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PICOSEC Micromegas (MM): precise timing (O tens ps) gaseous detector based on a Cherenkov radiator coupled to a semi-transparent

PICOSEC Micromegas detector concept

photocathode and a MM amplifying structure.

Cherenkov radiator: MgF»

Photocathode:

Cr (3 nm) + Csl (18 nm)
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Operation principle:

Cherenkov radiator: passage of relativistic charged

particle creates UV photons.
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* Time resolution for

gap): 76.0+ 0.4 ps.
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Photocathode: conversion of UV photons into
electrons. All the e created at the same z position.

Preamplification region: preamplification of

100

Time, ns

* Time resolution of 24.0

+ 0.3 ps for 150 GeV
muons

Three main detector

electrons in high drift field region (E,~20 - 40 kV/cm).

Amplification region: final electron amplification in
high electric field (E, ~20-30 kV/cm).

Two component signal: fast electron peak (~ 700 ps)

and slow ion tail (~ 100 ns).

components:

Cherenkov radiator (3 mm thick
MgF,) crystal with photocathode.
Spacer (100-200 pm thickness)
defining preamplification gap
thickness.

Micromegas board: amplification
gap is defined by mesh distance
from anode.

Bortfeldt, J., et al. "PICOSEC: Charged particle timing at sub-25 picosecond precision with a Micromegas based detector." NIM A 903 (2018): 317-325.
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Cherenkov radiator (MgF, with photocathode)

Spacer (defines drift gap thickness)

Microme; gas board
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https://www.sciencedirect.com/science/article/pii/S0168900218305369

Timing properties: Signal Arrival Time (SAT) and time resolution

Sigmoid fit result 1000 T T
035 .
= -0.986 ns + 0.180 ps I RAW hist
Charged particle , o= 14.5ps 0.3 ps I, | — Combined gaussian
= f .
] 800 [y =29.9 ps + 2.3 ps gausm’an ;
0.25 | OO 6=15.6ps £ 0.5 ps aussian
02 o RMS,; = 16.4 ps + 0.1 ps \
' /
>
g |
@ 015+ \

600
Reference detector Detector under test kZ
MCP PICOSEC MM g
o
>
3 == . 0 J .- e N = 0.1 400 I
h’) - o ';“ . 0.05
By - @ - i i 65"@ 200
Hamamatsu- MCP-PMT-R3809U- - —Smo0 , e .. of Co00ee0
50 : oo :
o Py . 0 o9 -0.05 : ‘
T e wm owm mom o wm ow e 215 2155 216 216.5 217 217.5 0

Time, ns -1.05 -1 -0.95

* Reference time with better precision than the PICOSEC is needed to quantify the
precision of PICOSEC timing.

* Sigmoid function is fitted to the leading edge of the electron peak. Temporal position
of the signal is calculated at 20% 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 distributiop.


https://www.hamamatsu.com/eu/en/product/optical-sensors/pmt/pmt_tube-alone/mcp-pmt/R3809U-50.html
https://www.hamamatsu.com/eu/en/product/optical-sensors/pmt/pmt_tube-alone/mcp-pmt/R3809U-50.html

Towards PICOSEC MM detector for HEP experiments

Successful proof of concept- PICOSEC can achieve timing =24 ps for MIPs and 70 ps for single photoelectron.

Next steps: Multiple directions in detector development

Large area coverage / / \ \

Developemnt of large area — Robustness
prototypes and readout electronics getectorfpﬁzllmlsatlon Improvement of stability Research on various
e eteCt.Or Ie S Development Of deteCtor photocathode materials
Operating gas prototypes with resistive MM

Gaps thickness

3 mm MgF, + DLC of different thicknesses

Type A, High
Phatacathode Resistivity

Housing

; Type A, Low
Resistivity

Outer Board MM
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Precise-timing Detectors Towards
Large-scale Application and

Optimization, MPGD 2024

Ampiification
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X. Wang, et al. “A novel diamond-like carbon based
hotocathode for PICOSEC Micromegas detectors.”
Journal of Instrumentation 19 P08010. 10.1088/1748-
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Development of a new small single channel PICOSEC MM detector

Motivation: Development of a small and compact prototype that will maintain timing performance of previous Picosec MM prototypes and be
suitable for research on detector geomety/ photcathode materials/ various amplification structures/electronics...

