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[bookmark: _Toc237524676]Executive summary 

This document provides an overview of the CCRI strategy to 2030 and beyond. The strategy was developed by CCRI members in consultation with the wider ionizing radiation metrology community and key stakeholders and was first published in 2011.  
Strategies such as this need to be living documents. This fourth version incorporates the outcomes of the series of webinars and workshops organized in 2025 to build a vision for the future of ionizing radiation metrology. As with the previous version, it responds to the wider strategic review that had been undertaken by the CIPM and focused on five areas:
 
· The evolving needs for metrology, including responses to cross-cutting international challenges such as health, climate & the environment, food, and the digital revolution. 
· The most pressing scientific and technical challenges for metrology itself (including those catalyzed by the implementation of the new SI). 
· Relationships with other international organizations. 
· Encouraging inclusivity and wider involvement of states and economies in the Metre Convention. 
· Modernizing the operations of the organisation.
A consultation exercise was carried out during 2020 to consider the impact of this CIPM review and recent developments in the field on the CCRI strategy. This involved the CCRI, Sections and Working Groups, and the RMO Technical Committee Chairs. The feedback from the consultation had been incorporated in the 2nd edition of the strategy and aligned in the 3rd edition with the planned final CIPM 2030+ strategy, presented in 2025 at the occasion of the celebration of the 150 year-anniversary of the Metre Convention. As 2025 also marked the 65th anniversary of the decision to establish the BIPM Ionizing Radiation Section, a series of events consisting of six webinars and seven workshops was organized. These events focused on current and future challenges in ionizing radiation metrology. Their outcomes were summarized during the 30th meeting of the CCRI on 7 November 2025 and are included in this fourth edition. Together with the previous edition, this CCRI strategy serves also as a basis for the development of the long-term strategy of the BIPM Ionizing Radiation Department, as the two are closely linked.
[bookmark: _Hlk63337682]The rationale for the strategy remains unchanged. Ionizing radiation has been in use over more than a century for many beneficial applications in healthcare, material production and characterization, and in supporting a secure energy supply. However, ionizing radiation is known to cause material and physical damage, including potential carcinogenesis. Accurate metrology is key to unlocking the benefits while ensuring that ionizing radiation can be controlled and used in a way that does not put patients, radiation workers, the public or the environment at risk.
There are significant changes taking place in the applications of ionizing radiation due to improvements in healthcare, environmental protection issues for the nuclear industry (particularly for decommissioning nuclear sites), and emerging needs to support the next generation of nuclear power stations and nuclear forensics. Ionizing radiation is used within a strict and changing regulatory framework due to the potential risks; regulatory constraints on the use and transport of radioactive materials can also make the day-to-day business of running comparison exercises or maintaining necessary equipment for metrology difficult. These changes mean that the international measurement system must continue to evolve while maintaining the existing, established, ways of working. This evolution also includes the ongoing digital transformation of metrology, driven by advances in artificial intelligence and machine learning, Monte Carlo simulations, digital calibration certificates and FAIR data principles, which are changing the way measurements are performed, analysed, exchanged and interpreted. The CCRI will support this transition by promoting digital interoperability and ensuring the reliability, validation and traceability of digital methods.
The strategy of the CCRI is therefore to increase the range of comparison exercises to cover emerging requirements, and to reduce the number of long-term large-scale exercises through optimizing use of resources at NMIs/DIs and the BIPM to avoid difficulties associated with shipping hazardous materials or sensitive equipment. 
The CCRI aims to enable institutes to participate more fully in meetings through widespread adoption of video-conferencing technologies while encouraging in-person opportunities for discussion and dynamic collaborations in real time. There will also be an increased focus on building capabilities at smaller NMIs/DIs by organizing knowledge transfer workshops and increasing secondments to the BIPM, working in partnership with NMIs/DIs and liaison organizations such as the IAEA. The CCRI will also co-ordinate joint research projects to address priority issues of benefit to NMIs and DIs and will support initiatives towards recognition of ionizing radiation metrology as a scientific profession. The CCRI will strengthen its activities in digital metrology by promoting interoperable digital data, digital calibration certificates, validated computational methods, and the evaluation and, where appropriate, adoption of emerging digital technologies across the international measurement system.
This work will continue, and the BIPM Ionizing Radiation Program will be encouraged to expand its coordination role, to align with the research and development activities of the leading NMIs and DIs, and to adapt to meet the growing needs of NMIs, especially those with emerging capabilities. The relationship with the key stakeholders such as the IAEA and the ICRU will be strengthened and closer links with other international organizations, such as the ISO and the CTBTO, will be forged; the liaison with RMO Ionizing Radiation Technical Committees (TC-IRs) will be a key focus point.

