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PICOSEC Micromegas

Detector concept

*  PICOSEC Micromegas: a gaseous detector aiming at achieving a time resolution of tens of picoseconds for MIPs
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. First single-pad prototypes with a time resolution below o = 25 ps - Now we want to adapt the concept for applications
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PICOSEC Micromegas

Developments towards applicable detector

. Objective: Robust tileable multi-channel detector modules for large-area coverage

. Detector optimisation:

gaps thickness, fields settings, operating gas

. Stability and robustness:

resistive Micromegas, robust photocathodes

° Large area coverage:

100-channel prototypes, tileable modules

. Scalable electronics:

scalable amplifiers, multi-channel digitisers
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PICOSEC Micromegas

Detector characterisation with particle beams

. Intensive R&D activities: From simulations and design, through production and assembly to measurements and analysis
. Objective of the test beam campaigns: to measure the time GEM 1 GEM 2 GEM 3
] ) ) ) ) MCP-PMT
resolution of the detectors assembled in various configurations MM1  MM2 MM3 MM 4 MM 5 MM 6

. Beam type: CERN SPS H4 beam line, 150 GeV/c muons

(also pions and electrons)

. Experimental setup: tracking/timing/triggering telescope
— Three triple-GEM detectors for precise particle tracking
—> MCP-PMT for timing reference and DAQ trigger
— PICOSEC Micromegas (MM) detectors under test

—> MCP-PMT and PICOSEC signals read out by oscilloscopes

PICOSEC MICROMEGAS PRECISE-TIMING GASEOUS DETECTORS
AND STUDIES ON ROBUST PHOTOCATHODES

MARTA LISOWSKA | DETECTOR SEMINAR | 12 JULY 2023




PICOSEC Micromegas

Single-pad prototype performance

. Optimisation studies on a single-pad prototype to
— enhance HV stability
— reduce noise
— achieve a uniform timing response

- all while using a simplified assembly procedure
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Single-pad detector with 10 mm dia. active area equipped
with a Csl photocathode + custom developed RF amplifiers

showed an improved time resolution of 0 =12.5 + 0.8 ps
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A. Utrobici¢ et al., arXiv:2406.05657
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Resistive Micromegas

Advantages and requirements

. . . Photocathode N ——— -HV
® Advantages Of resistive Mlcromegas:

+ protection against violent discharges
Mesh 1 1 - 8 - —— GND
+ ensuring stable operation under intense particle beams

. . . . Resistive layer: DLC
+ possibly better position reconstruction by charge spreading \
+HV

Insulating layer ——

. . . .. Read-out pad
. Objective: profit from the advantages of the resistive

. . . . : |—|>—> R |—| >
Micromegas while maintaining a good time resolution R

Requirements for the surface resistivity selection:

low enough to: high enough to:
- minimise voltage drop during — guarantee stable operation
high-rate beam conditions - prevent any negative impact on the signal’s leading edge

PICOSEC MICROMEGAS PRECISE-TIMING GASEOUS DETECTORS
AND STUDIES ON ROBUST PHOTOCATHODES

MARTA LISOWSKA | DETECTOR SEMINAR | 12 JULY 2023




Resistive Micromegas

Rate capability and dependence on the rising edge of the signal

. Simulated gain drop for different resistivities . Simulated shape of the induced signal
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. To ensure robustness, the nominal surface resistivity of 20 MQ/o was selected for future PICOSEC prototypes

D. Janssens, PhD dissertation
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Resistive Micromegas

Single-pad prototype performance

. The single-pad detectors were manufactured following the procedure
used for metallic prototypes with an additional step involving

a thin DLC layer of 20 MQ/x surface resistivity

. Two different active areas: 10 mm and 15 mm dia.