Main focus to ensure that the timing performance is dominated by underlying physics rather than limitations due design and
assembly choices. — —

HV stability: decreasing drift gap g o
thickness must not to influence stability.

Charged particle

MgF, A
,,,.,, = - - s y

Simple and fast reassembly procedure Soacer  Top coveray * g | A u

. A T ittt cove MESH cut
with easy exchange of main detector T = St ut = = b
Readout pad @ HV Silver glue fill for MESH / Readout pad @LHV. iil:i;‘é{?:nﬁéL‘:’h’e'“,',EZ"(@GNo,

connection to the pad (@GND)

elements: Crystal with PC, spacer and
Micromegas board. Simplify research
and important during assembly with Csl
PC to reduce exposure to the humidity.
Uniform time response over the active area-> Uniform
gaps-> planar MM board (within 5 pm) over the active area.
Signal integrity considerations:
Reduction of the electronic pick-up noise from external RF
background or HV power supply:
* Usage of a low pass filters closely coupled to the
detector HV connection points to reduce noise from HV
power supply. .
« Aldetector vesselin good electrical connection with the of: z[%]lz?MS + [Z;jl;i]z + Ogrrival * Odistortion * G?iigitization
Outer PCB (that close the vessel) forms RF shielded box.
e Multi-layer Outer PCB with ground planes as the
shielding element. :

Utrobicic, A., et al. "Single channel PICOSEC Micromegas detector with improved time resolution."
NIM A 1072 (2025): 170127. https://doi.org/10.1016/j.nima.2024.170127

Spacer is placed on top of the MM board covering
MESH connection points and Mesh cut edge.



https://doi.org/10.1016/j.nima.2024.170127

Impact of capacitance and parasitic inductance on the slope of the signal.

( Ry, |R2, 1 ) ( Ry |R2, 1 )
— + - — t — — y — ” -t
| Charged particle Ui (1) = Qpad '_R"”. ! e 2Lo \4L7 LoCpad e 2Lo NALZ LoCpaa
.»- " Lg . (‘pad L)Z 1
MgF 4 9. in _ .
iy 2 p\ V42~ Lo Chu
| - Parasitc |
capacitance n. : Fin t - 2 Rin
/ /\ ) \ l’-jn(t) _ Qpad -‘ in . 1 e QLG . SZ?’? 1 _ in - Qpa.d . R?,n 72L -1
2y SllVer La’ . C’pad 1 B?’n Lacpad 4La’ pin(t) — W * f - e a
: _ lin " Cpad
LoCpag AL, S
= i i it dvin Rin
B  Maximum slope of the signal occurs att=0 s, and itis | Imax = Qpag ———
the same for all three solutions: dt LsCpaa
Current loops 0.3 T i ' ‘ ‘ 0.3
(parasitic inductance) Lg=10 nH; Crog=13 pF Craq13 pF; Li=10 nH
0.4k —— Lg20nH; Cpy=13 pF | | 0.4 F Crag=30pF; L=10nH | |
PAD AMP - | L °
<20 mm | [-3m |SCOPE = 3 o 03 Fixed Lo
< > > | INPUT j
Induced ' 2 2
I\ ' 2 o2t Z o2t
pad AMP - E £
current +l/ 11 +1 < <
P 0.1 [ (Din 0.1F
\ |
1D = m S IC 0
i Cpad I
Qpaad(t) Loy
- _ '_I 0.1 : ; - : : 0.1
— 0.5 0 05 1 1.5 2 2.5 0.5 0 0.5 I 1.5 2 25
= Slgnal lOOp ! Time, ns Time, ns
Pad to mesh capacitance inductance Solid lines: the waveforms of the voltage at the INPUT of the amplifier. Dash lines: waveforms at the

* Theinduced currentis modeled as current source ig parallel to the pad

capacitance C4.

* ijsismodelled as a Dirac delta impulse.

* Parasitic inductance is modelled as single inductor L.
* R, istheinputimpedance of the amplifier, ~ 50 Q.

output of the ideal 650 MHz amplifier with unit gain.

* Increasing pad capacitance reduce the slope of the signal and attenuates signal
amplitude -> lower SNR.