[bookmark: _Toc237524677]Scientific, economic, and social challenges

The main drivers that influence the future strategy of the CCRI encompass the wide array of uses of ionizing radiation. A brief summary is given below, showing how ionizing radiation metrology is involved in the five “Metrology Grand Challenges” as well as in cross-cutting activities. Further information can be found in the bibliography. Implications for the CCRI strategy are highlighted.
[bookmark: _Toc237524678]Climate change and environment
Measurement of air pollution and source attribution of greenhouse gases in the atmosphere can be traced by surveying concomitant naturally-occurring radioactive gases such as radon. An improvement of metrological traceability of radioactive measurements to be able to measure the very low levels of these radionuclides in the troposphere is needed.  In addition, nuclear decommissioning has implications for the environment as well as for surrounding populations with the potential of releases into the surrounding air. The measurement of airborne radioactivity (gaseous or as aerosols) is being studied (e.g., the EU projects MetroERM and MetroPreparedness) and is also becoming increasingly important in supporting monitoring for the Comprehensive Test Ban Treaty.
Proper calibration of dose rate meters and TLD dosimeters for measurement and interpretation of dose rates in the environment, whether ambient or from contamination surveys in areas around incident sites (e.g., Chernobyl, Fukushima) is the task which may require development of task-specific techniques and methods (dose assessment and dose reconstruction). 
Naturally occurring radioactive materials (NORM)
Recent studies have shown that exposure to radon, considering the apparently increasing levels from construction materials and increased time spent indoors, and other naturally occurring radioactive materials may have been underestimated. Such concerns have been reflected in recent regulations in the EU, which have expanded the regulations surrounding environmental ionizing radiation (and hence the need for metrology) to cover workplaces that were previously exempt.
Climate change
There is increasing interest in applications of ionizing radiation metrology in the field of climate change science. In addition to their effect on human health, both ionizing and UV radiation have an impact on terrestrial ecosystems. When cosmic rays interact with Earth’s atmosphere, ozone is depleted, which increases exposure to solar ultraviolet radiation. Metrological data and measurement methods for these radiations are therefore also required to support environmental and climate sciences. 
Cosmic rays can also be used as a probe: for example, measurement of cosmic-ray neutrons can be used to assess soil moisture content, an important parameter for global climate modelling. This new method represents a complex metrological challenge; aiming to bridge the gap between point-scale humidity sensors and satellite remote sensing. 
[bookmark: _Toc237524679]Health and life sciences
External beam radiation therapy
Perhaps the clearest example of the benefits of ionizing radiation, and the most evident impact of its metrology, can be found in external beam radiation therapy. Effective cancer treatment relies on delivering a radiation dose that is sufficient to destroy tumor cells while minimizing the dose to surrounding healthy tissue (which could be fatal if critical organs are damaged). There is clinical evidence that the difference between under-treatment and over-treatment is about 2.5 % - in practice, this accuracy is difficult to achieve (primary standards can be realized with an accuracy of about 0.3-0.5 %). For this reason, the international validation and measurement traceability chain is very short – from the BIPM to the NMIs/DIs, then often straight to calibrated instruments in the hospital. 
The World Health Organization estimates that the number of new cases of cancer per year will increase by 70 % over the next 20 years. External beam therapy remains one of the major treatment methods; most irradiations are carried out using linear accelerators; there are more than 11000 accelerators worldwide and the Director General of the IAEA has stated that there remains a shortfall of 5000 such radiotherapy machines in the developing world. High-activity radionuclide sources (60Co) are still widely used (2200 units) and linear accelerators may not be a practical proposition for some settings.  The IAEA has also indicated that there is increasing interest in orthovoltage therapy, particle therapy and ultra-high dose-rate therapy (FLASH). 
The need to optimize the delivery of radiation to targets that are very well-defined, and often hypofractionated, is driving the development of new technologies for which the radiation field is “small” and the treated volume conforms closely to the tumor. Such beams present a challenge for accurate measurement of the radiation dose, leading to the development of small-field dosimetry. 
In addition to the reduction in field size, there is significant interest in UHDR (ultra-high dose rate) beams, where a standard radiation therapy dose is delivered in a single microsecond duration pulse. Radiobiological investigations suggest that such beams provide the same tumour-killing capability as conventional beams, while saving health tissue. Such high-intensity beams are challenging for reference dosimetry, relative dosimetry, beam monitoring and dose validation (audit), requiring activities on multiple fronts to ensure that clinical implementation can be safely and accurately achieved.
In the longer term, particle (hadron) therapy continues to show promise for more accurate delivery of ionizing radiation directly and solely to the tumor. There are approximately 50 such facilities in use worldwide with a further 22 planned for construction; the global market is predicted to reach 3 billion USD by 2025. Other treatment modalities are also being studied, such as the use of ultra-short high-dose rate pulses. To accelerate standards development for proton and hadron therapy, a working group has been formed under CCRI(I) to provide an engagement space to share experiences, expertise and technology to better position individual NMIs/DIs to meet their national metrology needs in this area.
Boron-capture neutron therapy has also been identified as a growing field in certain countries. This method will profit in future from potentially new sources for epithermal neutrons based on high power accelerators able to deliver high neutron fluence rates. The challenge to characterize these novel neutron fields will increase the demand for innovative neutron spectrometry instrumentation.  As a result of a webinar and outcome from the CCRI meeting in 2025, CCRI(III) decided to create a task group dedicated to the challenges in neutron metrology in the field of BNCT.
Brachytherapy
Brachytherapy (such as the use of small, sealed radioactive sources to treat cancer directly within the body) has been practiced since the early days of radioactivity when radium needles were used – it is one of the most effective methods to deliver high radiation doses directly to a tumor. The use of 60Co sources has expanded over the past few years, owing to a longer half-life and fewer source management issues. The era of electronic brachytherapy has already begun, with miniaturized x-ray sources instead of radioactive sources; these devices eliminate some of the risks associated with conventional brachytherapy (loss of sources, leakage of these “sealed” sources, accidents in transportation and radioactive waste handling) so there has been expansion in the use of the technique for cancers of the breast, skin, gastrointestinal tract, and other tissues. The IAEA expects use of brachytherapy to increase, in line with the predicted increase in the cancer burden in low- and middle-income countries (LMICs) in the coming decades.
Low dose rate (LDR) brachytherapy is often at the intersection of radiation therapy and surgery and accurate dosimetry for custom sources (e.g., sheet-type sources for lung and brain cancer, asymmetric (shielded) sources for prostate/gynecological cancers) is often very challenging. Although measurement standards cannot contribute significantly, measurement and simulation expertise at NMIs/DIs has direct relevance to the problem.
Nuclear Medicine
Nuclear medicine is expanding significantly, with developments in new cancer therapies (such as 223Ra), the growth in theranostics (radiopharmaceuticals used for both diagnostic imaging and therapy), the use of colloids as delivery mechanisms for radionuclides such as beta-particle emitters, and the early-stage developments in using Auger-emitting radionuclides for therapy. The worldwide market for nuclear medicine is predicted to grow from 9 billion USD in 2020 to 13 billion USD in 2024. 
The potential in this field has been recognized by research facilities such as CERN and TRIUMF where pre-clinical batches of radionuclides are now being produced. In parallel with this, accurate nuclear data are critical to underpin production of the radionuclides and support accurate patient dosimetry. A pan-European project (PRISMAP) has been launched to coordinate the production of medical isotopes.
Accurate patient dosimetry for nuclear medicine therapy is a complex task which includes determining the distribution of the radiopharmaceutical in the body. NMIs are working in partnership with hospitals and academia to quantify images from scanners (SPECT/PET) through the development of standardized phantoms containing accurate and traceable quantities of radionuclides, that can then be used to mimic the distribution in the human body to assess the performance of imaging systems used on patients. The quantified images enable a more accurate estimate of radiation dose from the therapeutic radiopharmaceutical to improve the safety and efficacy of the treatment. This field, which combines biology, dosimetry and radionuclide metrology, is at an early stage but quickly developing.
Diagnostic radiology
