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Highlights:  We performed a number of interesting studies this week using the UV FEL.  Among other things we investigated wiggler pipe and OCMMS chamber heating at high current, mirror heating effects from lasing and THz, lasing at 75 MHz and low charge (30 pC), high-charge low-frequency lasing (1 MHz 120 pC electron beam with four outcouplings per gain pass) and macropulsed operation of the beam at 75 MHz.  We also performed difference orbit studies identifying several locations of orbit errors.


Management:  We spent considerable time trying to push a number of funding documents for sign off through the system including some electron beam studies efforts, AF funding for the UV from last year's appropriation, our primary ONR funding effort on continuing resolution funding, and the initiation of support for the INP contractor.  Nothing made it completely through the pipeline but all paperwork advanced to some extent.

Operations:  FEL Operations this week focused on two objectives; 1) quantitatively characterizing the accelerator and beam transport to the wiggler, and 2) looking at thermal management issues beyond the FEL light.  On Monday we recesiated the cathode and then measured mirror heating from THz radiation.  At 220 Watts the mirror temp was elevated by 0.38 degree.  Tuesday and Wednesday were occupied with difference orbits measurements designed to check / verify the lattice optical elements' performance with respect to the machine model.  There appeared to be a number of discrepancies, with off line analysis being performed Thursday.  Thursday the machine resumed thermal management studies of the wiggler chamber heating with the FLIR camera. The machine was operated at 30, 60 and 120 pC at up to 75 MHz CW at 30 pC. No significant wiggler chamber heating was seen with the FLIR camera.  In addition, this was the first time the FEL operated at 75 MHz in pulse mode, a potentially significant achievement for the INP operation.  On Friday, we resumed work on quantifying the machine characteristics.  Smaller perturbations and shorter transport sections should allow a clearer isolation of the problem.  Initial results are promising. 

Overall, machine operability was good this week.  Several separate experiments were performed and little down time attributed to component failure.
Beam Physics:  We resurrected difference orbits measurement scripts (modified for the UV ERL) and took data from the beginning of the linac through the end of the second arc. In the spirit of "insanity is doing the same thing over and over again while expecting a different result", the results were insane - or at least caused insanity. As for the IR ERL (which uses identical trim supplies), the quadrupole focusing violates design tolerance specification by 10x or more. In addition, we have identified two locations with spurious focusing: the center of the 1st 180 degree dipole (where there appear to be gradient errors) and the back end of the second arc (where there appear to be possibly nonlinear gradient errors). 


Analysis of the data continues; we are working through the machine from the back end forward to calibrate the machine model and search for other error effects.
Injector:  The cathode was recesiated on Monday yielding a 3% quantum efficiency.  It delivered 7 Coulombs this week delivering up to 2.3 mA CW current.  The vacuum in the gun region was very good this week.  The injector ran very stably, with no gradient drifts seen in normal operation.  The phases after each morning miniphase procedure were quite stable.  The gun was tripping off once or twice per day.  On Wednesday we increased the sulfur hexafluoride pressure to try to reduce the frequency of arcs.  It is not clear that this helped.  

The GTS gun bake was completed. The pressure was the lowest we have ever seen in a baked gun.  This may be due to a different procedure for non-evaporable getter pump activation.  We are now setting up for high voltage processing.

Carlos Hernandez-Garcia submitted to BES the Early Career Proposal entitled "Photoemission Physics for Development of Ultra-High Brightness Cathodes ".  

Electron Beam Transport:  
UV   

· Assisted in setting up the wiggler chamber FLIR temperature reading experiment.     

· Completed and submitted remaining half of the new viewer detailed drawings to the machine shop for fabrication.

· Created purchase requests for the wiggler viewer bellows, precision slides, air cylinders, and hardware for the new viewer assemblies. 

· Began discussing BPM button design options with the SST in order to simplify the design and procure spare buttons.

Instrumentation and Control:   Device support for the EPM2000 energy/power meters was updated to incorporate the wavelength compensation that is getting used by the operators through the generic command interface.  This functionality is useful for data collection and was implemented.  The screens needed only a minor update to display the control changes.  The picomotor hassles were alleviated through a redesign of the OPIs (operator interfaces).  This simple solution was needed once the system as a whole was fully understood.  The new OPIs were designed to provide much better diagnostics and upgraded for debugging and ease in system expansion.  The system was successfully tested and is ready for the addition of the second mux.  This will provide 55 two-axis picomotors.     
Fixed issues with the UHV controller in the GTS.  Updates to the FEL vacuum applications caused problems with the version of code compiled for use with the GTS.  This was quickly remedied.  Implemented update to the FEL's vacuum system to ensure that any valves requested to open get canceled upon shutdown of the machine.  This is ready for install and will be coordinated for Monday's scheduled down time.     
The original plan for the  UV beam line and UV OTS vacuum control system in '08-'09 was to incorporate the SNS  vacuum controls into the FEL because it was being replaced and shipped back to JLAB.  Since both systems are compatible it made sense to us to use as many components parts as possible.  We are contacting SNS in order to have the spare gate valve, convectron and AVIV cards shipped to us.  While waiting to hear back we are gathering local spares and configuring a 3U crate to house them.  The intention is to use these parts with every spare supply channel available to complete the task within budget constraints. A generic FPGA I/O mapping card will be broken out in the crate to allow for flexibility. Orders were placed for HV cabling, cold cathode and convectron gauges which will allow the beam line development to continue.
The relay/mux board design has been completed and the gerber files have been sent to the board house for manufacture. Additional 'in house' 3U carrier cards are needed for several systems so the board is being updated and should be ready early next week.   Further work this week has been ongoing in the fab shop with some PCB assemblies. We continue to work with them on the assemblies to minimize errors. The required Beam Viewer cards needed to complete 3 more crates with ample spares. The required parts for the boards are being gathered so when the funds are available we can push forward with the assembly. Support for operations was ongoing this week.
Optics:  We continue to receive pieces for the UV and VUV Optical Transport (OTS) from the Machine Shop. As we can we are assembling them. All of the drawings for the UV/VUV OTS have been submitted for fabrication. We expect to everything (but the optics) ready for installation on the 13th of December. We finally received a quote for the UV collimating mirror and the VUV transport optics. A PR has been submitted and we expect the optics in January.     

