MEMORANDUM 

To:

Distribution 

From:

F. Dylla

Subject:
FEL Upgrade Project Weekly Brief  - January 3-7, 2005

Date:

January 7, 2005

Highlights:

   Our best wishes for the new year to all of our readers.

   For the first week of 2005 we worked to optimize the 7 MeV injector setup for high efficiency lasing and can readily produce 1 kW/mA and have successfully run 5 mA CW in this configuration.  We believe there is more to be had though so will continue to work this effort. 
   We have also established optical beam upstairs in the optical control room for the first time and can now use our full suite of optical diagnostics for measuring power, spectrum, pulse length and the like.  It also is a crucial step in getting first beam to the User Labs for the Navy and other User experiments. 

Management:

   We held our monthly meeting today with the WBS managers and the Project Management Office to update the cost-performance data for both the Navy IR project and the AF UV project for all activities completed in December. 

  We met with the managers of the Mechanical Engineering group to review the status and priorities of all the FEL projects that are currently on their task list. We discussed options of augmenting engineering and design labor to deal with the current back-log. 

   M. Kelley and G. Williams completed a preliminary agenda for the annual FEL Users Meeting/LPC Workshop which is scheduled for March 9-10, 2005.  This agenda will be posted on the JLab website and distributed to our User list next week. 

   M. Kelley submitted a proposal this week on the development of antimicrobial surfaces on polymers using UV light to the DHS in response to a previous favorable review of a submitted white paper. 

   The minutes of our planning meeting held on Dec. 17th on bioscience applications of the FEL held with our collaborators from UVA, Harvard, CWM and ECU was distributed to the participants.

Beam Operations:

   After the Holiday break we brought up the machine on Monday.  We restored the parameters from December 22nd, aligned the optical cavity, re-steered the electron beam in the wiggler, and adjusted the cavity length by 190 microns to obtain lasing. This was a test of the reproducibility and robustness of the laser and accelerator.  The laser lased fairly well considering no electron beam optimization had been done.  We then switched to getting a better setup for the first arc using our phase transfer measurement system.  This allowed us to optimize the first arc while minimizing the first and second order dispersion induced by the arc. 
   On Tuesday we optimized the first arc steering and optimized the second arc.  This produced very good dispersion and M55 plots and maintained short Happek bunch lengths.  The laser performance was as good as before the holidays (1 kW/mA efficiency) but the cavity length detuning curve was short.  The next step in setting up the new injector configuration was to reduce beam loss in the injector.  We were limited to about 1 mA due to beam loss in the injection line.  Some effort went into rematching to improve this before we decided that a full injector setup was called for. 
   On Wednesday we did a full injector setup and produced very nice looking spots around the machine.  We then matched the electron beam to the backleg and measured an emittance of approximately 15 mm-mrad in the backleg region.  This indicated that the lowered injection energy did not lead to a greatly increased emittance.  Finally, we started the laser and sent the laser beam upstairs into the optical control room (OCR).  We found that the amount of laser power picked off was not sufficient to run the pyro in the spectrometer but that there was enough beam to see the whole beam on the pyro. 
   On Thursday we finished matching the beam around the machine including into the wiggler and the linac.  We were able to run up to 2.5 mA in this configuration without large increases in the vacuum pressure in the injection line.  We then obtained 1 kW/mA at 0.6 and 1.2 mA.  Operation at 2.5 mA was limited due to losses near the electron beam dump.   We were having problems with our analog monitoring system that allows us to minimize the losses so we tried pulsed laser optimization.  We found that zone 3 is more sensitive at low gradient to transient beam loading than at high gradient.  This limits pulsed lasing to about 2.5 mA.  Lasing efficiency falls rapidly when going to 5 mA pulsed. 
   On Friday we are working on reducing the losses and measuring the gain and loss with the new injector and arc 1 setups.  The cavity length detuning curve is longer than earlier in the week so we would like to see if the gain is actually larger.  The efficiency is not larger and that is a puzzle we will be looking at next week.  By the end of the day we had succeeded in running CW at 5mA.

WBS 4 (Injector):

   The gun continued to deliver beam for FEL operations. The QE started the week at 4.6% and has operated all week with little degradation, the maximum current run so far is 5 mA CW. 