There was a 50 % increase in the number of diagnostic medical examinations from 2.4 billion per year to 3.6 billion per year over the period 1996-2008, a trend that is believed to be continuing. New diagnostic procedures have resulted in a significant increase in collective dose to the population; in some countries, the collective annual radiation dose from medical x rays now exceeds that from natural background radiation. It should be noted that dosimetry in radiology is subject to very high uncertainties at present. 
National regulations are often quite different from one country to another, in contrast to radiation therapy, where there is a good consensus on accuracy requirements, QA procedures, etc. This makes it more challenging to develop international guidelines for dosimetry in diagnostic radiology and develop comparison programs that are globally relevant.
Radiation sterilization and processing
The market for single-use disposable medical devices has undergone enormous growth in recent years, and this has driven the need for high dose-rate irradiation facilities to sterilize these products rapidly and cost-effectively. At least 12 million m3 of medical devices (including surgical blades, sutures, orthopedic implants, gloves, containers, eye droppers and perfusion sets), about 50 % of all devices produced, are sterilized using ionizing radiation each year. The key advantage of the technique is that it can be applied to the final packaged product, avoiding the need for an aseptic room to package devices after sterilization. 
Medical devices are subject to strict regulations; accurate dosimetry is essential as documented evidence that the process consistently results in a sterilized product. It is therefore a requirement that “Dosimetry used in the development, validation and routine control of the sterilization process shall have measurement traceability to national or International Standards and shall have a known level of uncertainty (ISO 11137-1).” The known dose measurement uncertainty is used to determine limits for an acceptable process. 
There are about 200 irradiation plants worldwide, more than half using very high-activity 60Co sources. High-energy accelerator-based facilities, both e-beam and x-ray, are being increasingly adopted, which require a measurement chain traceable to national standards but also, for comparability of delivery, relating back to the original 60Co calibrations. Novel radiation sources at low energies – in the range 80 keV to 250 keV, again both e-beam and x-ray – are being applied in the areas of food and pharmaceutical production, and present significant measurement challenges due to the low energy and limited penetration of the irradiated material.
Radiation protection
The international measurement system for dosimetry to support radiation protection is the cornerstone of all national regulatory systems designed to minimize the risks to the health of 22 million people worldwide who are potentially exposed to ionizing radiation in the workplace. These people are employed in commercial nuclear-power generation and decommissioning, in academic and government laboratories, food processing, industrial imaging and laboratories, weld-defect inspection, leak tracing, automobile-steel testing, mineral-deposits discovery, and as well as surgeons and other medical/dental personnel. It is worth emphasizing that these are significant potential risks to the workforce.
Developments in neutron dosimetry at NMIs include new detectors and spectrometry systems, as well as neutron calibration facilities, able to cover the very wide energy range of neutron fields in the workplace such as those needed for radiation protection at nuclear reactors and at high-energy accelerators. The new accelerators for hadron therapy, for example, produce high-energy secondary neutrons which produce an unwanted additional radiation dose risk for patients and operators. 
More recently, the rapid development of high-power laser facilities producing high energy radiation fields (such as those for lithography) presents a new challenge for radiation protection metrology. Determining reference values at these facilities for any type of ionizing radiation (especially neutrons) in a very intense and short single burst is not straightforward.
Ionizing radiation due to cosmic rays, too, has a non-negligible impact on the dose delivered to the population on earth and particularly to aircrew, with the neutron contribution dominating above 2000 m altitude. More recently, the displacement of the magnetic-field anomaly on the land surface of South America and the opening of sea and air routes at the level of the poles exposes certain populations to higher risks with regard to cosmic radiation. In addition, the development of space tourism and the proposed Mars exploration will expose people to high doses due to high-energy ions and their secondary particles (e.g., photons & neutrons) generated within the spacecraft walls, especially during solar events. Ionizing radiation metrology will therefore need to focus in the coming decades on high energy particles, especially ions and neutrons. 
The ICRU/ICRP Report No. 95 on operational quantities for external radiation exposure will not impact the realization of primary standards but will affect instrument manufacturers and other end-users. NMIs/DIs need to monitor the transition from current operational quantities to ICRU 95 quantities and be prepared to support users to avoid dosimetric errors. Evidence suggests that progress will be very inhomogeneous across the globe, making it difficult to co-ordinate efforts in this area. Engagement by CCRI with ICRU and ICRP together with ISO and further standadization bodies should help in addressing challenges.
There has been increased interest, in recent years, in the impact of low dose rate irradiations (e.g., Canadian Radiation Research Network, EURADOS) with a range of topics including the validity of the LNT (linear, no threshold) model for radiation risk, variability of response to radiation for different tissues, and individuals, and quantifying differences between in-vitro and in-vivo cellular response. Accurate measurements at milliGray dose levels and sub-millimetre field sizes will be necessary to support these types of radiobiological investigations.
The importance of radiation protection metrology has been recognized by EURAMET and a new European Metrology Network (EMN) is to be established in this field. The self-sustaining EMN will have a key role in outreach and in coordinating radiation protection metrology and will engage with other RMOs in this field. 
[bookmark: _Toc237524680]Food Safety
Food security depends partly on reliable storage capacity and food sanitation. Using ionizing radiation to treat a variety of food products to control pests, extend shelf life, and reduce spoilage and premature sprouting (particularly in areas with undependable refrigeration). Already approved and used in many countries (including India, China, the US, Australia, and South Africa, impacting more than 3 billion people) for a variety of edible products, food irradiation for sanitary purposes depends on well-controlled radiation dosage to obtain the desirable effect without affecting flavor, texture, or cooking behavior. Therefore, metrologically-sound dosimetry for high dose e-beam and source-based food irradiation facilities is critical not only for food safety but also to assure regulatory compliance as the technology expands to other economies. There is also a knowledge transfer challenge, as the irradiation plants tend to be located in LMICs (since the main products being irradiated are tropical fruit and spices). A co-ordinated response from the community can assist in ensuring best-practice dosimetry is performed at the point of use.
[bookmark: _Toc237524681]Energy
Next generation nuclear power
There is a strong interest in developing small, simple, nuclear power reactors (Small Modular Reactors) for electricity and heat production; one advantage of small reactors being the much lower capital investment needed.  The implications for metrology, while unclear at present, will undoubtedly affect NMI efforts in radiation dosimetry (for radiation protection), radionuclide metrology (for environmental impact) and for neutron measurements (radiation protection and material effects). A widespread network of distributed SMRs presents a new challenge for accurate monitoring, potentially overlapping with IoT (Internet of Things) concepts. 
Much of the research associated with fusion reactors is currently focused on radiation damage to materials. Neutron metrology needs in the sector are not yet well-defined. Test facilities with very high neutron yield and the corresponding instrumentation to characterize these high flux neutron fields need to be developed. The CCRI has the role to develop and calibrate the necessary measurement equipment for these extreme conditions. For ITER the fusion power will have to be determined from the neutron diagnostics, with a strong constraint on the uncertainty (expected to be not less than 10 %). The instrumentation will therefore have to be calibrated with an accuracy of a few percent; this will be difficult to achieve given the extreme temperatures and electromagnetic fields in which the instrumentation will be operated. As ITER and other facilities develop, addressing this challenge needs certainly to involve the metrology community. Nuclear decommissioning
The first-generation nuclear power stations and fuel reprocessing facilities, begun in the mid-1950s, are reaching the end of their useful working lives – by 2050, more than half of the world’s current nuclear power stations will have closed (about 200 nuclear power reactors built since the 1950s have already shut down and between 200 and 400 reactors are scheduled for decommissioning by 2040) while others are being constructed. Many of the nuclear sites constructed in the 1950s and 1960s must be decommissioned, while ensuring that the large quantities of potentially radioactive waste resulting are disposed of safely and cost-effectively. The cost of decommissioning the facilities is estimated to be in excess of 60 billion Euros for the Sellafield (UK) site alone; the global market is around 5 billion Euro/year with the cost of disposal of the radioactive waste a significant percentage of this figure.
