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Figure 1: (a) PICOSEC detection concept: A charged particle passing through a Cherenkov radiator generates UV photons, which are converted into electrons on
a photocathode. The electrons are multiplied in the gas volume in two stages and induce a signal on the anode. (b) Typical PICOSEC waveform: The signal displays
a fast electron peak and a slow ion tail. Note that the figures are not drawn to scale [11].

anticipated in forthcoming High Energy Physics experiments.
Meeting the criteria of achieving an excellent time resolution,
ensuring stable long-term operation and providing large-area
coverage is crucial for adapting the concept for physics applica-
tions. The PICOSEC Micromegas (hereafter PICOSEC) project
[1] undertakes the efforts to develop a robust multi-channel
gaseous detector, targeting a time resolution of O(10) ps for
Minimum Ionising Particles (MIPs). Initial single-pad proto-
types equipped with a Cesium Iodide (CsI) photocathode have
demonstrated a time resolution below σ = 25 ps [1], prompting
further developments [2] - [13]. Although preliminary mea-
surements of alternative approaches have been conducted pre-
viously [2, 5, 11, 13], a comprehensive characterisation of dif-
ferent carbon-based photocathodes has not been reported. This
work aims to advance the development of robust photocathodes
for PICOSEC detectors while maintaining an excellent time
resolution.

Within the scope of this paper, measurements of three differ-
ent photocathode materials, including CsI, Diamond-Like Car-
bon (DLC) and Boron Carbide (B4C), are reported. The sam-
ples were manufactured by various research institutes, includ-
ing the European Organization for Nuclear Research (CERN),
the University of Science and Technology of China (USTC),
the French Atomic Energy Commission (CEA) and the Euro-
pean Spallation Source (ESS).

2. PICOSEC Micromegas detection concept

The PICOSEC Micromegas detection concept is depicted in
Fig. 1a [1]. The detector is designed to minimize time jit-
ter from primary ionization in the gas by using a Cherenkov
radiator. A charged particle passing through the crystal radi-
ator generates a cone of ultraviolet (UV) photons which are
partially converted into primary electrons on a photocathode
coated on the window. Typically, the radiator in a PICOSEC
detector is a 3 mm thick Magnesium Fluoride (MgF2) crystal
which transmits light above 120 nm. The window is coated
with a 3 nm thick chromium (Cr) conductive interfacial layer
that serves as a contact for the high voltage (HV). The UV

photon-to-electron converter is an 18 nm thick semi-transparent
CsI photocathode known for its high Quantum Efficiency (QE)
for photons below 200 nm. All primary electrons are created
at the same surface, eliminating uncertainty about the ioni-
sation location and thereby minimising time jitter. The gas
volume is filled with a mixture of 80% Ne, 10% CF4 and
10% C2H6 at ambient pressure. The typical electric fields
across the pre-amplification and amplification gaps are approx-
imately 40 kV/cm and 20 kV/cm, correspondingly. In the pres-
ence of a strong electric field, the extracted electrons succes-
sively ionise gas molecules, causing electron multiplication,
which first occurs in the pre-amplification gap and, after pass-
ing through the Micromegas mesh, continues in the amplifica-
tion gap. The total gain achieved is on the level of O(105−106).
The amplified electrons move towards the anode, while the ions
travel to the mesh. Their movement induce a signal on the an-
ode, which is then amplified and read out by a digitiser. A typ-
ical PICOSEC waveform displaying a fast electron peak and
a slow ion tail is illustrated in Fig. 1b. The leading edge of the
electron peak determines a Signal Arrival Time (SAT).

Several optimisation studies were conducted on a 10 mm di-
ameter active area single-pad PICOSEC detector to enhance
high voltage stability, reduce noise, improve signal integrity and
achieve uniform timing response, using a simplified assembly
process [12]. The design includes improvements to the detector
board, vessel, mechanical parts and electrical connections for
both high voltage and signal. A new single-channel detector
board is shown in Fig. 2.