. Detector of with 10 mm dia. active area equipped with a Csl photocathode
obtained equivalent precision to a non-resistive prototype,

exhibiting an excellent time resolution of 6 =12.5 + 1.4 ps

. Detector with 15 mm dia. active area - time resolution of 6 =13.7 £ 2.2 ps
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Resistive Micromegas

100-channel prototype performance

. 100-channel detector with 10x10 cm? resistive MM 20 MQ/o yielded a time resolution of below ¢ = 20 ps for an individual pads
. SAMPIC readout: narrow time resolution distribution RMS = 23.7 ps + tool to study the response of multi-channel detector

. Next step: production of a high-rate 10x10 cm? MM with double-layer DLC for charge evacuation and evaluation of rate capability

Time resolution
250 T T T T T T &
[T RAW hist
Gaussian 1
Gaussian 2
Gaussian comb 8

Entries = 2890

+2 / NDF = 36.27 / 45
=119 ps + 0.35 ps
L oy =16.64 ps + 1.00 ps

200 = :
o, =26.77 ps + 3.21 ps . 5 °
o -1850ps - 163ps Multi-pad rMM + Csl 3
RMS, , =19.23 ps + 0.25 ps 0=(18.511.6) ps

27

% Mesh GND
Resistive layers: DLC —I-—

Number of pads

150 - b

+HV

Events

Insulating layers

100 -
Read-out pads

100

0 1 1 ! .
-0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2 y-axis, mm

Time difference: PICOSEC vs reference, ns

X-axis, mm

PICOSEC MICROMEGAS PRECISE-TIMING GASEOUS DETECTORS
AND STUDIES ON ROBUST PHOTOCATHODES

MARTA LISOWSKA | DETECTOR SEMINAR | 12 JULY 2023




Time resolution
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Scalable electronics

Integrated preamplifiers and FastIC readout and
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. Integrated amplifiers:

— electronics directly integrated on outer PCB

BRI -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2

to optimize signal routing and compactness . : -
- single-pad prototype achieved comparable time resolution

- next step: amplifiers integrated on the 100-channel detector

>
. FastIC ASIC readout: g i
- fixed threshold timing and timewalk correction with 100-charnelwith amplifier cards
energy information from energy pulses provided by FastIC . o of - ]
e : > [ Timing  Energy
— achieved time resolution of o = 50 ps for an individual pad 8 150 pulse  pulse
— multi-channel readout ongoing g b3 L ]
5 o5
175) L
0"'"‘"""‘”‘ Nt
. Evaluation of alternative TDCs and ASICs

L M R ]
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Time / ns L. Scharenberg, link
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QE AND AGEING STUDIES PERFORMED USING UV LIGHT

Robust photocathodes
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. Need to search for alternative materials:
—> Diamond-Like Carbon (DLC)
— Boron Carbide (B,C)
— Nanodiamonds

— Carbon nano-structures

. ASSET — Photocathode characterisation setup

M. Lisowska, MSc thesis

PICOSEC MICROMEGAS PRECISE-TIMING GASEOUS DETECTORS
AND STUDIES ON ROBUST PHOTOCATHODES

MARTA LISOWSKA | DETECTOR SEMINAR | 12 JULY 2023



https://cds.cern.ch/record/2885929?ln=en

Robust photocathodes e
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. Transparency and surface resistivity measurements
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Time resolution

Towards applicable detector e
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circle centered around the pad, capturing exclusively fully contained events

Time resolution map
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. The device displayed a uniform time response across this region,

with an RMS = 38.8 ps
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Summary

Intensive R&D activities to characterise the timing response of the PICOSEC MM prototypes

Detector optimisation - Improvement of the single-pad detector’s time resolution

to 0 = 12.5 ps by introducing a new design

. Resistive Micromegas - Single-pad detector with 20 MQ/o surface resistivity
obtained equivalent precision to a non-resistive prototype, exhibiting an excellent

time resolution of 6 = 12.5 ps

. Robust photocathodes - Single-pad prototype with a time resolution

o = 32 ps for DLC photocathodes and o = 34,5 ps for B,C photocathodes

. Large area coverage - 100-channel PICOSEC MM detectors with a time resolution

o < 18 ps for a metallic prototype and o < 20 ps for a resistive for individual pads

. Evaluation of waveform TDC and timing ASICs - Readout of multi-channel detectors
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Precise timing with PICOSEC Micromegas

Other ongoing activities within the PICOSEC Collaboration

Stability: fine mesh Micromegas

Rate-capability: double-layer DLC MM for vertical charge evacuation

Improving the spatial resolution: charge spreading with resistive PICOSEC MM
Robust photocathodes: studies on B,C, DLC, Nanodiamonds

Alternative electronics: integrated preamplifiers; FastIC ASICs; SAMPIC TDC
Operating gas: exploring alternative gas mixtures

Material budget: alternative ways to preserve detector’s planarity; sealed detectors

Scaling up to larger area: tiling 10x10 cm? modules, development of larger prototypes

Conclusions

Efforts dedicated to detector developments enhance the feasibility of the PICOSEC concept for experiments requiring precise timing
Detectors with sub-ns time resolution: Tileable multi-channel detector modules for large area coverage fulfilling the requirement

of the robustness with “relaxed” timing properties
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Thank you for your attention!

