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1. Project title and project objectives

CALL: HORIZON-INFRA-2023-TECH-01
TOPIC: HORIZON-INFRA-2023-TECH-01-01
PROJECT: Innovate for Sustainable Accelerator Systems (iSAS) 
PROJECT: development novel energy-saving technologies to accelerate particles
Name and email address of the operational project coordinator:  
· J. D’Hondt (NIKHEF) Jorgen.DHondt@nikhef.nl, 
· A. Stocchi (CNRS-IJCLab) stocchi@ijclab.in2p3.fr


HIGHLIGHTS:
➢ Summarize most relevant parts of the context: 
Particle accelerators are exceptional tools for both fundamental and applied research (imaging, health, security, industry). Yet they are complex instruments and suffer from a high energy bill. The project aims at lowering the energy consumption of accelerator-driven research infrastructures.
 
➢ Highlight policy recommendations: 
Most accelerator-driven research infrastructures use superconducting radiofrequency accelerating systems, which is one of the 2 main sources of energy consumption of the accelerators. Developing technologies to minimize their energy consumption while maintaining performances is essential for future accelerators.  

➢ Recapitulate key findings of research, leading with striking facts: 
The R&D targets the technologies that have been identified as being a common core of superconducting radiofrequency accelerating systems and that have the largest leverage for energy savings in order to minimize the intrinsic energy consumption.


➢ Reiterate key potential impacts of recommendations: 
Energy-efficient technologies of the building block of superconducting radiofrequency accelerators can dramatically reduce the energy consumption of these large-scale infrastructures. If efficiently developed and combined together, they could lower the energy bills of accelerators by a factor of 2.  

2. Policy implications and recommendations 
We provide brief feedback on the relevance and contribution of the project to the policy areas listed below for research infrastructures in Europe.  

1. Implementation of research infrastructures. Please highlight key results of the project, if any, which contributed to the implementation of the research infrastructure, bringing them closer to operation. What are the key remaining bottlenecks to implementation that still need to be addressed? Do you have recommendations on EU support to the implementation of research infrastructures? 
· N/A

2. Access to research infrastructures. Please highlight key results of the project, if any, which (will) contribute to broader and effective access to research infrastructures. Please explain how they will improve access. What will be the impact after the end of the project? Do you have recommendations for further impact? 
· N/A

3. Funding of research infrastructures. Please highlight key results of the project, if any, which (will) contribute to develop/improve the funding model of the research infrastructures. Please explain how. Do you have recommendations for further impact?
· Upgrading existing facilities with technologies developed in ISAS (FE-FRT, 4.5 K operation) could lead to an estimated reduction in the operating costs of SRF accelerators on the order of 50%. This would free up significant budget that could be used by RIs to self-finance. Moreover, success in developing the above-mentioned technologies would encourage industries in the sector to invest in pursuing higher TRLs.

4. International co-operation of research infrastructures. Please highlight key results of the project, if any, which were established in cooperation with third countries. Similarly, highlight key results that (will) facilitate international cooperation. Please explain how and what will be the impact after the end of the project. Will the cooperation help to address important global challenges like health, climate change, digitalization, and open access of data? Please explain.
· During the first 18 months of iSAS, development of thin films on Cu technologies for accelerating cavities was done in collaboration with partners from the EU program I-FAST.  The success of the technologies developed by iSAS will attract new partners (both within and outside the EU).  The new technologies can be implemented in new accelerators or retrofit existing ones, reducing the environmental impact of particle accelerators worldwide. 

5. Employment and skills in research infrastructures. Please highlight key results of the project, if any, that (will) facilitate recruitment, improve staff conditions, improve capacity building or increase skills. Please explain how and what will be the impact after the end of the project. Do you have recommendations for further impact?
· More scientific expertise is developed by iSAS via the different R&D actions. Specifically, the topics of ferro-electric fast reactive tuners (FE-FRT) and Nb3Sn on Cu thin films have emerged recently in the domain of accelerators: expertise is being built in different labs within permanent and non-permanent staff. This specific expertise will be a precious asset for the future recruitment of non-permanent experts on the topic within Europe. 

