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1 Scientific and Strategic Importance of Detector 
R&D? 

Detectors are an essential component in the science we do, and only the most advanced detectors 

will enable us to do top science. Therefore, detector development is an essential part of our vision 

of the laboratory, and a mission critical component.  

The central component of our strategy thus is to continue to strengthen our position as a 

recognized world-leading institution for the design, construction and building of complex detectors 

for science and to push technologies beyond currently established state-of-the-art. To do so we 

need access to, and participation in, the latest technological developments, both in research and 

in industry.  

It is our ambition, based on our standing and competence in detector science, to play a leading 

role in world-class science programs, ranging from particle physics, to astro- particle physics to 

photon science. This is based on a strong program at our two locations ranging from fundamental 

detector science, in particular in the area of semi-conductor detectors, to all aspects of sensor and 

detector system design and construction. A strong asset is our capability to develop, test, 

characterize and work with detectors and complete systems in our laboratories and use our 

facilities, in particular, our test beams.  

DESY has a broad science program. We build detectors for our local photon sources, lead the 

detector effort at the European XFEL, and contribute major detector ideas and components to 

international experiments like the LHC experiments, IceCube and CTA. We have leadership roles in 

international road-map discussions in all areas of science we are involved in.  An important aspect 

of any strategy thus will be to strike a balance between breath and specialization to be able to 

fill and enhance our role.  

Our strong position in the detector development community is built on a strong team of people 

with a broad range of know-how and capabilities, which are working in this field at DESY. Our future 

will critically depend on our capability to continue to attract top scientists, engineers and 

technicians into this field at DESY.  At the same time, we can train the next generation of talented 

detector scientists for academia and industry at our facilities. 
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2 Landscape Analysis for Detector Development 

The landscape for detector developments in photon-science has changed drastically over the 

last 20 years. 20 years ago, there were only a handful of places with dedicated detector 

development programs in photon-science. Today there are developments at nearly all 

synchrotron sources, with an increasing involvement of university groups.  

15 years ago, DESY had no detector development program in photon-science, today it is one 

of the main players in Europe and world-wide. Both the European XFEL and PETRA III required 

dedicated detector developments, which focused on solid-state hybrid pixel detectors. Due to 

the unique time structure of the European XFEL, DESY has developed world leading expertise 

in megahertz X-ray imaging. The large requirements on instantaneous dynamic range led to 

the development of the adaptive gain concept, which is now incorporated in many other 

detector systems around the world. FLASH required the development of X-ray imagers for low 

photon energies. The PERCIVAL project was initiated and is led by DESY, and has evolved into 

a program involving 5 synchrotron sources. Also, here, DESY is today at the forefront of 

international developments. All these projects profited from the strong expertise and long 

experience of DESY in turning components into systems for specific science applications.  

In some cases developments which came out of DESY photon science have been turned into 

commercial projects, though its needs to be pointed out that due to the very specific time 

structure of FLASH and European XFEL, the systems are less widely applicable than the systems 

developed for instance for the lower rep-rate FELs. 

These developments were done in close collaboration with the PSI detector group, as well as 

with the groups at the Universities of Hamburg and Bonn, to the great benefit of DESY. These 

collaborations continue today and in the future. It is important that DESY carefully choses its 

development focus, so as to cover its needs and requirements, and to continue to develop its 

collaborations, in particularly with the PSI detector group, to enable focused and fast 

development projects. The collaborations between the different departments at DESY is a 

strong asset, that should and will be further strengthened.  

In astroparticle physics DESY pioneered the development of many neutrino and cosmic ray 

detection systems, and these early experiments led to our current expertise in detector 

systems for harsh environments.  Building on decades of successful deployment under 

challenging conditions, DESY astroparticle has taken responsibility for increasingly large and 

complex international detector projects, for example the development of the IceCube DAQ or 

the CHEC/SST camera development for CTA. 

DESY astroparticle has placed an emphasis on the characterization and control of these 

complex systems, with world-leading testing capabilities, for example in optical 

characterization.  Testing under extreme conditions to provide reliable, fault-tolerant real-

world detection systems continues to be a strength of the group, and these capabilities are 

being systematically expanded. With projects such as the IceCube upgrade, the scaling up to 

assembly line production and testing of hundreds of detector elements has been successfully 

demonstrated. 
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Future developments in astroparticle will rely heavily on complex electronics, custom ASICs, 

and increasingly on silicon-based sensing elements.  With the ULTRASAT project DESY has 

positioned itself successfully in this area, and is growing actively its capabilities in space-based 

detectors.  

