FETS progress report May 2014
1 Overview / Executive summary
Good progress has been made in all work packages since the last OsC meeting in December 2013. Significant progress has been made on the infrastructure issues (shielding, RF distribution, cabling, interlocks, water) and the expectation that all infrastructure is ready before the end of 2014 still holds. The work on the ion source and LEBT continued with an emphasis on ensuring that the ion source works reliably for the RFQ and MEBT commissioning expected to start at the end of 2014. The issues of misalignment of the FETS LEBT have been identified experimentally and mostly corrected with a few minor details still to be solved before the installation of the RFQ. While the first section of the RFQ delivered to RAL showed initially very good results a further more detailed inspection has made a serious machining error visible. The cause of the deviation has been investigated in collaboration with the company and a solution has been identified. The final machining of the sections 2-4 has been restarted with a solution to correct the wrongly machined first section. The RF coupler design is well under way and all other auxiliary components for the RFQ have been manufactured.  RFQ tests will start in autumn with RF conditioning following before Christmas 2014 and full RFQ commissioning with beam is expected early 2015. The magnetic quadrupoles for the (first part of the) MEBT are on order with delivery of the magnets in autumn 2014. The detailed engineering drawings for most of the MEBT components are ether available or in production and most of the components will be manufactured and delivered in 2014. The use of the STFC Technology Department (TD) for detailing various parts of the MEBT has been of great help and did significantly speed up the transition from the physics design to manufacturing. A high power test of the RF system was expected early 2014 but delayed due to work required on the R8 infrastructure. This work has just been finished and the test will be now due this summer. Practically all parts for the RF distribution have been delivered as well as the RF amplifiers for the bunching cavities. The amplifiers will be tested together with the Klystron in summer with RF power available at the experiment towards the end of 2014. The components for the conventional beam diagnostics in the MEBT are ether built or in the procurement process. A test rig for the BPMs has been built and tested at RHUL. The work on the laser based particle beam diagnostic is now on track. The collaboration with CERN is very helpful for various aspects of FETS, especially the first measurements of a beam emittance using a laser detachment system on LINAC4, with major contributions from FETS staff and equipment, is a great success. 
As mentioned in the last report and at the OsC meeting in December the FETS collaboration will, until the end of the funding period in March 2015, only be able to commission the RFQ and build the MEBT to test the chopper system, but not the laser diagnostics section nor any commissioning and performance evaluation of the MEBT, chopper and laser diagnostics. This estimate from last December seems now to be quite realistic. The collaboration is in the process of writing a proposal for a continuation of FETS for 12 months to allow for rigorous testing of the beam chopper and the laser based ion beam diagnostic. This will also bring the FETS funding period in alignment with other proton accelerator based activities and the expected request of the "Proton Accelerator Alliance" for funding.  As mentioned previously the grant application will ask for a slightly reduced staff funding and the required funding for capital/resources is expected not to exceed £100 k.
2 Technical Progress
For the following technical progress report the collaboration agreed, for the sake of compactness, to report mainly on the work performed since the last OsC meeting where possible. 
Ion Source and LEBT 
The main aim of the work in the last 6 months was to further increase reliability in preparation for RFQ commissioning. 
A system has been implemented that allows the control system on the 65 kV platform to be restarted remotely, this replaces a mechanical system that will not be possible to use when the main concrete shielding is installed.
Two new caesium transport heater controllers have been developed that are more robust to high voltage breakdown. The first design, Fig. 1 (left) uses commercial output stages to drive the heaters. Spark gaps and surge arrestors are used to protect the electronics. The second design is very simple: it uses variable transformers (Variacs) to drive the heaters. The second design is extremely robust and has not yet failed, despite repeated high voltage breakdowns.






Figure 1: The two new caesium transport heater controllers made more robust to high voltage breakdowns, the first based on more rugged electronics (left) and the second (right) based on two Variacs.
The new 25 kV extraction power supply has been fully tested at full repetition rate and duty cycle. Transport studies have demonstrated that optimum beam transport is achieved for a 21 kV extraction voltage. The post extraction gap that accelerates the beam to 65 keV has been optimised to 9 mm. This provides the best beam transport with the fewest high voltage breakdowns.
Larger cross section cables have been added to allow the final solenoid to run at full current. LEBT studies have been performed to find the optimum settings for transport to the RFQ. A 75 mA beam produced at the source can be transported through the LEBT to a 60 mA beam at the entrance to the RFQ.
The FETS ion source and LEBT are now capable of reliably delivering beam for RFQ commissioning.
Research and Development
The present FETS source can deliver the 60 mA 2 ms, 50 Hz beam requirements, but not simultaneously. At 50 Hz there is still too much beam current droop in a 2 ms long pulse. Work is underway to develop a source that can deliver the full beam requirements simultaneously. The vessel for extraction and source plasma analyses (VESPA) test stand is almost complete.









