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Pixellated readout



Fmbedding of Timepix4 in MPGD

_ , | Cross-section of Timepix4 embedded in MPGD
Timepix has been previously used to read out MPGDs: e.g. structure:

GEMPix (10.1016/].radmeas.2020.106421)

DLC + MM/uRWell

APICAL
Optimising signal induction by integrating amplification prepreg
structure directly with the front end readout ASIC

Timepix4 is an enabling technology by allowing 4-side
tilability and backside readout (TSVs)

................ R - oo ioyor

Use of diamond-like carbon (DLC) as resistive anode on Lo 20 N OTEUpdatedHeTIETT fOT SETOTH proTotype- Sotom e

top of Timepix4 readout structure:

* Deposition at CERN MicroPattern Technologies (MPT)
workshop

e Discharge protection and signal spreading

Encapsulation t't
of Timepix4 for

Eliska Jelinkova. David Marques, DRD1 Collaboration Meeting June 2026 MRWELL integration
https://indico.cern.ch/event/1662850/contributions/7133781/attachments/3304919/5913930/Coimbra (1).pdf
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GEMPIix4

Coupling triple GEM with Timepix4 readout
Intermediate step towards integration of TImepix4

directly with amplification structure ﬁ 500 | =
= | >
Large clusters due to diffusion in triple GEM stack o 400
2 300
. . . . . . QL
High spatial resolution achieved for single particle = |
detection and Xray imaging £ 200
Copper cathode g 100
)
3 mm Drift .

0
0O 100 200 300 400

2 mm Transfer X-position / pixels [55 um]

GEMPIx4: triple GEM with Timepix4

External readout
2 mm Transfer amplifier
B B B e e e aﬂd MCA
2 mm Induction |

Timepix4

L. Scharenberg et al.
https://indico.cern.ch/event/1386009/contributions/6279112/attachments/3018409/5324403/mpgd-timepix4_vci2025_lucian-scharenberg.pdf
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https://indico.cern.ch/event/1386009/contributions/6279112/attachments/3018409/5324403/mpgd-timepix4_vci2025_lucian-scharenberg.pdf

GEMPIix4

Visualisation of individual soft X-rays from Fe55 source Cosmic rays
0.2mm photoelectron track length for 6keV X-rays in Ar/CO2 (70/30) Wide, S”?'ght t.rack.s W'th. inclination
encoded Iin arrival time differences
1mm diameter circular events due to diffusion in triple GEM stack (color scale)
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L. Scharenberg et al.
https://indico.cern.ch/event/1386009/contributions/6279112/attachments/3018409/5324403/mpgd-timepix4_vci2025_lucian-scharenberg.pdf
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Fmbedding of Timepix4 in MPGD

Exploring different schemes to readout MPGD structure with Timepix4

HRWELL + Timepix4
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Eliska Jelinkova. David Marques, DRD1 Collaboration Meeting June 2026
https://indico.cern.ch/event/1662850/contributions/7133781/attachments/3304919/5913930/Coimbra (1).pdf
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Coupling Timepix4 to uRWELL

Recording of cluster representing individual Fe55 Xray interactions or

clusters along particle tracks from muon or pion beams

Large clusters with tens of active pixels allow for centre-of-gravity
position reconstruction

°>Fe cluster example

N hits = 58
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Eliska Jelinkova. David Marques, DRD1 Collaboration Meeting June 2026
https://indico.cern.ch/event/1662850/contributions/7133781/attachments/3304919/5913930/Coimbra (1).pdf
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Timepix4 MPGD readout

Current status

Cross-section of Timepix4 embedded in MPGD
structure:

* \Working prototypes with mechanically coupled MPGD and Timepix4 readout oL« e
 Embedding of Timepix4 with yRWELL structure done by CERN MicroPattern

Technologies (MPT) workshop: realising new way to contact Timepix4 TSV chip with
photolithography techniques

Next steps

Particle

* Multi-chip Timepix4 readout structure

» Precise timing measurements in PICOSEC Micromegas configuration Y
HV (-330 V) —

Crystal

Photocathode

Top of URWELL
' |

DLC
J Timepix4 .

