12-13 September 2024

iSAS WP5 - In presence meeting at ESS
This document is a summary of the in-presence meeting done at ESS in the framework of the iSAS project, work package 5. 
The 12th of September was dedicated to the discussion and updates of key points for the WP5. The main goal of the WP 5 is to define sustainable criteria for LINAC cryomodule design starting from the lesson learned in ESS. Focus was put in the tasks 5.2 and 5.3 object of the collaboration between CERN and ESS.
Task 5.2, is composed by 3 points:
1. Compile the lesson learned form the ESS CM testing activities, technical commissioning and initial operation (ESS). Due date (M24 Feb-2026).
During the meeting it was discussed how to organize this technical review. Initially, Nuno will create a report with the structure and the main point to address as lesson learned. 
Some points were also addressed during the in-person discussion:
· The lessons learned can come from any point of the CM lifecycle: design, test, commissioning and operation
· Differences in the measure values of the CM in the test stand compared to the CM in the tunnel
· Different mechanical interfaces in the test stand and in the tunnel: in terms of cryogenic distribution lines, vacuum pumping groups, etc
· How repeatable is the procedure of preparing a cryomodule for testing
· How repeatable are the results obtained
· What are the cryomodule design guidelines to promote maintenance in the machine tunnel
· Pumping groups in the tunnel – requirements in nominal operation (at warm and at cold) and in case of helium leaks
· Results about the test on the contamination induced by opening/closing gate valves
· Lessons learned from installation process (Henry’s presentation TTC workshop)
· Criticalities connected to the coupler windows cracking – what is the peak power limit for the use of double ceramic windows (more reliable), definition of  a procedure for the substitution of the ceramic window in the tunnel and technical specifications for local cleanrooms (experience from ESS and SNS), design of devices for detection of cracked windows, address the problem of frequent faults in the ceramic window brazing region
· Design of the connection of the 2K supply line from the HEX to the JT valve – length, supports for the flexible pipe, design of the HEX done for ideal conditions, but the outlet temperature of the vapor from the 2-phase is influenced by the heat loads of the burst disks, assembly and space constraints
· Criticalities connected to the cold tuner – coating of the gears and issues in the spoke cavities, motor cannot be moved at warm. Anyways, warm tuner has its own issues with hysteresis, need of compensating longitudinal contraction, interface with the insulation vacuum to avoid leaks but permit movement, heat loads. Cold tuner is still the preferrable choice, but it requires access in the cryomodule. With the cold tuner access hatches are fundamental otherwise the motor needs to be removed from the linac. 
· Differences in the coupler behavior during the conditioning in the test stand and in the tunnel
· Reliability of Swagelok connection inside the vacuum vessel
2. Benchmarking with projects in the implementation phase (CERN). Due date (M24 Feb-2026).
3. Develop a roadmap to develop a new sustainable cryomodule design (ESS and CERN). Due date (M36 Feb-2027).  The design roadmap will focus on machines for protons/electrons accelerators, both linear and circular (so as to cover as well the HOM requirements), focusing only on the high-beta elliptical cryomodules. In the iSAS proposal sustainability is mostly expressed in terms of energy savings so the guideline for the cryomodule design will focus on the minimization of the operational costs: energy consumption, operational temperature, heat loads, accessibility and maintainability, machine availability. 
Some topics for the roadmap:
· Aspects to consider when decide on the machine layout (continuous vs segmented)
· heat loads, 
· cryogenic lines, 
· choices of magnets (superconducting or at ambient temperature with all connected consequences for level of cleanliness, option of dry quadrupoles around the beam pipes, heat loads, cooling of current leads, alignment requirements),
·  instruments for beam diagnostics at ambient temperature and number of measuring points,  
· number of valves and service modules,
· Efficiency in the use of the accelerating length,
· Assembly and transport limits to be accounted in the definition of the longest possible string of cavities for the segmented configuration,
· Contamination and maintenance.
· Implications on the cryogenic circuit and valve box to allow the warm-up of a single cryomodule for maintenance (HP auxiliary line in the tunnel, parallel l to the CDS)
Task 5.3, comprises the following two points:
1. Integrate findings from other iSAS WPs into a generic CM design (ESS and CERN). Due date (M48 Feb-2028).
It is foreseen, at the end of the first year to do a survey across the other WPs to understand their main findings. WP1 for the tuning aspects; WP3 for the cavity treatments and operational temperature – already at this stage it can be stated that the design of the helium tank should be compatible with the operation in superfluid helium and boiling regime; WP4 for HOMs and FPC cooling 
2. Explore the sustainability criteria for the design
Part of the WP5, task 5.4 focuses on beam dynamics for ERL-based accelerators with energy-efficient cryomodules. This task was not discussed in detail, but it would be interesting to understand, in terms of beam dynamics, if it is possible to quantify and reduce the beam losses and connected heat loads. Currently, it is often considered 1W/m as standard value for beam losses, which is not a negligible value. It would be good to verify this number, characterize the beam parameter having an impact and, if possible, improve them (optics, steering, etc.). 
 The 13th of September was dedicated to a meeting with representative from WP4 and WP6 to discuss the interfaces between the different WPs and organize the future work. Here below a list of the main points discussed:
· ESS cryomodule available for PERLE is complete, contains all the couplers with the DWT. The inner conductor from SPL will be supplied by CERN, providing that the maximum power stays 50 kW (CW), the SPL inner conductor will have to be retested in case this value increases. SPL was tested for 1MWof peak power with 7% duty cycle – 70 kW of average power. 
The outer conductor can be the ESS DWT, instead of the SPL one for two main reasons:
· SPL double wall heat exchange performances were never tested
· If the outer conductor stays unchanged there is no need to manufacture the cuffs to connect the SPL outer conductor to the warm flange
· Need to design HOM and BLAs and the cooling strategy, integrate them in the ESS cryomodule design in correspondence of the access hatches to allow maintenance
· Need to design a specific magnetic shield given the high Q0 of the cavities
· In the following weeks it will be placed the order for the Nb booster cavities, that are needed earlier
· Single-cell Nb cavity will be used for the process of treatment and coating to finalize the recipe
· In progress the adaptation of the vertical cryostat for testing the single-cell cavity
· Need to procure the FPC for the booster as well
· It will be performed a quality check of the ESS cryomodule in case there are some damaged parts (example MLI)
· Compared to the actual design the cryogenic lines need to be adapted given the different power level and the losses from HOMs and BLAs
· Need of changing the interface of the ESS test stand since
· The ESS prototype cryomodule used for PERLE has a different interface than the series (many more sensors) thus is not compatible with the current interface of the test stand
· The location and types of sensors required for PERLE cryomodule has still to be defined 
· Different RF frequency compared to ESS cryomodules: 801.6 MHz instead of 704 MHz
Before closing the meeting it was defined the profile and ideal starting date for an engineer to be hired in ESS for two years to work on WP5 and WP6. 

 



