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Highlights:  We finally chased down the source of an aggravating drift of rf in the injector to a sensor diode in an rf control module.  A new module seems to be stable.  With that in place we were able to continue our exploration of sensitivity measurements for lasing at 700 nm.


Management:  We continue to struggle for funding while we await promised funds from ONR, AFRL, Boeing, and other sources.  Discussion continues with Boeing on our SOW for this year and the level of effort for our involvement. 
We participated in lab FY11 budget priorities discussions and worked to resolve sources for a supply of cooling water during the JLab 6 month shutdown starting in mid May.

Efforts continue on run schedule planning for the year including the US particle Accelerator School course to be held at the FEL in January.
Technology Transfer: Jim Boyce attended the meeting of the American Institute of Physics (AIP) Corporate Associates Advisory Committee (CAAC), the meeting held in conjunction with the Optical Society of America (OSA) meeting in Rochester NY. One topic of discussion was to work with the DOE's Technology Transfer Working Group (TTWG) to get internet links from AIP to the National Labs web pages highlighting technology available for licensing.

Operations:  This week we recovered from problems with the quarter cryounit's vacuum and rf systems.  A heat bump was performed Tuesday on the quarter cryo unit necessitated by high vacuum pressures in the region between the electron gun and the unit.  The bump was performed after several attempts to introduce additional pumping into the region by re-activation of two Non-Evaporable Getter (NEG) pumps failed.  The bump was completed and the unit refilled just before midnight Tuesday. A problem with drift in the gradient of cavity 3 of the cryounit was solved after several tests were made and the module replaced.  Following the temperature bump and rf control module replacement, beam operations resumed, starting with the injector setup procedure to recover the phases for the front end of the machine again to the same configuration used at the beginning of October. The machine reproduced well again and we were able to take data on mirror heating with the 700 nm mirrors.  We were also successful in getting good agreement between the high power, JLab designed power meter and a commercial 300 W power meter.   We observed power absorption on the output coupler that was close to the limit for 700 nm operation. 
Opportunistically, work was performed on the buncher water skid to correct a problem with its valve.   DOE toured the vault specifically looking at the SF6 recovery system which allows the FEL to reuse insulating gas and not put unnecessary greenhouse gases into the atmosphere. 

Beam Physics:  We've been investigating various JLAMP-X related topics. We've been reviewing the various longitudinal matching schemes used in existing and proposed XFELs. We're starting to push the costing models to look at a broader range of alternatives (particularly energy) and have taken a very preliminary look at siting options. We've also looked into options for emittance exchange, both to get high brightness at the wiggler and potentially preserve beam brightness during beam handling. Some interesting ideas have resulted from this exercise. 

Preparations for the USPAS course (January) are stepping up.
Beam Diagnostics:  The new version of the Beamanizer (the software tool used for transverse beam profile measurements and image acquisition) was subjected to "test driving". A few minor lapses were found and corrected in the code. In general the automatic Region Of Interest (aROI) proves to work in a robust and reliable way with the intensity cut level of 3% and higher. As the part of the "test driving" Chris Tennant have extracted the beam sizes from quad scan data previously taken. The beam size vs. the intensity cut level was extracted from the data. Consequently the emittance calculations were made for the different cut levels. 

Also have been working on the proposal "Large dynamic range beam diagnostics and beam dynamics studies for high current electron LINACs" for the DOE early career proposal initiative.

RF:  The cause of the energy drift problem the machine was having was found to be a RF Control Module.  The temperature stabilized diode measuring the cavity gradient had degraded.  It appears the thermal resistance between the diode and its outer metal jacket has increased significantly.  The RF Control Module was replaced and the injector energy is now quite stable.  The RF Control Modules in the linac will be individually tested to ensure their gradient stability. 

The LCW needle valve on the Buncher will not close completely now.  It appears some contamination is preventing this.  Until there is a maintenance day to replace the valve, a work-around solution is turn on a heater to require the valve to run more open.  Our LCW system has very small copper sulfide particles in it that plug any small orifice (e.g. - buncher valve, klystrons, and magnets). 

Gun HVPS - The Gun HVPS is fully operational and operating on 1 driver stack.  This limits the beam current to 5 mA. 

A meeting was held this week with 3 representatives from DOE headquarters concerning how SF6 is used and controlled at Jefferson Lab.  They were impressed with our pumping and recovery system to greatly reduce the loss of SF6 while still using it in our high voltage systems.