In particle physics DESY has acquired significant expertise in the development and building of 

detectors. A broad community exists nationally and internationally. CERN plays a central role 

as the host laboratory for the major big experiments at the LHC, and as a key laboratory in the 

area of experimental particle physics. In Germany DESY has evolved into a hub for detectors 

for particle physics experiments over the past decade, with important roles in building 

detectors for ATLAS and CMS and for the Belle II experiment at KEK, and in the development 

of future technologies. DESY has developed special expertise in the integration of complex 

detector systems. The facilities installed for this purpose in Hamburg and Zeuthen are world-

class. DESY is closely cooperating with universities and other laboratories. In Germany the 

universities of Bonn and Heidelberg are main partners in detector development projects. 

Over the past years DESY has systematically grown its expertise in silicon detector 

development and testing, as an important component and needed know-how to develop 

detector systems. In the area of Silicon-on-tile highly granular calorimeters, DESY has 

established itself as a world-leading know-how center, its advice and its contributions are 

sought after from many projects from around the world. DESY is world leading in the know-

how around pixel telescopes as a reference for testing newly developed detectors at test 

beam facilities with an unprecedented precision of better than 5um. The telescopes were 

originally developed within an EU project and since then further extended and DESY-built 

copies can be found at all major test beam facilities.     

3 Key Technologies at DESY 

A key role at the moment and in the foreseeable future is played by semi-conductor detectors. 

Semi-conductor technology, and in particular Silicon pixel technology, will be the base 

technology for many of the future detectors we will build. A large part of our current effort is 

directed towards monolithic CMOS sensors, which hold a lot of promise for the future 

detectors in all areas of science we pursue.  

We continue to grow our capabilities to not only integrate but also design cutting edge Silicon 

detectors. We pursue R&D work towards future detector technologies, e.g., by exploring new 

Silicon technologies. Meeting the very ambitious demands on - at the same time - excellent 

spatial, temporal and energy resolution, and being able to operate at very high readout speed, 

sets the scale for future systems to come – with these fundamental demands essentially 

shared across all science areas at DESY. All science areas at DESY push into this direction. A 

strong synergy between sensor design and readout design is essential. Silicon Photonics might 

play a central role here in the future.  

We have a strong history in successful detector integration efforts. Together with our 

expertise in readout technologies this enables us to play a central role in a number of different 

systems, e.g., photon science detectors, tracking detector and highly granular calorimeters, 
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e.g. at the LHC, detector systems for IceCube, or advanced cameras for terrestrial or space 

observatories (CTA, ULTRASAT). Our expertise extends to the processing of the data from 

detectors, and the design and building of specific hardware and software systems to control 

and manage the data flow. Our facilities – test beam, detector laboratories, detector assembly 

facility, DDL in the future – do play a central role in our capabilities to design and build future 

detectors. Together this puts us into a pole position to play important roles in future projects 

in all areas of science at DESY. 

Quantum technologies advance rapidly, and some experiments (axion searches, gravitational 

wave experiments) have demands on signal to noise/ sensitivity which can only be reached by 

quantum sensors. We are already users of quantum detectors for some experiments at DESY. 

We will expand our expertise in developing such detector systems, closely monitoring the 

international developments in this area.  

DESY cooperates closely with other research centers, with universities and with industry (see 

next section). The concentrated know how available at DESY, combined with the availability 

of an excellent infrastructure, make DESY an attractive partner for projects in detector 

development and construction.  

4 Where is DESY world-leading? 

DESY is a well-established word leading competence center in silicon detectors and detector 

systems, in the areas of photon science, astroparticle physics and in particle physics. It is one 

of only a few places around the world there the full detector competence and infrastructure 

is available in one place. At DESY, we do the full cycle of detector design, construction, 

integration, characterization, simulation, calibration, and finally low- and high-level analysis.  

A key role in this is played by the infrastructure available at DESY – from high-tech 

development laboratories, to the availability of clean room spaces and access to modern 

testing facilities as for example the DESY test beam. 

Within the different divisions, specializations have emerged, which however all fit under the 

more global umbrella described above. These are driven by the specific scientific needs of the 

research done in the divisions. In astroparticle physics, the focus is on detectors for harsh 

environment, in photon science, on large area highly pixelated imaging systems, and in 

particle physics on large area robust and highly granular silicon-based systems, used both for 

tracking and for calorimetry.  