CONTACT: MARTA.LISOWSKA@CERN.CH
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Convencional vs PICOSEC Micromegas

Signal arrival time jitter
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PICOSEC Micromegas

Signal analysis

. Quantifying the PICOSEC detector’s time resolution requires a reference device with a superior timing precision
. Leading edge of the signal fitted using a sigmoid function - timestamps determined at 20% of the signal amplitude (CFD method)
. SAT: difference between the timestamps of PICOSEC and the MCP-PMT

. Time resolution: standard deviation of the SAT distribution

Time resolution
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Resistive Micromegas e g i,

etec org,
. . /Oye eo’het .
Other resistive detectors under test bty
es
. 7-pad resistive prototypes with hexagonal pads of 1 cm dia. . Single-pad HRWELL prototypes
— different resistivity values: 200 kQ/0, 10 MQ/o - multiple detector geometries with different capacitances
- different layer architectures: resistive vs capacitive sharing and varying pitch
— evaluation of time resolution, rate capability, signal sharing, - high gain and stable operation achieved
special resolution, amplitude and timing uniformity — slower rising time of e-peak observed compared to MM
Comparison of URWELL hole pitch
7-pad 10MQ - resistive sharing - 275/550Mean acivepats =3~ domm s leemn 58 . ®  G167-150-140-85-65
2 S T - | . ®  G167-150-120-85-65 )
- s 2o I 5: j --------- Poly. (G167-150-140-85-65Y °
central reg?osn Ml : ‘ . l i 1 1 -, ) - g > . ~~~~~~~~~ Poly. (6167-1507120-85%65)"
7-pad 200kQ - resistive sharing - 275/550 2 hgroi oy = 1.47mm -g > . \® AV A
TIDTTEEET | mmems.,  MeIEP = = g5 SRR \ o
- RMtS_T 27ps - ;E-D 48 € -..o - °
S W N U 8 Fooenh
| .
7£ig 10MQt:fapamn\fehjﬁjzgw‘ﬂSISWean actve pads =5 : 51—2-:,..1—3?1 :' ci:_ii:; 44 || 2N .. R
- RMS%33ps:;| i w ‘ ' N °
. central region- i - 2

signal amplitude (V)

Details: A. Kallitsopoulou, CEA Saclay, RD51 CM June 2023: link Details: K. Gnanvo, JLab, IEEE meeting: link
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Setup overview
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Photocathode characterisation

QE measurements - Reflective mode

Samples: cesium iodide (Csl), diamond-like carbon (DLC),
boron carbide (B,C) and hydrogenated nanodiamonds (HND)

_ Electronssgmpie
Photonspyr
PMT movement
Electronssgmpie - electrons extracted from the sample
Photonspyr - photons that arrived to the sample
Quantum efficiency - Comparison (1) Quantum efficiency - Comparison (2)

60 T T T T T T

= Csl| 069 (18 nm)

e DLCO010 (10 nm)
B4C 040 (20 nm)

v HND 060 (50 shots)

T T T T T T

e DLC 010 (10 nm)
B4C 040 (20 nm)

v HND 060 (50 shots)

-

Csl PMT meas. position 9 . v
o or o s
Sample meas. position < S o W v 1
20 ™ 2 v v v v v
Extraction grid v i
10 P <
Collimator T Y Y Y e v ¥ .
0 L J - & y b4 o 1 b g [ ] ry a A .
UV beam 130 140 150 160 170 180 130 140 150 160 170 180
Wavelength (nm) Wavelength (nm)
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Photocathode characterisation