Injector:  The vacuum in the injector beam line section between the gun and the quarter cryo-unit did not seem to improve over the weekend after last Friday's NEG activation. After some diagnosis, it was discovered that the buncher ion pump was not operating properly. It was then hi-potted on Tuesday and became fully operational again, recovering nominal vacuum levels (~8E-11 Torr). Also on Tuesday the quarter cryo-unit temperature was increased to 80 K for pumping down Helium that leaks into the beam line. On Wednesday the pressure rise in the gun observed whit the valve to the unit open was reduced significantly from ~6 nA (UHV pump) to less than 3 nA, recovering nominal operating vacuum conditions. However, the gun tripped off 4 times in one day. 

Gradient instabilities in the injector cryo-unit cavity 1-4 continued to be addressed. On Tuesday the LLRF control module was swapped between cavities 3 and 4. The instability followed the control module and on Wednesday FEL operation continued with that injector configuration, prompting the need to replace the control module. Fortunately, a good module was found and installed and the instability issues seem to have been resolved. Most of Thursday was dedicated to rephasing the injector.

More details in the RF and Operations sections.

Electron Beam Transport:  
UV   
•           Created detailed drawings of the new wiggler viewer assembly components.     
•           Submitted 50% of the new viewer detailed drawings to the machine shop for fabrication.  

Miscellaneous
•           Reviewed the current design of the modified beam drift tube assembly for the Hall-A g2p/GEp experiment.    

•           Completed the Radiation Worker 1 training.

Instrumentation and Control:   This week we're working with the fab shop to have a couple of spare PCBs assembled.  These are the BPM electronics assemblies so we can have some ready for repair and also so we have a handful on hand for other tests.  The boards are coming together nicely at this time and close interactions are going on to ensure minimal rework and errors. 

Work continued on the OCMMS mux board with a last minute design change delaying the board from being sent to the vendor for production. The mux board design should go out to the board house today. Effort continued on the UV OTS vacuum controls system. We worked alongside optics group to verify compatibility and finalize parts orders for ion pumps, ion pump controllers, gauges, cabling and connectors. Schematics were obtained from EESICS for their vacuum control motherboard. We will use this form factor to produce a unique breakout for use in the UV OTS. This approach will allow us flexibility in design for our needs while opening channels for support and standardization with the main machine. The repair for the R&S RF generator in pushing it way through procurement and is ready to ship once finalized. 

An eight input RTD setup was installed on the UV HR and OC Optics water lines. This now allows readings of the temperature of the water flow to better than .06 deg C accuracy with .01 deg resolution. The flicker in the measurement read back was .001 deg C. 

The EPICS device support for the Omega Cryogenic Digital Thermometers were designed and implemented. The EPICS device support was released to the EPICS community and is now listed as a supported device. The screens were created for these units along with the file for the IOC 
save and restores.  The support was generically created allowing for flexibility in moving them to new parts of the machine as well as adding move of them to the control system. 

The picomotor system needs to have the second mux added for the UV optical transport.  We are investigating a redesign of the software for this system to make use of the muxed motors completely transparent.  Currently an operator has to select the motor to use before driving the motors. 
This is often forgotten, causing other systems to be steered accidentally.

Optics:  This week we pumped down the UV cavity electrical feed-throughs.  The convectron gauges tripped last week so we were unsure of the pressures in the umbilicals.  We checked the pressure and found them at 11.5 mTorr.  It appears the trip point may be 10mTorr.  These systems are now on ion pumps with pressures in the 5e-8 range. The initial hole drilling of the VUV hole OC went well. The vendor provided a nice image of the initial 250um hole. The 5.5mm hole in the optic should be completed and shipped to us today. 

This week, procurement and drawing submission for the UV and VUV transport was the name of the game.

