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Hamburg Region Light Sources
Our Mission

 PETRA III

– 3rd generation SR
 FLASH I & FLASH II

– Soft X-ray FELs
 Eu.XFEL

– High repetition high energy FEL
 PETRA IV

– 4th generation SR
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Hamburg Region Light Sources
Our Mission

 PETRA III

– LAMBDA
 FLASH I & FLASH II

– PERCIVAL
 Eu.XFEL

– AGIPD
 PETRA IV

– CORDIA & TEMPUS

Photon counting with LAMBDA

• Based on Medipix-3 chip
• Commercialised by X-Spectrum
• Developing TEMPuS: TimePix-4
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Hamburg Region Light Sources
Our Mission

 PETRA III

– LAMBDA
 FLASH I & FLASH II

– PERCIVAL
 Eu.XFEL

– AGIPD
 PETRA IV

– CORDIA & TEMPUS

Low energies with PERCIVAL

• BSI-CMOS sensor (RAL/STFC)
• DESY, ELETTRA, DLS, SOLEIL, PAL
• Developing 2nd generation sensor
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Hamburg Region Light Sources
Our Mission

 PETRA III

– LAMBDA
 FLASH I & FLASH II

– PERCIVAL
 Eu.XFEL

– AGIPD
 PETRA IV

– CORDIA & TEMPUS

Burst-mode XFEL with AGIPD

• Custom designed for Eu.XFEL
• DESY, PSI, Uni-HH, Uni-Bonn 
• Continuous support from FS-DS
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Hamburg Region Light Sources
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– CORDIA & TEMPUS
 R&D

– Sensors, packaging, etc.
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The Timepix4 readout chip
Photon Counting Detectors
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The Timepix4 readout chip
Operation modes

1) Photon counting and  frame readout
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Detector Frame readout

• 40 kHz frame rate CRW (8 bits)

• ~ 1.5x106 counts/pixel/s

55 µm pixels
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The Timepix4 readout chip
Operation modes

1) Photon counting and  frame readout
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• 40 kHz frame rate CRW (8 bits)

• ~ 1.5x106 counts/pixel/s

55 µm pixels
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2) Time-stamping and event-driven readout

Data packetsDetector

Pixel (1,1)

Time 525.3 ns

Energy ~14 keV Pixel (3,3)
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55 µm pixels
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• X-rays ~ ns time resolution

• ~ 1x109 counts/chip/s
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> Single-chip Timepix4 board connected to off-the-shelf 
Xilinx board

 Zynq Ultrascale+ with FPGA fabric and 4-core CPU

> Parallel readout of 16 high-speed links from chip, each 
up to 5 (or 10) Gbit/s

 Specialised transceivers on Zynq 

> Daughterboard offering 2 x 100 GBE links over “Firefly” 
optical cable

 Challenge of dealing with ~ 80 (or 160) Gbits/s

The TEMPUS X-ray detector
System description – planned specs
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System description – current status

J. Correa et al. (2024). J. Synchrotron Rad. 31. https://doi.org/10.1107/S1600577524005319

The TEMPUS X-ray detector

> First version of the single-chip system

– Underwent tests in several beam-lines

– Main detector in various user experiments

> Some of the goals of the prototype:

 Check the usability of the high-speed serialisers

 Explore the event-driven mode

> Work in progress:

– Number and stability of active serialisers

– Time resolution

– Energy calibration

– ...
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The TEMPUS X-ray detector
Event driven mode
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The TEMPUS X-ray detector
Event driven mode

> Experiment at PETRA III - P03

– Rubber stretching 

– LaB6 used for alignment

> After some data post-processing:

– Event list is decoded

– Large amount of information
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The TEMPUS X-ray detector
Event driven mode

> Experiment at PETRA III - P03

– Rubber stretching 

– LaB6 used for alignment

> After some data post-processing:

– Event list is decoded

– Large amount of information

> Work in progress:

– Refining the method

– Applying results to real sample
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TEMPUS detector science driven experiments
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TEMPUS detector science driven experiments
Nuclear Resonance Scattering

