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PICOSEC Micromegas
Detector concept

2

• PICOSEC Micromegas collabora4on: gaseous detector that aims at reaching a 0me resolu0on of tens of picoseconds

• First single-pad prototype with 𝜎 < 25 ps → Now we want to make the concept appropriate to physics applica0ons
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PICOSEC Micromegas
Developments towards applicable detector
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• Objec4ve: Robust 0leable mul0-channel detector modules for large area coverage

• Preamplifica4on gap:

→ uniform thickness

→ reduced thickness

• Robustness:

→ resis4ve Micromegas

→ robust photocathodes

• Electronics:

→ dedicated amplifiers  

→ mul4-channel digi4sers

TOWARDS ROBUST PICOSEC MICROMEGAS
PRECISE TIMING DETECTORS

More informa+on about the 100-channel detector and dedicated amplifiers in the previous presenta+on by Antonija Utrobicic

https://indico.cern.ch/event/1219224/contributions/5130511/


low enough to:

→ minimise the voltage drop during high rate beam

→ improve the position reconstruction

Resistive Micromegas
Advantages and requirements
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• Advantages of resis4ve Micromegas:

+ limita4on of the destruc4ve effect of discharges

+ stable opera4on in intense pion beams

+ be?er posi4on reconstruc4on, signal sharing

• Objec4ve: profit from the advantages of the resis0ve

Micromegas while maintaining good 0me resolu0on

Requirements for choosing the resis1vity:

high enough to:

→ ensure stable opera4on

→ not affect the rising edge of the signal



Resis5ve Micromegas
Rate capability
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Simulated voltage and gain drop vs applied voltage for different resis4vi4es 
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Gain for Cathode voltage of 475 V

Simulated voltage drop across the area

The minimum resis0vity that ensures a detector’s stable opera0on is 10 MΩ/□

SIMULATIONS
for a pion beam of 1.5 cm dia. and 1.9 MHz

All simula+ons by Djunes Janssens
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Resistive Micromegas
Dependence on the rising edge of the signal
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SIMULATIONS

All simula+ons by Djunes Janssens

R = 1 kΩ/□ R = 100 kΩ/□

Simulated shape of the induced signal for different resistivities 

R = 10 MΩ/□

The rising edge of the 
signal is not affected

Resis4vity chosen for the 10x10 cm2 area PICOSEC MM detector: 20 MΩ/□



Resis5ve Micromegas
Mul<pad: 100-channel PICOSEC MM detector 
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More information about the design and production procedures of the Multipad in the presentations by Antonija Utrobicic

Resis2ve layer: DLC
8 pads to connect DLC 

layer (2 per side)

Insula2ng layer:

Kapton

• Mul4pad: 100-channel detector with a 10x10 cm2 area resis4ve MM with anode surface resis0vity of 20 MΩ/□

• Produc0on procedure as for a non-resis0ve Mul0pad with an addi0onal produc0on step to add a resis0ve layer

https://indico.cern.ch/event/911950/contributions/3912064/
https://indico.cern.ch/event/989298/contributions/4225012/


Resis5ve Micromegas
RD51 test beam campaign
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• Beam type: CERN SPS H4 beam line, 150 GeV/c muons

• Experimental setup:

→ tracking/)ming/triggering telescope: GEMs + MCP PMTs 

→ PICOSEC Micromegas (MM) detectors

→ flammable gas mixture: Ne:CF4:C2H6 (80:10:10)

• Previously used electronics: Cividec + Oscilloscope

→ both not scalable to mul4ple channels detector

• New electronics dedicated for Mul4pad:

→ Custom-made RF pulse amplifier cards op4mised for PICOSEC

→ 128-channel SAMPIC digi4zer

https://cividec.at/index.php?%20module=public.product&idProduct=33&s%20cr=0


Resistive Micromegas
Test beam measurements - oscilloscope

MARTA LISOWSKA | MPGD2022 CONFERENCE | 11-16 DECEMBER 2022 TOWARDS ROBUST PICOSEC MICROMEGAS
PRECISE TIMING DETECTORS 9

• Multipad with a resistive MM 20 MΩ/□, a CsI photocathode and RF pulse amplifiers measured with an oscilloscope

Waveform

PRELIMINARY

Fast electron peak

Slow ion tail



Resis5ve Micromegas
Test beam measurements - oscilloscope
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• Multipad with a resistive MM 20 MΩ/□, a CsI photocathode and RF pulse amplifiers measured with an oscilloscope

Rise timeWaveform

t ~ 0.75 ns

PRELIMINARY

Fast electron peak

Slow ion tail



Resistive Micromegas
Test beam measurements - oscilloscope
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• Multipad with a resistive MM 20 MΩ/□, a CsI photocathode and RF pulse amplifiers measured with an oscilloscope

• Preliminary results for 10x10 cm2 resistive MM 20 MΩ/□ showed a time resolution below 20 ps for an individual pad!

