronics: multichannel ASICs candidates considered.
Construction Methods (ECO) Gas Mixtures Studies

RPC-R&D Laboratory presminary
F T T
250 Double gap (0.5 mm)

T . + ot

High Rate PICOSEC Micromegas Comparison (Glass RPC)

Mesh GND
e M
+HV
Insulating layers |

Time resoluiton at WP (ps)

£ 3
PRELIMINARY

Read-out pads
> H>
|n,wl NI\:;(EQ M MEEHAm:JitudeW] o
PICOSEC Double DLC Layer Micromegas for vertical i -resistivi o . .
G Detctor i o Tesuly assad M0 Assess ming peromance usig standard gas e
' 9 and new eco-friendly gases(left: RPC, right: PICOSEC)

spacers) tested and compared

CERN . Florian Maximilian Brunbauer (CH-CERN), Ingo-Martin Deppner (DE-GSI),
- E. Oliveri | Gaseous Detectors _SNRI 2025, Genova Diego Gonzalez Diaz (ES-USC-IGFAE), Imad Laktineh (FR-ULYON1) 22



Timing detectors: MPGD, (M)RPC

IT-INFN.BA
IT-INFN.PV
IT-INFN.RM2

Increased readout granularity

For 3.5 mm readout pad pitch, comparable timing performance was observed on the central pad,
despite only having partially contained events, with most charge centered around the particle trajectory.

\ 4
Medium granularlty: ' Example muon events High granularlty:
3.5mm pitch : _ ] 2.2mm pitch
|
Medium single pad | medium granularity | high granularity
o granularity pad pitch [mm)] 15.0 3.5 2.2
<000 spatial mean signal ampl. [mV] 193 157.8 62.3
g resolution central pad o, [ps] 13.9 16.94+0.15 28.34+0.3
A o= 0.5mm cluster size 1 4.0 3.6
200 x-residuals (full active area) [mm] / 1.04 1.03
- x-residuals (inner 6mm circle) [mm] / 0.5 0.65
. : : _ : Both timing and spatial resolution are worse for the high granularity readout, most
Resicual n X () likely due to the smaller signal amplitudes and imperfect pad connections. 4

Schematic not drawn to scals

E. Oliveri | Gaseous Detectors _SNRI 2025, Genova Diego Gonzalez Diaz (ES-USC-IGFAE), Imad Laktineh (FR-ULYON1)

(CE§RN§J Florian Maximilian Brunbauer (CH-CERN), Ingo-Martin Deppner (DE-GSI),
N
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Reaction/decay TPCs T e

IT-INFN.GSSI
IT-INFN.RM1

Radiopure: IAXO (CAPA)

Strategic R&D : Notes y
A High-pressure TPCs for precision studies of neutrino Groups with different
interactions (A) physics goals but a
A TPCs for low-energy nuclear physics (B) shared technology,
A Electroluminescence-based TPCs for rare-event searches enabling knowledge
and other R&D on pure noble-gas amplification (C) exchange and joint
A Radiopure and/or low -energy TPCs for precise track progress.

Development of new radiopure frontend to

imaging and/or calorimetry with avalanche-based readouts (D) be placed inside the shielding (lower noise)

5%

. - 3D Imaging: MIGDAL (RAL) Big and R_adIODUTe: CYF;‘-NO (GSSI, INFN
| Water Tanks | S [ Water Tanks

Copper Shielding (OPERA), 60 mm
N

38858842

2 Radiopure & Gas tight
Tirreno Copper Shielding, 40 mm

Side PR Adriatico

| — i
Acrylic = S

»
~ A

|
{ Field

=
Base Cathodeﬁ Cages

- - S—)
g_ ”502_ Optical
5 oo 30 keV electron =0 system
1050 L . [P ee———— T T 00000 e )
]
3 il

Low-pressure CFUTPC for Migdal effect i optical (2D
camera) and charge readout (orthogonal ITO strips).