* Increasing the parasitic inductance is more affecting the slope of the signal than
amplitude.

* |Important to control capacitance and inductance in the design phase.

Utrobicic, A., et al. "Single channel PICOSEC Micromegas detector with improved time resolution." NIM A 1072 (2025): 170127. https://doi.org/10.1016/j.nima.2024.170127
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Production, assembly and beam test of a new single channel detector
Assembly

MM and internal parts production
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Huge thanks to Curkov d.o.o. :-).
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Huge thanks to CERN MPT Workshop and Miranda van Stenis
(EP-DT-EF) :-)

* Successfully commissioned with 150 GeV/c muons

X-axis, mm

140

B RAW hist 1000

1 =-0.988 ns = 0.348 ps

at CERN SPS H4 beamline. il el B oo | of ERT
* Photocathode: Cr (3 nm) +Csl (18 nm). Operating 100 F o= 12.5 ps + 0.8 ps —— Gaussian 2 010, =299ps+ 23 ps -
voltage settings: -415 V on cathode / +275V on P e ” R e
anode. Drift gap thickness (120 £ 10 pm). S £
® 60 12.5%0.8 ps 3

The 10 mm detector achieved excellent time
resolution of 12.5 ps (within ® 4 mm) and 15.6 ps
(within @ 9 mm ) over almost entire active area.
Next steps: Adopt design for a new resistive MM
detector (20 MQ/sq).
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Design similarities and differences between detectors with Metal and Resistive anodes: MM board stackup

Stackup of the MM with Metal anode

Polyimide 51 pm

Polyimide 128 pm
Top Cu (50 pm)

FR4 (3.2 mm)

Bottom Cu (50 um)

METAL anode detector

Top side : FR4/ Cu

* Readout pad and
signal via for signal

METAL anode detector Bottom side: FR4 + Cu

* Signal pad for connection towards amplifier
(1x spring loaded pin) and Cu ring for GND
connection (9x pins).

and +HV connection.
* GNDring and 3 x via.

)

i
[

( ‘

Stackup of the MM with

RESISTIVE anode detector
Top side : FR4/Cu

»> Readout pad and signal
via

Resistive anode

Polyimide 51 um

RESISTIVE detector Bottom side: FR4/Cu

GND ring and 3 x via.

Thin ring with 3x vias for
connection of the resistive
layer to the + HW.

Polyimide 128 pm

DLC (20 Mohm/sq)

Epoxy glue (10 um) with Polyimide (50 um)
Top Cu (50 um)

FR4 (3.2 mm) FR4/Cu/ Polyimide

Addition of the epoxy glue
and Polyimide

3x openingsin the
Polyimide for gas
circulation, mesh and
resistive layer connection.

Bottom Cu (50 um)

FR4/Cu/ Polyimide / DLC
Addition of the DLC layer (20 MQ)/sq) with three extensions
toward board edge for +HV connection.

Signal pad for connection towards
amplifier.

3x pads for GND connection (6x spring
loaded pins).

3x pads for +HV connection (3x spring
loaded pin).




Design similarities and differences between detectors with Metal and Resistive anodes: Mesh
integration and photocathode placement

Detector with
Metal anode

i i i Additi fthe Mesh T . = L
Bottqm |nsulat|r?g layer with ‘ ddi |9n of the gs 'and 'op Spacer with conducting ring for MgF,, with semitransparent PC is
openings for active area, gas insulating layer (with identical photocathode connection to HV laced on ton of the Spacer
circulation, HV and GND openings as Bottom layer). P P P )

connections.

Detector with
Resistive anode

Both detectors have the same drift and amplification gap thickness.
 Bottom polyimide thickness -> defines amplification gap thickness (128 pm)
* Top polyimide + spacer thickness -> defines drfit gap thickness (51 pm + 43 ~94 pm or 51 pm + 70 pm~120 pm )

10



Production and differences due to the resistive layer addition

Spacers form the production same batch for metal and resistive
detector: insulator 25 pm + 18 um Cu