Lasers and Optical Diagnostics:  We began modeling and checking measurements for the UV OCMMS in the FEL vault. We discussed the various signals and controls needed for OCMMS with members of the I&C group. We are also getting quotes for the necessary optical components. We performed a thorough check-out and realignment of the optical transport from the drive laser to the photo-cathode. Substantial adjustment was done on the optical transport for the beam halo measurement.  We provided support for the RFCM swaps and FEL operations. More simulation of the FEL harmonic converter is performed and the procurement of parts is underway.  We reviewed a proposal for advanced injector study and provided suggestions and supplement drafts.
UV and IR FEL Modeling and Simulation:  Work this week continued on tracking down the slow execution of the time dependent (4D) FEL simulations on the Linux machine.  As I can still run short number of passes (20) in a reasonable length of time, I’ve explored the effect of mirror loss and wiggler pole face shape on the predicted performance of the edge-outcoupled FEL.  Simultaneously, work on the VUV beamline continued.  With the possibility of lasing with the hole outcoupler before the December shutdown, the prospect of producing 124nm is becoming more likely.  We are trying to borrow equipment to characterize this radiation – at least while operating macropulsed.  Using literature values, the s-plane reflectivity of sapphire at 124nm is 34%, quite high, but the reflectance at 373nm is high as well, ~20%, so it’s not a very good discriminator with wavelength.  I’m exploring refractive and diffractive (zone plate) focusing options to do this discrimination.

UV FEL:  Last week’s report highlighted experiments to resolve the discrepancy in our power measurements at 700nm vis-à-vis 400nm.  The addition of a power meter below the viewport (so there is only one s-plane reflection) removes the ambiguity as to the cause; the coatings are not meeting specs.  More experiments are planned today to measure the reflectance of 1) one s and one p-plane reflection vs. 2) two s-plane reflections.  There are clear signs of mirror heating from the UV-induced IR absorption in our 700nm OC mirror and I’m discussing with our coating vendor.  The PO for the 373nm HR coating is in place.  We are going to send sapphire and silicon witness samples to be coated as well – these will then be laser drilled, as it might be better to drill after coating than before.  After proposing a different experimental arrangement for the IR absorption measurement, Joe Gubeli had an excellent suggestion of going to an annular mirror before the OC mirror– this mirror would permit the simultaneous measurement of IR absorption while lasing.  For a 1.125” hole, simulations show the power actually slightly increases as it modifies the mode content. 

JTO:  Work on the ring resonator and examination of the impact of smaller fold mirrors on the performance continues.

Terahertz:  Harvey Rutt (U. of Southampton) arrived this week to work on the instrumentation and DAQ systems for the THz/MIR Double Resonance experiments.  He brought the fully digital lock-in amplifier along with two new laptops to split the tasks for data acquisition and signal processing.  Using a pair of RF function generators, we were able to simulate the signals we need to detect from the experiment and developed a very sensitive signal detection program in LabView during the week.  The program can extract the signal in up to four user-defined bands.  We can also further reduce the noise with a user-defined low pass filter following the band pass filtering.  The resulting program was able to pull out extremely small signals that were not readily resolved on the spectrum analyzer.  We have some additional refinements and functionality that we may add later, but the software now should allow us to detect any MIR bands that are modulated by the THz pulses.
During the week, we also developed a general outline for a new gas cell design that will provide a longer interaction length, and provide a more uniform THz fluence throughout the interaction region.  This will increase the magnitude of the signal, but it requires a completely different optical layout, so we have also developed an optical design that will counter-propagate the THz and MIR beams.  This also has the advantage of minimizing the possibility of the THz pulses interacting with the MIR detector.

The larger gas cell though will also put more stresses on the Brewster’s angle Si windows due to the increased clear aperture that will be required.  To reduce the risk of rupture to the Si windows, we have also designed a pressure relief system that should prevent a pressure gradient greater than about 1 psi.

Lab 5:  Raja travelled this week to Vanderbilt University where he will spend the next month or more assisting Richard Haglund’s group to bring their new IR laser online and perform polymer deposition tests in their lab.  He will also work on characterizing the samples he has already deposited here along with the new films that will be deposited using the laser under development at Vanderbilt.  We have been in touch with Raja regularly this week to guide him through the repair and assembly of several vacuum systems that they need to bring online for their deposition chamber.
Also this week, we met with Harvey Rutt about reviving a set of PLD experiments that he had attempted several years ago using tripled light from the IR FEL.  There are several materials of great interest for PLD that require photons in the UV spectrum, and as we move closer to the installation of a UV transport line, these experiments will become much more accessible.  Previous attempts had failed due primarily to the difficulty of producing stable UV beam by upconverting by tripling or quadrupling the IR FEL output.  Once the UV transport is in place, we can either double the FEL beam from lasing on the 700 nm mirror set, or possibly lase in the fundamental at the UV wavelength of interest.  The method used will depend on the absorption spectrum of each material and the spectral range of the cavity optics that are available.