QE measurements - Transmission mode

T PMT current: sample in
ransparency =
p y PMT current: sample out
_ Electronssgmpie
Photonspyr
Moving plate S Electronssgmple - electrons extracted from the sample
Photonspyr - photons that arrived to the sample
Quantum efficiency - Comparison (1) Quantum efficiency - Comparison (2)
20 T T T T T 2,0 T T T T T
T = Csl 053 (18 nm) with Cr (3 nm) e DLCO009 (3 nm)
e DLC 009 (3 nm) B4C 047 (2.5 nm) with Cr!
16 - B4C 047 (2.5 nm) with Cr 1 v HND 063 (100 shots)
v HND 063 (100 shots) 151 7
MgF, window g i . 1 9 i
o [ ] n o
o - ~ 10} -
Collimator (fixed) 8 . EEE W 1
) 4
05 - T 4 1
Sample mount 4t 1 ? T s y v ¥
/ . \ - 1 ° ¥ v
(moving) Extraction mesh 3 :
- 0 ® § X x wv v w x x o " o A o =
(moving) 120 130 140 150 160 170 18 To 0 1 s 10 0 o
Wavelength (nm) Wavelength (nm)
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Ageing studies - Csl 058 (18 nm)

[ [ ]
Photocathode characterisation e T
m  Before irrad
I e After 0.053 mC/cm2| 1
Ageing studies — Irradiation mode sl ; After 0.105 mGlom2|
I v After 0.263 mC/cm2
i Y | ¢ After 0.526 mC/cm2| |
_ = ? i = <« After 1.053 mC/cm2
3. Irradiated sample (grounded): D 20| R )
m Attraction of ions from avalanche 5 i v : ;
- Accumulation of charge - Py v s " m m = 1
OO®
AAAAa 2. Multiplication wires (positive HV): 10 « * v VY v : . i
mo Attraction of primary electrons NEDERGRARE o :
Avalanche multiplication . . . < 4| NIy
Production of electrons and ions Q]zo 130 140 150 160 170 180 190
©) Wavelength (nm)
® 1. X-ray beam in a gas chamber:
T lonization of particles Ageing studies - Comparison (2)
A — . Creation of primary charge 100 ' . , . — , —
" Gas mixture:. Iy % = Csl 068 (18 nm) |
~ Ar:C02 (70:30) j A-ray n e B4C 040 (20 nm) without Cr
| IS “ 80 ® HND 066 (200 shots) 7
| Irradiated sample ~ |*
é ] [ ]
Multiplication wires g 6or ° T
T ] ¢
g u
X-ray beam ug_, 40 - . ]
o |
20 | n i
X-ray tube -
|
0 " 1 " 1 " 1 " 1 " 1 "
0 2 4 6 8 10 12

Charge accumulated (mC/cm2)
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Robust photocathodes

RD51 and DRD1 test beam campaign measurements I
l'o,,e e
nt
. Measurements: a”d”’e'neasu,e,n 7
0/70/ ent
1. Transparency measurement with ASSET VS/sp,OCedwes

2. Single PhotoElectron measurement with LED
3. Beam measurement @ CERN SPS H4 beam line, 150 GeV/c muons
4. Timing measurement @ CERN SPS H4 beam line, 150 GeV/c muons

. Number of PhotoElectron analysis procedure*:

PICOSEC LED test Run 482 Max e-peak amplitude PICOSEC beam test Run 485 - Max e- peak amplltude
Mean = 0.02132 +/- 0.00009 \Mean 0.08803 +/- 0.00079

1. Find maximum amplitude for each waveform

2. Plot a histogram of all maximum amplitudes PRELIMINARY PRELIMINARY
102,

3. Fit with Gauss for noise and Polya for signal

Events
Events

and calculate the mean value of Polya
4. Divide MIP mean amplitude by SPE mean

amplitude to obtain NPE for each photocathode 0O 005 01 015 02 025 03 0O 005 01 015 02 025 03
Signal amplitude, V Signal amplitude, V

*PE analysis thanks to help of S. Tzamarias, F. Brunbauer, D. Janssens, M. Robert and C. Volpato (CERN Summer Students 2022 and 2023, reports: link and link)
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https://cds.cern.ch/record/2835350
https://cds.cern.ch/record/2876953

