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Embracing the Renaissance of Gaseous Detectors

Boosting the LHC upgrade and upcoming experiments
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Gaseous detectors at LHC 3
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ATLAS - TRD - - - MDT (drift RPC, TGC,
(straws) tubes), CSC,
CMS - - - - - Drift tubes, Drift tubes,
CSC CSC
TOTEM GEM GEM
LHCb - Straws - - - MWPC MWPC, GEM
- SciFi
ALICE - TPC TOF(MRPC), - - Muon pad RPC
(MWPC~> PMD, HPMID chambers
Upgrade to (RICH-pad
4-GEM) chamber), TRD

(MWPC)

Proven robustness stab|I|ty ensure rellable operatlon for decades
(mcludmg HL-LHC), supported by aging mitigation, advanced electronics, |
repa|r acces3|b|I|ty, and a sustalnable approach (enwronmental-fnendly)




Experiment / Application
Timescale Domain

ALICE TPC
UPGRADE

CERN LS2

CMS MUON
UPGRADE
GEMN
CERN LS2
CMS MUON
UPGRADE
GE21
CERN L3
CMS MUON
UPGRADE
MEO
CERN L3

CMS
MUON UPGRADE

RE3.1, RE 4.1
2023-24 (CERN L3)

LHCb MUON
UPGRADE

CERN LS4

ATLAS MUON
UPGRADE

CERN LS2/LS3
ATLAS MUON
UPGRADE
(BIS78 PILOT)
CERN LS2

ATLAS MUON
UPGRADE (BI

PROJECT)
CERN LS3

Gaseous detector upgrade at HL-LHC

Heavy-lon Physics
(Tracking + dE/dx)

Hadron Collider
(Tracking/Triggering)

Hadron Collider
(Tracking/Triggering)

Hadron Collider
(Tracking/Triggering)

Hadron Collider
(Tracking/Triggering)

Hadron Collider
(triggering)

Hadron Collider
(Tracking/Triggering)

Hadron Collider
(Tracking/Triggering)

Hadron Collider
(Tracking/Triggering)

Gas Detector
Technology

Total area: ~ 32 m?

Single unit detect: up to 0.3m?

3-GEM Total area: ~ 50 m?
Single unit detect: 0.3-0.4m?2
3-GEM Total area: ~ 105 m?2

Single unit detect: 0.3-0.4m?

Total area: ~ 65 m?

Single unit detect: 0.3m?

iRPC Total area: ~ 140 m?2

Single unit detect: 2m?2

Total area: ~ 90 m?2
Single unit detector:
From 0,4x0,3 m2 To 0,8x0,3 m2

Endcap:
es. Micromegas

Endcap area: 1200 m?
Single unit detect:(2.2x1.4m2 ) ~ 2-3 m?

|

Part of Inner Barrel area (3 layers): 140 m?2
Barrel: T

RPC + sMDT ingle unit det.: ~ m

Inner Ba Barrel area: 1400 m?

Single unit det.: ~ m?2

A. Colaleo — Gas based detectors

Total detector size / Single module
size

< Wax. rate:150 kHz/cm?

Operation Characteristics /
Performance

Max.rate: 100 kHz/cm?

100 ns dE/dx: 11 %
Rad. Hard.: 50 mC/cm?

Max. rate: 5 kHz/cm?

Spatial res.: 0.6 — 1.2mm

Timeres.: ~7 ns

Rad. Hard.: ~ 0.18 C/cm?

Max. rate: 1.5 kHz/cm? Spatial res.: 1.4
—3.0mm Time res.: ~ 7 ns

Rad. Hard.: ~ 0.09 C/cm?

_

Spatial res.: 0.6 — 1.3mm
Timeres.: ~7ns
Rad. Hard.: ~ 7.9 C/cm?

Max.rate: 2kHz/cm?
Spatial res.: ~1-2cm Time res.: ~ 1
ns Rad. Hard.: 1 C/cm?

ate:900 kHz/cm?

Spatial res.: ~cm
Timeres.: ~3ns
Ra il 2
Max. rate:20 kHz/cm?
ial res.: <100 um
Timeres.: ~ 10 ns
Rad. Hard.: ~ 0.5 C/cm?
Max. rate: 1 kHz/cm?
Spatial res.: ~7 mm Time res.: ~ 1
ns Rad. Hard.: 300 fb

_

ax. rate: 10 kHz/cm?
Spatial res.:

~(0.1x1)cmin(n, ¢) Timeres.: ~ 0.5,
d. Hard.: 3000 fb

M.Titov

Special Requirements /
Remarks

=50 kHz Pb-Pb rate;
- Continues TPC

energy resolution
Redundant tracking and
triggering, improved pt
resolution in trigger

Redundant tracking and
triggering, displaced muon
triggering

Extension of the Muon
System in
pseudorapidity,
installation behind
HGCAL

Redundant tracking

and triggering

About 600 detectors

Redundant tracking and
triggering; Challenging
constr. in mechanical
precision

Redundant tracking and
triggering;

9 layers with 2D hit

position + time

Redundant tracking and
triggering;

9 layers with 2D hit

position + time 4



MPGD: Unveiling Inaugural Findings from Run 3

Advancements in MPGDs:
Fueling ATLAS, CMS, ALICE Upgrades in Run 3

 ATLAS New Small Wheel with Micromegas

« CMS GE1/1 with 3-GEM
« ALICE TPC with 4-GEM TPC

ATLAS

EXPERIMENT

Three ground breaking LHC upgrades, incorporating
MPGDs, embarked on their several year R&D journeys in
close collaboration with RD51, leveraging dedicated
facilities at the GDD-RD51 Laboratory.

CMS Experiment at the LHC, CERN %
4 Data recorded: 2022-Jul-05 14:48:56.743936 GMT

h' Run / Event/ LS: 355100 / 51596902 / 53
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MPGD: Unveiling Inaugural Findings from Run 3 6

Resistive Micromegas (MM) + small Thin Gap Chambers (sTGCs) for Trigger & Track Reco @ HL-LHC
* Precision tracking (~ 100 ym/plane, > 90% efficiency) for opi/pi< 15% at muon p= 1 TeV

« particle flux: up to 20 kHz/cm? rejecting fake triggers.

3 | \.\ Drift EIectrode» -300VA
: o

Peculiarities of ATLAS NSW Muon Upgrade's Resistive MM: s’ . oomeen & \ € Feld
» Screen-printed resistive strips capacitive-coupled to Cu strips. N
- Araldite passivation on edges for uniformity, less edge effects. 2’ 4
« Thin metallic micro-mesh at ground potential.

* "Floating" mesh integrated in drift panel p—r—re

* Operates at -60 V with 93/5/2% Ar/CO2/isobutane mixture. = Resistive Strips

Micromesh

E Field Fl-'

Amplification Gap

1200mz2 resistive MM: installation ended beginning 2022

Read-out strip positions need < 30 um
accuracy. Chamber position within 80 um
accuracy=> A granite table 8 um precision
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MPGD: Unveiling Inaugural Findings from Run 3 !