®10 mm and ®15 mm resistive anode prototypes produced @ CERN MPT Workshop

Induction of the signhal in resistive detector

binning. The amplitude of the prompt component resulting from the instantaneons
— MV induction of zignal from the movement of both the electrons and ions below the mesh is
DI z=g subject to the relative permittivity = and thickness of the insulating layer. Compared

q S

to the non-resistive desipn where this laminate 18 absent, this results in a fundamental
signal reduction by a factor f;, which in the limit of w; = g can be written as

1- . 5.3.1
-'rP di’w’-_r'_fl' { }

v =1 where we used Eq. @ with &, reestablished. In our scenmario, this corresponds to
E:Eq ' d a value of f, = 0.89. The response of the resistive layer, as captured by the delayed

=

D. Janssens, Resistive electrodes and particle
detectors: Modelling and measurements of novel
detector structures, Ph.D. thesis, Vrije Universiteit
Brussel, https://cris.vub.be/ws/portalfiles/portal/
681 109006231/Djunes_Janssens_PhD_Thesis.pdf

(2023).

With £ = 3.7 and insulating layer thickness of 60 pm factor of signal
reduction due to the addition of the resistive layeris f,, = 0.89.

11


D.%20Janssens,%20Resistive%20electrodes%20and%20particle%20detectors:%20Modelling
D.%20Janssens,%20Resistive%20electrodes%20and%20particle%20detectors:%20Modelling
D.%20Janssens,%20Resistive%20electrodes%20and%20particle%20detectors:%20Modelling

Amplification gap measurements and capacitance of metal and resistive MM board

Hirox RX-2000 digital Stackup of the detector with Stackup of the detector with
. Resistive anode Metal anod
MICroscope measurements etal a €
* x35-x5.000 triple objective e Spacer 43 m
Drift ~94 ym Drift ~94
zoom lens. Polyimide 51 um Polyimide 51 um rl Hm
* Field of View (H) in range - | —— = = . | ) e e
from 0.44 mm to 0.04 mm Polyimide 128 um I Amplification ~128 pm Polyimide 128 pm I Amplification ~128 pm
b Depth of Field from 10 pHmM DLC (20 Mohm/sq) Res.laver ~60 Um Top Cu (50 um)
t0 0.7 um Epoxy glue (10 um) with Kapton (50 um) ey H
FR4 (3.2 mm)
Top Cu (50 um)
Bottom Cu (50 pum)
FR4 (3.2 mm)

Bottom Cu (50 um)

Capacitance of the resistive MM

_ Capacitance of the metal anode
detector's active area

MM detector's active area

S
Eo— *&Ep&Er 3
. res S S Oré‘rg-l-d Cm = €0—
Measurements by Djunes Janssens &o g + &o&r d g

Measurement result: Ratio of the capacitance of the resistive and metal detector

Amplification gap thickness (Metal anode):134.9+1.4 pym Cros d
Amplification gap thickness (Resistive anode): 139.4+1.4 uym =

Cmet - - d + grg

12






Impedance measurement of the ®10 and @15 mm active area
detectors

* Measurements over a frequency range from 10 MHz to 1.5 GHz using a Siglent SVA1032X
VNA.

* Calibration with a reference plane at the signhal SMB connector on the detector outer

G
board. . . S
ﬁé= L L Zmeasured Metal 10mm
* Measurements and fit to the Z . (jw). 2| R ~ = = Zg Metal 10mm
A Z) ;i — Cpad. 100 F — Zmeasured Resistive 10mm
. . 1 1 VN Z) .
Zdet (Jm) — (RS —I— ijJ -+ ‘?wc ) || jwc %i CCG]] Rg — = =  Zg Resistive 10mm
pad Wlicon i | |
=t 107!
> ¢ 10 10° 10
. . . Frequency, Hz

C..n - capacitance of the connector and short signal path in the OB.
L, - parasiticinductance of the signal path. .

C,aq - Pad capacitance.