— SPIDR

Eliska Jelinkova. David Marques, DRD1 Collaboration Meeting June 2026
https://indico.cern.ch/event/1662850/contributions/7133781/attachments/3304919/5913930/Coimbra (1).pdf
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Optical readout
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Readout of MicroPattern Gaseous Detectors

Electronic readout Optical readout

Recording induced
electronic signals with
readout electronics

Recording scintillation light SIPM readout of
with imaging sensors  secondary scintillation

0

Schematics not drawn to scale 11

Integrated imaging approach

Intuitive pixelated readout with
megapixel imaging sensors

High spatial resolution

Lenses and mirrors to enable
adjustable magnification and camera
location

Limited frame rate

Low radiation hardness of imaging
SEeNSOrs

Matching of emission spectrum to
image sensor QE (e.g. CFs-based gas
mixtures or wavelength shitters)



Particle track Images

Event-by-event monitoring Integrated imaging
—

Muon tracks with o-ray Hadronic shower Pion beam proftile Proton beam protile

10cm x 10cm active area
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DRD1 SPS H4 test beam campaign 2025

Phantom S710

G

CMOS

megapixel

sSensor
e 12 bit depth

1

e 7 kfps at 1280 x 800
e >30 e- read noise
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Cluster Count

Muon beam proftile recording

Muon Beam Event-by-Event Analysis (~10% Hz / 80k event Muon Beam Spill):
Spatial and Temporal Profiles
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Y-Position [cm]

Pion beam protile recording

One low rate spill ~ 10° Hz, 2 ms exp. time

Pion Beam Profiles: Integrated vs Event-by-Event (single cluster detection) Approaches
Cumulative Even-by-Event Beam Profile

Cumulative Integrated Beam Profile
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SiPM readout of GEMs and Micromegas

Active area was scanned with trigger MCP, amplitudes from all 16 SIPMs were recorded and used for COG reconstruction

For residuals, center of active area was selected (cut on tracker) and only events with >=4 active SiIPMs over threshold
were included

Residuals X Distribution

450 .
[ Data
Cu cathode 0.18 | - 400 - i Il 1 = -49.992 sian Fit] -
o SiPM 1 o=1.35mm / -
, 0.16 _ " i |
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Schematics not drawn to scale SiPMs on carrier PCB Time (ns) <107
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Optical readout

Current status

* Evaluated optical beam monitoring for muon, pion and proton beam (SPS, hadron
therapy facility)

 Demonstrated high-speed optical readout with CMOS camera

* SiPM readout of different MPGD structures

» Optical readout with TPB as solid wavelength shifter

fpas
o
=
|
|
1=
[
[ . 3

Al

Next steps

 Beam profile and time structure monitoring of electron beams (CLEAR, CHUV Lausanne)
 Medical beam monitoring applications

e Timing measurements with SiPMs

» Exploration of alternative gas mixtures
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Precise timing
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Timing limitations of gaseous detectors

Particle Particle

Conventional gaseous detectors
Cathode

lonisation of gas in active volume

(Gas volume

O(mm)
M

Primary electrons produced by ionisation along particle trajectory in
drift region

Drift distance differences on the order of millimetres rAe”;ggﬂftJa“Oﬂ/
— Timing jitter of = ns

Particle

PICOSEC Micromegas precise timing detectors

Cherenkov

Cherenkov light emission + photocathode radiator

or solid secondary converter layer

Photocathode
Primary electrons at well-defined location & time £ Gas volume
— Timing jitter of = tens of ps
v Amplification/
readout

Schematic not drawn to scale 19
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PICOSEC detection concept D icostc
~recise timing with Micromegas Micmess

PICOSEC: Charged particle timing at sub-25 picosecond precision with a Micromegas based detector
J. Bortfeldt et. al. (RD51-PICOSEC collaboration), NIM A (903), 2018, https://doi.org/10.1016/|.nima.2018.04.033

Charged
Particle

Cherenkov radiator
(3 mm MgF2) T

Light to charge conversion —»
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Drift gap : +-— Pr_eamplification =
(200 pm) : Drift gap q O
.............................................................. } 0 =
" <—— Amplification < £
RO Micromegas ©
....... ¥
|
' Induced signal readout
Gas mixture: 80% Ne + 10% C2Hs + 10% CF4
at ambient pressure
Schematic not drawn to scale 20