3GEM+ Cathode Strip Chambers (CSC) allows for muon momentum measurement in a single
station, which helps reduce considerably L1 trigger rate@ HL-LHC

i Ny ‘
n 01 02 03 04 05 06 07 08 i i ; ] < ~\§

6° 843" 786° 731° 6770 625" 57.5° 52.8° 484°

GE1/1: 144 10° 3-GEM (72 per
endcap)1.55 < |n| < 2.18

CMS triple-GEM detectors peculiarities:

« 3/1/2/1 mm gaps * High rate O(MHz/cm?2)
* Single-mask GEM technology Efficiency > 98%
* mechanical foil stretching technique Space (time) resolution =

* 15-years-long R&D on design, 300 um (8 ns)
components and materials (longevity, . Gas mixt: Ar/CO2 70/30
outgassing studies, etc.) (low GWP)

GEM GE1/1 chambers installed: Sept. 2020

A. Colaleo — Gas based detectors



MPGD: Unveiling Inaugural Findings from Run 3

New readout chambers which enables continuous readout@50 kHz in Pb-Pb

=» choice of 4-GEM

= Total effective gain ~ 2000

= Energyres. o(E)E <12%

= Intrinsic ion-blocking capabilities (IB <1%)

cem 1140um pitch

cem 2280 um pitch

En 280 pum pitch
™ 140um pitch

GEM 4

= Keep space-charge distortions at a tolerable level B
=  Mixture Ne-CO2-N2 (90-10-5) (high ion mobility)
R&D synergies between the ILC TPC and the &fzé’ﬁ;ﬁ;.
T2K-II ND TPC.
TPC reinstallation in the ALICE cavern (August2020)  » i o oo
ek o U =08 U . =005

«— 8705mm —»  ° 18f ——U_ =235V —o—U_ =235V 7
. ——Uu_,,=255V —o—U_,,=255V |
16_' : —a—U_ =285V —0=—U_ =285V ]|

GEM2 GEM2

1638.5 mm

6 . | (JINST 16 (202}) P03022
0.0 05 10 15 2:0 2'5 3.0
IBF (%)
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Steps toward a long term detector R&D program

ECFA DRD
ESPP update
201 7 HEP strategic projects 2021 proposals 2024
Granada Svmposmm ECFA detector R&D DRD MoUs
WGs and Physics Briefing 2020 road map 2023 collaborations active

Book TF & community workshops

RECF{\ Plenary ECIfA Publication
regular reports & final document final document for community endorsement

10 Global Recommendations

Detector R&D Roadmap Panel

assist ECFA to develop & organise the rocess and to deliver the document GR4: international coordination & organization of R&D activities

GRé: establish long term strategic funding program

Coordinators: Phil Allport (chair), Silvia Dalla Torre, Manfred Krammer, Felix Sefkow, lan Shipsey
assist ECFA to identify technologies & conveners

Ex-officio: ECFA chairs (previous and present), LDG representative
Scientific Secretary: Susanne Kuehn l
G E ) [ R Form international DRD collaborations
llllllll e I SN i - — hosted at CERN (CERN/SPC/1190)
] ) ] ] ] )
e particle physics community & other disciplines with technology overlap ]
TE#1 Conveners: A.C, , Leszek Ropelewski (CERN)
Gaseous _ _
Detectors Experts: Klaus Dehmelt (SUNY), Barbara Liberti (INFN-
Rome2), Maxim Titov (CEA Paris-Saclay), Joao Veloso
\m“;z‘uﬁmﬁ B (Univ. Aveiro)
Link to the coordination team : Silvia Dalla Torre (INFN-
Trieste)

A. Colaleo — Gas based detectors 9


https://cds.cern.ch/record/2721370
https://indico.cern.ch/event/808335/timetable/?view=standard
https://cds.cern.ch/record/2691414/files/1910.11775.pdf
https://cds.cern.ch/record/2691414/files/1910.11775.pdf
https://cds.cern.ch/record/2784893
https://cds.cern.ch/record/2784893
https://indico.cern.ch/event/957057/page/20875-panel-members-and-task-forces
https://indico.cern.ch/event/1197445/contributions/5034860/attachments/2517863/4329123/spc-e-1190-c-e-3679-Implementation_Detector_Roadmap.pdf

Main target projects of Gaseous Detector R&D

HL-LHC after LS4 Higgs Factories Future hadron colliders

(FCC-hh/eh colliders)

nAm o 1
Calorimeters

\ M4 M5 350/300 mrad
M3
sPD/é M2 -\

Ring Imaging Cherenkov

Sm \ O\

Acépptance

—10 mrad”’

c L
Tracking detectors Muon System (side view)

SuperKEKB, DUNE ND ‘Hadron physics

Muon Collider
EiC PANDA

[ Y N OO 7 ] ][ ][ 10 Referenc
000 superconducting
W 3 | o muon solenoid (4T)
Ao ; ; f chambers
tracking system
hadronic
calorimeter

shielding nozzles
(ungsten + borated
Central Drift Chamber
T 2. g et o

1000 o o
hadrons _ _electrons
DLt

1P hall center

Rare event search, fixed target (LFV, Kaon physics) DM, solar axions, 0v-decay, neutrino, nuclear,

astroparicle
ok b4 et WT :]'M
&£ 1 LLLL Ll “ |

1 il Migdal In Galactic Dark mAtter expLoration
Waaeetat sy
s H I KE ............ Vi
Fubatiswohame esons: Drsei
50 103

. g = Darksphere

CORRA

su:ntmm;

2

lated bming counter
P10

ETA
o Muen
CRry ol dgife proboer
R alivn dhexciy counton ég-l
{ROC)
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Based on CLIC detector design;

Muon system: ex. FCC-ee/CEPC/Muon Collider

IDEA

Instrumented return yoke

Double Readout Calorimeter

o 2Teodl

Untra-light Tracker

New, innovative, possibly more cost-

effective concept
 Silicon vertex detector

e Dual-readout calorimeter

Short-drift, ultra-light wire chamber

+ Thin and light solenoid coil inside

calorimeter system

+ 3 muon stations in the return yoke

MUCOL

nuon
hambers

superconducting
solenoid (4T)

tracking system

shielding nozzles
(tungsten + borated
polyethylene cladding

technology developments carried out for
LCs
All silicon vertex detector and tracker

3D-imaging highly-granular

calorimeter system

Coil outside calorimeter system
6-7 muon stations in the return yoke

3-6 Muon Stations
Space res, gy, of O(100)um
Efficiency ~ 98-99%

Time res.: <ns (trigger/BX-id, bkg rej, LPP..) .