R, -resistance of the mesh and other conductive components of the signal. o |

" o TR

_— Metal 10 mm 11.49+:0.27 7.12+0.17 2.59+0.73 1.35+0.28 i
R3 X
GDD h- 10! F e 7 ensured Metal 15 mm
o Metal 15 mm 22.02£0.52 7.68+0.19 2.57x0.73  1.17x0.26 o
ATOOEF J. omos = = = Zg Metal 15 mm
: :. . : m 100 F e [ nensured Resisitive 15 mm
m B Resistive 10 7.8240.20  7.880.20 1.04%0.11  0.87+0.30 PR
> _s° e fit eS1S1TIve 1o 110111
u mm
Resistive 15 15.62+=0.37 7.90+£0.19 1.04%0.09 0.57+0.21 10'1107 08 o
mm

Frequency, Hz

No measurable effect of resistive layer observed. 14



Signhal dynamics measurements with single photoelectrons - UV LED

Motivation: Measurements of the dynamics of ~ SETUP:

the output signal. How will the addition of the *
resistive layer influence:

* slope of the signal,

 power spectral density and

* signalamplitude.

Comparison of the detector with metal and
resistive anode. *

Single channel ®10 mm
detector. (Drift gap thickness
of 94 um (51 um top coverlay
+ 43 um spacer) and
amplification gap thickness
of 128 um)

Custom preamplifiers (38
dB, 650 MHz, 75 mW per ch)
directly connected to the
Quter board.

Oscilloscope: LECROY
WR8104, 1.0 GHz bandwidth
and at a sampling rate of 10
GS/s and vertical scale 20
mV/div.

Special thanks to Djunes Janssens, Marta
Lisowska and Asena Gurpinar!

o~ UV-LED

=

Fused silica

j_ Readout Fsd j_
GND +HV GND
‘

15



Power spectral density and waveform of the SPE signals at fixed anode voltages

* Multiple runs at different anode or cathode voltages recorded to analyze the shape of the signal.
* PSD and waveforms are obtained by averaging ~1000 spectra or waveforms of individual events.

* Events with a e-peak charge between 4 pC -5 pC were selected for analysis.

Detector with
Metal anode

Detector with
Resistive anode

Signal shape

doesn’t depend on
cathode voltage.

Power speciral density, dbV/AHz

Power spectral density, dbV/VHz

-118
-110 2120 =
-122
-124
-120 ¢ 126
-128
130 f =130
-132
-140 | 10’
-150 |
Met C-455 V, A:+275 V
-160 |
Met C-465 V, A:+275 V
170 F Met C-475 V, A:+275 V
10° 10! 10° 10°
Frpnnpnr‘x_fl Pgn7
-110 -120
122
-124
-120 -126
-128
130t =130
-132 —
-140 | 10'
-150 |
Res C:-455 V, A:4+285 V
-160 |
Res C:-465 V, A:4+285 V
170 + Res C:-475 V, A+285 V
10° 10! 107 10°

Frequency, MHz

Voltage, mV

-60

-80

Voltage, mV

—— Met C:-455 V, A:+275V
Met C:-465 V, Ar+275 V

———— MetC:-475 V,AH2T5V

-80 1

2 4 6

Time, ns

Res C:-455 V, A:+285 V

Res C:-465 V, A:+285V

Res C:-475 V.AH285V

2 4
Time, ns

Voltage, mV

Voltage, mV

200

ﬁ
————— MetC:455 V,A+275V
Met C:-465 V, A+275 V
———— MetC:475 V,A+275V
0 100 150
Time, ns
2
0

Res C:-455 V. A:+285 'V

Res C:-465 V. AT285 V

Res C:-475 V, A:+285 V)

100 150
Time, ns

16

200



Power spectral density and waveform of the SPE signals at fixed cathode voltages

* Same analysis was performed for various anode voltages and fixed cathode voltage.
* Significant difference in signal shape observed in the ion tail region — similar in both resistive and metal anode.
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Comparison of the detectors - Maximum slope of the signal in the e-peak leading edge as a
function of the electron peak charge.

* Slope of the signal is important for SNR ratio therefore to maintain or improve timing properties.

Maximum slope of the signal (max(dV/dt)) was compared as a function of the e-peak charge that is measured at the output of the
amplifier by integrating the electron peak part of the current.