Figure 2: The VESPA test stand (left) and the VESPA vessel undergoing vacuum testing (right).
Fig. 2 (left) shows the completed VESPA high voltage platform and enclosure. The VESPA vacuum vessel Fig. 2 (right) has been successfully vacuum tested. The support stand for the vessel will arrive in the next few weeks. First plasma is planned shortly after the stand arrives. First beam is planned for late summer 2014. The first measurements will revolutionise our understanding of basic source parameters. Extraction studies will allow us to discover the maximum beam that can actually be extracted from the source. 
Engineering resource has been allocated to start the design of a scaled source in summer 2014.

RFQ
Early results from RAL metrology see figure 3) in January 2014 indicated that the RFQ vane modulations and external datums were machined to high accuracy. During inspection of the assembly as a whole a manufacturing problem was found. The gap between the vane tips was too large and, following closer inspection, it was found that the vane tips were effectively 0.13mm too low with respect to their external datums. The minor vanes could have been simply brought together by this amount to achieve the designed separation but this was not possible for the major vanes. 
Deeper investigations were required to understand what had gone wrong, how to prevent it happening in the future and how to overcome it for RFQ section 1. An additional discovery from RAL metrology allowed us to understand what had happened. This discovery was that the vane modulations were 1.3mm too far downstream. This information had come to light in very early investigations in January but was rejected as not possible or as a peculiarity of the CMM software. This conclusion was reached due to the high accuracy of many of the measured features that was inconsistent with an error of 1.3mm. Nevertheless, it was shown that the 1.3mm error was indeed present. The manufacturer was asked to investigate and, in parallel with our own investigations, an answer was found. In brief, when machining a surface using a ball nose cutter on machine with a rotatable head, there is a choice of tool datum system: either a ball-centred datum or a ball-surface datum. During the combined CAM tool-path assignment and head movement the cutter datum was incorrectly reassigned. Simple trigonometry validated that this conflict would produce a machined surface of correct form but 0.13mm too low and 1.3mm too far downstream. The manufacturer was asked to produce a test-piece that confirmed the findings. RAL metrology were then asked to make a relative inspection of how similar both minor vanes and both major vanes were. This highlighted an additional discrepancy, that there was a difference between two ‘identical’ components that measured in the region of 0.1mm. This was greater than the expected deviation of less than 0.0 5mm.

Figure 3, RFQ Section 1 being inspected at RAL Metrology.
The original reason to machine with an angled head was an attempt to improve the surface finish. The surface finish produced in the most critical region, on the vane tips, was acceptable. However, the surface finish in the troughs of the large radii regions that shape the quadrupole fields was poor and would require polishing. Another original design goal was to machine ‘dry’ i.e. without the use of coolant which would contaminate the surface. Now, with the need to polish we would be contaminating the surface and negating our reason to machine without the use of coolant. Our attempt to keep the surface uncontaminated had failed, and our attempt to improve the surface finish by angling the machine tool head had led to the machining error. Furthermore, it was estimated that the component to component discrepancy was due to cutting tool deflection due to the tool angle. The proposed solution was to machine with coolant, with the head positioned vertically.
The manufacturer was instructed to perform a machining test using RFQ section 2 vanes. They were asked to produce a finished waveform but above the final position, allowing us to check the result with low risk to the parts. However, the amount of material left on the vanes from the roughing operations was not sufficient to perform this test and therefore the manufacturer was instructed to finish machine RQF section 2. Today they have completed two minor vanes and are currently machining one major vane. Their familiarity with their refurbished inspection facility has improved since they inspected RFQ Section 1 and they are confident that the problems have been resolved.
In June the FETS team will be visiting the manufacturer to make a frequency test on the assembled RFQ section 2 which will give us the first indication of how accurately the machining has been done. If there is any doubt as to the validity of the manufacturer’s inspection results, RFQ section 2 will be transported to RAL for inspection by metrology. In the meantime it has been calculated that RFQ Section 1 can be re-machined to produce the correct internal geometry. This will result in an inner surface that is 0.4mm lower than nominal to the outer surfaces. This should allow for the RFQ sections to be assembled with their inner surface aligned and a 0.4mm 
The design for the RFQ power coupler has been progressed to a stage where it has now been detailed. After final confirmation in CST Microwave studio it will be put out for quote. It is expected that the manufactured couplers are available before the RF high power tests are scheduled. Figure 4 shows the model of the coupler design. 