An increasing amount of radioactive waste will also come from the dismantling of particle accelerators used in research and medical applications, due to the radioactivity induced by their high energy beams and secondary particles.
Radionuclide metrology has a large part to play in this process – this has been recognized, for example, in the EU, which is supporting scientific collaborations through the EMPIR and Horizon2020 programs. Accurate, reliable measurements enable the waste to be disposed of cost-effectively and safely; however, such measurements involve measuring the radioactivity content of diverse materials. These measurements will also have to be supported by accurate activation data requiring beta, gamma, and neutron measurements. The measurement of radioactivity on material surfaces may grow in importance for nuclear decommissioning based on two ISO standards (8769 and the 7503 series).   
[bookmark: _Toc237524682]Advanced manufacturing
Another recent manifestation has been the adoption of digital-signal processing techniques (‘list-mode data’) in radionuclide metrology in the last few years. Similar to the technology used in nuclear physics experiments, this has led to the development of a new IEC standard (IEC63047) to harmonize data formats, driven by the application of the technology by first responders in the event of a radiological incident such as a terrorist attack. 
The miniaturization of electronic devices (the evolution of CMOS technology) has made them more sensitive to ionizing radiation. The interaction of ionizing radiation with the device can result in data errors or degradation; neutron and alpha-particle radiations are particularly damaging, potentially leading to “single-event upsets.” New measurements and standards, such as for low-level alpha particle emissions, must be developed to evaluate the low ambient levels of these radiation environments, pushing the limits of detection beyond conventional measurements. 
[bookmark: _Toc237524683]Digital transformation
The impact of the digital revolution on metrology is expected to be significant in the coming decade; including increased internet connectivity of instrumentation, larger data volumes and the use of Machine Learning /Artificial Intelligence. This issue is a priority for CIPM with a long-term aim of establishing a framework that allows all aspects of the international measurement system (measurement results, uncertainties, traceability and provenance) to be accessed and interpreted digitally in line with FAIR data principles, enabling machine-to-machine communication and analysis. Near term aims include the adoption of Digital Calibration Certificates (DCCs), the establishment of digital identifiers for ionizing radiation service categories, and the initiation of algorithmic comparisons aimed at rigorously validating the trustworthiness of digital data analysis algorithms used for activity measurements. Monte Carlo radiation transport techniques are increasingly embedded in primary standards and are also finding increased use in applications (e.g., treatment planning systems in radiation therapy, dose optimization in radiation processing). This leads to increased demands on the algorithms, the user implementations, and the outputs, since calculations are now a significant fraction of the “measurement”. A CCRI(I) task group was formed in 2025 to look at algorithm validation, the concept of traceability in simulation, and to develop guidance on comprehensive uncertainty budgets.
The concept of digital twins has emerged over recent years, particularly in the use of digitalization to predict impacts and effects in advance of using ionizing radiation. This approach has been in use within ionizing radiation metrology since decades and modern radiation transport algorithms can model real-life situations in exquisite detail. The CCRI community continues to expand and develop digitalization tools to improve dose delivery in medical applications, advanced manufacturing, radiation protection, and risk assessment, and can offer extensive expertise to other areas of metrology on this subject.
This is therefore an area where CCRI will need to review our approach regularly and update the strategy accordingly.  To this end, the CCRI task group on digital transformation, established in the first half of 2023, will transition to a full working group in 2026. We are already seeing impacts in areas such as healthcare, where artificial intelligence algorithms are being used to enhance medical imaging; with other applications expected in the years to come.
[bookmark: _Toc237524684]New metrology
Mass spectrometry, an established metrological tool in chemistry and other areas, has only been incidentally used in radioactivity measurements for some time. However, improvements in the sensitivity and affordability of mass spectrometers have begun to expand the influence of these techniques in radionuclide metrology, leading to research needs in linking mass to activity. Such instruments are particularly useful for measuring long-lived species such as in the actinide series, for which mass spectrometry promises to allow measurements at levels significantly lower and more quickly than can be done by conventional means. The CCRI(II) has formed a new Task Group to support the increasing use of mass spectrometry in radionuclide measurement applications across areas including nuclear decommissioning, environmental monitoring, and nuclear forensics.
Low-temperature micro-calorimeters, such as metallic magnetic calorimeters (MMCs) and transition-edge sensors (TESs), offer a combination of high resolution, total energy absorption, and model-independent measurement capabilities that position them at the forefront of next-generation radionuclide metrology. By operating at millikelvin temperatures, these devices combine the functions of a spectrometer and a calorimeter, enabling measurements that are simultaneously high-resolution and absolute in terms of energy. Their unique characteristics open new avenues for both fundamental research and primary activity standardisation as decay energy spectrometry.
Innovation in advanced materials is reshaping ionizing radiation metrology, influencing both detection media and measurement methodologies. Cutting-edge materials platforms—including quantum dots (QDs), halide perovskites, metal–organic frameworks (MOFs), two-dimensional (2D) hybrids, and metamaterials—are emerging as transformative candidates for next-generation radiation detection. Halide perovskites bring together high‑Z elements and high light yields, delivering notable energy resolution in gamma‑ray spectroscopy. QDs feature size‑controlled emission and nanosecond‑scale decay, which are attractive for lightweight and flexible detector platforms. MOFs allow deliberate engineering of pore architecture and electronic structure, enabling selective detection of different radiation types. 2D materials exhibit pronounced excitonic effects and ultrafast charge transport, making them especially suitable for thin‑film scintillators. Metamaterials are artificially engineered structures with sub‑wavelength features, open new avenues for strengthening photon–matter interactions.
[bookmark: _Toc237524685]Other topics
Nuclear forensics
The IAEA defines nuclear forensics to be “the examination of nuclear and other radioactive materials using analytical techniques to determine the origin and history of this material in the context of law enforcement investigations or the assessment of nuclear security vulnerabilities”. It requires the highest levels of accuracy and traceability, as the information may be used in criminal prosecutions. The issue for radionuclide metrology is to provide the international measurement infrastructure to give confidence in measurements of the radionuclides of interest, including alpha-particle emitting isotopes.
In order to derive as much information as possible about suspect items in transport containers, increasingly sophisticated mixed-field interrogation systems (neutrons and gamma rays) are being developed. These introduce new requirements for measurement techniques and standards, including the appropriate and metrologically-robust sources of gamma rays and neutrons which can be easily transported and handled for field work while maintaining their traceability.
High dose irradiation
The largest industrial application of high-dose irradiation is modifying polymer properties for insulators, tires, tubing, adhesives and composites; other applications include wastewater treatment and synthesis of nanoparticles. These applications might have less strict regulatory requirements, but they also need precise and accurate measurements to ensure that the process is effective and efficient in delivering the desired effect.
Regulatory changes
High-activity sealed radioactive sources are a concern for nuclear safety and security agencies. Some countries are moving towards using the regulatory framework to encourage the use of such sources to be phased out, with limits on the allowable working life of sources. However, ionizing radiation metrology relies heavily on such sources for producing stable, well-characterized, beams for realizing primary standards in dosimetry and for checking the stability of transfer instruments in radionuclide metrology. The ionizing radiation metrology community will need to consider how best to respond to this challenge.
The availability of 252Cf radionuclide sources (used for calibrating neutron dosimeters) is also under threat; NMIs are investigating alternative techniques to produce a similar neutron spectrum.
Shipping radioactive materials for radionuclide and neutron measurement comparison exercises remains difficult; the World Nuclear Association quotes from a Euratom report that “multiple layers of regulations, lack of harmonization and over-regulation in transport authorities” are the main causes.  