Rate: few KHz/cm? — MHz/cm?
Low GWP gas mixture

MRWell

Cathode PCB

G.Bencivenni

Copper 5 pm

kapton 70 pm

50 pm

N
DLC layer (<0.1 pm)
p~10+100 MO

Drift gap
‘ (3-6 mm)

RPC -30 x 30 mm2Zcells
@CLD/CEPC

MPGD/RPC@ Muon collider

uRWell 50x50 cm? (tiles) also
for pre-shower @FCC

@High Rate: Different Grounding schema
for fast current evacuation at high rate

Pre-preg Ve =
Rigid PCB I_F
electrode
Rate Capability - PSI
12 Gain = 5000, Ar:CO,:CF, 45:15:40

1_ Hu] ﬁ]

(NN

- ] jjm) *ﬁ-i.&,s
&
1

0.8

Relative Gain: G/G,,
T T

0.6

L @ 3cm - spot 7.07cm’
04 | I m:DRL p=54 MO

- |t msorwian | Rate > 10 MHz/cm?
020 | § zwDRL  p=54 MOsD

m.i.p. Flux [Hz/cmz]

A. Colaleo — Gas based detectors

Dead area

Top Cu
C

Pre-preg

Silver Grid (SG)
+ Single DLC layer grounded by condutive
strip lines realized on ttop of he DLC layer)

Top Cu
bLC1

1st matrix vias

DLC2

Readout

Double resistive layer (DRL)

» Double DLC layers connected through
matrices of conductive vias to the readout
electrodes

11



Inner & central tracking with PID: Drift chambers

Approach at construction technique of high granularity and high transparency Drift Chambers@
FCC-ee/CEPC/SCTF =» Main studies for IDEA cylindrical drift chamber (DCH)

The wire net created by the combination of +
and - orientation generates a more uniform

equipotential surface

* High wire number requires a non

sense wires: 20 mm diameter W(Au) => 56448 wires standard wiring procedure and needs a
field wires: 40 mm diameter Al(Ag) => 229056 wires feed-through-less wiring system.
f.and g wires: 50 mm diameter Al(Ag) => 58464 wires * A novel wiring procedure developed for 5 GAS: 90% He — 10% iC4H10
343968 wires in total the construction of the ultra-light MEG- | R 4ius 0.35 — 2.00 m
Itk chimber o Total thickness: 1.6% of Xoat 90°
outer cathode sub-layer

« Large number of channels,

T 1 /.” * gasgains ~5x103 Particle Separation (dE/dx vs dN/dx)
sesess iV biewimemae )« |ong drift times (slow drift velocity), s SPYILEE
sepee bR e ©  trigger rate (Zo-pole at FCC-ee) = 2 ] AL 2m track, 100 samples
e {:o:s ,f ::000 25kHz/cm? ;5 : G(dEE/it:t==‘;g:2
The dE/dx < 3% , momentum resolution: o(pT)/pT = 0.4% at 100 GeV/c «| |\ | /-
with cluster counting, a desirable achievement : o LU L
» on-line real time data reduction algorithms 4]

T T d
0.1 1 10 10

* new wire material studies Momentum [GeV/c]

* new wiring systems for high granularities/ new end-plates / new materials
A. Colaleo — Gas based detectors 12



Inner & central tracking with PID: straw chambers

Self-supporting straw tubes with thin anode wire and an aluminised Mylar cathode wall offers a
combination of short drift time, low mass, and high spatial resolution tracking by using long (a few

meters) and small diameter (< 1 cm) straws, arranged in planar layers.

Innovative straw detectors are foreseen at both future storage rings
and fixed target facilities.

NAG62 is the state-of-the-art straw tracker

- Breakthrough: ultrasonic welding technique to close the straw and to keep
them straight and withstand the vacuum pressure without breaking

- rates up to 40 kHz/cm (500 kHz/straw), ageing resistance up to ~ 1 C/cm/wire

- material budget of a straw module ~ 0.7% X/X0

P. Wintz
TOF-STT [5] PANDA STT/FT NA62 [3] COMET [6] SHiP [7]
(COSsY) (FAIR) (CERN-SPS) (J-PARC) (CERN-SPS)
Mylar wall 32 ym* 27 pm* 36 um 20 uym 36 um
Winding helical, 2 strips glued longitudinal ultraspnic welding
Manufacturer Commercial (LAMINA, UK) JINR, Dubna
Tube diam. 10.0 mm 10.0 mm 9.8 mm 9.8 mm 20 mm
Cathode Al (30 nm) Al (100 nm) Cu/Au Al (70nm) Al (70nm) Cu/Au
(50/20nm) (50720nm)
Tube length 1050 mm 1400 mm 2100 mm 600 -1100 5000 mm
Straw no. 2704 4224 [ 12224 7168 16000
In vacuum yes no yes yes yes yes
Status Exp. finished Prod. ongoing, Experiment Production In develop- Planned
(2009-2013) exp. in 2025 ongoing completed
Specific R&D Vacuum Low X/X0 Vacuum Thinnest wall Long straws
tracker solenoid tracker tracker vacuum tracker in vacuum

A. Colaleo — Gas based detectors

Straw tube components (for PANDA-STT
1.2% X/XO0, spatial resolution~150 pm

£

End plug Gas tube

Attachment b
,"‘\ with electric gr
Wire N

Electric
contact

COSY-TOF Straw tracker
13



Inner/Central tracking with PID: TPC with MPGD-based Readout

ILC-TPC: Target requirement: point resolution 100 um in transverse plane and dE/dx resolution <
5% reached with all technologies (GEM, MM and GridPix)

If dE/dx combined with ToF using SIECAL, P < 10GeV region for pion-K separation covered

S Sdgg———"T
o i T Micromegas
L A ~=- GridPix
B 0153 DESY GEM
~ [ e
% : -'\,
% 0.1__ A\‘ [] ]
© ' L s >
0.05 TEREERR) 33ad v
arXivI: 2003.0111|6
0 1 1 1 1 1 1 1 1 1 1 L 1
0 500 1000 1500

track length in TPC [mm]

separation /G
O]'-‘ N W A O & \IHTMKFHG

10—

M. Ruan

K/mt dE/dx
— — K/n TOF

— K/n dE/dx+TOF

1 10

p (GeV/c)

Track Distortions in ILC TPC @ 250 GeV (L~1034cm=2), 3.8 T
beam-beam effects are dominant: primary ion density 1-5

ions/cms3

=>» track distortions < 5 ym

Gas amplification 103 =>»distortions of 60 ym =» gating

device is needed

10.1016/j.nuclphysbps.2015.09.174

10

| Jr=1717m
| —————=r=0.800m

Deviation [um]

Jl

20
0f
-40f

50 Az]% = 855 mm

ok
A0

=r=0.700 m
3r=0.600 m
<r=0.550 m
—{r=0.500 m
r=0.475m
r=0.450 m

r=0.425 m

r=0.400 m
r=0.385 m

Az)H = 1710 mm

FRRRRIN NFERIIN NS ININ SN B SUUNE U NS ST S S S S
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200

Drift lanath Tmml

=>» Exploit ILC bunch structure as 1 ms long bunch trains will arrive every 200 ms

Gating GEM gate opens 50 us before the 15t bunch and closes 50 us after the last bunch:

» Measured electron transparency >80 % (as in simulations) for AV ~ 5V

A. Colaleo — Gas based detectors

! ]Gate closé| -
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Inner/Central tracking with PID: TPC with MPGD-based Readout

CEPC/FCC: No bunch structure & continuous beam (cfr. ALICE) 5 ¢}

HZ/WW/tt running=>» Pad readout (MM + GEM)