Figure 4: The RF power coupler

MEBT
The MEBT is divided into two sections according to the purpose of each section. While in the first section were beam chopper will be tested (shown in figure 5), the lattice is very dense and compact, small bore short high field quadrupoles are utilized, in the second section used for the test of the laser based beam diagnostics (not shown), longer quadrupoles with larger bore and lower fields are used to allow for a larger variation of the beam to be measured by the instrument. 
Figure 5: First section of the FETS MEBT which will be used to investigate the performance of the fast / slow chopper system. A final decision on the design of the second section of the MEBT, which will be  used to test of laser based beam diagnostics, is expected within the next 3 month.
Since the last OsC meeting in December 2013 significant progress has been made in respect to the engineering and manufacturing of the MEBT components. In December 2013 much of the design effort required for the MEBT resided with just the two FETS Mechanical Engineers. This was highlighted as an ineffective use of the engineering resource. During the last six months the main focus for both FETS Engineers has been on distributing the MEBT engineering tasks. The list below shows that against each engineering deliverable item there is now a healthier spread of staff.
1. Support frames:				Mike Pottle
2. Vacuum manifold:			Mike Pottle
3. Alignment systems:			under guidance from Adrian Hooper
4. Chopper vacuum vessels:		Charles Evans, TD
5. Chopper beam dump vacuum vessels:	Charles Evans, TD
6. BPMs:					Scott Lawrie, OM
7. Quadrupoles:				Scott Lawrie, Danfysik
8. RF System:				Mike Dudman, installation by Jim Loughrey and co.
9. Rebunching cavities:			Charles Evans, TD
10. Shielding:				Mike Pottle, Trevor Pike, Heavy gang			
MQP
To achieve all of the requirements of the MEBT, two families of magnetic quadrupoles will be used; a small bore (40mm), 80mm long, high gradient (20 T/m) family and a large bore (60mm), 150mm long, low gradient (9 T/m) family. Following a tender process a contract to supply the first seven small bore quadrupoles (shown in figure 7) has been placed with Danfysik. The engineering design has been completed and following an internal design review manufacture of the magnets has started. Delivery will be in October 2014. Based on the same tender exercise, a contract with Danfysik to manufacture the remaining large bore magnets will be placed later in this FY. All of the magnet power supplies and cables have been purchased and delivered to RAL.

Figure 6 : Completed engineering design of the Danfysik small bore quadrupole.. 
Cavities
The existing cavity design has been passed to RAL TD for finalising. The brief was to complete one iteration through the entire design, to act as a design review, and to replace the circular bore with the new elliptical bore. The target is for delivery of three complete cavities by the end of 2014. The FETS project has learned from the RAL Linac tank 4 project that the copper plating process can prove problematic. In brief, the plating process is not precise or well controlled which can lead to a variable thickness layer. The thickness variation is a function of the target thickness and can easily exceed the manufacturing tolerances for the cavity sections. Thickness variation can be minimised by using a thin layer (<50 microns in our case) but this affords us little tolerance to damage due to high voltage breakdown.  It has been decided to review the cost comparison of a cavity manufactured from solid copper versus a cavity manufactured from mild steel and plated with copper. It is difficult to account for the additional post-machining operations that may be required following the plating process and for the costs of unknown rectifying procedures, but nevertheless we must produce reasoned estimates. This material investigation does not delay the cavity design process. 
Chopper
Progress since the last report has been delayed somewhat by uncertainty over a staffing issue within the chopper work package. With this issue now resolved work is again proceeding towards having an operational chopper in time for the MEBT commissioning.
Having completed a comparative review of the available options for the fast chopper structure it has been decided to proceed with the RAL strip line slow wave design. Although more complex to manufacture, this is the only option which appears to be able to meet the very challenging requirements of the specification.
With measurements of the slow chopper assembly indicating that it is able to meet the rise time requirements, effort is concentrating on the system design and integrating the fast switches with the deflector assembly.
Engineering design of the chopper vacuum vessels and integration into the MEBT has been contracted to TD and is proceeding satisfactorily. It is anticipated that the more challenging fast chopper will be available for MEBT commissioning in 2015 with the slow chopper completed soon afterwards. 	
The MEBT and the laser diagnostic output area have been designed, where possible, to use generic vacuum vessels designs to save on design effort and manufacturing set-up costs. This concept will be applied to the first Chopper vessel, both Chopper Beam Dump vessels and for the final FETS beam dump, for the dipole steered beam. The second Chopper vessel cannot be designed and manufactured following this concept because it is integral to the function of the Chopper and is not a ‘simple’ enveloping vacuum vessel.
This design task will be passed to RAL Technology Division (TD) with whom initial discussions have taken place and concept models have been exchanged. It is understood that TD will progress the design of these four vessels after the rebunching cavity designs are complete.
Longitudinal space (in the Z direction) for the entire MEBT is at a premium and therefore all MEBT components must have their design optimised to fit into the available space. This means that the chopper vessel upstream and downstream walls must be relatively thin, allowing a degree of wall flexure, as shown in Table 1.
Table 1. Wall deflection due to vacuum loading for three plate thicknesses in both Stainless Steel and Aluminium alloy
	Deflection Target
	Stainless Steel
	Aluminium