To enhance the robustness and stability of the PICOSEC de-
tector, research on robust photocathodes is underway. The ini-
tial prototype involved a CsI photocathode due to its high QE
and UV sensitivity, nonetheless, the material is vulnerable to
damage from ion blackflow, discharges and humidity. The ro-
bustness of the photocathode is crucial for maintaining detec-
tor efficiency and timing resolution during long-term operation.
Potential alternatives include using protective layers or other
materials, with carbon-based photocathodes like DLC and B4C
being the most promising candidates.
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Figure 2: Single-channel detector board with a 10 mm diameter active area.

3. Experimental methodology

R&D activities within the PICOSEC project have covered
aspects ranging from design and production, through assembly,
to measurements in both laboratory conditions as well as with
particle beams. Prototypes were assembled in a clean-room en-
vironment and tested in the laboratory. The ASSET (A Small
Sample Evaporation Test) setup was developed to characterise
photocathodes, facilitating transparency and QE measurements,
as well as ageing studies [14, 15]. The time resolution of the
detectors was evaluated using 150 GeV/c muon beams at the
CERN SPS H4 beamline.

3.1. ASSET photocathode characterisation device

The ASSET setup was developed to characterise photocath-
odes for gaseous radiation detectors, as in the PICOSEC project
[5]. The primary aims are to quantify QE and transparency of
the photocathodes as well as their degradation due to ion back-
flow. Fig. 3 provides an overview of the ASSET setup.

Measurements utilise UV light from a system consisting of
a deuterium lamp (McPherson, Model 632) and a Vacuum Ul-
traViolet (VUV) monochromator (McPherson, Monarch). The
system is flushed with high-purity nitrogen to prevent ab-
sorption of the short-wavelength portion of the UV spectrum.
The monochromator is attached to the measurement chamber
through an extension containing a collimating mirror chamber
that focuses the light. A beam splitter divides the light into
two beams. Two calibrated CsI photomultiplier tubes (PMTs)
register the light intensity: one measures the amount of light
at the sample position, while the other monitors light stability
during measurements. The wavelength range for measurements
is limited to about 140 nm on the low-wavelength side by the
transparency of the MgF2 lens and to about 200 nm on the high-
wavelength side by the deuterium lamp’s light intensity. The
highest light intensity is observed at 160-180 nm.

The ASSET setup allows for measurements in reflective and
transmission modes. In both modes, the extraction grids record
the current generated by electrons extracted from the photo-
cathodes. The reflective mode measures the QE of photo-

cathodes, while the transmission mode evaluates both QE and
transparency. The measurements are conducted in a vacuum
of 10−6 mbar, achieved using pre-pumps and turbomolecular
pumps. Additionally, the device enables the the collection of
determined amounts of ion current on samples to study poten-
tial charge-induced ageing effects. Further details about the AS-
SET photocathode characterisation device can be found in [5].

The primary function of the ASSET setup is the measure-
ment of photocurrent from photocathode samples. The QE is
calculated from current measurements using the formula

QE =
Ne

Nph
=

Is
e

IPMT
e·CPMT

=
Is · CPMT

IPMT
, (1)

where Ne is the number of electrons extracted from the sam-
ple (measured on the sample), Nph is the number of photons
that arrive at the sample (measured with the PMT), Is is the
current measured on the sample (offset subtracted), IPMT is the
current measured on the PMT (offset subtracted), CPMT is the
calibration factor of PMT (depends on wavelength) and e is the
elementary charge.

The current measured by the PMT is used to calculate the
transparency (T) of the samples, given by

T =
IPMT, s. in

IPMT, s. out
, (2)

where IPMT, s. in is the PMT current measured with the sample
in the measurement position and IPMT, s. out is the PMT current
measured with the sample out of measurement position. Trans-
parency measurements in ASSET was performed in the VUV
range between 140 nm and 200 nm. Transparency can also
be assessed across the visible light spectrum, from 200 nm to
800 nm, using a spectrophotometer (PerkinElmer, Lambda 650
UV/VIS Spectrometer).

