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Highlights:

FEL operations this week included time devoted to accelerator diagnostic measurements, injector set-up and operation training, followed by several user related tests: (1) delivery of THz beam to the THz lab for continued testing of Cornell’s THz interferometer; (2) alignment and stability tests of the optical transport system for the next delivery of beam to the Laser Microengineering Experimental Station (LMES) in Lab 4; and (3) the next engineering test run for the axion search experiment in Lab 1 (scheduled for today). 

On Thursday we were pleased to host a visit of eight program managers from ONR for a
status report on FEL operations and technology development, followed by tour of the FEL and four of the user labs, including a view of the cryomirror assembly used for the 14 kW milestone. After the group was shown the FEL in the vault, they were able to witness the machine being returned to lasing status 18 minutes after the exit of the tour group from the vault. The group also witnessed the first remote operation of the LMES in Lab 4 which was being used to commission the system for UV laser photo-etching of a glass-ceramic. The operation was controlled by our collaborators at Aerospace Corp. in El Segundo, CA. 

We congratulate Carlos Hernandez-Garcia and Marci Stutzman for their receipt of an invitation to write a article on the physics and technology of high brightness electron beams for Physics Today magazine. 

Next week operations will be devoted to further beam physics and accelerator optimization studies.


Management:
We spent sometime this week preparing materials on the proposed program plan for the remainder of FY07 and FY08 for review yesterday by our ONR program management. Our goal was to get general agreement on this material prior to the full presentations at next month’s annual review (scheduled for Jan.17-18.)

Late last Friday a serious violation of our laser lab sweep procedures occurred during set-up of an experiment in lab 1.  Thanks to the vigilance and rapid response of the control room staff, and the individual who remained in the lab, no serious consequences occurred.  However, we immediately stopped all laser operations, reported the incident, and met with safety staff to perform a causal analysis.  Chief among the contributing factors was found to be the increasing equipment density in the lab.  The most important additional mitigation procedure is the addition of sweep buttons at the rear corners of the user labs and additional training.  This week we implemented these and other additional safety measures and we, the safety division and the DOE site office are satisfied that we have learned from this incident and reacted appropriately to reduce future risks.

ONR funding under a DURIP grant to William & Mary provides for acquisition of Pulsed Laser Deposition equipment for the FEL.  As shown by Naval Research Laboratory researchers and their collaborators at Vanderbilt, IR-FEL can deposit unique tailored organic thin films for sensors, OLED's and photonics.  The JLab facility will provide full-format (80 mm wafers) in quantity for applications studies.  The funds are in hand and detailed specification of the machine is complete.  Final review and issuance of a purchase order is planned by mid-January, with delivery by late July.

WBS 3 (Beam Physics)

    During preparation for a thorough machine characterization, with the differential orbit measurements as a part of the characterization, it has been found that response of some BPMs was not physical. That was making the measurements difficult and not complete.  The reason for the BPM misbehavior was found very quickly and corrected.

   Next step in the machine characterization was to tune machine to the performance level. It happened that the machine was far from that state. Partially it was due to an improper state of RF system, which also was found and corrected for. We also decided to do a complete injector setup, which is automated to a very high degree. During the setup the automated injector setup procedure was revived and double checked very thoroughly to make sure the injector would be set as good as possible. During the setup we also did operator training on injector setup. 

A method to collect the BPM data for the differential orbit measurements in a convenient, more accurate and systematic way a high level application was prepared and tested.

  To update the so called mini-phase procedure a set of data which shows the beam parameter sensitivity as a function of the RF phases of different injector element is required. Thus the beam size was measured as function of the drive laser and buncher relative phase to the accelerating unit. The measurement was made with both image acquisition systems as a crosscheck. The beam energy as function of the cavity #3 phase also was measured to demonstrate the sensitivity. We also took data to study reproducibility of the Happek scan, which is our primary diagnostic of the bunch length. We will use the data to update and evaluate the mini-phase procedure. We believe that the work done this week puts us in a good position for the next week of the beam studies.  