	
	Thickness
	Deflection
	Thickness
	Deflection

	0.1
	22
	0.098
	30
	0.095

	0.2
	15
	0.19
	21
	0.19

	0.5
	10
	0.48
	13
	0.43



In certain positions within the MEBT, BPMs are attached directly to the upstream and downstream walls of these vacuum vessels. When the MEBT is placed under vacuum there will be a longitudinal shift of the BPM position. It has been decided that we can accommodate a small longitudinal displacement as long as the magnitude is known and is repeatable. For this reason the BPM bodies have been redesigned, in collaboration with the RAL alignment team, to accommodate fiducial mounts that will enable a laser tracking technique to determine the ‘under vacuum’ final position of each BPM.
Beam dumps
Initial thermal calculations were made in Summer 2013 to determine whether there was sufficient space for dumps of sufficient size to absorb the chopped beam. For this reason the calculations were largely based on the average power loads. The steady-state temperatures were in the 2000C region suggesting that the space allocated to the dumps was sufficient. This piece of work contributed to the finalising of the MEBT design. Initial transient calculations were made that showed the sharp temperature rise per 2ms beam pulse. It was decided that dedicated expertise was required to simulate the stresses due to the beam bunch structure that occurs in the nanosecond scale within a beam pulse. For this reason we sought and achieved a collaboration with the RAL Target division who have agreed to investigate this thermal/shock loading problem in conjunction with careful material selection to minimise radiation output. This collaboration has led to initial talks about the possibility of using the FETS beam in a radioactive source production facility at RAL. This will be discussed further in the Future of FETS section. 
MEBT support & auxiliary components
The design for the supporting framework for the MEBT is complete and has been detailed using RAL contract design draughtspersons. The next step is to request quotes for manufacture through RAL OM.
The MEBT vacuum manifold is now a two-piece design to simplify the handling during manufacture and installation, see figure 7.

Figure 7, the MEBT vacuum manifold
The design is complete and awaiting hoop-stress calculations to validate the design. Initial calculations indicate that the selected pipe wall thickness provide a safety factor of 3.5. The 3D model will be passed to a RAL contract draughtsperson for detailing, before being passed to OM who will request quotes for manufacture. All vacuum fittings for the manifold have been purchased.
When the MEBT support frames and MEBT vacuum manifold are delivered, installed and tested we will have the platform upon which to start adding MEBT components. The target date for this stage is December 2014.