An important capability of the ASSET measurements is con-
ducting ageing studies. The procedure starts with an X-ray
beam entering the irradiation chamber filled with a gas mix-
ture of Ar/CO2 (70/30 %) at ambient pressure that ionises the
gas and creates primary electrons. The primary electrons are at-
tracted to multiplication wires, where an avalanche occurs in the
high electric field region near the wires, producing additional
electrons and ions. The electrons from he avalanche are col-
lected on the wires, while the ions move towards the grounded
sample. This process accumulates charge on the sample, allow-
ing for the quantification of the drop in QE after exposure.

3.2. Characterisation with particle beams

Particle beam campaigns are conducted to measure the
time resolution of prototypes assembled in various configu-
rations. The measurements are conducted using 150 GeV/c
muon beams at the CERN SPS H4 beamline. The test setup
includes a beam telescope facilitating triggering, timing and
tracking capabilities. An example telescope configuration is
shown in Fig. 4. Precise particle tracking is achieved utilis-
ing three triple Gas Electron Multiplier (GEM) detectors with
a spatial resolution below 80 µm. These devices use APV25
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Figure 3: Overview of the ASSET photocathode characterisation device: The setup uses UV light from a deuterium lamp and a VUV monochromator, features
a collimating mirror chamber, a beam splitter and two calibrated CsI PMTs to measure light intensity and stability within a wavelength range of 140-200 nm,
peaking at 160-180 nm. It allows for measurements in reflective and transmission mode, as well as studies of the ageing process due to ion backflow [5].

front-end ASICs to shape the signals from all electrode chan-
nels, which are subsequently digitised using the Scalable Read-
out System (SRS) [16]. The GEMs are operated in a gas mix-
ture of Ar/CO2 (70/30 %) at ambient pressure. A micro-channel
plate photomultiplier tube (MCP-PMT, Hamamatsu, R3809U-
50) serves as the timing reference and data acquisition (DAQ)
trigger. The telescope can be utilised for testing several PI-
COSEC prototypes simultaneously.

Different components individually contribute to the overall
time resolution in a detector system, with the total time reso-
lution being the sum of variances from each of these contribu-
tions. It can be represented by a simplified model

σtot
2 =

(
σS PE
√

NPE

)2

+ σt0
2 + σn

2 + ... (3)

The first term is the time resolution of the PICOSEC proto-
type measured with MIPs, where σS PE is the time resolution
achieved with SPE events and NPE is the number of photoelec-
trons extracted from the photocathode [2]. The second term is
the contribution of the reference device. The third term is the
time jitter caused by noise in the detector and the connected ex-
ternal electrical circuit. The time resolutions discussed in this
paper include contributions from all these components.

The photocathode performance is assessed by comparing
NPE they generate during the process. The number is esti-
mated as the ratio of the signal amplitude induced by a single
photoelectron (SPE) to the signal amplitude induced by a MIP.

SPE measurements are performed using a light-emitting diode
(LED), while the multiple photoelectron (MPE) measurements
are conducted with muon beams. The signals are amplified by
a custom-developed charge-sensitive ARTH amplifier [2] and
read out by an oscilloscope (LeCroy WR8104, 10 GS/s sam-
pling rate, 1 GHz bandwidth).

The procedure for calculating NPE involves several steps.
Firstly, the maximum amplitude for each waveform is deter-
mined. Secondly, a histogram of all maximum amplitudes is
plotted. The noise component is fitted using a Gaussian distri-
bution, while the signal component is fitted using an equation
based on a Pólya distribution of the form

Pn =
(θ + 1)θ+1

n̄Γ(θ + 1)

(n
n̄

)θ
e−(θ+1)n/n̄, (4)

where: n is the number of charges produced, n̄ the mean
avalanche size, and θ the shape parameter. From this Pólya
distribution, the mean value is calculated. Finally, the mean
amplitude of the MPE is divided by the mean amplitude of the
SPE to obtain the NPE for a given photocathode. The NPE is
given by the formula

NPE =
VMIP

VS PE
, (5)

where VMIP is a MIP mean amplitude, VS PE is a SPE mean
amplitude.
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Figure 4: The beam telescope equipped with three triple-GEMs for particle
tracking, an MCP-PMT for timing reference as well as DAQ trigger, and PI-
COSEC prototypes for testing.