PICOSEC MM with Metal anode

Electron peak charge, pC

PICOSEC MM with Resistive anode

Electron peak charge, pC

PICOSEC MM with Metal and Resistive anode

0.25 0.25 0.25

02t i 02 1 0.2 : %
S ols L —%; > 0.15 1 . > 0.5 T T
= % = = = b +_
=] T R T - LATE W TR =) L
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: ; s e || 3t
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0os | FEH ca65 v, A275 v 0.05 - FEH cass v, A8 v 0.05 | HH  Metal

L c4t5 VAT V | 65 V, A:285 V | Resistive
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Electron peak charge, pC

Maximum slope of the signal vs. e-peak charge does not depend on electric field in the preamplification and amplification gap.
This suggest that the dynamics of the e-peak part of the signal are dominated by the detector capacitance and bandwidth of the

amplifier.

Detector with the resistive anode shows higher maximum slope of the signal.
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Comparison of the detectors - Signal characteristics at identical gain and induced total charge

Events with a same induced total charge (between 10.5 pC - 11.5 pC) for both detectors were selected for
analysis.

One can observe a significant difference between the signal shape of resistive and metal detectors.

The largest difference is observed in the electron peak region where resistive detector benefits from the
reduced capacitance.
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* Theion tail region shows the much smaller difference due to slow nature of signal where capacitance of
the detector has negligible impact to signal.

* Theoretically, for same total induced charge, ion tail plateau and duration should match. Observed
difference can be attributed to the small differences in geometry and field settings necessary to produce
same gain. 19



PICOSEC MM test beam setup @ CERN SPS H4 beam line

* RD51 and DRD1 Test beam period July/August 2023 & June/July 2024

» Triggering/tracking/timing telescope
o Timing and triggering
* MCP-PMT R3809U-50 Hamamatsu ( 11 mm diameter useful photocathode).
* 2 xsplit MCP. Fixed and automated scan measurements.

o Tracking
* Triple GEM detectors, XY readout.

PICOSEC MM GEM Tracker 3

MCP-PMT
GEM Tracker 2

GEM Tracker 1

PICOSEC DUTs and FE and Data Acquisition:
* Single channel @10 mm Picosec (metal/resistive anode) with Csl or DLC photocathode.
e Custom preamplifiers (38 dB, 650 MHz, 75 mW per ch).

* Oscilloscopes:
LECROY WR8104 operated at 1.0 GHz analogue bandwidth and at a sampling rate of 10 GS/s.
LECROY WavePro HD 804HD-MS operated at 1.0 GHz analogue bandwidth and at a sampling rate of 10 GS/s.
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events

Example of detector timing performance with Csl photocathode

Detector with metal anode:
Operating voltage: Anode +255V, Cathode -445 V.

100

80

60

40

Flush mode: 960 mbar.

Photocathode: Cr (2.3 nm) + Csl (18 nm)

Drift gap thickness ~ 120 pm.

Entries = 1187
Fu=-1.584ns +0.382 ps

0, =95ps+22ps

0,=152ps+1.5ps
ro=129ps+19ps
RMS, ;=133 ps+03ps

I RAW hist

— Gaussian 1
— Gaussian 2

= Combined gaussia

-1.6 -1.55
Time difference, ns

Mean e-peak amplitude: 258 mV
LECROY WR8104 operated at 1.0 GHz

analogue bandwidth and at a sampling rate

10 GS/s. Vertical scale 50 mV/div.
Noise: 1.255 mV

Time resolution of 12.9 £ 1.9 ps (RMS=13.3 =
0.3 ps in the pad center region (

Detector with resistive anode and Csl photocathode can achieve comparable time resolution as detector with metal anode.

4 mm).

y-axis, mm

50
40 e

a )

§ |

=30 M

I )

3 W

T "~
20 e

KR

0 5 10 15 20 25 30
Electron peak charge, pC

BEAM 2023 July RUN 336:
E-peak charge (¢, = 3.0 mm)

R\l

28

26

) L—i
22 24 26 28 30 a2 34
¥-axis, mm

35

Charge, pC

Detector with resistive anode:
Operating voltage: Anode +265V, Cathode -445V

100

80

60 r

40 ¢

Flush mode: 967 mbar.
Photocathode: Cr (2.3 nm) + Csl (18 nm)
Drift gap thickness ~ 120 pm.