Z pole running(@1036): primary ion density 1000 ions/cm?3

=>» tracks distortions O(mm) = Pixelated readout =» GridPix
v" Single ionisation electrons are detected with high efficiency

v dE/dx by cluster counting
v" Measuring IBF for Gridpix is a priority, expected 0(1%o)

N\
AN
MMNAN
\ \\%\\\Q\\\\\\\

N
|

: - S

Single chip
2017

MM grid (InGrid)
on Timepix chip

Loy ]
0 200 400 600 800 1000

Quad TPC plane

2018

Module - 2019

The maximum possible information
from a track is acquired:

50 cm track length with ~ 3000 hits

—> each is electron from the primary
ionisation

- for track reconstruction, in case of
curved tracks

A. Colaleo — Gas based detectors

T T T T T

CEPC CDR

9000Z = qq’ events + Bhabha
background estimation needed

T T

distortio
3

. ———— Gain XIBF=5, L=16 X 10** cm%s°!, v=5m/s
107'E

Gain X IBF=5, L=3 X 10%* cm3s’!, v=5m/s

-2 - |
10 700
r/ mm

400 450 500 550 600 650

Micromegas + GEM studies for CEPC /

FCC-ee to minimize ion backflow

- E=200V/icm, E=200V/cm ,V = 400V
12— ¢ t Mesh

* T2K gas
C =  ArfiC4H10(95/5)

aE~GEM+MMG @ IHEP CAS

T

e

IBF*Gain)

T

Kigr (

: I IBF*Gain: 5
1 / |
4 //1’ ]
- - ] 1
r/__,___r |5()00 '5000
Gl PETH T Al AT ' oL o
50 Zo 240 250 260 270 80 zc_l»o 300
Vaew V]
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Calorimeter

F. Simon
The Particle-flow approach “digital” M TA L L ¢ i it et bk e i A e =
. ) counting hit cells LIJQ 022F 1x1 Fe-AHCAL FTFP_BERT =
* high granularity (o, = 50um, o, = 5ns) S E
2 . [ u igital 7
at low cost “semi-digital” o 0.18 3 I semi-Digital 3
° . . e 2 bits perce": - E B Software Compensation E
Lovy pad multiplicity one. a fow, many 0.16 | E
 radiation hard detector particles 0.14 F E
- good energy resolution, bkg rejection: " l+analog® A=l =
' full analog information 0.1 - B
‘ typically 14+ bits 0.08 -
0.06 | =
i ne within CALICE .04 Lol ‘
Studesdc?e thin CALIC 004510 20 30 40 50 60 70 80 90
collaboration: E,.. [GeV]
eam
. int+Si 2 ' ..
AHCAL Scint+SiPM 3 x 3 crg granularity = 1x1 cm?2 pad: energy resolution in SDHCAL
* DHCAL glass RPC 1 x 1 cm*granularity same as AHCAL with software compensation
« SDHCAL RPC/MICROMEGAS/RPWELL
1 x 1 cm? granularity Hadron Shower hg ST TTI I
uf L1 CALICE SDHCAL ]
.‘ib o H6 runs h
New handle: Fast- timing RAW data 1l R
* If pico-second-time and energy o2~ | f + Binary moce .
information at each point along the track ;
. . . e S L )15 é ’ —
= 5D |ma.g|ng reconstructlc?n o | £ Pl it aignal above : Eoy :
* better assignment of deposit to PV timin threshold (0114 pC) o R
_ 2" threshold (5 pC) C ¢ ]
* Better construction of the shower 3 threshold (15 pC ) F ]
— . . S RN R R - i ‘e:la“z
Facilities: (ILC/C3, FCC-ee, CEPC, Muon collider, Hadron Physics). Epearn [3€V]
10
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Large area Fast timing gaseous detectors

Multi-Gap Resistive Plate Chambers (MRPC):
v' ALICE TOF detector (160m2 achieved time res. ~ 60 ps)

v" New studies with MRPC with 20 gas gaps using a low-resistivity 400 um-thick glass

= down to 20 ps time resolution

Z.Liu
2 *F % 160um-MRPC
S 70 v 140pm-MRPC
§ 1 A 120um-MRPC
8 60F . I
s F e {
Middle PC3 (1,67 E T _— B
Resistive Pant = 50_ F
Risting line 405 /
017 =
B () 30;_%
C i
- i
Cov v b b T v w v w1y
% 5 0 15 20 25 30

Fig. 1. Cross section of the double stack 20-gap MRPC.

Flux (kHz/cm?)

4]\* Signal electrode  Gtack of equally-spaced resistive

4 plates with voltage applied to
Cotoces ] external surfaces (all internal

plates electrically floating)

A
/
A

[ | (-8 kV) Pickup electrodes on external
surfaces - (.any movement of
[ 1 ] (6 kV) charge in any gap induces signal
A on external pickup strips)
| / | (-4 kv) Internal plates take correct
/ voltage - initially due to
| / | (-2 kv) electrostatics but kept at
A correct voltage by flow of

electrons and positive ions -
Anode OV feedback principle that dictates
‘\f Signal electrode equal gain in all gas gaps

Gaseous Detectors: Micromegas with Timing (RD51 Picosec Collaboration) ™™

E. Oliveri o0 ~ 25 ps timing resolution (per track) P icosec
e ] VMic_ronlefe?s
Cherenkov radiator + Photocathode + Micromegas
e ciss  Tested in RD51 testbeam July 2021 Custom pre-
. amp cards
|| « Proamgdfers
24ps timing
resolution ) D —
Planarity
. : < 10pm
Single pad (2016) 10x10 module httpe://indico.cern.ch/eventy/1040996/contributions 4328412/ 17

1 cm o4Y1cm
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Large area Fast timing gaseous detectors

Multi-Gap Resistive Plate Chambers (MRPC):
v' ALICE TOF detector (160m2 achieved time res. ~ 60 ps)

v" New studies with MRPC with 20 gas gaps using a low-resistivity 400 um-thick glass

= down to 20 ps time resolution

8°H * 160umMRPC | | T ]

(ps)

——Pick up dlrips

Signal electrode

. Cothade 10V plates with voltage applied to

Achievable by reducing gas gap thickness (~100 um)

Stack of equally-spaced resistive

external surfaces (all internal
plates electrically floating)

V277777 (-8 k) Pickup electrodes on exfer‘n(;l
. . surfaces - ( any movement o
* Increased number of gaps for large-area uniformity 070 o churg;i:anylg:?riuc?_:gmu
® Rate Capability up to 100 kHZ/Cm2 :I (-4 kv) Internal plates take correct
. . . voltage - initially due to
= Thinner and lower resistivity plates 0 o deometeriet
FoneyomD v : : : : : : elec‘rronsvund gcsiZive ions -
208 | | | T BT R A I 'Anodeov feedback principle that dictates
Fig. 1. Gross section of the double stack 20-gap MRPC. 5 10 15 20 F2:|5ux (KH z?c?m’) W‘ Signal electrode equal gain in all gas gaps
Gaseous Detectors: Micromegas with Timing (RD51 Picosec Collaboration) e
E. Oliveri o0 ~ 25 ps timing resolution (per track) P icosec
e Micromegas
Cherenkov radiator + Photocathode + Micromegas
.......... _“ Custom pre-
amp cards
+ = Praamgiifien
24ps timing
resolution P R—
Planarity
X < 10pm
Single pad (2016) 10x10 module httpe:/findico.cern.ch/evensy/1040896/contributionz 4398412/ 18
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Large area Fast timing gaseous detectors