Quantifying the time resolution of the PICOSEC detector re-
quires a reference device with significantly superior timing pre-
cision. To fulfill this condition, the MCP-PMT with a time res-
olution below 6 ps in the central region [1, 2] serves as the ref-
erence for the PICOSEC prototypes. The devices are aligned to
each other, ensuring that particles passed through the active area
of both. To amplify and read out the signal, a custom-developed
RF pulse amplifier cards optimized for PICOSEC (with built-in
discharge protection up to 350 V, 650 MHz bandwidth, 38 dB
gain, 75 mW power consumption [10, 17]) are used in conjunc-
tion with an oscilloscope.

In the analysis, the constant fraction discrimination (CFD)
method is employed to determine the timestamp at which the
signal reaches a specific fraction of its peak amplitude, thereby
addressing the issue of time walk [1]. The leading edge of the
electron peak is fitted with a sigmoid function to identify the
signal position in time at 20% of the its amplitude. The SAT
is calculated as the difference between the timestamps of the
PICOSEC detector and the reference device. The SAT distribu-
tion is analysed using a double Gaussian fit and time resolution
of the detector system is computed as the standard deviation of
this distribution.

The results presented in this paper are derived from calcula-
tions conducted after applying several selection criteria (cuts)
to the triggered events. Initially, a time window cut is im-
plemented, selecting events within 300 ps of the median time
difference of all recorded signals to exclude off-time events
and noise fluctuations. Additional cuts are applied to set sig-
nal amplitude limits. Events with amplitudes below 1% of the
dynamic range, categorised as empty events, and those above
99%, classified as saturated waveforms, are rejected. Further-
more, a geometrical cut is essential due to the Cherenkov radia-
tor’s emission of a UV photon cone at approximately 45-degree
angle. To ensure accurate time resolution measurements, only
fully contained events within the detector’s active area should
be included. Specifically, a cut of a 4 mm diameter circle

around the pad center for a 10 mm diameter detector equipped
with a 3 mm thick radiator (or a larger diameter, if otherwise
specified) was implemented. Signals from tracks that pass out-
side this central region show reduced amplitude because of the
partial loss of NPE beyond the area of the channel.

4. Photocathode characterisation

Three different photocathode materials including Cesium Io-
dide, Diamond-Like Carbon and Boron Carbide have been ex-
amined. The fabrication, characterisation and performance
evaluation of these photocathode materials have been detailed,
highlighting their strengths and challenges in achieving precise
timing in advanced detection systems. To ensure consistency of
the results, all measurements presented in this paper were per-
formed using identical single-pad non-resistive detectors fea-
turing a 10 mm diameter active area (or 15 mm if otherwise
specified), with pre-amplification and amplification gaps of ap-
proximately 127 µm. The detectors were operated in a sealed
mode, maintaining a gas pressure of 990 ± 5 mbar for the pur-
pose of comparison.

4.1. Cesium Iodide

Cesium Iodide is the most widely used material for photo-
cathodes in gaseous radiation detectors due to its high QE and
its sensitivity to UV radiation. The baseline photocathode used
in the PICOSEC detector consists of an 18 nm thick CsI layer
deposited onto a 3 mm thick MgF2 substrate with a 3 nm thick
Cr conductive interfacial layer, exceeding 12 photoelectrons per
MIP [1], Previous studies on transparency in the VUV range
have shown that the pure MgF2 substrate has approximately
80% transparency, which decreases to 45% with the addition
of the Cr layer, and further to 10% with the CsI layer [5].