Rise 4meWaveform Time resolu4on

t ~ 0.75 ns

PRELIMINARY

Fast electron peak

Slow ion tail



Resistive Micromegas
New digitiser dedicated for 100-channel detector 
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• SAMPIC Waveform TDC

→ 128-channel digitiser under test (instead of a 4-channel oscilloscope) – possibility to read out full Multipad

→ 8.5 GS/s sampling frequency (instead of 10 GS/s with oscilloscope) – test of achievable timing precision

→ 64 samples maximum digitalisation – ion tail is not fully included in the signal

SAMPIC digitiser developed by Jihane Maalmi, Dominique Breton et al., CEA Saclay

Waveform from oscilloscope Waveform from SAMPIC

https://www.sciencedirect.com/science/article/pii/S0168900216308373?via%3Dihub


• SAMPIC readout of a 100-channel PICOSEC detector equipped with a resistive MM 20 MΩ/□ and a CsI photocathode

• Signal amplitude results achieved with single p.e. (LED measurement) and with multiple p.e. (beam measurement)

• Non-uniform response of the signal across the area: amplitude decrease towards the center of the detector 

• Possible reason: variation in the resistive MM board planarity of 30 μm → Investigation of the production procedure

Resis5ve Micromegas
Test beam measurements – SAMPIC (1)
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Signal amplitude for single p.e. measurements Signal amplitude for multiple p.e. measurements

PRELIMINARY

row not measured
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Missing pads under inves+ga+on

(dead pads, bad connec+on…)



• SAMPIC readout of a 100-channel PICOSEC detector equipped with a resis0ve MM 20 MΩ/□ and a CsI photocathode

• Non-uniform response of the signal within the pads

Resistive Micromegas
Test beam measurements – SAMPIC (2)

Signal arrival timeSignal amplitude
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PRELIMINARY



• SAMPIC readout of a 100-channel PICOSEC detector equipped with a resis0ve MM 20 MΩ/□ and a CsI photocathode

• Non-uniform response of the signal within the pads

• Uniform 0me resolu0on within the pads

• Narrow distribu0on of the 0me resolu0on across the area

• Tool to study the response of 100-channel PICOSEC detector 

Resistive Micromegas
Test beam measurements – SAMPIC (2)

Signal arrival timeSignal amplitude Time resolu4on
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PRELIMINARY
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Robust photocathodes
Problem with CsI and alterna<ves

• First single-pad prototype: CsI photocathode

+ high quantum efficiency in comparison to other materials: ~10 p.e. / MIP

with 3 mm MgF2 radiator + 3 nm Cr layer + 18 nm CsI photocathode 

- can be damaged by ion back flow, sparks, discharges

- sensitive to humidity (assembly)

• Need to search for alternative

photocathode materials:

→ Diamond Like Carbon (DLC)

→ Boron Carbide (B4C)

→ Nanodiamonds

→ …
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QE AND AGEING STUDIES PERFORMED USING UV LIGHT  
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Robust photocathodes
Test beam measurements – B4C photocathodes

• Prototype #1: Single channel non-resis0ve MM, pre-amplifica0on gap 170 μm

• Photocathodes: B4C of different thicknesses*

• Measurements procedure:

1. Single PE measurement with LED → 2. Beam measurement → 3. Timing measurement

• #PE analysis procedure**:

1. Find maximum amplitude for each waveform

2. Plot a histogram of all maximum amplitudes

3. Fit with Polya and calculate the mean value

4. Divide beam mean amplitude by LED mean

amplitude to obtain #PE for each photocathode

* B4C photocathodes deposited by M. Pomorski (CEA Saclay) ** PE analysis thanks to help of S. Tzamarias (AUTH), D. Janssens (CERN) and M. Robert (Queen’s University)
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Robust photocathodes
Results for B4C of different thicknesses

• Prototype #1: Single channel non-resistive MM*, pre-amplification gap 170 μm

The best sample

Does not follow the trend.
Different thickness? Problem with the deposi4on?