Multi-Gap Resistive Plate Chambers (MRPC):
v' ALICE TOF detector (160m2 achieved time res. ~ 60 ps)

v" New studies with MRPC with 20 gas gaps using a low-resistivity 400 um-thick glass
= down to 20 ps time resolution

J\ Signal electrode  Stack of equally-spaced resistive
p== plates with voltage applied to

BOH *  160um-MRPC | : i i |

(ps)

MG Cathode -10 kV

Pk up drips i i external surfaces (all internal
Achievable by reducing gas gap thickness (~100 um) I s pkp.de”fg;.
« Increased number of gaps for large-area uniformity D s h"fgigplkiespgfm
« Rate capability up to 100 kHz/cm? D 40 vl s ke comet
= Thinner and lower resistivity plates e
o NN . OV (e or des
Fig. 1. Cross section of the double stack 20-gap MRPC. Flux (kHz/cm?) N- S seelodindl sl

E. Oliveri

Partcm

0 ~ 25 ps timing resolution (per track)

P|cosec

Micromegas

Gaseous Detectors: Micromegas with Timing (RD51 Picosec Collaboration) WW,WA

Cherenkov radiator + Photocathode + MiCromegas'

........ s _ e e e . 2 e M Crictn pre-
Focus on identifying cost-effective materials ards
Precise mechanical stability and uniformity (=1-10 pym)
* Robust radiation-hard photocathodes -
« Stable high-gain operation and IBF optimization

Q S v Planarity .N -
5 < 10pm L

Single pad (2016) 10x10 module httpe://indico.cern.ohfeveny/ 1040298/contributions /43384 12/ 19
1 cm = 4 cm attachmems/2265036/3845651 /PICOSEC—update-final_pdf




DRD1 Collaboration implementation

R&D FRAMEWORK

R&D PROJECTS

Collaboration type: Community-driven with the  Work Packages (WP): long-term projects

R&D environment: common infrastructures (labs, addressing strategic R&D goals, outlined
workshops), common R&D tools (software and in the ECFA Detector R&D roadmap with
electronics ), cross-disciplinary exchange dedicated funding lines.

Scientific organization in Working Groups: « Common Projects (CP): short-term blue-
provides a platform for sharing knowledge, sky R&D or common tool development
expertise, and efforts, by supporting strategic with limited time and resources, supported
detector R&D directions, facilitating the by the Collaboration Common funds.

establishment of joint projects between institutes.

DRDT* WG2 Applications Tools and infrastructures
WGl WG3 WG4 WG5S WG6 WG7 WGS8
1.1 1.2 13 1.4
( N N\ N N N\ N [ N\
Trackers/Hodoscopes (large area

[ [ muon systems, inner o )

C —

tracking/vertexing) ® S

» O

c ()
Inner and central tracking with PID o @ c
¢ ®° capability o ||® © 2
2 1S %) ©
S ||E 3 8 || <
[ ° Calorimetry ..g = 3 - 2 =
= . e i) S Q
e o @ Photo-detectors (PID) -g & (@) © S K7
n e g 0 o '8 e o
el o o Timing detectors (PID and trigger) | [.2 = e 8 HJ, o 0] -8
. 3 T l|ls 8|l § 5 S >
TPCs as reaction and decay e o = g g +3 £ g
chambers (rare events, neutrino e %) 9L = O 9 e =
physics, nuclear physics) 8 S 0o 2 2 8 o

’ J_ J (D J \D U)) G L J U L J U o J U = J
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Strategic R&D = Work Package

— Group together institutes research interests around Applications with a focus on a

specific task(s) devoted to a specific challenge (Detector R&D theme*), typically related to

specific Detector Technologies and to the development of specific tool or infrastructure

« defined by ECFA R&D Roadmap

Tasks

focusing on challenges related to .
performance (precise timing, high ¢ connection to 4 ECFA DRDTs

rates performances, longevity ...)

Technological areas:
MPGD, RPC, Wire, LDC, TPC, ...

*R&D on Sensors, Electronics,
— Software Tools, Gas Properties
studies;

* Development of infrastructure and
production techniques

Work Package + Training

Currently envisaged WPs

*WP1

. trackers/hodoscopes

‘WP2:

Drift Chambers

*WP3:

Straw Chambers

-WP4:

Tracking TPCs

*WP5:

Calorimetry

*WPG:

Photon detectors

‘WP7:

Timing detectors

*WP8:

Reaction/Decay TPCs

Additional WP on beyond fundamental physics also considered

* DRDT: See backup A. Colaleo — Gas based detectors
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DRD1 PROPOSAL
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https://cernbox.cern.ch/s/BKQsu6oiuhPWDaa

c\w DRD1

N

DRD1 EXTENDED R&D PROPOSAL
Development of Gaseous Detectors Technologies
Draft v1.0

Abstract

The document provides an overview of the state of the art and challenges for various de-
tectors concepts and technologies, as well as a detailed list of R&D tasks grouped into Work
Packages (WPs) that related to the strategic R&D programs to which funding agencies might
commit, with related infrastructures and tools y to ad the technological goals, as
outlined in the ECFA R&D roadmap. The main DRD1 document is structured into chapters,
each describing the activity planned by the eight Working Groups (WG), which are the core of
the future scientific organization. The current DRD1 proposal concentrates on the collabora-
tive research program for the next 3 years.

On-line version: https://cernbox.cern.ch/s/BKQsu6oiuhPWDaa

DRD1 Website: https://drdl.web.cern.ch/

Geneva, Switzerland
July 30, 2023

First draft submitted to DRDC on
July 31st 2023
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DRD1 Work Package: example Photon detectors (WP6)