Particle beam measurements were performed using a PI-
COSEC prototype equipped with a CsI photocathode, oper-
ated in a sealed mode at a gas pressure of 985 mbar. At volt-
age settings of VC = -430 V on the cathode and VA = 265 V
on the anode, the detector exhibited a time resolution of
σ = 15.8 ± 2.2 ps, as illustrated in Fig. 5.

Despite exhibiting excellent time resolution, CsI is vulner-
able to damage from ion backflow, discharges and humidity.
Fig. 6 illustrates the decline in QE observed in a CsI sample
before and after multiple irradiation steps, providing evidence
of ion bombardment affecting CsI. Studies demonstrated that
after accumulating a charge of 6 mC/cm2, the QE for CsI de-
creased by 80%, whereas for B4C, it decreased by 45%, indicat-
ing a more rapid degradation of CsI [5]. One possible solution
to reduce the impact of ion backflow on CsI and mitigate degra-
dation involves introducing protective layers, such as MgF2
or Lithium Fluoride (LiF) [18]. Nonetheless, tests conducted
within the PICOSEC project revealed that these layers inhib-
ited electron extraction, leading to reduced QE [5]. Another
approach to address the issue of non-robustness is to explore al-
ternative materials, with carbon-based photocathodes like DLC
and B4C being the most promising candidates.
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Figure 5: SAT distribution of a single-pad prototype, featuring a 10 mm di-
ameter active area, equipped with an 18 nm thick CsI photocathode with
a 3 nm thick Cr conductive layer, operated in a sealed mode at a gas pres-
sure of 985 mbar. The voltage settings were VC = -430 V on the cathode and
VA = 265 V on the anode. The histogram consists of the data after implement-
ing a geometrical cut of a 4 mm diameter circle around the pad center to include
only fully contained events. The results of a double Gaussian fit yield a time
resolution of σ = 15.8 ± 2.2 ps.

4.2. Diamond-Like Carbon

Diamond-Like Carbon represents an alternative photocath-
ode material that offers greater resistance to environmental in-
fluences compared to CsI. DLC belongs to a class of amor-
phous carbon materials, exhibiting excellent properties includ-
ing chemical and thermal stability, hardness and robustness.
Initial measurements of DLC photocathodes have been con-
ducted by collaborators from USTC [13], including tests of
various layer thicknesses, measurements of QE, NPE and time
resolution as well as aging studies. DLC samples consistently
demonstrated good performance and robustness, making them
a strong candidate for PICOSEC photocathodes.

The DLC photocathodes presented in this paper were fab-
ricated using a magnetron sputtering technique at the CERN
Micro-Pattern Technologies (MPT) workshop. DLC photocath-
odes with thicknesses ranging from 1 nm to 100 nm were de-
posited on glass and MgF2 substrates, with some samples in-
cluding a Cr interfacial layer. Fig. 7 depicts the DLC photo-
cathodes with the various thicknesses produced during one of
the two deposition campaigns. The process proved to be repro-
ducible across both campaigns.

Profilometer measurements were performed to investigate
the thicknesses of the 50 nm and 100 nm layers. For layers
in the range of a few nanometers, specifically from 1.5 nm to
4.5 nm, thicknesses were estimated by scaling the coating time.
Fig. 8 presents the results of transparency measurements con-
ducted in the wavelength range from 200 nm to 800 nm using
a spectrophotometer. The data demonstrate a correlation be-
tween the estimated thicknesses and the measured transparency.

Figure 6: Ageing studies of a CsI photocathode performed in the ASSET setup:
Decrease in QE after multiple irradiation steps, indicating the impact of ion
bombardment on CsI [5].

The transparency of samples with a thickness of a few nanome-
ters in the VUV range is approximately 60%.