FETS Diagnostics
Overview
Significant progress has been made on the FETS diagnostics since the December 2013 OsC report, notably prototypes of both the shortened (60mm) stripline and button BPMs are now ready for testing, together with the production of the first associated BPM read-out electronics board. In parallel a novel wire-rig has been designed and assembled, and already used for initial BPM characterisation. Also, a major effort in early 2014 was focused on the successful proof-of-principle beam tests of the laserwire emittance scanner at the CERN LINAC4, where non-invasive H– beam profile and emittance measurements have been demonstrated for the first time with a fibre-coupled laserwire. The 3 MeV results are shortly to be presented at IPAC14 in June 2014, and 12 MeV results are expected in time for IBIC14 and Linac14 in September 2014. 
Toroids
One RFQ toroid and one MEBT toroid (and their amplifiers) are ready to go. The production of the final toroid system is delayed due to availability of staff effort but this delay is not critical. The PCBs are made but unpopulated as yet and the winding of the remaining toroids (four of the larger RFQ-type toroids and two of the smaller MEBT-type toroids) has not been done yet. It is expected that soon after IPAC staff effort will be available to finish this task.
Beam Position Monitors
As reported to the OsC in December 2013, the final MEBT beam line will include 2 CERN shortened (60 mm) stripline BPMs and 6 custom designed button BPMs, to monitor the beam position after the RFQ and before and after the slow and fast chopper elements. Since the December report, one prototype of each type of BPM has been shipped to RHUL for tests: the shortened stripline was shipped via UCL from CERN, as part of the collaborative agreement; and the custom button design was manufactured at RAL in early 2014. A prototype of the read-out board was produced and integrated into the test system at RHUL.
A wire rig has been developed to measure the electrical response of each BPM, with respect to the mechanical BPM body. It was originally planned to reproduce a turntable wire-rig following a CERN design. However, technical considerations led to the proposal of a simplified design, which uses a pair of crossed translation stages to move the wire and map out the 2-dimensional electric field.  A automated procedure to touch the vertical wire gently against the KF-flange ensures the relevant mechanical offsets are measured and eliminates the need for a rotary translation stage. The wire-rig has been manufactured and was assembled in May 2014 at RHUL. An initial test of the button BPM has recently been performed, as shown in Figure 8 and Figure 9, which demonstrates good linearity <0.01 of the BPM response, in the one measured dimension. LabView control software has been written and the system will be further developed over the summer to map the 2D field. 
	
	


	Figure 8: Button BPM under test in wire rig. The 324 MHz signals from the diametrically opposite pickups are visible in the background oscilloscope.
	Figure 9: Initial results of button BPM wire-scan, residuals demonstrate linearity to < 0.01.


Laserwire Emittance Scanner
At the time of the last OsC in December 2013, the laser beam delivery optics for the FETS laserwire emittance scanner had just been installed at CERN Linac4, ready for tests during 3 MeV beam commissioning, as part of a collaborative effort with CERN. When 3 MeV beam became available at CERN in early 2014, initial tests of the laserwire system were performed and within just a few days, on 22 January 2014, the first laser induced neutralisation signal was observed at a downstream diamond detector, located beyond the spectrometer magnet that deflects the main charged particle beam. The 5-strip diamond detector is shown in Figure 10.

 (
CIVIDEC Instrumentation, Austria
)
Figure 10: Left: The FETS laser beam delivery system installed in LINAC 4, with the motorized optics that precisely control the thickness and position of the laserwire. Right: The diamond detector used to record the downstream signal after the H– ions are neutralized by the laser
The diamond detector signal was synchronous with the amplified laser pulses and was well above the low level observed for the residual gas background, giving a good signal to noise. Rapid progress in the development of the control and DAQ software enabled the signal to be recorded as the vertical position of the laserwire was translated and so the particle beam profile was first measured in February. The transverse profile of the particle beam as determined with the laser wire is compared in Figure 11, with measurements from a traditional slit grid profile measurement of the same particle beam.

Figure 11: Comparison of vertical profile measurements, by the laserwire and a standard slit &grid measurement at CERN Linac4. Very good agreement at the beam-core is measured.
The measurement campaign continued in March, making use of the diamond detector that is mounted on a separate vertical mover. This allowed a series of beam profiles to be taken at different diamond detector positions, thus, the emittance of the particle beam could be reconstructed. Figure 12 shows the laser emittance measurements in comparison with those from the slit & grid method. Despite the lower spatial resolution of the laser data, the ellipse size and orientation are in good agreement. This first emittance measurement with a non-invasive laserwire demonstrates the principle of the device and indicates that the same optical laserwire hardware configuration should perform well at FETS. The system is being further developed and tests at the next stage of LINAC4 commissioning at 12 MeV are planned for July.