X. Wang et al., Study of DLC photocathode for PICOSEC detector, RD51 collaboration meeting, October 2018


https://doi.org/10.1016/j.nima.2018.04.033

Towards a robust, large-area detector

Robustness
Resistive Micromegas (DLC)
Robust photocathodes

Robust photocathode

b 3
.................. 'o'w
————p aa -
Resistive Micromegas : 'Rate-capability
Granulariy

Tileable detector modules

Schematic not drawn to scale
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Single pad (2016)  Multi pad (2017) 10x10 module
21 cm O 1cm 01 cm
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Time resolution o (ps)

Photocathode characterisation
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For each material, the optimal thickness was selected and compared with other photocathodes

Time resolution vs amplitude - material comparison
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Electronic + optical PICOSEC readout

- Read out electronic

signal and optical Photocathode
- Electronic signal used
for timing

signhal simultaneously
- Optical signal is slower
N : : ITO layer
(scintillation time §
constant) and can be

used for position SiPM

reconstruction with ,

Carrier PCB 2 OUTIREFE
segmented readout | =
with SIPMs | qiti . |

\/ i e |

Schematic not drawn to scale 23
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Precise timing: PICOSEC Micromegas

Current status

* Optimisation of single channel precise timing prototypes
* [ileable multi-channel module

* High-rate Micromegas layout with double-DLC anode
 Dedicated precise timing readout electronics
 Photocathode studies and evaluation of robust materials

Next steps
* Lower material budget detector build up options

* Evaluation of novel photocathode materials
* SiPM readout for precise timing and spatial resolution

24
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Readout Electronics for Gaseous Detectors
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Scalable readout system (SRS)

The scalable readout system is a versatile readout
system for gas and photon detectors which consist of
front end hybrids, common FEC cards and readout
software.

Multiple front end ASICs have been implemented in
the SRS over the years including the APV25 chip and
the VMM3a FE ASIC as well as SAMPA.

Scalable Readout System (SRS) was developed in the
RD51 collaboration and is now widely used in the
gaseous detector community. Developments continue
iIn the DRD1 collaboration with multiple groups

participating in developments of future capabilities
and hardware.

Hans Muller, https://indico.cern.ch/event/1360282/contributions/5786568/attachments/2790914/4867304/Scalable Readout System for DRD1.pdf
Hans Muller, https://indico.cern.ch/event/1632132/contributions/6960227/
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SRS + VMM3a

VMM3a has been integrated in the SRS as a baseline readout chip for high-
rate self-triggered readout

Multiple telescopes based on VMM3a have been bullt including the DRD

VMM3a GEM telescope used to test different DUTs during DRD1 test beam
campaigns
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Hans Muller, https://indico.cern.ch/event/1360282/contributions/5786568/attachments/2790914/4867304/Scalable Readout System for DRD1.pdf
Hans Muller, https://indico.cern.ch/event/1632132/contributions/6960227/
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PBX: Powerbox tor powering front end hybrids

PBX Powerbox allows for low-noise powering of front
end ASICs

This enables distributed systems and independent
powering without relying on limited power over
Ethernet connections.

USB-C (45W )

Implementation of the power box has significantly
facilitated commissioning of new systems due to
simplified grounding and powering

«/‘.
/
!

PBX "powerbox

1k channel detector
With 8x 128 ch VMM3a hybrids

Hans Muller, https://indico.cern.ch/event/1360282/contributions/5786568/attachments/2790914/4867304/Scalable Readout System for DRD1.pdf
Hans Muller, https://indico.cern.ch/event/1632132/contributions/6960227/
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UROC for small systems

Simplifying the testing of small detectors, : .
UROC will enable the connection of two Comlng. U ROC for 256 Ch
hybrids with 256c¢h in total

|deally tfor prototype testing and low
channel count systems

\J

Power via HDMI

As a next step, maxiROC can be
adapted for medium-sized detectors RO link:

copper/fiber SFP
to Laptop

2x ASIC carriers

ST optical link:
option for clock
sharing

USB-C power ( incl. 2x VMM )

Hans Muller, https://indico.cern.ch/event/1360282/contributions/5786568/attachments/2790914/4867304/Scalable Readout System for DRD1.pdf
Hans Muller, https://indico.cern.ch/event/1632132/contributions/6960227/
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Analog front-end for gas detectors

Study, characterization, implementation of new
ideas on custom prototype amplifiers built with
discrete components

Project goals:

¢ Increase the dynamic range, USing amplifiers - | -Cutom board aeVeldped by Hans
with non linear characteristics
o Increase the possible event rate RTB2004; 1333.1005}(04;_:(:7340 (02.101 2018-05-09) B—
. o . N = il [l y o =] 1 Auto 1 ps/ Complete %
By maklng the ampllfler dISCharge faster A Y T D T 500mV 1.25GSafs 0s Sample
Counter X '
Fast discharge with J-FET? 100M —
1pF |l:§F862
| | I
A

Cf~0.1pFk
SIPM

Alessandro Cazacu: Summer student project under supervision of Hans Muller
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Next generation SRS: eFEC

eFEC card preview
Same physical outlines as FEC + DVMM 32 bit SoC plugin
L

tog ether 6U X Zzomm 12; busi);::ec(:stical mezzanine —\
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& 1| e ,
. T .} ‘ T ol — Pinhole: Power cycle

classic SRS crates ox HOMI e — e e -
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» Ultrascale+ Zync FPGA =) I\ "*F)
o/ LA : | e CSe 2| u ST connector optical TX (clock, event pattern:

: _ USB-C Power '::'.'” - @ ‘m ST connector Rx
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e 6x frontend DTCCe link port SFP+ 1/ Bl
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e 1x 100Base Ethernet for Controls link -
« USB-C power connector o 251125 Gops
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M \
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¢ 1 S
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.0.7:0..: 1
Mry 'y ;. . ‘
) - L44) oo
' 4 x SFP+ 10 GBEethernet/UDP
\ uplinks to Online
1000Base Ethernet
Status LEDs B
Controls and embedded CPU cores FPGA Ultrascale+ Zync 5 \ atus LEDs
06/12/2023 Hans.Muller@cern.ch J/QI/) X-link Rx Tx

Hans Muller, https://indico.cern.ch/event/1360282/contributions/5786568/attachments/2790914/4867304/Scalable Readout System for DRD1.pdf
Hans Muller, https://indico.cern.ch/event/1632132/contributions/6960227/

New possibilities: online triggers in
FPGAs
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Readout Electronics for Gaseous Detectors

Current status

* Versatile Scalable Readout System developed in synergy
with DRD1 collaboration WG5 (Electronics)

» Different front-end ASICs implemented in SRS

* Operation of high-rate readout for beam telescopes
based on GEMs and Micromegas

» Supporting electronics including power-box, signal
Injector and translator electronics and universal
preamplifiers

Next steps

* Development of next-generation of SRS hardware with DRD1 collaborators i
» Evaluation of readout circuits including logarithmic preamplitiers

1000Base Ethernet
Is and embedded CPU cores

06/12/2023
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Modeling and Simulation
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Simulation techniques

Avalanches in Gaseous Electron
Multiplier (GEM)

Garfield++ is an open-source Monte Carlo toolkit developed for Incoming t = 0.05 ns
detailed simulations of particle detectors, utilizing ionization :
measurements in both gases and semiconductors. 0y

Electric field strength (y = 0 um
800 } ' | gth (y =0 pym)
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@ N 120
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0 ' . : x-Coordinate [mm)]

Djunes Janssens, EP R&D Seminar 2026 https://indico.cern.ch/event/1654154/contributions/6953732/attachments/3247780/5796285/EPR&D@2026_WP2.pdf
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Ramo-Shockley theorem extension tor conducting media

For detectors with resistive elements, the time dependence of the signals is not solely given by the movement of the
charges in the drift medium but also by the time-dependent reaction of the resistive materials.

Calculation of prompt and delayed signal components in conducting media allows simulation of detectors with resistive electrodes.

Time=0 ns

mm Y Y Y ! L V 12 ,30
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) ‘) 4 b U “, ':
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Djunes Janssens, EP-DT Training Seminar, https://indico.cern.ch/event/1339732/attachments/2744111/4774312/DTSeminar2023Djunesdanssens. pdf
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Space-charge Calculations Methods Under Development in DRD

For the simulation of gaseous detectors, different approaches are being developed to include the interplay between
avalanche development and space-charge field modifications. Two distinct approaches are under development in