Surface resistivity measurements were conducted, exhibiting
a correlation between the thickness of the DLC layer and its re-
sistivity, as shown in Fig. 9. The higher resistivity of the DLC
photocathodes on the MgF2 radiator compared to the glass sub-
strate suggests that the layer deposited on the MgF2 is thinner,
potentially due to the lower adhesion of the crystal.

The DLC photocathodes, with thicknesses ranging from
1.5 nm to 3.5 nm, were characterised during particle beam mea-
surements. The measurements were performed at a gas pres-
sure of 990 mbar. The NPE generated by the DLC photo-
cathodes varied between 2.5 and 3. The 10 mm diameter ac-
tive area detector featuring a 1.5 nm thick DLC photocathode
deposited directly on the radiator and operated at voltages of
VC = -500 V on the cathode and VA = 275 V on the anode
demonstrated the best performance, achieving a time resolution
of σ = 31.9 ± 1.3 ps, as illustrated in Fig. 10. Thicker samples

Figure 7: Picture of DLC photocathodes with various layer thicknesses de-
posited at the CERN MPT workshop using a magnetron sputtering technique.
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Figure 8: Transparency measurements of the DLC layers with thicknesses rang-
ing from 1.5 nm to 100 nm deposited on MgF2 and glass substrates, conducted
in the wavelength range from 200 nm to 800 nm using a spectrophotometer.

exhibited comparable time resolution values, with a deviation
of approximately 4 ps.

The DLC photocathodes deposited directly on the radiator
without a Cr conductive interfacial layer are sufficient for study-
ing photocathode performance. Nonetheless, in high-rate envi-
ronments, a Cr layer is essential to mitigate charging-up effects
and voltage drops, particularly for samples with larger surface
areas. Consequently, samples with Cr were evaluated, show-
ing a decrease in transparency of approximately 30% and 2 ps
worse time resolution.

To enhance UV photon production, a thicker radiator was
introduced. At the same time, the Cherenkov cone diameter
was widened. A prototype with a 15 mm diameter active area,
equipped with a 2.5 nm thick DLC photocathode deposited
on a 5 mm thick MgF2 radiator, was tested. The analysis in-
volved applying a geometric cut, consisting of a 5 mm diameter
circle around the pad center, to include only fully contained
events. The detector operated at of VC = -490 V on the cath-
ode and VA = 275 V on the anode yielded a time resolution of
σ = 28.0 ± 1.4 ps.

4.3. Boron Carbide

Boron Carbide is a chemical compound from the carbide
group, known for its crystalline structure and exceptional hard-
ness, often used as a substitute for diamond. The initial B4C
photocathodes were developed at CEA, where a wide range of
thicknesses was tested, yielding promising results [2, 11]. More
detailed studies discussed in this paper were conducted with
B4C samples fabricated using a sputtering technique at ESS.
During the coating campaigns, B4C photocathodes with thick-
nesses ranging from 7 nm to 15 nm were deposited on MgF2
radiators with a Cr conductive interfacial layers.

Profilometer measurements were conducted to determine the
thickness of the photocathodes. The 7 nm layer was estimated

Figure 9: Surface resistivity measurements of the DLC photocathodes, pre-
senting a correlation between estimated thicknesses and resistivity. The higher
resistivity of the DLC photocathodes on the MgF2 radiator compared to the
glass substrate suggests a thinner deposited layer on the MgF2, possibly due to
lower crystal adhesion.

based on the scaling of the coating time, considering the ma-
chine’s resolution limits. Transparency measurements of the
B4C layers, conducted in the VUV wavelength range, demon-
strated a correlation between estimated thicknesses and trans-
parency, with values ranging from 40% for the thinnest layer to
20% for the thickest.