Figure 12: Emittance results comparison. The lower plot is the vertical beam emittance of the Linac4 3 MeV beam measured with the slit & grid system. The upper plot is the same beam measured with the laserwire emittance scanner.
Laser Particle Tracking
A GPT framework has been set up for extensive particle tracking simulation of beam transport through the laser diagnostics vessel. The aim is to determine for various settings of the MEBT quadrupoles the best placement and size of the 2D scintillating detector, along with the range and resolution of the instrument to allow for a final mechanical design of vacuum chamber and the purchase of the dipole magnet. Additionally the power distribution in the beam dump has been determined. A more detailed summary of the calculations is in the IBIC13 (see figure 13) proceedings and recently updated calculations are provided in this month’s IPAC2014 proceedings.
 
Figure 13: Particle trajectories and evolution of transverse distribution of neutrals with distance (z=0mm, 300mm and 800mm) after the laser interaction, for laser positions, y=0 and y=+3mm. 

Future of FETS
Since the last Oversight Committee report there has been considerable discussion, both within the FETS team and with external parties, about possible future developments and applications for FETS. It is clear that FETS represents a considerable particle accelerator resource whose future exploitation must be carefully considered. The very high beam intensity available from FETS has attracted interest from several directions.
FETS is an active member of the Proton Accelerator Alliance (PAA) proposal which, as a framework for accelerator R&D in the UK, is the obvious forum for developing future strategies. Already this has led to discussions with the target group about the possible future use of FETS for target system development and testing. This in turn has led to interest from the Oxford materials group in exploiting the high power beam from FETS for fusion materials testing where the low energy proton beam can be used as a proxy for neutron irradiation of micro engineering samples. The possibility of adding a Beryllium or Lithium neutron production target has also been discussed. In addition, interest has been shown by the Boron Neutron Capture Therapy community. The feasibility of these proposals are being actively scrutinised.
Membership of the PAA has also led to discussions with the director of ISIS and the head of ISIS accelerator division regarding the continued development of FETS as an accelerator test stand. In particular FETS will play an important role in any future upgrade plans for ISIS so other opportunities for exploitation must be tensioned against this requirement. The FETS team have provided input to the recent STFC strategic review and the ongoing accelerator strategy review. An illustration of the latest status of discussions is shown in figure 14.

Figure 14: Layout of a future generic accelerator and high power proton beam test facility.

Infrastructure
Radiation shielding
When FETS is operational there will be several potential sources of ionising radiation: bremsstrahlung x-rays from stray electrons in the ion source post acceleration gap, bremsstrahlung x-rays from field emitted electrons in the RFQ and MEBT cavities plus neutrons and gamma rays produced by beam loss and in the final beam dumps. In order to protect personnel from the radiological hazard shielding is required around the accelerator. Worst case beam loss calculations at full beam power together with calculated fluxes from the dumps has led to a 600 mm thick bulk concrete shield design.  An initial design incorporating corner concrete shielding blocks has been reviewed as all blocks were not used and the quote for the extra blocks was approximately £26k. The new layout has maximised the use of the pre-purchased blocks with only three new blocks now being required to span a gap created by existing ducting runs in the floor. The new design has in principle been approved by the RAL radiation protection advisor with a formal signature imminent. The floor loading in R8 is currently being investigated and a request for a quote for the extra shielding blocks has been issued. Figure 15 shows the final shielding layout. The roof structure is currently being designed. The Intention is to start assembly of the north wall in July once the extra concrete blocks have been sourced. This wall is currently outside the working envelope of the crane therefore a mobile spider crane will be hired.

Figure 15: Model of the concrete radiological shield around FETS 
RF power distribution 
Approx. 1 MW of RF power is required for the RFQ and will be generated by the 324 MHz Toshiba klystron. The RF will be transported via a circulator and through the radiation shielding by a system of WR2300 waveguide and 6 1/8” coaxial line. Due to its lower loss, waveguide will be used for as much of the distribution system as is practical. 

Figure 16: The RF power distribution system
The RFQ has two power couplers so the RF will be split by a matched, balanced, 6 1/8” coaxial Tee just after the transition from waveguide to coax. For ease of access and assembly the Tee will be external to the shielding with the two phase-balanced output legs passing through the shield roof. Figure 16 shows the klystron, circulator and RF power distribution system design. All waveguide and coaxial components have been procured except for two. A frame has been designed and manufactured and is currently in R8. The Klystron has been disconnected and is currently being prepared to be moved to enable the installation of the frame and circulator before relocating and connecting the Klystron. After completing move and installation of the first section of waveguide full power tests of the klystron and RF distribution will be completed using a high power load loaned to FETS by the ESS Bilbao team shown in figure 17. 
The Electrical Services Support Office (ESSO) within ISIS have been invited to quote for the wiring installation of the shielding including internal lighting, beam stops, search buttons, raised floor for cable runs and interlock system layout.