DESY has earned world-wide reputation in the area of advanced detector engineering, in 

particular, in light-weight materials, where a dedicated infrastructure has been built up as part 

of the participation in the LHC detector upgrade program.  

The combination of cutting-edge technology competence, combined with extensive system 

competence and testing capabilities, has positioned DESY as a key player internationally in the 

area of advanced detectors – as a laboratory which will routinely be asked to contribute to 

challenging projects around the world. 
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5 A Software Strategy for Detectors 

Software is an integral part of detector development, at all levels of the development cycle. 

To develop and build modern detectors, competence in the development of embedded 

software is needed and has been developed at DESY. Access to design tools and expertise to 

work in them is essential if one aspires to participate in the development of new detector chip 

developments. High level software is needed to control the detectors, and to eventually read 

out and analyze the data which come from the detector.  

As much as possible standardization of software tools is an important aspect of our strategy. 

This eases access to the tools, ensure the availability of up-to-date systems, and reduces the 

resources needed to develop and maintain these systems. However, there are limits to 

standardization, and there are applications which demand flexible, highly specialized and 

tailored solutions. Examples are experiments in very special environment, with very limited 

access, where a standard solution might not deliver the needed robustness and reliability. 

There are also cases where since we are embedded into larger international endeavors, we 

need to adopt the solution decided by the experiment, which might not be the same as 

adopted at DESY. 

A number of software systems are developed and supported at DESY, like e.g. the “Allpix2” 

silicon simulation framework, the “Corryvrekan” reconstruction suite of programs, the 

“EUDAQ2” data acquisition framework, or the “AMPEL” framework to identify correlated 

events in different detectors from around the globe.  

DESY scientists contribute to or centrally develop a number of control software packages, 

which are used in major experiments. This is the case for example at the ALPS and BabyIAXO 

experiments, at CTA or HESS. For DESY on-site experiments, these developments are 

happening in close cooperation with the DESY machine division.  

In addition to near-detector software development, DESY is playing a central role in a number 

of high-level reconstruction frameworks and tools, at different experiments, which are 

covered in the Scientific Computing fact sheet. 

6  Cooperation with Industry 

Many of our detector systems rely on industrially available components, but are highly 

specialized systems. The sensors and other components often are developed in close 

cooperation between DESY and industry, with both sides profiting from this. The production 

of the sensors in most cases happens in industry, while the integration of the sensors into 

detector systems is done at DESY. A strong asset in our portfolio is our capacity for systems 

engineering, including the engineering of advanced materials and support concepts. This area 

profits a lot from an intense and productive exchange with industrial players in the field. In 

many instances, our rather high demands will be used by industry to improve their capacities, 

which they then in turn can market profitably in other areas.  
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Many of our detector systems are of interest for other fields of science and industry. This is 

particularly so for the detectors with imaging capabilities, which are great interest to medical 

physics and medical imaging. Many collaborations exist already where specific technologies 

are being adapted to medical uses. An example is the use of the SiPM-on-tile calorimeter 

technology, where DESY has a clear world-wide lead role, which has been investigated for 

their applicability towards high-resolution PET scanners. With the increasing availability of 

accelerators for medical treatments also the demand for sensing elements is growing.   

This cooperation also extends to the area of software and simulation systems. The science 

simulation of semiconductor tracking detectors, Allpix2, is now used not just in particle 

physics, but also in other areas of science, such as space-borne experiments, micro-structured 

neutron detectors or nuclear voltaic batteries, as well as in medical and industrial applications 

such as simulation of micrometer-resolution PET scanners 

7 Future Structures for Detector Development 

Over the last years detector development at DESY has been systematically strengthened, and 

is recognized of an area of central strategic importance to the laboratory. 

In the FH division one common appointment at the W3 level has been made with the 

University of Bonn, in the area of silicon detectors. Another common appointment at an W2 

level with the University of Hamburg in the area of detector development is ongoing, in the 

context of the Quantum Universe Cluster. These new recruitments together will invest into 

the technological basis for in particular silicon pixel detectors. Activities in detector 

developments are coordinated in FH centrally, but hosted locally by the research groups.  

In astroparticle physics a detector development effort has been setup with a senior research 

scientist being hired, as a common appointment with Berlin’s Humboldt University. This group 

is strongly involved in silicon pixel R&D and the ULTRASAT project in astroparticle physics, and 

in developing new experiments with quantum sensing.  

In photon science, the well-established detector group is continuing to grow, and is in 

particular building up significant new expertise in the area of data handling and fast data 

reduction on detectors.  