Changes in the metrology community
At present, based on capabilities published in the Key Comparison Database, about 37 member states have active programs of work in radiation dosimetry and 29 in radionuclide metrology. For radiation dosimetry, this is augmented by the IAEA/WHO network of Secondary Standards Dosimetry Laboratories. 
There are about 15 NMIs/DIs working in the field of neutron metrology, with a steady program of investment in new facilities. The main difficulty is that neutron metrology requires large scale facilities such as experimental reactors and accelerators, especially for neutron energies above 20 MeV. Similar issues apply in other aspects of ionizing radiation metrology, as few institutes have access to proton therapy machines, medical imaging systems or mass spectrometers. As a result of a workshop coorganized by CCRI(III) together with the IAEA, CCRI(III) decided during their 2025 meeting to create a task group to prepare the first CCRI neutron comparison for high neutron energies above 20 MeV.
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As a mature field of science, the focus of the CCRI is on enhancing the impact of the work of its participating members on society, and on ensuring the science develops to meet future needs. The CCRI’s vision is:
A world in which the many benefits of ionizing radiation for healthcare, industry and technology can be realized by accurate, scientifically-rigorous, measurement, confident that the associated risks are constrained.







The mission of the CCRI is:To discuss, foster, enable and coordinate the development, comparison and promulgation of national measurement standards for ionizing radiation. We aim to enable all users of ionizing radiation to make measurements with confidence at an accuracy that is fit-for-purpose.