WBS 4 (Injector):
The photocathode gun keeps on delivering CW and pulse beam for FEL ops without a re-cesiation since the last photocathode activation in November 1, 2006. The extracted charge this week is 22 Coulombs in 6 hours of CW beam time. The cumulative extracted charge since Nov. 1 is 525 Coulombs with 48 hours of CW beam time. This extracted charge is just 4 Coulombs short from the record marked by the previous photocathode activation in October 18, 2006. The Drive Laser polarizer is at 60% for full charge beam, so it is expected that the record for extracted charge without re-cesiation will be broken by next week. 

We have mounted a new GaAs wafer in our test chamber to continue our studies on arsenic loss during the heat cleaning process presumably leading to drive laser scatter light (i.e. electron beam halo during high average current operations). The chamber is being baked out. 


The 6-in diameter test electrode coated with the "standard" SiOxNy film (resembling that on the actual gun electrode) is fully conditioned to 25 MV/m.  No field emission activity (<4 pA background) was observed for over 1 hour, and the pressure was 3.6 x 10-10 Torr (P before starting HV testing today was 3.3 x 10-10 Torr).  

WBS 6 (RF):

It has been an uneventful week with respect to the operational the RF systems.  There were no failures and except for a few instances when cavities had to be manually tuned at the beginning of the daily shift everything ran smoothly.  Work continues on the development of a 74.5 MHz low level RF system which will be used to synchronize the next generation gun drive laser system to the rest of the machine. 
WBS 8 (Instrumentation):

 The first part of this week, the majority of the group’s effort was spent going through the recertification training for the revised sweep procedures for all of the user labs.  Everyone also received a refresher course on the sweep procedure for the FEL vault.  Numerous other safety procedures were reviewed and thought about this week as well.  This took a good portion of the beginning of the week as everyone was reminded to slow down and step through things safely and correctly.  Lab 1 was modified to include the new sweep buttons throughout the lab and the other labs buttons are currently being fabricated and assembled.  Lab 1 was also modified to include external strobes and crash buttons for the magnet power supplies within the lab.  Another major activity this week was the time that was dedicated to assisting the LIPSS run with setup and operations.  To support the users with their engineering run, we took the time to setup and align their video cameras as well as other instrumentation and controls that they require to do their experiment.  
    Some time was spent working on the Beam Viewer Crate upgrade.  The control card firmware testing is still on going.  Some simulations have been compiled and ran to verify the operations while testing with the card appears to be not as transparent and continues as time permits.  The specifications for the crate have been laid out.  Several of the harnesses to breakout the signals to the actual hardware are being fabricated at this time.  One of the backplanes is also being fabricated at this time as well to have it ready for the prototype crate.  We are currently only building up several channels for prototyping and testing and then we will progress with a complete crate.

    The majority of this week time was spent in preparation for the new sextupole power supply installation during the upcoming down.  The necessary equipment for the switches is being acquired and assembled to ease the installation.  The switches are being modified to include an external interlock set of contacts for the control chassis.  The wiring harness have been made up and installed on four switches which have all been tested successfully.  Currently two of the switches are completely ready for installation.  The two remaining switches will be ready once some final water fittings arrive.  The documentation for the switch assemblies has been updated to reflect these modifications.  This will allow us to modify the other switches as needed in a consistent manner.  The interlock cables for these switches are being fabricated as well so the installation will be simply "plug and play".