The cooperation on detector developments and technologies across the different divisions 

has developed very positively over the past few years. The formation of the Helmholtz 

program topic DTS and its role at DESY was an important first step. We want to continue to 

develop the cooperation among divisions in this context. In particular in the area of sensor 

development and fundamental R&D closer cooperation and shared resources are possible and 

their use increases. We see large potential for realizing strong synergies in the area of 

technology transfer, spin off and commercialization of technologies.  

New technological capabilities such as Quantum Sensing continue to be integrated into our 

research. Their role and the level of our involvement is constantly evaluated and the strategy 

adopted when needed.  
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While in many areas we cooperate with great profit for both sides with industry, we are at a 

disadvantage when it comes to attracting people. Here we are in direct competition with 

industry, and in most cases cannot offer an attractive package to potential employees, due to 

the limitations of the public service contracts. This severely limits our capabilities to hire and 

retain top-of-the-class designers and engineers. We need to develop programs to offer people 

a long-term perspective in the field at DESY; career paths including the possibility to offer 

tenure or tenure track positions. In addition to attract international experts, we need to 

strengthen our local education programs, to foster young technicians, engineer and scientists 

at DESY, and offer them an attractive environment to stay. 

Infrastructure is very important for an excellent detector development program. Key 

infrastructures at DESY are, in addition to the availability of excellent workshops and clean 

areas for detector test and assembly, the availability of sufficient test installations.  

A central role is played by the DESY Test beam infrastructure, which is operated as a user 

facility and is under heavy demands by users from both inside DESY and outside. The facility 

provides three beamlines with electron or positron beams of energies up to 6 GeV into three 

independent user areas. A proposal to expand and upgrade the facility is part of the larger 

DDL proposal, which has recently been positively evaluated by the Helmholtz association, and 

is now awaiting a final decision on funding. If successful this program would finance the 

extension of the test beam facility, and in part adaptations to make sure that the facility 

remains available also after an upgrade of the PETRA accelerator to PETRA IV.  

8 SWOT Analysis 

Strengths 

• great level of expertise in all areas of science 
at DESY 

• excellent people and know how available  

• excellent and powerful infrastructure 
available 

• capability to support projects for extended 
periods of time 

 

Weaknesses 

• technical personnel difficult to find 

• difficulties to attract enough high-level 
specialists like ASIC designers to DESY 

• the pressure to deliver large projects (XFEL, 
PETRA, LHC, ...) ties up many resources and 
limits our space for creative research 

• we are spread too thinly 

Opportunities 

• extending our capabilities in testing will 
further strengthen our international position 

• continuing to grow our sensor level design 
efforts will open new directions for novel 
detectors to us 

• engaging with other Helmholtz centers and 
other partners on technologies will extend the 
range of technologies available to us 

• create further spin-off companies from our 
technologies 

• Use the DDL, if successful, to significantly 
expand our facilities and external links, 
creating collaborative 3rd party opportunities 

Threats 

• significant shortage of specialists will jeopardize 
the in-time delivery of detectors 

• cost increases and delays connected to the 
current world-situation will endanger the 
finalization of the major detector construction 
projects we are involved in. 

• The integration of test beam into PETRA IV fails 

• funding available to R&D will be reduced to a 
point that we cannot participate any more in 
cutting edge developments 

• If DDL funding does not materialize, some of the 
services planned within the DDL will not be 
realizable. 
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9 Socio-Economic Impact 

Detectors offer a lot of potential for applications outside of our field of research. Already 

several spin-off companies have been realized (X-Spectrum for example). Projects are ongoing 

to tune detector technologies for more commercial applications (e.g. material scan, medical 

sensing detector, medical imaging detectors).  

There is significant potential to strengthen this through a closer interaction with ITT and a 

more forward-looking scouting of technologies. Very important however is that this does not 

impact the availability and the flexibility with which technologies can be used for science.  

10  Decision Making Pathways 

Detector development is an activity which is deeply embedded into the different scientific 

activities in the divisions. This is also reflected by the organizational structures, which follow 

the scientific programs.   

Over the past few years a technological portfolio has been developed, with a clear focus on 

CMOS technologies. The technological focus is very much influenced by the requirements 

from science. It undergoes a continuous monitoring and update, as we explore additional 

technological opportunities, as outlined in Section 2. The process leading to these decisions is 

prepared both bottom-up, where requirements are defined from the different scientific 

challenges, and then propagate up into the detector development groups, and top-down, 

where global strategic considerations are decided together and then implemented by the 

different groups.  