Entries = 1483

ro;=31.6 ps+31.8ps

B RAW hist
Combined gaussian |

— Gaussian 1
— Gaussian 2

u=-8.361 ns £0.351 ps
g;=132ps+04ps

o=134ps+09ps
RMS,, =13.5ps +0.2 ps

-8.6 -8.55 -8.5
Time difference, ns

Mean e-peak amplitude: 274 mV

LECROY WR8104 operated at 1.0 GHz
analogue bandwidth and at a sampling rate of
10 GS/s. Vertical scale 50 mV/div.

Noise: 1.258 mV

Time resolution of 13.4 £ 1.9 ps (RMS=13.5 =
0.2 ps) inthe pad center region (® 4 mm).

Resolution, ps

60

50

k3
40 | %
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¥
30 %
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S
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20
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BEAM April 2024 RUN 346:
E-peak charge ((pg,, = 3.0 mm)
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events

PICOSEC MM with metal anode and 1.5 nm DLC photocathode

Detector with metal anode:

* Operating voltage: Anode +275V, Cathode 465V
* Flush mode.

140
* Photocathode: 1.5 nm DLC 120
. . %
* Drift gap thickness ~ 94 pm. 8 100 f,
§ %
= 80
250 \ = -
Entries = 1264 B RAW hist 8 60|
5 Combined gaussia
2/NDF =78.8/45
200 X — Gaussian 1 40 M*
1 =-16.648 ns + 0.800 ps —— Gaussian 2 ﬁ*%*%
0;=248ps+08ps 20 :
0 5 10 15 20 25

10,=903ps +10.1 ps
0=289ps+1.6ps
RMS,, =362 ps +0.7 ps

150 Electron peak charge, pC

BEAM June 2024 RUN 310:

100 MM amplitude over the PAD (g, = 5.0 mm)

50

-16.6
Time difference, ns

y-axis, mm

-16.7 -16.5

Mean e-peak amplitude: 177 mV

LECROY WR8104 operated at 1.0 GHz
analogue bandwidth and at a sampling rate «
10 GS/s. Vertical scale 50 mV/div.

Noise: 1.176 mV

26 28 30 32

¥-axis, mm

34 36 38

Best erformlng measurement was 28.9+ 1.6
S (R =36.2*0.7)in the pad center region
?db 4 mm).
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I008
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Detector with resistive anode:

events

200

150

100

50 r

* Operating voltage: Anode +275V, Cathode 465 V.

¢ Flush mode. 140

He
* Photocathode: 1.5 nm DLC 120 |
* Drift gap thickness ~ 94 pm. 2 100 |
= -
=]
: 5 80 %
Q
Entries = 1626 B RAW hist 3 g0 %
; . K
.2 INDF =772 /45 Combl.ned gaussia *
— Gaussian 1 40 | %x
p=-3.448 ns £ 0.643 ps —— Gaussian 2 ﬁ& 2
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26 1
4 | ! I E 24
- i [ [ — E
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Time difference, ns =
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LECROY WR8104 operated at 1.0 GHz
analogue bandwidth and at a sampling rate of
10 GS/s. Vertical scale 50 mV/div.

Noise: 0.766 mV
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Best performing measurement was 25.9+1.5
ps in the pad center region (® 4 mm).

22

30

Charge, pC



Summary

Design of the new small single channel PICOSEC MM detector was adopted for design of the
resistive detector.

Measurements of the pad show a caused

by additional dielectric layer. Differences to theoretical values can be attributed to tolerances .

Analysis of the signal slope and its characteristics in both the time and frequency domains
indicates that the shape of the leading edge, which is crucial for determining time resolution,
remains unaffected by internal detector fields.

This suggest that the part of the signalis

The timing performance of the detectors with different anodes was verified in beam tests with
150 GeV/c muons.

with a same type of photocathode, =13 ps
with Csl and =27 ps with DLC photocathode.

Despite the fundamental reduction of induced signal in the resistive detector, the electron
peak signal characteristics and time resolution remain mostly unaffected.

This motivates further research and development on resistive detectors, as they maintaining
time performance and improve detector stability.
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LTspice simulation of the detectors with different capacitances

* LTspice simulation with different pad capacitance detectors was performed.
e Simulated induced current was used as the input to the model.

* Detailed amplifier model was used to verify the performance of entire chain.