Intensity [ADU]

0.4 m3 demonstrator nearing completion i 80 x
50 cm? readout, two back-to-back 50 cm drifts.

1100120013001 4001 50016001 7001800
X [px]

CERN L Esther Ferrer Ribas (FR-IRFU-CEA), Diego Gonzalez Diaz (ES-USC-IGFAE), Alan Bross (US-
@ § E. Oliveri | Gaseous Detectors _SNRI 2025, Genova FERMILAB), Marco Cortesi (US-FRIB-MSU), Francesc Monrabal (ES-DIPC), Giorgio Dho (IT-INFN.LNF) 24



Optical Readout

Radiation window

3 20 T 1 100
Gas volume filled s — AUCF,  80/20%
with AF/CFa 5 — He/CF,  80/20% 9
£ o Q
Satole S 45 —Neor, sowzowe L. 0 8
3 - . g
g --+ CCD quantum efficiency Leo 2
2 2 10+ H
Triple-GEM N B llgs o
i 8 [
Al 5 g
S52% E 5l £
E Viewport 2 ‘ JI F2o 8
8
el Wy
2 5 ;
E 200 300 400 500 600 700 800

Wavelength (nm)

. e

Detector

(amplification and

scintillation)

Optical scintillation light readout

y : »
Muon tracks with &-ray X-ray photons Alpha track

High gain MPGDs

IT-INFN.BA
IT-INEN.PD

IT-INFN.GSSI
IT-INFN.RM1

Image immediately available without need for reconstruction

Two acquisition approaches
* Integrated imaging collects all ight within exposure tme without deadtime with long exposure time
o * Event-by-event recording with short exposure time for track reconstruction

Imaging sensor
(camera)

Optics

(coupling)

:
-ray radiography
(Glass Micromegas)

Lenses murors

C\M E. Oliveri | Gaseous Detectors _SNRI 2025, Genova
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Reaction/decay TPCs

IT-INEN.PD

IT-INFN.GSSI
IT-INFN.RM1

3D Imaging: MIGDAL (RAL)

® Low pressure TPC with pure CF, for Migdal effect measurement

® Double GEM optical and charge readout (2D with camera and orthogonal

direction with ITO strips)

® Very important to employ the synergic readout to retrieve 3D tracking
3D Reconstruction

Carsten Steger algorithm to extract line from diffused track then

convolution of complementary signals

5\ ~ "'4‘ Towards D8D.1 and D8D.3

https://dx.doi.org/10.1088/1748-0221/18/07/C07013

G.Dho _ 9

(cgm%é} Esther Ferrer Ribas (FR-IRFU-CEA), Diego Gonzalez Diaz (ES-USC-IGFAE), Alan Bross (US- 26
N
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Beyond High Energy Physics

Strategic R&D:

Muography , Medical physics and Neutron
sciences with strong interconnections.

Hostile or extreme conditions, very low level of
maintenance, or strong requirements on operational
stability, safety, gas emissions or structural stability.

Muon imaging and extreme
environment conditions

Sealed mode operation demonstrated for
over 6 months for RPCs and MWPCs.

IT-UNIMIB
IT-FBK

Progress:

All involved groups are progressing very well toward detector
performance evaluation (main common deliverable).

All proposed tasks are covered by ongoing activities. In a few
tasks, the three main research lines (Muography, Medical and
Neutron) overlap and share efforts.

Innovative neutron converter
geometries

The [-MS-BGEM detector

Beta Imaging for medical
research

Tove 125 mn i

2

' =
Conversion ]
region L

Multiplicationll 3
region g,
g

in combination with gaseous amplifying structures for
high-rate, efficient, low background detectors

- — — — — —
A TGEM

Optically readout micromegas for beta imaging and
activity measurement on cell level

CERN
\\
S

Jona Bortfeldt (DE-LMU), Gabriele Croci (IT-UNIMIB), Dezso Varga (HU-HUN-REN)

E. Oliveri | Gaseous Detectors _SNRI 2025, Genova
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Appropriate R&D Framework to support Detector