    In order to support operations and to better understand the embedded BPMs screen we took the time to investigate the scaling and calculation process once more.  We found that gain and scaling factors needed to be updated for the embedded BPMs so they were consistent with the existing electronics.  The database files for all the embedded BPMs, IPM3F10, IPM4F09, and IPM5F07 which are 3" BPM cans were updated.  The correct gain efficiency was changed to 20.328 from 13.552.  The other embedded BPMs, IPM0F03, IPM0F05, and IPM0F06 are 2" BPM cans, and the gain efficiency is correct at 13.552. Scale of the absolute, relative, and average PVs were set for -5.00 to 5.00.  The schematic for the embedded BPMs EPICS code was also updated.
    The new Lab LPSS sub screens are being worked on for the master upgrade.  The new screens will contain all interlock status and controls.  Many parts are arriving for the expansion of the master.  We are working on an ATS100 Linear Stage by Aerotech, the documentation for this was received this week.  With the documentation and our trouble-shooting, it was determined that the optical limit switches on the stage were bad, so the stage was fitted with mechanical switches and wired.  We purchased more parts this week for the beam viewer interface boxes for the upcoming down to support Optics work.  A 3-D CAD drawing of the High Pressure BN Chamber in Lab-1 was composed.  We still continue to work on the remote filter flipper mechanism as we assembled and modified parts for the design.  A CAD representation of the new LPSS sweep system boxes was created.  Several new racks were installed in the GTS this week so more equipment can be installed.  We still continue to work on the programming with the Single Board IOC.  One other major activity this week was the preparation for the FEL tour.  We took advantage of an early opening of the vault to tidy things up and ensure equipment was stored in the proper locations.

WBS 11 (Optics): 

FEL Mirror Development 
We learned this week that the edge-outcoupled FEL mirrors are still in the bath used to etch the coatings.  The vendor anticipates coating completion during the week of December 17. While reviewing loss data from installed FEL mirrors, past and present, one is struck by the fact that the lowest loss outcoupler mirror is the one coated for 2.8 microns.  Is this because of the coating materials, or the fact that it requires a higher harmonic to become resonant with the conduction band?  Analysis continues. 

Optics Group Activities 
As mentioned in the highlights section, the LMES was operated remotely by the Aerospace Corp group.  Optical transport instabilities made it difficult to use FEL light for this work.  Instead, the “loaner” Coherent Paladin laser was used, operating at ~ 1W at 355 nm.  There was continued development of hardware and electronics necessary to implement the drive laser phase monitor and the optical beam position monitor.  Advanced drive laser characteri-zation studies continue at Lab 6.  We are still on track for February 2007 installation.  An additional harmonic generator is being installed at the output of the second stage amplifier, for “low power” operation: 10W average power green light compared to 25W when all four amplifier stages are used.  Tom Powers helped define the requirements of the RF system for the advanced drive laser and Al Grippo continues to create software for trouble-free remote control.    

Terahertz:

This week, Nick Agladze, from Cornell, returned to continue testing of his holographic interferometer.  As pointed out previously, Nick’s design is not only unique, but is also very clever in that the interferogram is created by the radiation from individual bunches and thus should be capable of making spectral measurements under any machine setup, both pulsed and CW.  Last week, we had successfully collected a fair amount of data showing that the interferometer indeed worked, but we were unable to resolve a problem where the measured spectrum incorrectly showed negative values.  During the THz beam time this week, Nick and I successfully resolved this problem by shifting the interferogram on the detector array.  It appears that small asymmetries in the interferogram create errors in the Fourier transform calculation when using a single-sided interferogram as had been done last week. This was an important step in moving this interferometer design towards a reliable system that can be used here and at other facilities.  If time allows today, we will work to improve the spectral resolution of the system by modifying the THz optics that deliver beam to the instrument. 

We are also testing an electro-optic sampling setup that Nick has built.  This system is a test bed for an improved detection system for the interferogram generated by the holographic interferometer.  These tests were started towards the end of machine operations on Thursday and will continue today using beam parasitically during the LIPPS engineering run. 

Also this week, the sweep procedure for the THz lab, along with the other FEL labs has been improved.  As part of this change, a mirror has been installed to enable a visual sweep of the roof of the THz hutch. These measures will enhance the safety for the FEL and JLab staff and users of the THz lab.



