PRELIMINARY

*Produced at CERN MPT workshop
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Robust photocathodes
Results for B4C of different thicknesses

• Prototype #1: Single channel non-resistive MM*, pre-amplification gap 170 μm

The best sample

Does not follow the trend.
Different thickness? Problem with the deposition?

PRELIMINARY

Problem with the MM detector:
Time resolu4on with CsI > 40 ps!

Time resolu4on with
CsI photocathode 

*Produced at CERN MPT workshop



• Prototype #2: Single channel non-resistive MM*, pre-amplification gap 120 μm, detector confirmed to work properly 
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Robust photocathodes
Results for 12 nm B4C with different prototype

PRELIMINARY

CsI photocathode

*Produced at CEA Saclay



• Prototype #2: Single channel non-resistive MM*, pre-amplification gap 120 μm, detector confirmed to work properly 

• Single-pad prototype equipped with a 12 nm thick B4C photocathode showed a time resolution below 25 ps!
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Robust photocathodes
Results for 12 nm B4C with different prototype

PRELIMINARY

CsI photocathode B4C 12 nm photocathode

*Produced at CEA Saclay



Summary
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• Excellent 0ming performance of the new

100-channel PICOSEC MM prototype

→ Mul4pad with a resis4ve MM with a 4me 

resolu4on < 20 ps for an individual pad 

• Measurements with a complete readout chain

→ Successful readout of mul4ple channels

• Developments towards robust photocathodes 

→ Preliminary results of a single-pad prototype 

equipped with a 12 nm thick B4C photocathode

showed a 4me resolu4on < 25 ps

TOWARDS ROBUST PICOSEC MICROMEGAS
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Future perspec5ves
Developments
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Tiling: 4 x 10x10 cm2

10x10 cm2

→
20x20 cm2

10x10 cm2

→

TOWARDS ROBUST PICOSEC MICROMEGAS
PRECISE TIMING DETECTORS

• Stability → Stable operation in intense pion beams with resistive MM Multipad

• Robustness → PICOSEC MM detector with a 10x10 cm2 area B4C and DLC photocathode

• Electronics → Complete readout of all 100 channels, exploring alternative electronics

• Integration → Sealed detectors (clean, hermetically closed devices with high gas quality)

• Scaling to larger area → Tiling 10x10 cm2 modules, development of 20x20 cm2 prototype



PICOSEC Micromegas Collaboration
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Thank you for your a,en.on!

CONTACT:  MARTA.L ISOWSKA@CERN.CH



Back up slides
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Classical vs PICOSEC Micromegas
Signal arrival time jitter
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• Classical Micromegas:

→ different posi4on of ionisa4on clusters at direct gas ionisa4on

→ signal arrival 4me ji?er due to drik velocity and average ionisa4on length

Es#mated #me ji,er for COMPASS Micromegas

• PICOSEC Micromegas:

→ par4cles produce Cherenkov radia4on

→ electrons are emi?ed by the radia4on in a photocathode

→ all primary ionised electrons are localised on the photocathode

→ due to high electric field, 4me ji?er before first amplifica4on minimised

TOWARDS ROBUST PICOSEC MICROMEGAS
PRECISE TIMING DETECTORS

L. Sohl, RD51 Miniweek (2020), link

https://indico.cern.ch/event/872501/contributions/3726013/attachments/1984848/3306891/PicosecRD51.pdf


PICOSEC Micromegas
Signal arrival time
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• Signal arrival 4me (SAT) = <Te-peak>

→ SAT depends on e-peak charge

→ SAT can be reduced by higher drik field and bigger pulses

• Loca)on of first ionisa)on determines length of avalanche

→ longer avalanches result in bigger e-peak charge 

→ bigger e-peak charge reduces SAT

TOWARDS ROBUST PICOSEC MICROMEGAS
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K. Kordas, VCI 2019 conference, link

SAT

https://indico.cern.ch/event/716539/contributions/3246636/attachments/1798790/2933615/Kordas_PICOSEC_VCI2019.pdf


PICOSEC Micromegas
Timing properties
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• Reference device with better timing precision than the PICOSEC is needed to quantify the timing precision of PICOSEC.

• Sigmoid function is fitted to the leading edge of the electron peak. Position of the signal is calculated at 20% Constant Fraction (CF).

• Signal arrival time (SAT): the difference between PICOSEC and reference detector timing marks.

• Time resolution of the detector is defined as standard deviation of SAT distribution.