Innovation : Working Groups
[transversal to the R&D activities of the groups]

A Knowledge and technology sharing and transfer, peer reviewing

A Common tools, infrastructures ,met hodol ogi es é
A Gas and Material studies

Modelling and Simulation

Electronics

Manufacturing Techniques

Testing Facilities

o Io Do Io Do

Knowledge dissemination Built on RD51 assets , supported by the community and

available to the community

(C\ER“@? E. Oliveri | Gaseous Detectors _SNRI 2025, Genova 24-25 November 2025
N
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DRD1 Working Groups REH =
ramew
Orj

Working Group Description

WG1 Technological aspects and developments of new detector
structures, common characterization and physics issues

WG2 Applications

WG3 Gas and materials

WG4 Modelling and simulations

WG5S Electronics for gaseous detectors

WG6 Production and technology transfer

WG7 Collaboration laboratories and facilities

WG8 Knowledge transfer, training, career promaotion

C\M E. Oliveri | Gaseous Detectors _SNRI 2025, Genova 24-25 November 2025



Technological aspects and developments of new
detector structures, common characterization and
physics issues

Advances the design and development of innovative detector architectures, including wire
volume detectors, ensuring robust, scalable, and adaptable solutions for future experiments.

DRD1 WG1

-based systems, RPCs, MPGDs, and large

Support efficient scientific exchange, with proper peer review and discussion within the community, focusing on relevant aspects and keeping track of all
Technological aspects and developments of new detector structures, common characterization and physics issues of interest for the he full DRD1 community

Wire MPGD RPC

New extremely light straw tube detector . " L.
with a non-woven graphite-textile PICOSEC - revisited Photo-RPC

by Hajime NISHIGUCHI, KEK @), J-PARC %=, COMET Gﬂ Amos Breskin RPC + Photoelectric detection ~ RPC-based photodetector

@b lrrnc ?

DRD1 collaboration meeting, 06/Oct/2025

Weizmann Institute of Science

MM-PICOSEC
wgedpace Congratulations!:
Cherenkoy radiator: Mgh2 - "12ps/1cm1

Phetacathotie:
€ {3 nm) + C3 {18 ren)
p—

Concerns:

+ ST-Photocathodes: QE, homogeneity,
stability (handling), avalanche-ion
aging & rad damage (also to crystal).

Based on my talk @ VCI2025

Other ways?

O Timing RPC I
o, = 1.28 Fu

ave S/
Townsend coef ficient:a xE /-~ U

Electron drift velocity: ve- < E 17 d.
Gainxe*® e’ "7
Small d is conducive to the time lution, but will

result in fewer clusters in the gap and small gain
(lower detection efficiency )

RPC (o,: 10%ps ~ ns)

!
hupsidoiorg/10.1002/0783527698601 cha pa7  Photocathode

.
Replaced by

O One electrode — photocathode (e.g. Cr + MgF2)
1) primary e ionizing clusters -> photoelectrons
eliminating the position fluctuation of primary e-
2) small d is allowed: the avalanche path is the entire gas gap
Resulting in a good time resolution

O Compare with PICOSEC-Micromegas:
1) No micromegas (IBF = 1)
2) Glass anode rather than germanium (Ge) film
3) Working gas: RPC gas (R134a/SF6/iC4H10), but ca
also work in COMPASS gas
4) better time resolution: small gas gap, high and
uniform electric field

@) E. Oliveri | Gaseous Detectors _SNRI 2025, Genova

Emilio Radicioni (IT-INFN.BA), Ingo Martin Deppner (DE-GSI), Luca Moleri (IL-WIS), Michael
Tytgat (BE-VUB), Paul Colas (FR-IRFU-CEA), Peter Wintz (DE-FZJ-GSI-UBOCHUM)



Applications

Bridges fundamental R&D and practical applications, identifying performance needs and promoting technological breakthroughs f or
particle physics and other fields.