# Task Performance DRD1 ECFA Comments Deliv. next 3y Interested  Insti-
Goal WGs DRDT tutes
T1| Increase photo- Improve: WG3 1.1 - Hydrogenated nanodi- - Demonstrate the perfor- INFN  Trieste,
cathode efficiency - Longevity (3.10), amonds mance of nanodiamond- CERN, Helsinki,
and develop ro- -QE WG7 - Diamond-Like Carbon powder photocathodes in IRFU/CEA,
bust  photocon- - Extend to the 7.14) terms of their chemical reac- NISER  Bhub.,
verters visible range tivity and ageing Coimbra  Univ.,
- Rad-hardness up - Provide a detailed char- LMU  Munich,
t0 10" neglem? acterization of QE of new | U Aveiro, RBI
photocathode materials, e.g. | Zagreb
DLC
T2| IBF suppression, - IBF mreduction WG4, 12 - Multi-Micromegas de- - Demonstrale a small-area USTC, INEN-TS,
discharge protec- down to 1074 WG7 tectors new structure or stack of | INFN-PD, INFN-
tions and below 7.15) - Zero IBF detectors structures providing stable op- PV, TU Munich,
- stable, high gain - New structures (Co- | eration at high gains and low | WIS, UBONN,
operation up to bra, M-THGEM,) and IBF performance Helsinki,
105-10° coating materials (Mo) IRFU/CEA,
- operation in - Grids: bi-polar grids, NISER  Bhub.,
magnetic field gating GEM CERN,  MSU,
Stony Brook,
JLAB. BNL,
Coimbra  Univ.,
IPPLM  Poland,
U Aveiro, RBI
Zagreb
T3| Gas studies - Dewelop eco- WG3 11,13 - Identification of eco- CERN, NISER
friendly gas | (3.2A), friendly gas mixtures Bhub., u
radiators and in | WG4, free from greenhouse Jerusalem,
particular, ex- [ WG7 gases GSSI, INFN-
plore alternatives | (7.2.4) - Alternatives to CF; for PD,  INEN-TS,
to CFy optical readout AGH  Krakow,
IPPLM  Poland,
USC/IGFAE, U
Aveiro
T4| FEE - Stability at high WG5S 12 - Present an ASIC con- Sao Paulo,
input C cepl/prototype NISER  Bhub.,
- Low Noise INFN-PD,
- Large dynamic INFN-TS. AGH
range Krakow, IPPLM
Poland, CERN,
Manchester,
MSU, Stony
Brook,  JLAB,
DIPC
TS| Enhance mechan- - High-pressure WG6 13 NISER Bhub, U
ics operation Jerusalem, GSSI,
- Improve gas USC/IGFAE,
tightness CERN,  MSU.
JIAB.  DIPC,
IPPLM  Poland,
RBI Zagreb
T6| Precision mea- | - Time resolution | WG7.2 - MPGD: Picosec CERN, IPPLM
surements <1ns Poland

- Spatial resolu-
tion < 1 mm

Challenges for the photon detectors

Preserving Photocathode Efficiency:
1. Suppressing ion backflow
2. Developing more robust
photoconverters
1.Front-End Electronics (FEE):
1. Development of very low noise FEE
2. Large dynamic range FEE
2.Detector Performance Improvement:
1. Enhanced spatial resolution
2. Improved time resolution
3. Fast charge collection for maximum rate
capability
3.TRD System Enhancement:
1. Better separation between transition
radiation and ionization process in TRD
systems

Area of application: nuclear physics, hadron
physics, future ee, and eA machines.
Timeline: >2030

WPs are currently in preparation: interested institutes are drafting confidential documents with detailed
information about milestones, deliverables over the years and available/needed resources for the R&D

program accomplishment.

A. Colaleo — Gas based detectors
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Conclusion and remarks

Technological Advancements
in innovative materials, new architectures and cutting-edge technical solutions
have ushered in a new era in the operational capabilities of gas detector, enabling
these detectors to work under increasingly demanding conditions.
v' These remarkable developments stand to greatly benefit both upcoming and
future experiments.

A strategic approach

is focused on knowledge-sharing, hybridization of technologies, combined
features in the same detector (5D detector)

Success of Collaborative Efforts
the experience of RD51 has vividly demonstrated that collaborative endeavors
yield success and pave the way for sustainable developments in our field.

DRD1 Collaboration

will unite groups engaged in diverse applications, leveraging various technologies
and solutions.

=» This presents a significant opportunity to advance our collective knowledge
and capabilities.

A. Colaleo — Gas based detectors
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Muon system for FCC-hh

Muon System, tracking and trigger capabilities M. Aleksa, G. Aielli

12
with resolution of 50 um, op1/pT=5% at 10TeV 102 1400 . .
0 500 1000 1500 2000 2500 3000 10° 0 500 1000 1500
z [cm] z[cm]
« Barrel Muon system (2 layers) : 2000 m2 Hardest challenge

* Endcap Muon System (2 layers): 500 m2

« Forward Muon System: (4 layers): 320 m2 * pp collisions at 100 TeV (FCC-hh)

ylm] 105 st . * Pileup: 1000 events/bunch crossing - spatial
“9":;:::::::,;’::.::::::.:,z:::::::::_:.‘..;;,::’:::,:;: resolution, timing
NEENENANNNNNEREENY NERNNENEPZEANNRRNRRNN
8_. - / ........... A [ | ......... Muon barrel and endcap
e Charged rates ~ 5x10* cm=?s™"
:’\_ ) 1L o
4 : H"  photon rates ~ 5x1068 cm-2s-"
k] . R<1m:
2 ~ ™| Rate>500 _ . ! e
. s e Nfluence ~10' cm =» shielding can mitigate

Sans . i effect

== = »7
12345678 91011121314151617181920212Z27235728°25

« Current muon system gas detector technology will work for most of the FCC detector area

* Forward region (r<1 m) = more R&D would be needed
A. Colaleo — Gas based detectors
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Photon fluence rate [cm'zs’1]
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TPC as reaction/decay chambers

TPCs are commonly used in rare event searches.

Lens-like Effect: Density-driven magnification/demagnification.

- Different Readouts: Charge, negative-ion, dual-phase,
optical.

« Typically MPGD are used for the TPC amplification stage.

WIMP, DM & Neutrino Experiments
Nuclear Recoil Discrimination:
« Large Tons @high pressure : Noble liquid (Ar, Xe) +
gas (MPGD) amplification and readout.
Light element as target: low energy threshold and low
radioactive background
* Ar o Ne mixture 1-10 bar with stable gain and
without energy degradation

TPCs for:
1) neutrino-interaction
1) active targets for nucle:

reactions
VAR N AEN\N

“TPC == single reconstruction-tool’
Direction of WIMP Flux :

3D Reconstruction: 20 mbar - 1 bar pressure for accurate 3D
tracking.
« Various Readout Methods: lonization electron,
negative ions, electron ionization and optically based
readouts at atmospheric pressure (Cygnus)

c5EEBEBES
A
i
-
R

Particle Trackers for Neutrino Oscillation NDs -: . ,
Pressurized Argon-based TPCs: E.g., Dune ND at 10 bar. NP

A. Colaleo — Gas based detectors 27



TPC as reaction/decay chambers

Facility Technologies Challenges Most challenging requirements at experiment
-TPC w/ MWPC/MPGD at .
2(-130 mbar, charge readout g'aiYnC-;-Ngﬁz)s)
TMP -TPC w/ MPGD at 66 mb/1  |High granularity, high gain, low . I
. somch bar, charge and optical background, very low noise level Spatial resolution = (100 pm)
(DRIFT, MIMAC, CYGNUS, g . Energy Threshold = 2 keVee
MIGDAL, TREX-DM) | "cadout and fast clectronics, self trigger 1P, pesolution - 20% at 5.9 keVee
' -TPC w/ MPGD at 1-10 bar, |capability, gas optimization Opﬂ"”; g ‘

charge readout ca 0

He:SFg or He:CFqat P =1 bar

-TPC w/ pixelated

High granularity, low background,

High efficiency in ROI (0-10 keV)
Spat. res = Q{100 pm)