Garfield++:
Field recalculation using charged rings Field recalculation using numerical Poisson solvers Field recalculation using hydrodynamic approx.
0 O=042ns ' . Cathode *—
e\ 0§
1 8 = ~ adh &
g : ¢ 3 ' ol ™ 9459 |1l40
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Space-charge field = field from the free charge carrier densities

Djunes Janssens, EP R&D Seminar 2026 https://indico.cern.ch/event/1654154/contributions/6953732/attachments/3247780/5796285/EPR&AD@2026_WP2.pdf

36


https://indico.cern.ch/event/1654154/contributions/6953732/attachments/3247780/5796285/EPR&D@2026_WP2.pdf

Space-charge gain suppression in LGADs

Garfield++ Monte Carlo with the free-carrier field superimposed on the TCAD field showed that the avalanche screens the gain
layer event by event, compressing the Landau tail and improving the time resolution of a 50 ym LGAD from 53.9 ps to 44.5 ps.
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Porting Magboltz to C++

The electron-molecule scattering cross sections implemented in magboltz for tetrafluoride CF4
are used to benchmark magboltz++, which is a newly presented C++ version of magboltz.
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Modeling and Simulation

Current status

 Modelling of MPGD structures in close collaboration with DRD1 WG4 (Simulation)
* Extension of Garfield++ and modelling framework for resistive elements
 Modelling of delayed and prompt signals

* Simulation-driven design of novel detector structures including PICOSEC Micromegas I NS ol | I

Next steps .

10t

)

e Technigues to model large avalanches and performance optimisation in synergy with
DRD1 collaborators

* Implementation of space-charge effects and modelling of high-gain operation

* Simulation-driven exploration of alternative gases including environmentally-friendly
options

* Porting of Magboltz to C++ and validation with well-known gases

—
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MPGD developments at CERN'’s Gaseous Detector Development laboratory

Pixellated readout Precise timing detectors
Charge readout s <+ ; e Down to <15ps timing resolution
e |ntegration of Timepix4 with E o ot 7 achieved with single-channel

gaseous amplification stages gm_ °° ke E PICOSEC Micromegas prototypes
e Manufacturing tests towards s 0, 0N R, G e Tileable 10x10 channel modules

hybrid detectors with embedded £ o ' 2 MERE| - e Performant UV photocathodes

TSV Timepix 4 and yRWELL AIRRATS T with improved robustness

conducted at MPT workshop X-position / pixels [55 ur]

Optical readout Readout electronics

e Development of next generation
of Scalable Readout System

| * Modular readout system

components including pROC

e Support electronics including
power box, signal injectors, etc.

e Fvent-by-event particle tracking
and integrated beam profile oo
measurement of muon and pion
beams in SPS H4

e Evaluation of high-speed CMOS o _

y (ADU

¥

Pion beam
profile

40000 ~

Muon bgam

Summed In

camera for real-time beam profiling e U I
Modeling and simulation
SiPM readout e Extension of simulation tools to adrans ens s
e | handle resistive elements including =
e Secondary scintillation light readout .~~~ ] orompt and delayed signal =08
with SiPM e ol e
. mrtn sscaless atial resolution and 5 ?% s components SN o | -
P L . | e Performance optimisations including ‘ ® b2
down to <150ps timing resolution @ I techniques to simulate large :
aChleved (Optlcal PlCOSEC) S|PMS w:wz p ﬁmeé,n; 1 2 ;“74 avalanches and Space Charge | | 'Time.t/T[1]' | |



Backup
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Track reconstructio

.’/

n with Hough transtorm

M A

Original raw image

100

200

Projection in z-y
plane (vertical)
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not to scale

Fitted Tracks

Measurement of beam divergence:

* Acquisition of muon trajectories and reconstruction
of direction with Hough transform

* Visualise effect of divergence due to magnetic field
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s 7T, / 3 S p— S —— e T ] I
Largearea @@ | Multipad @™ Single pad Jﬁt 5x5mm? ¥ = - -

scintillators | i detector Wi % - 3 A

Timing resolution measurements

Induced signals are recorded from anode pads, amplified and digitised
Rising edge of fast electron peak is used for timing measurements with CFD to account for time walk

0.05:
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| ‘ Recorded waveform Zoom: electron peak o2 {
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<20 ps timing resolution
Schematic not drawn to scale 43 (for |\/||PS)



Increased readout granularity

For 3.5 mm readout pad pitch, comparable timing performance was observed on the central pad,