The mission of the BIPM Ionizing Radiation Department is:To support the CCRI in its mission, to promote the work of the international metrology community, and to provide services to NMIs and DIs that can be centralized in an efficient way. 








· 

[bookmark: _Toc237524687]Strategy

[bookmark: _Toc237524688]Aims of the strategy

In line with the CCRI’s vision, the 2030+ strategy aims for an inclusive international measurement system for ionizing radiation. The aims of the CCRI strategy are:
· To improve global comparability of measurements, by making comparison exercises more accessible and faster, increasing the scope to cover emerging requirements, reducing the need for long-term large-scale exercises, using a risk-based approach to deciding comparison exercises and optimizing the use of resources at NMIs/DIs and the BIPM.

· To build capabilities at smaller NMIs/DIs, by organizing knowledge transfer workshops and increasing secondments to the BIPM, working in partnership with NMIs/DIs and liaison organizations such as the IAEA.

· To progress the state of the art for issues identified by stakeholders of benefit to NMIs/DIs and the BIPM, through supporting the organization of targeted joint research projects.
· 
· To ensure emerging trends are identified, by being the premier forum for the discussion of ionizing radiation metrology and by proactively forming focused task groups and working groups to provide expert perspectives on measurement issues

· To expand the coverage of services supported by CMCs through the introduction of concepts such as comprehensive CMCs based on core quantities, to improve the expression of capabilities in an effective way with continuous improvement, that meets the needs of our stakeholder community.

· To coordinate the introduction of the SI Digital Framework in ionizing radiation metrology, including moving to digitalization of services (such as digital calibration certificates), making data from comparison exercises machine-readable and machine actionable, and providing support for NMIs/DIs. 



[bookmark: _Toc237524689]CCRI Strategic Roadmap – Drivers, Priorities and Actions

	Societal / Scientific Drivers
	Strategic Priority
	Key Actions (Short–Medium Term)
	Expected Impact

	Growing global cancer burden leading to the expansion of radiotherapy technologies
	Advanced metrology for medical applications
	• Develop standards for the dosimetry of radiotherapy beams at small length and time scales (e.g. for FLASH. SFRT)
• Advance the dosimetry of brachytherapy techniques to tighten the gap with the accuracies that are possible in external beam radiotherapy.
• Strengthen traceability for proton and hadron therapy 
• Improve radionuclide metrology for theranostics and targeted radionuclide therapy
• Develop traceable neutron metrology for BCNT
	Improved implementation of new therapeutic techniques, safer patient dosimetry, and global comparability of medical radiation measurements to enable faster and more reliable clinical trials.

	Expansion of nuclear medicine and medical imaging
	Quantitative imaging and radionuclide metrology
	• Improve measurement standards for emerging medical radionuclides 
• Develop traceable phantoms for quantitative medical imaging 
• Support accurate patient-specific dosimetry through the development of good practice guides, calibration services and comparison/audit programs
• Develop links between activity measurements and imaging systems
• Assess the metrological implications of AI-assisted quantitative medical imaging and patient-specific dosimetry.
	More effective personalized medicine, improved treatment efficacy and patient safety

	Environmental monitoring, climate science and radiation protection
	Radiation metrology for environment and society
	• Improve traceability for ultra-low-level radionuclide measurements 
• Develop techniques for environmental dose reconstruction 
• Support NMIs/DIs, regulators, equipment manufacturers and users in the transition to ICRU 95 operational quantities 
• Expand measurement capabilities for cosmic radiation exposure
• Support collaborative research activities in low-dose radiobiology to empower studies in cell and tissue response.
	Better environmental monitoring, improved radiation protection for workers and the public, further improved by the augmented understanding of radiobiological response and its incorporation in risk models of low dose radiation effects.