Solar axion helioscope (IAX0)  |Micromegas, GnidPix, charge |radiopure electronics, self-tngger Background: 1077 c/keV/em2 /s
readout capability XcatP =1 bar
B-6T
. , . (AI-TPC)
. Electronics with large dynamic N
Low cncrgy nuclca; physics -TPC+MM at 0.05- 3 bar, range and flexible configuration. B=21
gencral purposc active target charge readout self-trigger capability, high pressure P =0.00=1 bar
{AI-TPC, ACTAR) MPGD - 3D-layout
Generic target gases (112, He, Ar, CO2. . .)
low background, energy resolution  [(NEXT)
Neutrino physics and Neutrino-less |-TPCHSiIPM+PM: and topological rejection factors, P = 5-15 bar

double beta decay (DUNE-ND,

NEXT, PANDAX-IT)

clectroluminescence readout,
~TPC+MM: charge readout

scale to large volume, transparency
and long drifting distance, high

pressure, Batt tagging

3D-reconstruction of tracks through SiPM planc
Energy resolution < 1%
Ba+agging

Neutrinos and DM search
(Dune, DarkSide-20k, Argo,
PandaX-4T, LZ, ARIADNE,

Darwin)

- Dual-Phase TPC+MPGD

Large volume (uniform and stability
response), ultra-low background,
energy resolution, low energy
thresholds, high granularity, charge
extraction from liquid to gas,
background rejection by prompt
scintillation light -S1/ signal from the
charge -52 optimisation; Xenon and
Argon storage and recuperation
techniques

(Darwin)

- 200 t x yr exposure

- Drift/diameter: 26 m/ 2.6 m

- LXe Mass: 40 t

- Particle discrimination by S1/52

- Low-energy threshold of ~1 keVnr

- Robust electrode design (up 10 S0kV)

- Ultra-low intrinsic radioactivity materials
- 222Rn: factor 100 reduction

- (a,n) neutrons (from PTFE)

- >099.98% Electron Recoil rejection at 30% Nuclear
Recoil efficiency

- High light yield (QE) ~ 8 PE'keV

(Darkside-20k /Argo)

= 200 t X yr exposure /Argo =3000t x yr)

- Drift/diameter: 3.5m /3.5 m

- LAr Mass: S1.7 t /Argo - 350 ¢

- Particle discrimination by S1/S2 and pulse shape.

- Low-energy threshold of ~0.5 keVnr

- Highlander scintillation yield ~40 PE/KeV

- Membrane cryostat like the ProtoDune

- Low radioactivity argon in underground CO2 wells
(UAr) with an activity 1400 times lower than atmospheric

A. Colaleo — Gas based detectors
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ECFA DETECTOR R&D ROADMAP CO

Z

TENT: TF1

~ ;N
3 O$/ 69@ ».\
&
Needs/benefits f FELLE 3 FF
eeas/benerniis 1or s &5 3¢ o &
Performance targets and » hvsi h FEFLFEas &
&8 <y 9 Yé)
.y — physics reac SEEFE55, 666
main drivers from facilities FEe&sPdedesdd
DRDT 2035-
< 2030 2080
Facility Technologies Challenges Most challenging requirements at the experiment Raa-nardflongavity ®
Muon system Time recoiution @
: - Ageing and radiation hard, large . . Fine granutarity '\-\\\ .
RPC, Multi-GEM, aeing andra o B B8 HOb): Max. sate: 900 kHzien?® REURSEN BT con.  as properties (sco- - 90 :
resistive-GEM, Micromegas, | =% "¢ capabilty, space and time Spatial resolution: - ¢cm SEURIgH. Shptes o (beo-ges) =
HL.LHC m;‘m- ixel Micromeess. resolution, miniaturisation of Tpxmc resolution: Ons) Micromeges. et 1C Spatial resolution o
;{WIPIII PIC PSR readout, eco-gases, spark-free, low Radi 'h_d 7 Che? {10 veus Rats capabiity ®
J-RWELL, p- - adiation hardness: ~ 2 C/em? (10 years) Raa-hard/iongsvity
| | ! [—— Low X,
(IDEA): Max, rate; 10 kHz'om’ tracking with PID IBF (TPC only) [ ) o
Higgs-EW-Top Factories (ee) |GEM, p-RWELL, Stability, low cost, space resolution, |Spatial resolution: ~60-80 um Proposed technologes: Time recolution
(ILC/FCCoee/CopC/ISCTE) Micromegas, RPC large area, eco-gases Time resolution: Ofns) KSJ“:ﬂnﬁ.‘mm Rats capabiity
Radiation hardness: <100 mClem?® layees Of MPCD, sriw COambsns.  gE/gx
Fine granuiarity
Fluxes: » 2 MHz/ca (<87 Rad-hard/longevity Y X )
. . . High spatial resolution, fastprecise < 2 kHzlem* (for 012%) Preshower/ Low power
e GEM, - RWE ,
Muon collider 1’1"{“\‘('.' 1";}5?\ l\:Rlp'(_ timing, large area, eco-gases, Spatial resolution: ~100um Calorimeters Gas propertiec (sco-gas) 900 900
Kromegas, K | spark-fiee Time resolution: sub-ns Propased technologes: Fast tming
., o RRC, MRFC, Micromeagas and
Radiation hardness: < Clen?® QB Pl P g Fine granutarity
e, Pe e, T Rats capabity o0
- )
(CBM@FAIR): Max rate: <500 kifz/eny’ Lerge mayfintagration 000 o000
Hadron physics High rate capability, good spatial Smatial resolution: < 1 mm Rad-hard (photocathoas)
(EIC, AMBER. Micromegas, GEM, RPC resolution, radiation hard, eco-gases, ppua e Particle ID/TOF IBF (RICH only) 12
PANDA/CMB(@ FAIR, NASO+) self-triggered front-end electronics Time resofution; ~ ) as Precise timi 11 .
’ A {1 o AL el - - elec (s = 11
EgeTed " |Radiation hardness: 10" neg/emycar Proposed tecrnclogus g iy .
RICH-MPCD, TRO-MFCD, TOF. Rats capability 13
| MARC, Pioossc, FTM R
S _— dE/ax 12
Stability, ageing, large arca, low cost Max, rate S00 Hz/on Fine granutarity 11
FCC-hh GEM, THGEM, p-RWELL, o .‘;Inhnr. s " "' |Spatial resolution = 50 pm L = Y ®
ACE TS0 1, €00~ RAsEs, 5 ' pow! !
(100 TeV hadron collider) Micromegas, RPC, FTM pacs SO Angular resolution = 70 prad (n=0) to get Ap/p<10% up Low power L
spark-free, fastprecise timing e s Fine granutarity 14
to 20 TeVie TPC for rare decays 1
1 ! Largs aray/volume 14 o0
Proposed technologes: Higher energy resolution 14 . . . .
TRC-MPGD aparation (om ve
EX. Muon SVStem IO e ™| ower energy thrashoid 14 @] [ ] o
Optical readout 14
Gas pressurs stability 14 o o
Raciopurty L4 o0 o0
P
Detector R&D Themes .th;penm-inp&ysicsgoalscmbe-ﬁ Important to meet several physics goals Desirable to enhance physics reach RED needs being met

