
The initial integration and timing characterization of second-generation 
Large Area Picosecond Photodetectors (LAPPD Gen 2) with commercial 
multi-channel system-on-a-chip waveform digitizers from Nalu 
Scientific, in particular the 4-channel 10-GSa/s AARDVARC platform:

Two complementary R&D thrusts at LLNL
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Scalable water-based scintillators (WbLS), 
large-area picosecond photodetectors (LAPPDs), and 
low-power SoC readout for future neutrino detectors

These R&D address an emerging need in 
next-generation neutrino detectors: precise, 
scalable timing readout and tunable scintillation 
media that can enable discrimination between 
Cherenkov and scintillation photons in WbLS. 
While motivated by long-baseline and reactor-
antineutrino applications, the technologies are 
broadly applicable to rare-event searches and 
nuclear security–relevant radiation detection.     
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An automated, data-driven workflow for the synthesis and 
characterization of water-based liquid scintillators (WbLS) has 
been developed. 
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The automated platform reduces optimization time, enables 
statistically meaningful structure–property correlations, and 
supports rapid iteration toward application-specific WbLS, 
including formulations with dopants and pulse-shape 
discrimination capabilities.

LARGE AREA PICOSECOND PHOTODETECTORS
with SYSTEMS on a CHIP

WATER-BASED LIQUID SCINTILLATORS
with AUTOMATION

Using picosecond laser measurements, we 
demonstrate sub-100-ps-level timing 
performance  and evaluate cross-talk and 
stability at the single-photon level, illustrating 
the potential of this scalable readout for 
large-area photosensor arrays.

Future large neutrino detectors will benefit from scalable scintillation 
media, fast photosensors, and low-power electronics capable of 
precise timing and high channel density. 
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The system varies oil, surfactant, and water content to formulate 
and optimize WbLS, and has been used to synthesize and 
evaluate more than one thousand samples.
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1st and 2nd generations of LAPPDs  by Incom.
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Cross-talk

FIG. 3. The setup to investigate cross-talk in the LAPPD,
with cross-talk from the signal on Pixel E5 generating signal
in neighboring pixels

GSa/s sampling rate) as a data acquision system. We
have automated data collection and processing using Tek-
tronix Programming Manual. A Linux machine was used
to operate the oscilloscope and stepper motor controller
using BASH scripting. The algorithm runs in a loop, for
each position the laser beam aligns to a spot determined
by some interval position separation, and then the set
of commands is send to the oscilloscope (recording data
from both the target and the neighbor/s pixels). This
method is used to position the laser without requiring the
need to access the darkbox, however we do not perform
any specific raster-scan data acquisition in this study.

ELECTRONIC CROSS-TALK AND
CHARGE-SHARING

Within electronics, signal transmission on one channel
may produce signal on another channel through capaci-
tive, inductive, conductive coupling, or from electromag-
netic interference. The signal that is observable on the
secondary channels due to this phenomenon is known as
cross-talk and typically exhibits negative-polarity in pix-
elated photodetectors as the waveform starts. Alterna-
tively, charge-sharing, as the name implies, can induce
a signal on neighboring channels through the di!usion
of electrical charge from the main signal in the primary
channel.

Previous work by the authors and other studies in-
volving LAPPD signal characterization [8, 9] discovered
observable signal spread between pixels understood as
cross-talk and charge-sharing when reading multiple pixel
channels simultaneously. Figure 5 shows a visual observa-
tion of electronic cross-talk waveforms between di!erent
pixel channels, with the signal on target E5 pixel creat-
ing a notable cross-talk on pixel F6 and charge-sharing
signal to E6.

To characterize the behavior of cross-talk and the
charge-sharing e!ects that occur on neighboring pixels,
a laser source was aimed at a specific pixel, in our case
pixel E5, on the readout board to measure a traditional
photoelectron pulse. SMA output connectors to the tar-
get and neighboring pixels were then fed into the oscil-
loscope, where the cross-talk response can be measured
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FIG. 4. A diagram of the pixelated readout board displaying
the signal charge on each pixel relative to the signal waveform.
The laser targets pixel E5 (colored red), while cross-talk signal
is read out by the neighboring pixels (colored yellow).

relative to the signal output. This setup is also depicted
in Figure 3, and shows how the laser signal on the target
pixel generates cross-talk on neighboring pixels that can
then be seen on a readout system.

To analyze the cross-talk, we integrated the area un-
der the photoelectron waveform signal determine its to-
tal charge. We compared the integrated charge of the
cross-talk on neighboring pixels to the source signal as a
reference to figure out the amount of charge-sharing that
was occurring. Figure 4 shows the measured cross-talk
charge relative to the source waveform. Most notably, we
find that charge-sharing is stronger on the perpendicular
direct-neighboring pixels compared to the diagonal/o!-
diagonal pixels, and that cross-talk falls below 1% beyond
1-pixel neighbor.

We note that this cross-talk is intrinsic to the LAPPD
by design due to the capacitive coupling of the anode onto
the pixelated readout grid. While cross-talk is tradition-
ally viewed as an undesired e!ect in electronics, it in fact
can be advantageous in the LAPPD for event reconstruc-
tion. Depending on the precise location of a photon that
enters the photocathode to strike a targeted pixel, the
cross-talk response may change even if the primary sig-
nal in the target pixel remains the same. This response
would enable a user to perform an event reconstruction
of the photon from its source.

LAPPD AS A RESONANT CAVITY

To study e!ect of cross talk and resonance in the
LAPPD, we inject electrical sine-wave pulses into the tar-
get pixel pad using a signal generator and read out the
neighboring pixels with an oscilloscope to measure cross
talk characteristics.

We find that the cross talk signal amplitude has a de-
pendence on the frequency of the injected sine-wave sig-
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