6. Greening of research infrastructures. Please highlight key results of the project, if any, which (will) contribute to the greening of research infrastructures, including by means of digitalization, and at which level (upgrade, operation, access, other). Please explain. Do you have recommendations?
· All technologies developed aim to operate accelerators with reduced energy consumption. Existing accelerators can benefit from reduced energy consumption, if retrofitted with FE-FRT as well as with the digital RF control system with AI-optimization. The parametric cryomodule design under development can impact the energy bill of RIs such as the upgrade of ESS or the 800 MHz section of FCC-ee. This cryomodule, such as other energy-saving technologies, will be tested at PERLE which is the test infrastructure to measure the energy saving impact. The development of the future FCC-ee cryomodule will benefit from all the innovations developed in iSAS, as well as from studies conducted on the parametric cryomodule.

7. Interaction of research infrastructures with industry. Please highlight key results of the project, if any, which were established in cooperation with industry or (will) contribute to new/further cooperation with industry. Please explain how (e.g., by providing services to industry, by supporting SMEs in technology development or in the uptake of innovative solutions, …). What will be the impact after the end of the project? Do you have recommendations?
· An Industry Board (IB) has been established composed by WP leaders, representatives of associate companies and of Technology Transfer (TT) offices at RIs. The aim of the IB will be to advise the project management on how to achieve the highest TRL in each individual R&D area. The final goal is then to directly involve companies in future EU projects with an active role in bringing the technologies developed in iSAS into industrialization.


8. ERIC legal framework. Please highlight key results of the project, if any, which are directly related to, or are affected by, this legal framework. Please explain if you have encountered any issues with the ERIC legal framework in this context.
· N/A

9. Technology development, data and digital services, digitalization. Please highlight key results of the project, if any, which will significantly impact the research infrastructures on any of these aspects. Please explain. What will be the impact after the end of the project e.g., on trends and policy development in your technical sector.
· Within iSAS, the focus is on SRF-related systems identified to have the biggest leverage for energy-savings both in the short and long term.  We can identify at least five technological developments that may have a significant impact on particle accelerator-based research infrastructures: FE-FRT, RF chain, 4K SRF cavities, High current HOM coupler and ERL cryomodules. Specifically, iSAS will develop technologies and integrated solutions that together aim to reduce the power consumption of the SRF system by roughly 50%. The design of the new sustainable LINAC cryomodule will also be capable of supporting high-power ERL operation. The results could impact retrofits and/or upgrade designs for HL-LHC, ESS and EuXFEL for which iSAS will develop technical solutions. In the long-term, all the iSAS developments are essential for frontier accelerators in the European Strategy for Particle Physics. At the same time, the results are sufficiently generic to be transferable to most future CW/long-pulse SRF facilities, including compact accelerators being considered for industrial, medical, environmental or security applications. The iSAS outcomes are expected to help reshape what is feasible in the future CW SRF accelerator landscape.

10. Level of connection of your RI to EOSC. Please highlight key results of the project, if any, which (will) contribute to making your data FAIR, to making FAIR datasets and/or digital services accessible through the EOSC Marketplace. If relevant, outline how the project will promote the contribution of research infrastructures to EOSC implementation policies and the added value of EOSC to your activities. Do you have recommendations?
· No actions at present. Actions will be taken according to the grant agreement with the update of the data management plan.

11. Contribution to other research areas and to broader EU priorities. Please highlight key results, if any, which contribute, to addressing Horizon Europe thematic cluster challenges, missions, partnerships, other EU policy priorities. Please explain how. Is there an established cooperation stream with the relevant initiative (cluster projects, missions, partnerships)? Please explain. Do you have recommendations for further impact?
· The range of applications where this technology can be applied, beyond particle physics, nuclear physics, and light sources, is very broad. Superconducting RF accelerators are also used for medical applications, radioisotopes production, bioscience, nuclear fusion studies (energy), materials science, ultra-fast electron microscopy, photolithography, very compact systems for the food industry, cross linking, wastewater and sludge treatments, medical sterilization without 60Co.

12. Sustainability of research infrastructures. Please highlight key results, if any, which in your view, contribute to the overall sustainability of research infrastructures, notably those involved in the project, and of their access offer and services. Please explain. What are the key issues related to sustainability that are of concern to your research infrastructure? Do you have recommendations for further EU support?
· Regarding sustainability of particle accelerators, a key issue is the energy consumption required for operation. All the technologies developed within iSAS (FE-FRT, LLRF, thin films on Cu and couplers) focus on reducing the energy consumption of a core sub-system of accelerators, SRF cavities, specifically RF and cryogenics. More globally, sustainability is further pursued within the iSAS integration activities via energy recovery of the beam (ERL), the characterization of the technologies on a dedicated test infrastructure (PERLE) as well as the production of the design of a common sustainable cryomodule. 
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