   The implanted test tube was conditioned in the HV test stand. The voltage was taken up as high as 125 kV and conditioned out at 24 MV/m with 15 pA of current but some instabilities are still

seen. Voltage processing will continue to see if this will settle out. A preliminary design for segmenting the support tube into three pieces for implanting is complete with the required material ordered.

WBS 8 (Instrumentation):

   Difficulties arose this week when the Analog Monitoring System (AMS) can bus control system stopped working. We systematically tested all of the switching hardware (which checked out well) and found that the CAN controller was/is not even trying to talk. After we swapped out all of the respective VME/IP pack electronics and saw no change in performance, we concluded that the problem must lie somewhere in the high level application. As a work-around, we have implemented a surrogate AMS control system out of a development IOC in User Lab 5 (IOCFELTR2). We will run this way until we solve the issues in IOCFEL8. 
   As a result of a DOE on-site programmatic and technical review, JLab's Cyber Security Plan (CSPP) is undergoing a restructuring.  Currently the CSPP is reviewed and updated every two years.  But the review determined that the plan was not extensive enough to trace down to the individuals using the systems at the lab.  This resulting in the need for a formal cyber security plan for the FEL.  A draft of the FEL's plan has been submitted for review.  A meeting about the site wide organization of the restructured CSPP is next week. 
   The WesCam system is now automated to startup if the machine is rebooted.  The documentation for this will be added to the help notes on the WesCam MEDM screen.  The Laser Personnel Safety System (LPSS) was staged for the installation of the new card reader system.  Installation is underway.  Continuing the documentation for the new LPSS system.     We are working to define the differences between our current stepper motor system installation and the longer term needs of the machine. The stepper motor EPICS screens are primarily written with the long term system in mind, but the present machine status and configuration requires that we use the system differently ( with Collimator Lite VS. Full Collimator - for example). Because of this, there is a source of growing confusion in our ability to declare the status of the system. Our current method of specifying the system has been to use the EPICS screens as the specification, but changes to the screens take time to be done and they themselves must be tested. Our solution is to define the system in the controls database (devlore) and use it to track the status of both software and hardware. 
   We continue to organize and plan the upgrade of the video system. We have identified every video source in the machine as well as every device that receives a video feed (monitors, frame-grabbers, diagnostic ports, etc...). With this information in hand, we are now determining how to best utilize our 32 switchable outputs and arrange our control room monitors. 
   Most of the pieces of our new CAN bus/DSP/FPGA super-duper temperature readback system are done, we need only to pull it all together and deliver a system. To remind the reader these 64 channel crates can be configured for either platinum thermometers (RTDs) or for cryogenic diodes. The first crate was operational last spring for the 3rd cryomodule cooldown. To this end, we have made this very task the principal project for one of our new students (we welcome - Ryan Taylor). The biggest part of this project will be for him to review and correct the embedded DSP code that has been written but not fully checked out. At the end of our first week, he is off to a great start. The optics Mirror Heater Control Chassis 02, 03 & 04 have been tested and are now available for use. The procedure for testing the chassis has been revised and is now Rev. A. as is the procedure for testing the Silicon Diode Temperature Monitoring circuit boards. Four of the boards were debugged and successfully repaired, and six were tested and are ready for installation. 
    Planning and design has begun for the new Charge/Dump Current Monitor Chassis.  The original drawings and associated systems are being examined to design a system that will accommodate all of the IR requirements as well as the UV upgrade. The Beam Current Monitor PCB prototype has been assembled and is in the testing phase. Initial power testing has been successfully completed and functional testing is continuing with good progress. Drawings have been completed/updated for the 32:32 Channel AMS/Video Input Chassis and the Optical Mirror Heater Control Chassis wiring. The vacuum system interlocks for the optical transport has also been certified this week as we are now running the FEL into the optical control room. 
   Work resumed on the terahertz signal processing project. The mirror scan signal was delayed using the delay circuit and its output was used to trigger data acquisition in the PCI 6052E card. The lab view program was tested using a sine wave of known frequency and obtaining it Fourier transform. The peak amplitude from the Fourier transform results corresponds to the same frequency as the original sine wave. The result from this test indicates that the program works as expected. An LASD signal with a frequency of 120kHZ was generated in order to carry out this test because the PCI card uses external clocking frequency in order to acquire and scan data points. More testing and data collection would continue next week when the detector signal becomes available. 
   With the planned expansion of the FEL User labs, fabrication of 4 additional LPSS Shutter Control Boxes were completed and placed with spares inventory.  Installation of the new HID card readers has begun on labs 3-5, and will be completed by the end of the work day Friday. Fabrication of 20 additional BV Interface boxes has begun for the UV upgrade. 
   Training information on the inspection, use and testing of electrical insulating gloves has been gathered and the appropriate training is being provided to individuals concerned.  Additional gloves have been purchased and will be available for general use. 
   Documentation on the Proportional Valve control chassis has been completed.  The chassis has been installed in FL07B10.  The software for the chassis has also been installed on IOCFEL7.  This chassis will be commissioned for operations during the next available maintenance period. 

