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as demonstrated on the right for high-intensity X-rays with 12 keV. Apart from a clear peak corresponding to single-photon events,
weaker peaks for 2 and 3-photon events are shown. With this it is possible to extend the dynamic range of this highly-powerful photon
counting detector.

RESOLUTION OF SYNCHROTRON BUNCH STRUCTURES

TIME RESOLUTION <10 ns AND MULTIPHOTON CAPABILITY

AEON’s high-performance event
mode allows gate-free time-
resolved x-ray measurements. For
8.6 keV photons a time resolution of
8.423 ns FWHM was demonstrated.
Arbitrary integration windows can
then be chosen in post-processing.

The ToT in each event allows for
simultaneous measurements of the
X-ray energy spectrum and to
identify multiphoton hits,
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The high spatial and temporal resolution of AEON allows
to measure sample dynamics on sub-µs timescale with
XPCS. The event datastream is innately compressed for
sparse data and can be directly analyzed to provide
correlation functions without first converting to time bin
frames.
For 0.5% volume fraction 100nm diameter silica in water
the dynamics down to 1µs were found to follow Brownian
motion with the expected time constant.

ULTRA-FAST X-RAY PHOTON CORRELATION SPECTROSCOPY (XPCS) DOWN TO < 1 µs
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AEON’s event-driven mode was used in the study of laser-
induced strain dynamics by femtosecond laser pulses in
SrRuO3. The ultrashort thermally excited state is followed
by a long relaxation on the ns timescale. AEON’s event
mode allows for high-contrast, high-efficiency collections
using x-ray timing modes which are not easily accessible
with gated frame-based detectors. The selection of user-
defined analysis windows in post-processing allows for
simpler experimental setups, while multiple integration
windows can be chosen for data and normalization.

HIGHLY-EFFICIENT LASER PUMP - X-RAY PROBE EXPERIMENTS

SPECTRAL IMAGING

The AEON system is a noise-free X-ray detector, built
around the Timepix4 readout chip [1] developed by the
Medipix4 collaboration. It is specifically designed for
experiments requiring high spatial resolution, high
sensitivity, and exceptionally high speed.

The AEON detector operates in two distinct data
acquisition modes: event-driven and frame-based.

Event-driven mode: Both the Time of Arrival (ToA) and
the Time-over-Threshold (ToT), measuring the x–ray
energy, are recorded for each detected photon. In this
mode, the detector generates a data packet only when
a photon interacts with the sensor, which significantly
reduces data volume during low-dose exposures and
provides superior temporal resolution.

Frame-based mode: The system accumulates photon
counts over a user-defined exposure time. The counter
depth can be configured to either 8-bit, 16-bit or 32-bit.

In multi-module detectors, those two modes can be
combined to receive data simultaneously, improving the
detection capabilities.

55 µm pixel size

ns time resolution in event-
driven mode

On-chip sparsification

Figure 1 top: AEON 700k Si detector. 
Bottom: SAXS signal from silica in water. 

Multi-chip detectors

AEON can be equipped with different sensors, making
it a versatile detector for applications ranging from soft
to hard X-rays.

Figure 2: Available sensor materials and their absorption efficiency as a function of 
X-ray energy.

The simultaneous measurement of ToA and ToT
allows for spectroscopic imaging with high time
resolution. Such capabilities can be employed to
increase contrast in imaging applications, or to
inform beam hardening correction algorithms for
challenging CT applications.

Figure 4 left: Time resolution measured at ESRF ID10 for 8.6 keV photons. Right: ToT spectrum shows energy resolving capabilities 
as well as identification of multiphoton hits.

Figure 3 : Illustration of AEON’s frame and event modes

Figure 5: Measurement of synchrotron bunch structures. In all case the bunches were clearly resolved.

Figure 6 left: Illustrative speckle pattern observed in SAXS. Right: g2(𝜏) and resultant time constants 
of 0.5% volume fraction, 100 nm diameter silica in water. 

Figure 7 left: Illustration of laser pump-probe experimental geometry. Right: Intensity of observed 
X-ray reflection as a function of time. The laser-induced decay and recovery are clearly resolved. 

Tests of the new Timepix4-based AEON detector for time- and energy-resolved applications at synchrotron and lab-based x-ray
sources are presented. The detector offers the utmost in flexibility with its high-resolution event-driven mode and fast frame mode.

CONCLUSIONS

Figure 8 left: Transmission X-ray image of PCB. Right: Transmitted x-ray energy spectrum. 
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