Robust photocathodes S byl

. . Jro ath
Time resolution 72023 test g
€q, s
. Prototype: Single pad non-resistive MM, pre-amplification gap 126/145 um*
. Photocathodes: Csl, DLC, B,C of different thicknesses from different collaborators™*
50
Different detector and gap ® Csi 18 nm +Cr
. Time resolution after MCP subtracted: a5 o — °
| 1 Y ° @ B4C <9nm (ESS) +Cr
2 2 "0 | e L
Opico = \/Gcombined — OmMmcP™ . : * . P ° . BAC 9 nm (ESS) + Cr
. g— | ® I B4C 11 ESS) +C
where MCP double split oy cp = 7.67 ps £ 30 EEl iy e ' nm{Ess) e
= ® BAC 13nm (ESS) +Cr
S 25
4 - @ B4C 15nm (ESS) +Cr
. . . . ] e el I
. Photocathodes measured in combination with : . | @ BaC 12nm (Saday) +Cr *
|
. .. . o o ! !
a new detector with optimized design were able to 10 | @ BAC 14nm (Saday) +Cr !
. . . . . i i : ® DLC2.5 nm (USTC) MgF23mm |
reach higher drift fields resulting in better time resolution > PRELIMINARY & 01 2.5 (051 s S -
.5 nm gl mm
(results at 39.2 kV/cm taken for the further analysis) 0 23 24 25 26 . 28 2 20

Drift field [kV/cm]

*Samples measured in a new detector with 126 um gap SEALED in August, except for 3 measured with Saclay detector with 145 pum gap FLUSHING in July (marked with a star)
**Depositions: Csl at CERN, DLC at USTC, B,C at CEA Saclay and ESS
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PICOSEC Micromegas

Alternative gas mixture studies

. PICOSEC standard gas mixture: Ne:CF,:C,Hg (80:10:10) - high gain, quenching, drift velocity, but expensive, not eco-friendly, flammable

. Alternative gas mixture: Ne:iC,H,; = CF, dropped, iC,H;, as a replacement of C,Hg - low GWP (0.2 instead of 740), good quenching

Ne:iC4H 10 (9010)

Pavia Chamber — 120 um drift gap — rMM 380 kQ/o — B,C 7 nm

Mean Amplitude (V)

Ne:iC,H;o (94:6)
CERN Chamber — 160 pum drift gap — rMM 82 MQ/o — Csl 18 nm

Mean Amplitude (V)

?3\_ — ——@— Time resolution vs amplitude Nelso_90-10 g E ® ——@—— Time resolution vs amplitude Nelso_94-6
\C/ 120__. ——@—— Time resolution vs amplitude standard mixture g 90_— —@ Time resolution vs amplitude standard mixture
S F SE
é 110:_ - Both datasets lie on the é 80— : - Both datasets lie on the Prormsmg results with .
& — Y ® same curve & E same curve NEZIC4H10, further studies
2 100:_ ¢ ¢! - Higher gain achievable with o 70:_ — Ne:iC4Hyg (94:6) may on the alternative gas
= E ) the standard mixture = 603— a}:hleve Iarger gain ma_mtalnmg mixtures to be
ook ° = ° the same time resolution performed
~ ° 50—
- o = °
80— ® 40~ o ° . o o® Ar-based gas mixtures:
L ® —
- ° 30E- . o” - Ar:CO, (93:7)
70— . = - Ar:CO,:iC,H,, (93:5:2)
- ° 20E- also tested but showed
60— ® — ;
= PRELIMINARY 10 PRELIMINARY unstable operation
A | [ oo o Lo byw v 1y oo oo e v b Ly | e P
%0%502 004 006 008 010 012 0.4 0 ——%.05 0.10 0.15 0.20 0.25 Details: D. Fiorina, INFN

Pavia, FAST2023: link
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https://indico.cern.ch/event/1214183/contributions/5379775/attachments/2655363/4599244/DFiorina_FAST23_PicosecMuCol_v1.pdf

Integration

Sealed detectors

Advantages of sealed detectors:
+ clean, hermetically closed devices with high gas quality

+ high ratio of active area to the size of the device

. Current status:
- one 10 x 10 cm? titanium housing ready to assembly
- large area robust photocathode (DLC, B,C) required
— gas connectors (pinch-off tubes) ready to assembly
- when all components ready — electron beam welding

- last step — filling the detector with gas mixture
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