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Introduction

To enable the sub-25 ps PICOSEC Micromegas precise-timing detector to perform effectively under the demanding conditions

of physics experiments, we are adapting its design to improve robustness.

Qutline:

* Resistive Plane PICOSEC Micromegas
» Single-Channel Prototype
* Increased Readout Granularity for Spatial Resolution
« Multi-Pad Prototype with Vertical Charge Evacuation
* Robust Photocathodes
« DLC
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 Graphene
« Towards an Applicable Detector

« Conclusion
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The general progress overview can be found in Yue Meng’s presentation of this morning.
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Resistive PICOSEC Micromegas

A resistive layer is introduced in both single- and 100-channel readout structures to enhance the detector's robustness
while maintaining a timing resolution of under 25 ps. These slightly conductive materials offer:

* More stable operation by quenching discharges

» Potentially improved position reconstruction through increased signal sharing
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Resistive PICOSEC Micromegas

A resistive layer is introduced in both single- and 100-channel readout structures to enhance the detector's robustness
while maintaining a timing resolution of under 25 ps. These slightly conductive materials offer:

* More stable operation by quenching discharges

» Potentially improved position reconstruction through increased signal sharing
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Resistive PICOSEC Micromegas

A surface resistivity of 20 MQ/o was chosen to ensure that:

« theleading edge of the signal is minimally affected by the delayed component,
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Resistive PICOSEC Micromegas

A surface resistivity of 20 MQ/o was chosen to ensure that:
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Single channel resistive PICOSEC Micromegas

After production, the timing performance of the resistive single-pad detector for fully contained events was
measured using custom-buik €HF?éH?aéﬁ1}Sﬁﬂers and a 10 GS/s sampling oscilloscope.
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Single channel resistive PICOSEC Micromegas

This prototype, along with several others, was tested in both the lab and the CERN SPS H4 beamline using
150 GeV/c muons.

By utilizing tracking information from GEMs and timing information from MCP-PMTs, the timing performance
could be measured.

GEM 1 GEM 2 GEM 3
MCP-PMT
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GEM Tracker 2
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Single channel resistive PICOSEC Micromegas

The detector with 10 mm ¢ active area demonstrated equivalent performance compared to a non-resistive
prototype, achieving a time resolution of 0 = 12.5 + 1.4 ps.
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Increase readout granularity for spatial resolution

To investigate potential improvements in spatial resolution, two sets of resistive PICOSEC Micromegas
prototypes with increased granularity and a 15 mm active area were produced and tested.

19 pads with 3.5 mm pitch 37 pads with 2.2 mm pitch

Backside contact pads

The pads were read out using a SAMPIC waveform TDC, while an MCP-PMT (timing reference) scanned
across the active area (self-triggered in coincidence with the reference).
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Increase readout granularity for spatial resolution

For the 3.5 mm readout pad pitch, comparable timing performance was
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Multi-pad prototype with vertical charge evacuation

The rate capability of resistive MPGDs is highly dependent on the charge evacuation scheme used. Various
promising 'fast evacuation' configurations can be found within our community.

To enhance the rate capability of the 10 x 10 cm? resistive multi-pad design, a vertical charge evacuation
configuration was developed, in contrast to the previous single DLC layer with horizontal evacuation.
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Multi-pad prototype with vertical charge evacuation

Measured quantities for 150 GeV/c muons

While the observed planarity of the MM board was ~ 15 um
after bulking, thowever, his does not fully explain the magnitude
of the non-uniform response observed across the active area.

- Possibly exacerbated by photocathode degradation!
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Robust photocathodes




Number of photoelectrons

Given a particle crossing the radiator, the choice of photocathode affects the number of photoelectrons (PES)
produced, which is determined by its quantum efficiency. This, in turn, influences the time resolution, which
depends on:
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Number of photoelectrons

The average number of photoelectrons (NPE) is obtained by comparing the pulse heights of single

photoelectron (SPE) events, measured with a UV LED, to those from multiple photoelectron measurements
using a muon beam.
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- A photocathode with 3 nm Cr and 18 nm Csl produces over 12 photoelectrons per muon when combined with
a 3 mm MgF, crystal.
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Alternative Photocathodes to Csl Csl photocathode dzmaged b IEF

Csl is highly susceptible to degradation from:

« humidity from assembly or possible outgassing of materials, e.g., Kapton
* ion backflow (IBF)
» discharges

To increase robustness, different alternatives to Csl are being investigated:
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DLC as Alternative Photocathodes

DLC photocathodes, ranging in thickness from 1.5 nm to 3.5 nm, were characterized during the test beam
measurements.

The detector with a 1.5 nm DLC layer deposited directly on the radiator exhibited a time resolution of 0 = 31.9 £
1.3 ps, while thicker samples showed approximately 4 ps worse resolution.
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B,C as Alternative Photocathodes

B4C photocathodes deposited at CEA-Saclay and ESS have demonstrated promising results.

A detector with a 9 nm B4C layer and 3 nm Cr resulted in a time resolution of o = 34.5 + 1.5 ps, with thicker
samples showing slightly worse resolution by up to ~10 ps.
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Graphene as Protective Layer

In studies using graphene as a photocathode, a 2.5-3 nm Ti layer produced a surprisingly large number of PEs.

Adding graphene partially screens the photoelectron (PE) emission from the Ti, with the monolayer (ML)
screening approximately 30%, and the bilayer (BL) and trilayer (TL) screening about 50% of the PEs.
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- Graphene could be considered as a protective layer.
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Towards an applicable detector




B,C as an Alternative Photocathodes

The first measurement combining a single-pad 15 mm ¢ resistive Micromegas + DLC photocathode +
embedded amplifier in the outer PCB:

—> showed stable performance and achieved a time resolution of o = 31.4 + 0.6 ps for fully contained events.
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Summary

To enable the sub-25 ps PICOSEC Micromegas precise-timing detector to perform effectively under the
demanding conditions of physics experiments, we are adapting its design to improve robustness.

The Resistive Micromegas with a single-pad and 20 MQ/o showed equivalent precision to a non-resistive
prototype, with time resolution of 0 = 12.5 £ 1.4 ps.

With increasing the granularity of the readout offers the possibility for sub-mm spatial reconstruction, with a
pad pitch of 3.5 mm yielding o = 0.5 mm with minimal timing degradation in the center of the pad.

The vertical charge evacuation design, while promising (< 20 ps), needs further investigation to work out
non-uniform response.

Intensive studies for alternative photocathodes resulted in achieving a time resolution of 0 = 31.9 £ 1.3 ps
for DLC, 34.5 = 1.5 ps for B,C, and 36.3 + 0.3 ps for Ti + a monolayer of graphene.

Outlook:
Robust photocathodes: ageing studies of the DLC and B,C, response to IBF

Rate-capability: double-layer DLC Micromegas for vertical charge evacuation
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Thank you for your attention!
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