Medium granularity: e

3.5mm pitch _

d 8
.@'@ |

6000

Medium
granularity
spatial
resolution

5000 r

4000 r

3000 r

Events

2000 r

1000 r

0

o=05mm:

-20 -10 0 10 20

30

Q.
7
<
0z
despite only having partially contained events, with most charge centered around the particle trajectory.
- Example muon events ngh grar.]UIantY'” Example muon events
2.2mm pitch
> e
;,_4, J o s )=
” s Y30
' 05952
252
single pad | medium granularity | high granularity
pad pitch [mm] 15.0 3.5 2.2
mean signal ampl. [mV] 193 157.8 62.3
central pad o; [ps] 13.9 16.9 £ 0.15 285 F 03
cluster size 1 4.0 3.6
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
likely due to the smaller signal amplitudes and imperfect pad connections. 44
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Proton pencil beam profile

Recorded CCD images of centered single beam spots at different energies show
decreasing beam spot width with increasing beam energy

60 MeV, 80 MeV 100 MeV, 150 MeV, 200 MeV, 226 MeV,
0.4nA 1nA 2NA 2NA 2NA 2NA

Pixel intensity can be used to measure 2D distribution of deposited energy
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Optical readout

Phantom S710

Integrated imaging approach

10-! - CUP imagin{ 5, ® 6,
Intuitive pixelated readout with 10 0 |
megapixel imaging sensor 107~ v -
gap ging SOrs A Gated-streak s T
> camera @
. : . -y Rotating-mirror
High spatial resolution § 10 s L —
= 109 ° Low- res CMOS
L enses and mirrors to enable S 10+ e BES |
_ - _ | 2 otating-prism | a%‘81 el CMOS
adjustable magnification and camera location T 104 camera MEaPIXe
@ o Strobe camera
8 107" o - MQOS camera
Frame rate E 02- Stop-motion CCD
photography & Mt ‘
101 - ® vie camera camera
Radiation hardness of imaging sensors 1 ® Film photography
Need Of CF4—based gas mixtures 1840 1860 1880 1900 1920 19;10 1960 1980 2000 2020

or wavelength shifters
Image adapted from: B. Pogue, Nature 516 (2014) 46-47
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DRD1 SPS H4 test beam campaign 2025

Test of acquisition and reconstruction software in beam conditions

* Accurate reconstruction of particle counts per spill and agreement of event-by-event vs. integrated beam
profiles.

» |nvestigating spatial beam profile development during spills (+ beam divergence and temporal profiles)

| Muon Beam Spill (5s) Pion Beam Spill (5s)
4-5s of spilll 30Hz, 30ms 30Hz, 3ms

SPS-PAGEL Current user: MD1 0.00E+00 20-07-25 18:05:03
SC 49 (z6BP, 43.25) Last update: 3 seconds ago

PR

Target I/E11 MUL %SYM Experiment
30.4 95 a H2/H4
T4 51.2 6 95 a H6/H8
T6 135.7 10 93 a MUonE
T10 21.8 0 98 NAG2
Phone: 77500 or 70475
User Injected Flat Top Comments (20-Jul-2025 14:35:08)
SFTPRO1 2488 E10 2400 E10 Now: SFTPRO

L. Lazek, et al., 6th DRD1 Collaboration Meeting in Warsaw, Poland 47



WP?2 - Gaseous Detectors - Highlights 2025

Pixellated readout

Charge readout

e |[ntegration of Timepix4 with
gaseous amplification stages
(triple GEM, uRWELL)

e Simulation of signal coupling
to pixellated readout chip

e | ow energy photoelectron
track detection in He gas
mixture

e Manufacturing tests towards
hybrid detectors with
embedded TSV Timepix 4 and
URWELL conducted at MPT
workshop

Optical readout

e Event-by-event particle tracking
and integrated beam profile
measurement of muon and pion
beams in SPS H4

e Evaluation of high-speed CMOS
camera for real-time beam profiling

Y-position / pixels [55 um]

Low-energy photoelectrons in He mixture, alpha tracks

GEMPix4
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X-position / pixels [55 um]
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Pion beam
profile
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F