The B4C photocathodes were evaluated through particle
beam measurements. The prototypes were operated at a gas
pressure of 990 mbar. The NPE created by the B4C photo-
cathodes ranged between 2 and 4, with higher PE production
observed in thinner layers. The detector equipped with a 9 nm
thick B4C photocathode and operated at VC = -490 V on the
cathode and VA = 275 V on the anode, exhibited the best per-
formance, achieving a time resolution of σ = 34.5 ± 1.5 ps, as
shown in Fig. 11. The time resolution of the remaining B4C
samples decrease, with the thickest sample showing a degrada-
tion of approximately 10 ps.

5. Discussion

In the comparative analysis of photocathode materials, dis-
tinct performance characteristics were observed among CsI,
DLC, and B4C. CsI exhibited the highest QE, exceeding
12 photoelectrons per MIP, whereas DLC yielded QE values
ranging between 2.5 and 3, while B4C between 2 and 4. De-
spite B4C being more transparent than DLC, both materials ex-
hibit similar efficiency, generating comparable NPE. NPE cor-
relates with the achievable time resolution. CsI showcased the
best performance with σ ≈ 15.8 ps, followed by DLC with
σ ≈ 32 ps and B4C with σ ≈ 34.5 ps. Although demonstrat-
ing excellent timing results, CsI also exhibited a faster degrada-
tion in QE compared to carbon-based materials. Furthermore,
carbon-based materials displayed notably greater resistance to
humidity. Considering the demand for robust detectors with
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Figure 10: SAT distribution of a prototype equipped with a 1.5 nm DLC photo-
cathode. The voltage settings were VC = -500 V on the cathode and VA = 275 V
on the anode. The results show a time resolution of σ = 31.9 ± 1.3 ps.

timing specifications that allow a margin on operating condi-
tion, DLC and B4C emerge as promising candidates. Conse-
quently, a detector configuration comprising a single-pad pro-
totype with a 15 mm diameter active area resistive Micromegas
of 20 MΩ/□, utilising a 1.5 nm DLC photocathode and an am-
plifier integrated on the outer PCB, was tested. Operating the
device at VC = -530 V on the cathode and VA = 275 V on the
anode, a time resolution of σ = 31.4 ± 0.6 ps was achieved
within a 9 mm diameter circle around the pad center, including
only fully contained events. A uniform time response across
this region, with an RMS = 38.8 ± 0.3 ps, was observed, as
depicted in Fig. 12.

6. Conclusions

The work described in this paper is focused on enhancing the
robustness of PICOSEC detectors. The research delves into the
characterisation of robust carbon-based photocathodes, such
as DLC and B4C. Results obtained from prototypes equipped
with DLC and B4C photocathodes revealed time resolutions
of approximately σ ≈ 32 ps and σ ≈ 34.5 ps, correspond-
ingly. Efforts dedicated to detector developments increase the
feasibility of the PICOSEC concept for experiments requir-
ing sustained performance while maintaining excellent timing
precision. Current developments include research on alter-
native materials, such as titanium to replace Cr, and carbon-
based nanostructures for use as photocathodes. Simultaneously,
a 10×10 cm2 robust photocathode, incorporating a conductive
interlayer to prevent a voltage drop, will be tested with a 100-
channel prototype [10] and a SAMPIC digitiser [19]. In view of
improving the stability of the detector, the production of a high-
rate 10×10 cm2 Micromegas with double-layer DLC for verti-
cal charge evacuation and evaluation of rate capability is ongo-
ing. Additionally, efforts to enhance spatial resolution involve

Figure 11: SAT distribution of a prototype equipped with a 9 nm B4C photo-
cathode. The voltages were at VC = -490 V on the cathode and VA = 275 V on
the anode. The results show a time resolution of σ = 34.5 ± 1.5 ps.

Figure 12: Time resolution map of a detector configuration consisting of
a 15 mm diameter active area resistive Micromegas of 20 MΩ/□, a 1.5 nm
DLC photocathode and an integrated amplifier. The black circle indicates the
active area of the detector, while the red circle highlights fully contained events.

testing high-granularity layouts. Scaling up the PICOSEC de-
tector by tiling 10×10 cm2 modules or developing larger proto-
types are the next steps.
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