TOWARDS ROBUST PICOSEC MICROMEGAS
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A. Utrobičić, VCI 2022 conference, link

MCP PICOSEC

Particle

https://indico.cern.ch/event/1044975/contributions/4663685/attachments/2397933/4100323/Picosec-Micromegas-VCI-A.pdf


Preamplification gap
Uniform thickness
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• Problem: first 19 channels PICOSEC Micromegas prototype:

- ac4ve area of 3.6 cm in diameter

- deforma4ons in the range of 30 µm in the ac4ve area

- 4me error and non-uniform response of the detector

- problem even more pronounced for larger area prototype 19 channels PICOSEC MM prototype

Deformation of 19 channels PICOSEC MM, A. Aune et al., linkProblem of non-uniform preamplification gap

3.6 cm

https://www.sciencedirect.com/science/article/pii/S0168900221000607?casa_token=MSF_L1LAxs4AAAAA:BESEmmxoHa_2UDjaYgggp5ggVOogPrrIABQMEnnqGGFWHhpn08215fJIxYjEhpkVtL00DeBtIQ


Mul5pad: 100 channels PICOSEC Micromegas detector
From simula<ons and design to produc<on, measurements and assembly 
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• Requirement: Precise mechanics to preserve uniform thickness of 

the preamplifica0on gap

• Current status: 100 channels PICOSEC Micromegas detector with 

uniform thickness (< 10 μm) of the preamplifica0on gap

More details: A. Utrobičić, VCI 2022 conference, linkMechanical aspects: A. Utrobičić, RD51 CM, link

https://indico.cern.ch/event/1044975/contributions/4663685/attachments/2397933/4100323/Picosec-Micromegas-VCI-A.pdf
https://indico.cern.ch/event/911950/contributions/3912064/attachments/2064472/3464308/26June_PICOSEC.pdf


Photocathode
characterisation
Setup overview

Turbomolecular pump

Extraction grid

Sample moun+ng glovebox

Deuterium lamp

Monochromator

PMT movement

Top CsI PMT

Reflective measurement sample

Linear sample movement

Collimator

Lens

Beam spliker Bokom CsI PMT

Transmission measurement sample

Mul+plica+on wires

X-ray tube

Gate valveGate valve

Deuterium lamp spectrum

Irradia+on mode
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Photocathode characterisation
QE measurements - Reflective mode

35

QE =
𝐸𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑠!"#$%&
𝑃ℎ𝑜𝑡𝑜𝑛𝑠'()

PMT movement

CsI PMT meas. posi+on

Sample meas. posi+on

Collimator

Extrac+on grid

UV beam

𝐸𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑠!"#$%& - electrons extracted from the sample 

𝑃ℎ𝑜𝑡𝑜𝑛𝑠'() - photons that arrived to the sample

Samples: cesium iodide (CsI), diamond-like carbon (DLC),
boron carbide (B4C) and hydrogenated nanodiamonds (HND)
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Photocathode characterisa5on
QE measurements - Transmission mode

36

QE =
𝐸𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑠!"#$%&
𝑃ℎ𝑜𝑡𝑜𝑛𝑠'()

𝐸𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑠!"#$%& - electrons extracted from the sample 

𝑃ℎ𝑜𝑡𝑜𝑛𝑠'() - photons that arrived to the sample

Transparency =
PMT current: sample in

PMT current: sample out



2. Mul+plica+on wires (posi+ve HV):
Akrac+on of primary electrons
Avalanche mul+plica+on
Produc+on of electrons and ions

1. X-ray beam in a gas chamber:
Ioniza+on of par+cles
Crea+on of primary charge

3. Irradiated sample (grounded):
Akrac+on of ions from avalanche
Accumula+on of charge

+

-

+

X-ray

+ +

- - - - -+ + ++ +
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Photocathode characterisa5on
Ageing studies – Irradia<on mode

Multiplication wires

X-ray tube

Irradiated sample

X-ray beam

Gas mixture:
Ar:CO2 (70:30)
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Integra5on
Sealed detectors
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• Advantages of sealed detectors:

+ clean, herme4cally closed devices with high gas quality

+ high ra4o of ac4ve area to the size of the device

• Current status:

→ one 10x10 cm2 4tanium housing ready to assembly

→ large area robust photocathode (DLC, B4C) required

→ gas connectors (pinch-off tubes) ready to assembly

→ closing procedure: electron beam welding

→ last step: filling the detector with gas mixture