Precise timing detectors

e Optimisation of timing resolution of
tile-able multi-channel prototypes

e Evaluation of high readout granularity for
iImproved spatial resolution

e |[mplementation and characterisation of | SN
double DLC layers for vertical charge Picosec module readout
evacuation in high-rate Micromegas layout

e Deposition and evaluation of carbon-
based and metallic photocathodes at MPT
and TFG workshops (thin Ti, B4C, DLC)

e Adaptation of 10cm x 10cm prototype for
UV photon detection and beam tests with > >
Cherenkov radiators High-rate layout with vertical

e Simulation of impact of mesh geometry on O o blo LG vere
achievable gain and timing resolution ana
production of new Micromegas with Bhoton
optimised choice of high-transparency detection
woven mesh selup

— GND

+HV

L mesh mesh

Electroformed @ Fine woven |-

PICOSEC detector

Extension chamber
flushed with N,

Simulation for mesh optimisation



Coupling Timepix4 to yRWELL

Timepix4 mounted on PCB
URWELL folil stretched and mounted on top

No direct integration but only mechanical coupling ——
(possibility of poor uniformity of coupling)

Gain
7 500 |_tomg — 10005
L9 ﬁ :
Detector schematic showing the high-voltage configuration, - 5
drift region, amplification region, and Timepix4 readout: §350 :
HV (-3000 V) — o
Cathode
* m ;
200 i
HV (-520 V) — Ll
| Top of URWELL 190

8

b=

Kapton
f émotc
Timepix4 napton
SPIOR_ P

Eliska Jelinkova. David Marques, DRD1 Collaboration Meeting June 2026
https://indico.cern.ch/event/1662850/contributions/7133781/attachments/3304919/5913930/Coimbra (1).pdf
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Optical readout

Beam monitoring has been realised with different MicroPatterr
Gaseous Detectors (MPGDs), most importantly with Gaseous Electron
Multipliers (GEMs) and Glass Micromegas

 GEMs show characteristic hole structure in recorded images
 Micromegas exhibit more uniform response and better spatial
resolution

 GEMs allow for higher amplification factors in multi-GEM
cascades at the expense of increased blurring (transverse
diffusion)

Triple-GEM Micromegas
—ole structure niform
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SIPM signals

For low gain on Micromegas, arrival of individual photons is visible

For higher gain, waveforms are smoother and show envelope of arrival of many photons

Low optical gain in Ar/CF4 - High optical gain in Ne/CF4/Ethane with
individual photons visible TPB wavelength shifter
0.2 T T 1 T 1.2 . T T T T T
sy SiPM
1F K\ MCP | _
*l | 0.8 N
/\W h
041 - | 0.6 |
S >
% g’ 0.4
£ ol _ = SiPM
SlPM \, 02r
I [ ————
r*”\
0 _ . memwmwm oAt e NMMWWWM*MW
027 MCP reference
MCP reference
_O'O?.zs 1|.3 1.I35 1.]4 1.|45 1.5 04 2 2.5 3 3.5 4 4.5 5
Time (s) %107 Time (s) %107
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'3 nm - imprinted MM mesh

CsPbBr; 3 nm - central region

Photocathode characterisation

Ageing studies
. Timing measurements after each ageing step:
- fresh _ _ _ _
Ageing studies of different photocathode materials
1 80 |
—> air exposure T —— | | | | |
Ti 2.4 nm
—> UV irradiation 70H ¢ BCOMM 4 A
DLC 1.5 nm T
9 . 0 CstBr3 3nmon Ti ® 432% . S I
charge accumulation ol B ammonT / o worse than the fresh sample
Pbl, 3 nm on Ti ST
_ 0 FAMAPI 3 nm on Ti
. Measurement details: S 50 pRELIMINARY s E
C / >
- all materials were aged stepwise on the same sample, except 2 g
S 40F 4 | @
Csl, for which each step used a separate one % :).’_
- data points for each material were measured at 2 30t 118
the highest common V. across ageing steps: 480 V - / 28%
for most materials, 445 V for Csl, and 490 V for DLC 20 |
- Ti, B,C, and DLC were stored in air (no “fresh” data point),
10 -
while the other materials under vacuum
July 2026
- B,C and DLC were unstable after current accumulation, 0 ' : ' : ' L
Fresh > 30 min air >S5 hUV 6.3 mC/cm? 10 mC/cm? 12 mC/cm?

likely due to no Ti layer, preventing final measurements "
y YEL P 8 Condition