0.8mV-

0.0mV+

-0.8mV—
-1.6mV— -

-24mV/—--

) .tran 400n © " ) )
- - .lib Infineon-RFTransistor-SPICE.lib - - e
- - .lib bgad20.lib - - - 3.2mvV=--1-

out3 i 4.0mv—-- |-

L . Rl

Y B L AANLE F—
c27-8n 2.2 220p
) f R [ o1 Tojezs

A8mV-- |4

: S 5.6mV---.
LT 3@“? P Clusp. .
- - PWL file=total_signal.txt - -TVS capacitance .. . £.AmvV--- 1

.step param Cpad list.7.8p

. 11.5p
_ . PAD capacitance .

-1.2mV

-8.0mV~

T T T T T T T T T
Ons 4ns 8ns 12ns 16ns 20ns 24ns 28ns 32ns 36ns 40ns 44ns

 Simulation results match the observed measurements on the resistive and metal anode detector.

* The pad capacitance influences the electron peak charge while ion tail remains mostly unaffected due to slow
dynamics.
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Comparison of the detectors - Gain of the metal and resistive
anode detectors

* |tis possible to determine the amplification in the detector by
measuring the anode current and event rate.

* For the same amplification, the amplitude spectrum of the metal
anode detector has higher mean value than for the resistive detector.

* This behavior is expected due to the fundamental reduction factor
that influences the induction of the signal over the dielectric.

* The spectrum for both the metal and resistive detectors becomes
comparable when the metal detector spectrum is scaled by theoretical
of reduction factor of 0.89.
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Influence of vertical digitization noise on time resolution

Single ch. PICOSEC (10 mm active area):
Test beam Cathode/Ano | Vertical E-peak

period (o [ scale mean
amplitude

-435V/ +255V 50 mV/div = 215 mV
-435V/ +255V 100 mV/div 220 mV

2023 July Run 351
2023 July Run 353

* Degradation in time resolution observed with
different vertical scales on the scope.

* Worsening of time resolution correlated to the Double gauss 351

increase in the background noise. 140 (Errer =757
* At 100 mV/div digitization noise becomes dominant | x*/NDF=357/45

. 120
H=-1579ns+0.340 ps
source of the noise. o193 s £ 1,025 pe

I RAW hist
= Combined gaussian

Gaussian 1
——— Gaussian 2

* To achieve best timing performance, the detector, y;|c1=86ps+1.867ps
amplifier and digitizer must be optimized as a ARG < 137 pa 40552 ps
system. g %01
* |nsuch system, digitization noise should be at least
two times lower than the noise of the amplifier and
detector. 40
* Problem: Usage of lower vertical scaling results in

more clipped events.

D4

60

mm 1
Preliminary
results

* Idea: try to measure with the 12-bit oscilloscope 0 - - =
during the next test beam. . . Time.difference,. ns

Time resolution

RMS

1.268 mV 709.5ps 13.7+0.2ps
2.085 mV 719.5ps 15.6 0.3 ps

Double gauss 353

itties = 1891 '

I RAW hist

/NDF =64.7 / 45

=-1569 ns £ 0.363 ps
=154 ps+ 1573 ps

= Gombined gaussian
—— Gaussian 1
Gaussian 2

=14.7ps+0.743 ps
=29.1ps+18.229 ps
St = 15.6 ps + 0.253 ps

D4
mm

Preliminary_
results

1.7 -1.65 -16 -1.55 -1.5
Time difference, ns



Single photoelectron response

Femtosecond UV laser test

* Purpose: systematic detector studies
(electric field / gap length / gas mixtures...)

* Time resolution for single p.e. (200 pm
drift gap) : 76.0 = 0.4 ps.

* Time resolution improves significantly with
higher drift field.

* Both simulations and measurements show
that Signal Arrival Time has a dependence
on e-peak charge:

* For larger SAT > smaller e-peak charge
* For lower drift field > larger SAT

* Longer pre-ionization path add delay in SAT.

* Earlier avalanche onset - better timing.

* Both SAT and resolution can be improved if
drift field is increased.

* More recent measurements show time
resolution <50 ps at single p.e. with a
shorter drift gap (120 pm).

* Preamplification/drift region has the
dominant influence on timing.
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PSD for @10 mm, ®13 mm and ®15 mm active area metal detector with amplifier and digitizer noise floor
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