> Exploits the Mössbauer effect 

– After absorption there is a recoil-free 
emission due to bound to lattice

– Relatively long decay time tens of ns

> It works in a small number of isotopes:

– 57Fe ~ 14.4 keV

> It is used to study hyperfine structures 
under electric and magnetic fields

> Currently using APD:

– Very high time resolution ~ 200 ps

– Lacking hit rate and statistics
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TEMPUS detector science driven experiments
Nuclear Resonance Scattering

> Mix of scattered and fluorescence of 
various elements

– Off resonance

> The structure of the different filling modes 
can be easily distinguished:

– 40 bunches at PETRA III 

– 7/8 + 1 at ESRF 

> Time resolution still limited by the system:

– Thinner sensor & higher sensor bias

– Other sensor materials
J. Correa et al. (2024). J. Synchrotron Rad. 31. https://doi.org/10.1107/S1600577524005319
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The Timepix4 readout chip
Comparison with Timepix3

3.5 x

8 x

10 x

2 x

8 x

32 x
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Some lessons learnt
Material for discussion
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 Data Deluge

– Data reduction is...

– Infrastructures not ready

– Keep flexibility… to some extend

Some lessons learnt
Material for discussion



Page 33
Jonathan Correa    |  The TEMPUS X-ray detector system | Advancing Entangled X-ray Photon Research – Stony Brook, October 16th 2025

 Data Deluge

– Data reduction is... complicated

– Infrastructures not ready

– Keep flexibility… to some extend

Some lessons learnt
Material for discussion



Page 34
Jonathan Correa    |  The TEMPUS X-ray detector system | Advancing Entangled X-ray Photon Research – Stony Brook, October 16th 2025

 Data Deluge

– Data reduction is... complicated

– Infrastructures not ready

– Keep flexibility… to some extend
 Early deployment / adoption

– Commitment from communities

– Slow down short term development

– Net benefits both users and developers

Some lessons learnt
Material for discussion
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Summary
TEMPUS, an X-ray event-driven detector

 A single-chip Timepix4-based prototype is being developed at DESY

– Reach the limits of the chip

– Help the community understanding and using the event-driven readout

 Some communities have a strong interest in the development:

– NRS → high time resolution, and high counting rate

– XPCS → small pixel size and short dead times

– AMO → high time resolution, 2D capabilities, and high count rate

– XPDC → higher energy resolution
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Outlook
TEMPUS, an X-ray event-driven detector

 Next steps:

– Continue finding applications that could benefit from this technology

– Energy calibration → improve it using test pulses

– Time calibration → push the limits of time resolution on silicon

– Using the TSV capability offered by the chip

– Two upcoming XPDC experiments coming up:

• Prof. Schwartz at NSLS-II

• Dr. Boemer at ESRF

– Use of alternative sensors such as high-Z materials and LGADs:

• Expand the photon energy range and improve time resolution 
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> Time delay before signal reaches threshold

 Assuming instant signal, this depends on peaking time of amplifier response

Some comments on time resolution
Timewalk
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Some comments on the time resolution
First Experiments @ ESRF

 Time-walk correction

 Helped to improved the time resolution obtained
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Some comments on the time resolution
Signal speed

> Absorption depth leads to time variation of signal pulse

> Resulting time variation depends on both absorption profile and carrier velocity 
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> Variation in timing due 
to noise or variability in 
instant signal, this 
depends on peaking time 
of amplifier response

Some comments on the time resolution
Time jitter

Timepix4 ASIC time 
resolution; measured by 
CERN with internal test 
pulses

Note; in Si, 3.6 keV 
energy generates 1000 
e-h pairs
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Some comments on the time resolution
High-Z materials

> High-Z materials can offer more localized X-ray absorption, improving consistency of drift time
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Some comments on the time resolution
Estimated drift time behaviour in different sensors

Si (h+), 300 µm,  
100V

Si (e-), 300 µm, 
300V

CdTe, 1000 µm, 
500V

GaAs, 500 µm, 
200V

RMS variation 2.86 ns 1,43 ns 0,76 ns 0,12 ns
Mean diff variation 2.46 ns 1,23 ns 0,56 ns 0,09 ns

15 keV photons
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