Figure 17: Set up showing second dummy load.
Laser room and laser safety 
The FETS photo-detachment diagnostics requires the use of a high power laser. In order to protect personnel working close to the beamline from the associated hazard and to more easily comply with relevant laser safety codes, the laser will be housed externally in a dedicated laser room with the light transported to the diagnostic instrument by optical fibre. The designs of the interlocks and safety systems for the laser room have been completed to conform to national and internal regulations and have been approved by the RAL laser safety officer. 
Klystron cage 
Due to its very high operating voltage of 120 kV, the klystron is a potential source of x-rays. Integral to its design is lead shielding to reduce exposure of personnel in its vicinity however in a few areas very low dose rates are still detectable. To exclude personnel from these areas and to allow for a reduced shielding thickness in a congested area to the south of the adjacent wall, an interlocked, caged area will be constructed around the klystron allowing close access only when the device is unpowered. The assembly of the cage was delayed until all issues concerning the high power RF connection between Klystron and RFQ were solved and the Klystron and the circulator were moved in their final position which is expected to be in June 2014.

3 Publications
While the FETS collaborations has not been publishing any articles in the time since the last OsC meeting, the start of the 'conference season' in June with the IPAC2014 in Dresden, will see a significant number of contributions from members of FETS. The contributions to IPAC2014 are listed below. Further contributions have been accepted for LINAC2014 and the beam instrumentation conference IBIC. Additionally publications in Journals are in preparation for the FETS MEBT and are in planned together with CERN on the results of the laser based emittance measurements.
ID: 2794 - THPME186  
"Development of a Beam Position Monitor System using a Commercial FPGA Card and Digitizer Adaptor Module at the Front End Test Stand", S. Jolly / G. Boorman et al

ID: 3054 - TUPRO072  
"Lattice and Component Design for the Front End Test Stand MEBT at RAL", M Aslaninejad et al.

ID: 3132 - THPRI058  
"RF Delivery System for FETS", S. Alsari et al.

ID: 3564 - THPME073  
"Performance of the Low Energy Beam Transport at the RAL Front End Test Stand", S. Lawrie et al

ID: 3916 - MOPRI014  
“Extracting a High Current Long Pulse Hminus Beam for FETS”, D. Faircloth et al.

ID: 3972 - THPME191  
"Simulation Results of the FETS Laserwire Emittance Scanner", K. Kruchinin et al.

ID: 4041 - THPME190  
"A Fibre Coupled, Low Power Laserwire Emittance Scanner at CERN LINAC4", S.M. Gibson et al
4 Financial summary

5 Gantt chart
Following the advice from the last OsC meeting, a Gantt chart covering all major parts of the FETS project has been produced, with a summary view shown below. For details of the project plan the collaboration would like to refer to the file of the Gantt chart (Microsoft Project) which is attached to the OsC report documents.
[bookmark: _GoBack]
6 Risk register
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Engineering schematic for FETS MEBT Lattice A2

Based on parameters supplied by Cipran Plostinar on 23rd August 2013
Data shown in spreadsheet: MEST_A_Dimensions.xisx
Data for 80mm quads shown in worksheet: MEBT_A2_80mm_quads:
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X scan, 09/05/2014 (linear region)
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X scan residuals, 09/05/2014 (linear region)
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2  BE Department N e w s l e t t e r  

  Figure 4: Comparison of vertical profile measurements. The  graph shows very good agreement of the beam-core meas- urements. The beam halo values are slightly bigger when  measured with the laser system. 

 

Figure 5: Emittance results comparison. The lower graph 

shows a measurement of the vertical beam emittance of the 

LINAC4 3 MeV beam measured with the slit & grid system. 

The upper graph shows a measurement of the same beam 

with the laser emittance meter. In spite of the lower spatia

l 

resolution of the laser-data the ellipse size and orientation is in 

good agreement. 

Laser Emittance Meter Team: 

CERN: Enrico Bravin, Thomas Hofmann,  

 

Uli Raich, Federico Roncarolo,  

Francesca Zocca 

RHUL:  Gary Boorman, Alessio Bosco,  

 

Stephen Gibson,  

Konstantin Kruchinin 

FETS:  Jürgen Pozimski

                       Thomas Hofmann, BE-BI-PM 
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