Lasers and Optical Diagnostics:   We continued our work on OCMMS and have made all necessary measurements. The drawings for the OCMMS optical systems will be completed next week. We have also been receiving the necessary components for the OCMMS system and will be able to begin installation in the next few weeks. We conducted a study with the FEL to investigate the heating effect in the wiggler chamber and OCMMS cross by running high current CW electron beam. We successfully performed 75MHz pulsed mode operation, which is the first time ever and only made possible by the new optical configuration from the advanced drive laser. Good progress was made on the beam-halo measurement during the CW run on Thursday. The quotes for major optics for FEL harmonic generator have been received. Work on the UV FEL beam harmonic separation is also in progress as we are waiting for optical specifications from vendors. Also in the week we participated in a meeting to discuss the beam diagnostics for the proposed dark-light experiment.
UV and IR FEL Modeling and Simulation:  I have my student working on solutions to the slow execution of the time dependent (4D) FEL simulations on the Linux machine.  She is running into new problems compiling with the Intel compiler, vis-à-vis the GCC compilers.  In the meantime, I worked with her and Computer Center staff and have the script I’ve modified running on the supercomputing cluster.  Pass timings are about 4.2min, only 2X faster than the 8 core desktop’s fastest time.  I would have expected about 3X faster, so this underscores the fact that parts of the codes (there are two, Medusa and OPC – the optical propagation code) are not optimized for parallel computing.  Hence, a 200 pass run will take about 15 hours to execute.  The biggest culprit is a module in OPC, and the code developer is aware of the problem.  It will take some time to resolve.  

UV FEL:   FEL-based measurements on one mirror showed the s-plane reflectivity was within specs, but the p-plane reflectivity is not.  It is about 90% when it should be 98.5% or better.  We’ll assemble some hardware to make a polarized reflectivity measurement.  High average power operation with the better read back of the water temperature showed that we were limited due to absorbed power, and over half of this was from absorbed THz, which is unmitigated at this time.  Since this was predicted a couple of years ago it’s not too surprising.  It also means that we have achieved as much power as we are going to achieve until the THz mitigation and cryocooled mirrors in the original design are implemented.  Fortunately, our current power limits are high enough to run for users.  I’ve sent the various beam diameters and annular mirror hole size to be incorporated into the design of the harmonic loading experiment.  At this time it appears we can do the absorption measurement in situ while lasing.  Planning and preparation for measuring some of the output parameters of the 10eV output, primarily mode profile and power, are in process.   

JTO:  No progress since the last report.
Terahertz:  We continued discussions remotely with Harvey Rutt (U. of Southampton) about potential upgrades to the detection system for the THz/MIR Double Resonance experiments.  We are exploring a few different options for sensors.  One possibility is Ga doped Si, which can be operated as a bulk photoconuductive sensor.  This sensor would need to be operated below about 20 K to freeze out the thermally ionized Ga acceptors, making LHe operation a necessity.  We could potentially install such a sensor in the LHe cryostat that houses the bolometer, and there are optical and electrical access ports available on the cryostat.  It is also interesting to note that Jim Kolodzey (U. of Deleware), who collaborated on our THz imaging experiments, has fabricated Ga doped Si structures for THz emission.  We have contacted him about the possibility for acquiring a sample of the material.
Harvey has also been in contact with Vigo regarding possible improvements that they have achieved in the D* figure of the MCT detector that we are currently using.  They indicate that they have achieved about an order of magnitude improvement in the D* figure.  We are considering our options and Harvey will continue to dialogue with Vigo.

To determine the potential performance of any of these possible detector schemes, we are characterizing the flux on the detector in the current configuration.  We first attempted to measure the flux by measuring the voltage on Vigo with a chopper in front of the globar source.  To start, we first performed a careful alignment of the FTIR interferometer, the globar source, and all of the transport optic.  With the good alignment, we were driving the Vigo detector well into saturation with the gas cell removed, so we have indeed recovered our best optical setup.  Because the Vigo is saturating, we cannot accurately estimate the flux on the detector, so we are now calculating an estimate for the flux strictly from geometric considerations of the optical system.

Lab 5:  We met this week with Patty Hunt (DOE), Dick Owen, Steve Benson, Gwyn Williams, and Fay Hannon to review the status and operation of the LPSS system.  Steve outlined improvements that have been made in the most recent set of upgrades, both engineered and operational.  He also presented the next set of upgrades that will be implemented when the LPSS is modified to handle operation of the UV and VUV FEL beams.