WBS 9 (Beam Transport):
Sextupole (SF) 

•
Fabrication is continuing at New England Techni-Coil. 

• 
Eleven stand frames to mount the sextupoles were shipped to New England Techni-Coil.

Replacement Chicane Dipoles GW) 

•
Fabrication is continuing at New England Techni-Coil. 

• 
The steel slabs and tooling were received just before Christmas. 

• 
Our supplied copper was drop shipped at New England Techni-Coil yesterday. 

UV Line 

•   General layout continued. We are beginning to be slipping schedule because of lack of designer and engineering manpower. We are creating a plan to regain that schedule slip 

• 
We have decided to purchase 10 QX quadrupoles for the Phase Trombone (3) and the Rotator (5) The remaining two will replace the Standard QX magnets which we were using to fully populate the UV Line. 

Injector Multi-slit upgrade 

• 
Details are signed and the Assembly is in process.

WBS 11 (Optics): 

2.8 and 1.06 micron mirrors
Brief periods of operations at the ~ 2 kW level continue to show that we have very low loss mirrors.  At 1.8 kW the only measurable power absorbed was on the outcoupler absorber plate.  This week kept the current at a sufficiently low value that we were producing under a kW of power.  With reduced flow to the mirrors, we can slightly refine our absorption values to less than 300 ppm.  We noted that we have a new damage site on the HR, located about a beam diameter away from the first site.  Metrology on the new 1.06 micron OC mirrors indicates they are well within specifications.  The 1.06 micron HR mirrors were shipped from the vendor yesterday. 

Other activities:
   This week we had a sufficiently good vacuum in the optical transport line to bring the beam into the Optical Control Room (OCR).  All the work done before the holidays to get the transport nearly aligned paid off; it was a fairly quick task to complete the alignment into the first critical diagnostics, a spectrometer/spectrograph) and have been taking spectra as well as making gain and loss measurements.  It's the first time in +3 years that we've had FEL beam in the OCR, and thus it's an exciting time for us. As time permits we'll get the autocorrelator and FROG diagnostics working.

   We also progressed on getting the FEL into the User Labs.  A vacuum test of the extant mirror cassette hardware showed that the base pressure reached was far too high for our beamline vacuum to tolerate, unless we want to add a lot of differential pumping very soon.  We believe the primary culprit is a lot of wiring that isn't really vacuum compatible (because it didn't need to be on the IR Demo).  We will replace it with the vacuum-compatible version during the reinstallation.

   The new gimbal mount is being fabricated.  Check prints for the OBPM and collimator can 2 are being circulated.

   With all the cw operations, the streak camera got exercised.  Planning has begun for a systematic study of electron bunchlength with injector setup.

   We received new broadband outcoupler mirrors, new collimator mirrors, and spare optical transport mirrors.

   The contract for the elliptical optical transport mirrors (for the turning mirror cassettes) was finally awarded.

UV FEL

   We are holding separate meetings with MEG on the engineering details of the UV FEL optical system.  Windowed vacuum valves for the transport system were ordered.  Discussions were held with the valve vendor to work with us to ensure we can get all-metal valves with low wavefront error windows brazed into them.  The new spectrograph is getting used to assist with the streak camera.  Inquiries are being made on fabricating bake-out jackets for the optical vacuum vessels. 