DRD1 WG2
Support efficient scientific exchange with proper peer review and discussion within the community, focusing on relevant aspects and keeping
track of all Applications covered by the full DRD1 community.

Cygno Experiment Active Target TPC @ HIg$S NA62 Straw

Experience with NA62 Straw: Detector Operation
o . 160 photodisintegration experiment @ Hl &
The CY/GNO timeline e :

+ High Intensity y-Ray Source
(TUNL, Durham, NC, USA)

| Experience with detector operation during data taking:

@ Overall very smooth, the detector is very well designed and built

INITIUM: PHASE 0: " - . .
N R&D and profotypes . 30 e ,/‘\Tf}; - @ Only 3 - 4 missing straws (out of 7.2k) in 10+ years of operation
7 —_— \,‘E $ o One of them disconnected since 2014 (commissioning run)
y i v? ¢ > T"’ ] Warsaw TPC in the

User Target Room (UTR)

yf"\ﬁ ~60 m from the collion point

@ So far we had to open five Covers due to degraded rates

@ Only two cover replacements needed, otherwise fixed by adding
shielding (Kapton tape) to the HV cable end

@ The gas quality is monitored by a dedicated gas gain monitor

o o Four short straws, *°Fe source, same gas as in the detector
e = @ DCS and DSS monitor the detector state and intervene (e.g.
shut down HV) if necessary
Phys.Lett.B 855 (2024) 138759 JINST 15 (2020) 12, 712003 «+  Active-target TPC operated with @ Data quality is monitored by dedicated tools measuring:
Eur.Phys.).C 83 (2023) 10, 946 JINST 15 (2020) P10001 pure CO, @ 130 / 190 / 250 mbar
Instruments 6 (2022) 1, 6 JINST 15 (2020) P08018 @ detector and L1 Straw trigger efficiencies, straws alignment,
Measur.SciTech. 32 (2021) 2, 025902 2019 JINST 14 PO7011 * Reactions studied:  1%0(y,x)'2C number of hits/track, resolutions, etc.
NIM A 999 (2021) 165209 2C(y,3)
3 01610, 2025 6th DRD1 Collaboration Meeting - ASTROCENT. Warsaw, Poland 12 L Bician, 4th DRD1 Collaboration Mecting, February 25, 2025 Experiance with the NAG2 Straw Tracker 1/18

Future Present Past (lesson learned)

CERN - Diego Gonzalez Diaz (ES-USC-IGFAE), Francisco Garcia Fuentes (FI-HIP), Gabriella
@ E. Oliveri | Gaseous Detectors _SNRI 2025, Genova Pugliese (IT-INEN.BA), Giulio Aielli (IT-INEN.RM2), Riccardo Farinelli (IT-INEN.BO)
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Gas and Materials

R&D Framework : Facilitate contacts and
exchange between different groups and
expertise at Collaboration or Dedicated Meeting,
supporting  topical  workshops, proposing
common activities

Topical Workshops: Towards Sustainable
Gas Mixtures for Future Detectors 2025

Planned Common Activities: Focuson:
A Gas Properties and Studies of New Mixtures (syn. WG4) A Gas properties:
. . A Eco-gases
A Ageing and Outgassing . .
A _ _ _ A Ageing and outgassing
Recirculation and Recuperation Systems (syn. WG7) A Gas systems
A Precision Mechanics (syn. DRDS) A Precision mechanics

[c

ERN Strategies to reduce GHG emission

in particle detection

’

A Regulatory landscape |,

Gas monitoring sensors and real -time
visualisation (CERN Summer Student)

[
mterdISCIp“nary and Optimisation Of_ Gas Recuperation Alternative Gases Gas Disposal
current technologies

industrial perspectives

A Gas Recovery,
Recycling, and Closed -

— Gas Recirculation

— Pressure swing

|00p SyStemS | Particular attention | Membrane

A Gas Rep|acement to operation separation
Strat99i951 PhySiCS and | Improved control | Cryogenic/cold
Performance and monitoring separation

\

/

Since the beginning of LHC Runs
Several upgrades and new systems still on-going

— To CoHaF4 L GHG destruction
— To SFs J
Discarded
— To CF4
j WP1 Task 5
Since 2012

MMS final design

https://tinyurl.com/3cm2s22n

<C\ERN§§? E. Oliveri | Gaseous Detectors _SNRI 2025, Genova
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Modelling and Simulation

R&D Framework: Active contribution to the
DRD1 schools (2024 and 2025) through
lectures and tutoring.