	Nuclear energy transition and decommissioning of legacy facilities
	Metrology for nuclear energy systems and lifecycle
	• Develop measurement techniques for radioactive waste characterization, including imaging methods.
• Improve radionuclide measurements in complex materials 
• Support metrology needs for fusion neutron diagnostics, radiation resistant materials and SMRs
	Safer and more cost-effective decommissioning, improved monitoring of nuclear installations

	Growth of radiation-based industrial processes
	Metrology for radiation processing and industry
	• Improve traceability for radiation sterilization and food irradiation 
• Develop dosimetry methods for accelerator-based irradiation facilities 
• Support best-practice dosimetry in LMIC industrial facilities.
• Accelerate the implementation of radiation simulation techniques to simplify dosimetry and increase efficiency of industrial processes.
	Improved food safety, reliable sterilization of medical devices, and efficient industrial radiation processes

	Digitalization of science and metrology
	Digital transformation of radiation metrology
	• Implement Digital Calibration Certificates (DCCs) as defined by the FORUM-MD 
• Develop frameworks for validation of algorithms and Monte Carlo simulations 
• Establish interoperable digital measurement data formats for improved validation and re-use of measurement data
• Review the use of artificial intelligence algorithms in diagnostic imaging and treatment planning and the implications for metrology.
	Improved data traceability, automation, and global interoperability of measurement systems

	Emerging detector technologies and advanced materials
	Next-generation radiation measurement technologies
	• Develop standards using cryogenic microcalorimeters 
• Explore advanced detector materials (halide perovskites, quantum dots, metal–organic frameworks etc.) 
• Integrate mass spectrometry in radionuclide metrology; provide expert guidance on implementation strategies to maximize impact.
• New detector technologies in dosimetry and neutron detection/spectrometry
	Improved sensitivity and energy resolution; new model-independent primary measurement techniques; expanded measurement capabilities across diverse radiation types; faster and lower-level measurements for long-lived radionuclides

	Nuclear security and global safety challenges
	Metrology for nuclear security and forensic science
	• Develop measurement standards for nuclear forensic analysis 
• Improve the accuracy and efficiency of traceable, portable neutron and gamma interrogation systems
	Strengthened nuclear security and law-enforcement capabilities

	Global need for reliable measurement infrastructure – facilities and equipment
	Providing the necessary ionizing radiation facilities for development and comparison of standards
	• Maintain the current suite of high-quality comparison/calibration services provided by the BIPM to CCRI members to ensure the efficient demonstration of metrological capability and support CMC claims
• Improve access to radiation facilities critical for CCRI activities, including large-scale facilities, e.g., for high-energy neutron fields, proton/hadron therapy
• Investigate alternatives to high-activity calibration sources
• Expand the international reference system for radionuclide metrology (SIR) beyond gamma-ray emitters to include beta-particle and alpha-particle emitting radionuclides.  
• Develop RMO SIRTIs to increase comparisons for radionuclides critical to nuclear medicine and expand participation beyond CCRI(II) members (e.g., institutes without direct BIPM service access but eligible for RMO comparisons) and enhance the resilience and continuity of access to international traceability in situations where travel or other access restrictions disrupt conventional comparison services.

	NMIs at all stages of development have reliable and resilient access to specialized radiation facilities and comparison services, enabling them to develop, maintain, and strengthen their capabilities.

	Global need for reliable measurement infrastructure - administration
	Strengthening the international metrology system
	• Co-ordinate use of the existing, valued BIPM comparison and calibration services to optimize interlaboratory comparison exercises.   
• Increase representation of international organizations on the CCRI, including the ISO and the CTBTO. 
•.Improve cooperation between CCRI and RMOs through expanded ToR of the CCRI RMO WG	Comment by Massimo Pinto: Presumably this means two-way information, with RMOs informing the CCRI on activities that may have impact beyond their own region. To be explicitly included as part of the RMO communications?
• Optimize the engagement of the ionizing radiation community in the development of international standards such as ISO.  
• Continue to update guidance on the interpretation of CMCs whilst maintaining backward compatibility. 
• Maintain and expand the coverage of the Measurement Methods Matrix for radionuclide metrology. 
• Identify the extent to which comparisons in radiation dosimetry can support the use of the CIPM MRA logo on calibration certificates.
• Encourage the inclusion, where appropriate, of the measurement and evaluation of nuclear decay data in comparison exercises.
	Sustainable and robust global measurement infrastructure

	Developing a pipeline for the next generation of ionizing radiation metrologists
	Professional recognition of IR metrology as a career path; expanded understanding of metrological concepts
	• Coordinate capacity-building and knowledge-transfer activities with the IAEA and the RMOs
• Expand training and mentoring support for comparison pilots and CMC reviewers.
• Sustain and promote the work of the CCRI to a wider audience, by organizing regular scientific webinars and increasing social media presence.
• Support CIPM and IAEA initiatives towards recognition of metrology as a scientific profession.
	CCRI’s profile as the premier forum for IR metrology is raised; pathways are developed to ensure future scientists can enter the field and succeed


	
	


[bookmark: _Toc237524690]Recommendations for the BIPM Work Program 
The CCRI roadmap defines the strategic priorities and key measurement needs for the global ionizing radiation community. Based on these priorities, the CCRI recommends specific actions for the BIPM to implement in order to maintain and enhance its leadership in ionizing radiation metrology. These recommendations include maintaining world-class dosimetry and photon facilities, expanding the radionuclide metrology comparisons, supporting the development of digital measurement systems, providing knowledge-transfer and strengthening international collaboration. 
	CCRI Strategic Priority & Description
	BIPM Actions Recommended

	Advanced metrology for medical applications

	• Maintain the highest-performing x-ray and photon facilities at BIPM, expanding to a few additional energies
• Continue use of a Linac at an off-site facility for high-energy photons and (mid/long-term) electrons
• Expand brachytherapy comparisons to I-125 LDR
• Support the development of proton/hadron therapy comparisons