DRDT 1.1 - Improve time and spatial resolution for gaseous detectors with longterm stability

DRDT 1.2 - Achieve tracking in gaseous detectors with dE/dx and dN/dx capability in large volumes with very
low material budget and different read-out schemes

DRDT 1.3 - Develop environmentally friendly gaseous detectors for very large areas with high-rate capability

DRTD 1.4 - Achieve high sensitivity in both low and high-pressure TPCs
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From TF1 to DRD1: Implementation timeline

Q4-2022/Q1-2023 Q2-2023 Q3-2023

» Formation of the = Writing the proposal  End July —submission = Establishing = New structures
DRD1 proposal (scientific and of the proposal, continuation of operational
team organization) that including resource existing RD51 and new R&D

= Collection of includes conclusion information: projects and carrying programmes
interest from the and feedback from the resources needed resources underway
institutes (survey) workshop and survey = DRD1 organization

resources already

= 1stWorkshop and = Collect feedback by and scientific

shaping the institutes in contact with _ lan\{grlzg,:eof programs defined. ) Igﬁggggnzgf 4
direction of RD. their funding agencies institutes/FA to MoU
about the best funding contribute to Si
schema it gnatures
_ specific tasks with defined
= 2nd Community = Follow the review contribution
Workshop revisions and areas per
= DRDC mandate upon green light institute
reviewed and agreed= Mechanisms agreed from DRDC, '
with CERN with funding agencies . pRDC review (scientific, CERN
management and for country specific milestones, feasibility, ~ research board  + Start
EDP DRD funding request. financials) approves the monitoring
formation of the progress in
collaboration organization

« Ramp up of new strategic fundAiangI and R&D activities 2024-2026

aleo — Gas based detectors 30



The wide family of gaseous detectors: applications

Summary of R&D Challenges for the different applications

Muon System

Inner and Central tracking

Calorimetry

Photon detection

TOF

Rare decays

o Radiation hardness and stability of
large area up to integrated charges of

hundreds of C/cm2:
- aging issues and discharges;

® Operation in a stable and efficient
manner with incident particle flows

up to ~10 MHz/cm?2:
- miniaturization of readout

elements needed to keep occupancy

low;
e Manufacturing, on an industrial

scale, large detectors at low cost, by
means of a process of technological
transfer to the industry and identifies

processes transferable to industries
o Identification of eco-friendly gas
mixture and mitigation of the issue
related to the operation with high
WGP gas mixture:

- gas tightness;gas recuperation
system;accessibility for repairing.

o Study of resistive materials (RPC

and MPGD):
- higher gain in a single
multiplication layer, with a

remarkable advantage for assembly,

mass production and cost.

- new material and production
techniques for resistive layers for
increasing the rate capability
o Thinner layers and mechanical
precision over large area

Drift chambers

o High rate, unique volume, high granularity, low
mass

e Hydrocarbon-free mixture for long-term and
high-rate operation

o Prove the cluster counting principle with the related
electronics

® Mechanics: new wiring procedure, new wire
materials

o Integration: accessibility for repairing.

TPC

e R&D on detector sensors to suppress the IBF ratio
o Optimize IBF together with energy resolution

e Gain optimization: IBF, discharge stability

o Uniformity of the response of the sensors

o Gas mixture: stability, drift velocity, ion mobility,
aging

o Influence of Magnetic field on IBF)

e High spatial resolution

e Very low material budget (few %)

® Mechanics: thickness minimization but robust for
precise electrical properties for stable drift velocity.
o Integration: cooling of electronics.

Straw chambers

o Ultra-long and thin film tubes;

® “Smart* designs: self-stabilized straw module,
compensating relaxation;

e Small diameter for faster timing, less occupancy,
high rate capability;

® Reduced drift time, hit leading times and trailing
time resolutions, with dedicated R&D on the
electronics;

o PID by dE/dx with “standard* time readout and
time-over-threshold;

o 4D-measurement: 3D-space and (offline) track time;

o Over-pressurized tubes in vacuum: control the
leakage rate to maintain the shape.

o Uniformity of the response of
the large area and dynamic
energy range;

o Optimization of weights for
different thresholds in digital
calorimeters

® Rate capability in detectors
based on resistive materials:
resistivity uniformity, discharge
issue at high rate and in large
area detector;

® R&D on sub-ns in active
elements: resolution stables over
wide range of fluxes;

e Gas homogeneity and stable
over time.

o Eco-friendly gas mixture for
RPC;

o Stability of the gas gain: fast
monitoring of gas mixture and
environmental conditions;

® Mechanics:

- large area needed to avoid
dead zone: limitation on size and
planarity of PCB is an issue.

- multi-gap with ultra-thin
modules: very thin layer of glass
and HPL electrodes, gas gap
thickness uniformity few micron

® Preserve the photocathode
efficiency by IBF and more robust
photoconverters;

o Gas radiator: alternative to CF4
o Gas tightness

e Very low noise when coupling
large capacitance;

o Large dynamic range of the FEE;

o Separate the TR radiation and the

ionization process

o InTDD use of cluster counting
technique and improve it by means
of a Ingrid.

o Uniform rate capability
and time resolution over
large detector area;
o New material for high rate
(low resistivity, radiation
hardness);
- uniform gas distribution;
- thinner structures:
mechanical stability and
uniformity;
o Eco-gas mixture;
o Electronics: Low noise,
fast rise time, sensitive to
small charge;
® Possibly optical readout;
® Precise clock distribution
and synchronization over
large area.

o Radio-purity of the
materials

o Low background

o High granularity

o For large volume
detectors: transparency over
large distance

® Pressure stability and
control

o Electronics with large
dynamic range and flexible
configuration.

o Self-trigger capability

e Low noise electronics

o Fast electronics

e Optical readout
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ECFA

Community
interaction

Roadmap Oversight and
Community Interaction
ECFA Detector Panel
(EDP)

Includes ex-officio: APPEC,
NUuPECC and ICFA IID Panel”
representatives

* ICFA Instrumentation, Innovation
and Development Panel

DRD approval process and review

[ CERN Research Board ]- -

CERN COUNCIL

A

—

Recommends
Approves

(" Scientific and Resource Reporting and Review )
Detector Research and Development
Committee (DRDC)

Includes members from: ECFA Detector Panel,
CERN and LDG

.' On request, additional experts from the EDP can H
: be invited for dedicated review tasks i

s

Reports
CERN SPC

by oA/,
A

Detector RD (DRD) Collaborations

1. Scientific and Resource Reporting and Review
by a Detector Research and Development
Committee (DRDC)

Assisted by the ECFA Detector Panel (EDP): the
scope, R&D goals, and milestones should be
vetted against the vision encapsulated in the
Roadmap

2. Funding Agency involvement via a dedicated

Resources Review Board (~once every two
years)

3. Yearly follow-up by DRDC=» report to SPC=>

Council

» As projects develop, some aspects should be expected to transition into approved
experiment- specific R&D (outside the DRD programme)

« In addition, as stated in the General recommendations (GSR7) funding possibilities for “Blue-sky”
R&D should be foreseen
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