Organization of WG4 session at Collaboration
Meetings (34 Contributions )

Organization of working meetings (9 events,
53 contribution) on relevant topics:

A Simulation of Resistive Detectors

A Large Avalanches Topical Meeting

A Low Pressure Simulation & Measurements

WG4 Mailing list with almost 200
subscription

Cross -Sections & MAGBOLTZ

Cross sections of electron-CF, collisions

,
Cross section (m~)

10

10° 10! 10° 10°
Energy (eV)

Upcoming:

Organization of a dedicated
simulation school in Bari
(181 22 May 2026).

Space Charge Effects in Simulations

of Large Avalanche Dynamics (CERN

Summer Student)

=

S oonf
2000
oo1f
000sf
0.006f

0.004 =

0002

(] 10 11
number of electrons

0 o .
-0.01 —0.005 0 0.005 0.01
x [cm]

(b) 1.5 x 10% ionisations

h"ttps://repository.cern/records/fpfgq-h0985

(b) 200 starting electrons, 540V

Planned Common Activities:

ToToTo oo Do

GARFIELD++ and MAGBOLTZ
consolidation

Simulation of Large avalanches
Study of the transition to streamer
operation mode

Study of Timing properties
Electroluminescence

Techniques for fast simulations

Garfield++ @ Low Pressure
(SWEATERS)

Overview of add-ons and changes to Garfield++

E. Oliveri | Gaseous Detectors _SNRI 2025, Genova
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Modelling and Simulation:

INTRODUCTION
« WHO I AM

SUMMER STUDENT ( C FARIAN)

Reb VEENHOF /LEIDEN - NETHERLRNDS
e WHAT T HAVE BEEN DOING

WRITING A (COMPUTER PROGRAM FoOR

DRIFT  CHAMBER
SIMULATION

e WHAT THE PROGRAN CAN DO

= CALCULATE THE ELECTRIC FIBLD
AND POTENTIAL IN A DRIFT CHAMRER

-~ PLOT ELECTRIC FIELD + POTENTIAR|

~ CALCULATE AND PLOT DRIFT LINES
AS WELL As EQUAL -RRRIVAL-TINE
CONTOURS,

=~ SINULATE THE SIGNAL oON THE
SENSE WIRES DUE To A CHARGED
PARTICLE GOING THROUGH THE DC,

- WRI\TE THE SIGNAL ON A FILE
THAT CAN RBRE USED AS INPUT
ForR SCEPTRE,

Garfield & Co.

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

CERN LIBRARIES, GENEVA CERN/EF 86-10

MO R

CM-P00061172
DRIFT CHAMBERS WITH CONTROLLED CHARGE COLLECTION GEOMETRY

FOR THE NA34/HELIOS EXPERIMENT

D. Bettoni®, K.H. Dederichs®, H. En'yo*, C.W. Fabjan®, F. Piuz®, V. Radeka®,
G. Roiron®, R. Roosen?, A. Rudge®, R.J. Veenhof®, T.D. Williams® and W.J. Willis*

1 CERN, European Organization for Nuclear Research, Geneva, Switzerland
2 CERN summer student from Rijks Universiteit Leiden, Netherlands
s Brookhaven National Laboratory, Upton , NY, USA
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Garfield/Garfield++ & Co. (I): A cluster of developers

Garfield++ , Heinrich Schindler (CERN), https://indico.in2p3.fr/event/20627/contributions/94392/
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