	Quantitative imaging and radionuclide metrology
	• Contribute to fundamental nuclear data measurements and evaluations for critical radioisotopes

	Radiation metrology for environment and society
	• Expand radionuclide comparison services to isotopes relevant for environmental measurements

	Metrology for nuclear energy systems and lifecycle
	•  Expand SIR/SIRTI comparison services to cover fission and activation products relevant to SMR environmental impact assessments
• Extend ESIR services for pure β-emitting and electron-capture radionuclides (³H, ¹⁴C, ⁹⁰Sr, ⁹⁹Tc, ⁵⁵Fe) critical to decommissioning waste measurements.
• Develop ESIR capabilities for α-emitting isotopes (²⁴¹Am, ²³⁹Pu) relevant to long-term waste disposal and nuclear forensics


	Digital transformation of radiation metrology
	• Develop digital acquisition electronics and validate data processing methods
• Develop digital measurement models and reference data
• Develop partnerships with NMIs for advancement in digital electronics and algorithm/code comparisons and assessment of AI-based methods relevant to ionizing radiation metrology.

	Strengthening the international metrology system

	• Strengthen collaboration with IAEA for reference material comparisons
• Develop strategic partnership with strategic high energy facilities to support high energy neutron metrology and proton/hadron therapy dosimetry
• support RMO SIRTI developments
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[bookmark: _Toc237524692]General information
CCRI			 	Consultative Committee for Ionizing Radiation
Date established:	1959 as the Comité Consultatif pour les Étalons de Mesure de Rayonnement (CCEMRI), renamed CCRI in 1997
CC President: 			Dr JT Janssen (NPL)
CC Executive Secretary: 	Dr Vincent Gressier (BIPM)
Number of CC Members:	16 (plus 14 official observers and 4 liaison organizations)
Meetings:			Every 2 years
Structure:

[image: ]

The CCRI has three objectives (CIPM-D-01-CC):
· To progress the state-of-the-art by providing a global forum for NMIs to exchange information about the state-of-the-art and best practices,
· To define new possibilities for metrology to have impact on global measurement challenges by facilitating dialogue between the NMIs and new and established stakeholders, and
· To demonstrate and improve the global comparability of measurements. Particularly by working with the RMOs in the context of the CIPM MRA to plan, execute and monitor KCs, and to support the process of CMC review.


The CCRI’s responsibilities are:
· to advise the CIPM on all scientific matters that influence ionizing radiation metrology, including the work of the Ionizing Radiation Department at the BIPM; 
· to establish global compatibility of measurements through promoting traceability to national standards for radiation dosimetry, radioactivity and neutron metrology;
· to contribute to the establishment of a globally-recognized system of national measurement standards, methods and facilities; 
· to contribute to the implementation and maintenance of the CIPM MRA; 
· to review and advise the CIPM on the BIPM Ionizing Radiation Department’s measurements services;
· to act as a forum for the exchange of information about the activities of the CC members and observers; and
· to create opportunities for collaboration.






[bookmark: _Toc237524693]List of key and supplementary comparisons and pilot studies
The BIPM offers on-demand comparison services (subject to availability) – these are listed below. The CCRI and RMOs also organize large-scale comparisons, these are listed on the KCDB.
	Comparison
	Description
	Pilot (Coordinating) Laboratory
	Status

	BIPM.RI(I)-K1
	Measurement of air kerma for 60Co
	BIPM
	On-going

	BIPM.RI(I)-K2
	Measurement of air kerma for low energy x-rays
	BIPM
	On-going

	BIPM.RI(I)-K3
	Measurement of air kerma for medium energy x-rays
	BIPM
	On-going

	BIPM.RI(I)-K4
	Measurement of absorbed dose to water for 60Co
	BIPM
	On-going

	BIPM.RI(I)-K5
	Measurement of air kerma for 137Cs
	BIPM
	On-going

	BIPM.RI(I)-K6
	Measurement of absorbed dose to water for high energy photon beams
	BIPM
	On-going

	BIPM.RI(I)-K7
	Measurement of air kerma in mammography beams
	BIPM
	On-going

	BIPM.RI(I)-K8
	Measurement of reference air kerma rate for 192Ir brachytherapy
	BIPM
	On-going

	BIPM.RI(I)-K9
	Measurement of absorbed dose to water for medium energy x-rays
	BIPM
	On-going

	BIPM.RI(II)-K1
	Measurement of long-lived gamma-ray emitting radionuclides (SIR)
	BIPM
	On-going

	BIPM.RI(II)-K4
	Measurement of short-lived gamma-ray emitting radionuclides (SIRTI)
	BIPM
	On-going

	BIPM.RI(II)-K5 
	Measurement of long-lived beta-particle emitting radionuclides (ESIR)
	BIPM
	Starting 12/2024



Number of comparisons
By March 2026, a total of 291 comparisons across the three branches of ionizing radiation metrology were listed in the KCDB consisting of 209 Key Comparisons and 82 Supplementary Comparisons. However, these figures do not represent the total number of comparisons performed. Ionizing radiation comparisons organized by the BIPM are carried out continuously under the same identifiers (K1 to K9 in dosimetry, and K1, K4, and K5 in radionuclide metrology). Over the past ten years alone, 184 such comparisons have been conducted.
The details of the individual comparisons can be viewed on the KCDB.
[bookmark: _Toc237524694]Document revision schedule

	Document
	Type of revision
	Date of revision

	CCRI Strategy Document 2018-28
	First version
	

	CCRI Strategy Document 2018-28
	2nd Edition
	29 August 2021

	CCRI Strategy Document 2030+
	3rd Edition
	15 December 2023

	CCRI Strategy Document 2030+
	4th Edition
	15 July 2026
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