11 Funding Considerations 

Detector development is funded primarily from the base funding of the AP, FH and FS 

divisions. A long-term commitment exists to support detector development through POF IV 

and beyond.  

A significant number of third party funded projects contribute to detector development at 

DESY.  This is especially true for seed funding of new initiatives, such as quantum sensing.  

Within the AIDAinnova consortium, funds are available for the development of advanced 

silicon sensors. Support for concrete detector systems at the photon sources comes from the 

XFEL and PETRA projects. The DESY strategy fund is supporting some small-scale development 

work of novel detectors. Technology developments are supported by the Innovation Pool 

funded jointly from Helmholtz and the BMBF. 

Detector development is an important activity in the Quantum Universe cluster. A cross 

topical platform on detector development is part of the quantum universe structure. This has 
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resulted in a significantly increased cooperation and coordination of activities between DESY 

FH and the University of Hamburg. 

Detector development profits significantly from close cooperation with CERN, which allows us 

to be part of larger chip submissions to develop and build novel detector systems. This link is 

used by all divisions, not just particle physics, to our mutual benefit.  

As discussed above, the program laid out in the DDL proposal would strengthen the 

capabilities for detector development at DESY. A new facility to allow the post-processing of 

Silicon sensors would be constructed together with the University of Hamburg, and also a 

facility for testing of detectors under extreme conditions. A significant extension and 

refurbishment of the test beam would be done, including an extension to also make photon 

beams available to users.   

12  Open Questions/ Next Steps 

The development of new detector technologies is progressing well at DESY, with significant 

advances over the last few years.  

The structure of detector development will see a significant impact from the formation of the 

DDL, should it get a green light. This would significantly strengthen the overall effort, and at 

the same time increase the service we would want to deliver to outside groups in the area of 

detector development. In case this funding is forthcoming, we will be able to expand DESY’s 

capabilities significantly, with the inclusion of detector post-processing into our portfolio, and 

with the further expansion of the testing and diagnosis capabilities, in particular, through the 

development of facilities for testing under extreme environmental and operational conditions, 

the addition of a photon test beam facility, and an extension of the electron facilities. In case 

DDL will not be funded, we will lose the opportunity to re-claim the capability for detector 

post-processing to Europe, and will continue to rely on capacities in the United States. We will 

need to scale down our expansion plans for testing and diagnostics, and would need to identify 

additional funds to ensure a continued operation and availability of test beams at DESY. 

Over the next years, the cooperation among the different DESY divisions will be further 

strengthened and developed. Already regular meetings of detector scientists take place, 

where information is exchanged and current projects are discussed. A more formal seminar 

series is planned to be added, which will complement the already ongoing seminar series with 

external contributions, by a series with contributions from internal people. We are currently 

discussing the formation of a cross-divisional coordination board for detector development, 

which would meet regularly and actively look for and try to increase synergies between 

divisions, in the area of detector development.  

The successful future of detector development will however crucially depend on our ability to 

continue to attract top people into the field to DESY. Only a strong team will be able to 

maintain the highest standards, and continue to attract cutting edge projects to DESY. 
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13 Detectors at DESY: a Vision 

Detectors are a central component of what we do at DESY. They form a crucial pillar in the 

development of the scientific portfolio of the laboratory, and are indispensable in all divisions 

and science areas at DESY.  

Across all divisions, a clear strategic focus is on the development of detector systems based 

on semi-conductor detectors, and here in particular, on MAPS like detectors. The combination 

of excellent detecting properties with the capability to integrate intelligence into the sensor 

is a key strategic focus for us. Detector systems do not stop at the sensor, but include 

mechanical design, integration of services etc. 

The breath of the DESY science program however require that we maintain and constantly 

develop a broad capability in detectors, which is constantly challenged by the requirements 

from the science we want to do. In addition to delivering the best possible detectors for 

specific problems, it is our ambition and our goal to develop cutting edge technologies, at an 

equal footing or even leading among the best laboratories in the world, which could in turn 

drive the science reach of our facilities.  

Excellent infrastructure is a huge asset from which we at DESY profit enormously. Testing 

facilities are essential for our success – the continued availability of the test beam facility is 

crucial to us. With the DDL we have the opportunity to extend our range of infrastructures by 

key capabilities like postprocessing of Silicon detectors, or by means to test detectors under 

realistic conditions for use in hostile environment.  

We want that detectors from DESY are known around the world as advanced but robust and 

reliable systems, contributing to major scientific experiments.  


