MEMORANDUM 

To:

Distribution 

From:

F. Dylla/grn/mds

Subject:
FEL Upgrade Project Weekly Brief  -  February 12-16, 2007

Date:

February 16, 2007

Highlights:

We had an unanticipated vacuum leak occur in one of our deformable mirror assemblies.  Dedicated efforts finally pinpointed the leak to a manufacturing problem.  Resourcefulness on the part of the team turned what might have been a lengthy period to repair the assembly to a delay of a few hours.

The Lab celebrated the innovation of its staff with an awards dinner honoring awardees of patents and invention disclosures over the past two years.  Of the 14 patents awarded, 6 were to FEL Div. Staff.

Note to our readers: 
After 5 years of planning and fund raising for the Jefferson Lab FEL project and 11 years of program management, more fund raising, and general cheer leading for the FEL team, I am leaving the FEL program and Jefferson Lab at the close of business today.  I feel honored to have worked with such a talented group of people at JLab and all of our supporting agencies (especially ONR, NAVSEA, JTO and AFRL) and collaborators. I am confident that the FEL team will continue to advance the science and technology of high power FELs and wish them continued success.   After Feb. 26th I begin a new life as the next Executive Director and CEO of the American Institute of Physics in College Park, MD. --Fred Dylla

Management:

We continued to refine the requested assignments from ONR to provide cost estimates for the prioritized task list for the proposed FY08-09 FEL activities.  George Neil led a JLab management contingent that was meeting with ONR today to review this information. 

A scheduling meeting was held this week to refine the near term schedule (next 60 days) as we await the decisions from DOE concerning the FY07 budget that would determine the operational schedule for the Central Helium Refrigerator (CHL). Whether and how long the CHL is shut down for the second half of FY07 will determine the detailed FEL operating schedule.

Operations:

Operation of the FEL was limited this week due to a vacuum issue in the deformable mirror assembly (DMA) in the high reflector can.  A great deal of detective work was necessary to find and diagnose the fault.  Once the problem was understood the repairs proceeded rapidly.   Since we could still run beam while personnel were out of the vault we did some injector setup work, further refining the injector setup procedure, and performed a test plan looking at the  response of the accelerator to injector modulation.  This work has two goals.  The first is to benchmark measurements already carried out on electron stability.  The second, and more important goal is to establish the necessary limits on electron beam noise for an FEL.   When the FEL was designed we derived stability tolerances from ad hoc theoretical arguments rather than from measurements.  This experiment puts the design tolerances on better footing by studying the response of the FEL when various components are modulated in gain and phase at various frequencies.  From these measurements we should be able to derive noise tolerances for any oscillator FEL.  These are not easy measurements, and careful, systematic characterization of the system was done before the measurements were made.  First results are shown in Fig. 1, and will continue as time allows.
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Fig. 1 Spectra of the horizontal beam motion (in dispersive plane) measured at the different frequency of the modulation. Red dots are set to make the maxima of the peaks more visible. Black square shows the amplitude of the buncher gradient modulation in arbitrary unit.

The week started out with an ion pump in the high reflector can showing a sudden rise in pressure.  It was not at all clear whether the rise was due to a failed ion pump or a leak.  No evidence of a leak was seen initially so plans were made to replace the ion pump.   Eventually a leak did show up and was traced to the 900 nm high reflector deformable mirror assembly (DMA) and was sealed.  On Tuesday the leak opened up again and we decided to replace the DMA with a spare.  The spare DMA developed a leak in the same weld seam as the first.  Studying the problem we discovered a fabrication fault in the failed weld.  Once the problem was understood we repaired the DMA, re-installed the mirror and started the pump down.  Laser operations can start up again next Tuesday.  Electron beam operations can proceed as long as no-one needs to be in the vault.

WBS 4 (Injector):
The photocathode was recesiated on Monday. The 1/e lifetime is 475 Coulombs and 80 hours since the last re-cesiation done on January 12th 2007. The drive laser polarizer was still at 75% when the re-cesiation was performed, so the lifetime could be even longer.

We continue to make progress assembling the remote cesiator for the FEL gun. D. Bullard polished out the outer radius of the moly anode plate and he also received diamond polishing cloth that he will use after discovering that polishing techniques used for SS do not work.  He also supported the optics group by fixing a leak in the HR DMA. 

The wafer test chamber was moved to ODU's lab for continuing experiments on wafer surface roughening as a function of heat clean temperature. 

The survey control network in the Gun Test Stand cave was re-measured due to movements observed between the survey monuments. Differences of up to 0.5mm were observed. The HV tank was then aligned using the new values.

With the HVPS Tank set & aligned, all hydraulic tubing is complete and the controls are in hand. The electricians are starting to build the control box and will be installing the switches either today or next week. We are also starting to install the air & N2 piping in the cave.

Marcy Stutzman and Carlos Hernandez submitted the first version of their Physics Today article to several experts in the field of high brightness electron sources for their review and comments.
WBS 8 (Instrumentation):

 The majority of this week’s time was spent getting the polarity reversing switch assembly ready to go for the sextupole magnet test stand.  Several switches also are partially assembled, this will continue so the switches will be ready for the power supplies as they become available.  The VME crate has been taken over to the test stand along with the power supplies and control crates.  An IOC has been located and Al Grippo is currently configuring the card for this configuration.  All of the necessary parts to install the system in the test stand are staged and the system assembly has begun and will resume today and early next week. 
   The Beam Viewer Control Cards have been added to the assembly queue.  We have successfully tested these cards, so we are building up a dozen of them to populate one crate.  Once this crate is assembled we will use it as a prototype for field testing and in the Gun Test Stand (GTS).  The optics work in the vault gave us the opportunity to work on the lab 6 laser personnel safety system (LPSS). For a number of years this LPSS had been configured for local laser ONLY operation, we now converted it over to local lasers & FEL in hutch mode. This was done to facilitate the ODU FORT experiment. Once this work was complete and tested we converted the system back for local laser ops until the ODU group has completed their system alignment.  Several boxes were constructed and installed along with the complete check out of the Harmonic Blocking Filter assembly. 
   Work continues with the new "Video/AMS switcher" screen software. The new EPICS screens will be ready early next week and then we will begin the work of assigning the screen names and categorizing the inputs. 
   Modified power supply covers to accept cable adapters. Assisted in running cables in the vault. The ETA from the machine shop for the water cooled beam stop parts has been moved to next Wed. 02/21. We are also finishing the design for the carriage slide for the insertable laser beam stop.

   To facilitate off-site access of the new LIPSS elog system, the Devlore system is being updated to provide that functionality. This effort is in progress. 


WBS 9 (Beam Transport):

Improvements and Upgrades
New Gun and Injector Test Stand
• 
The Power Supply Tank in the Injector Test Area is ready for installation of its electronics.  The gun stand will be aligned in position next week.  

• 
I continued doing the validation calculations using pressure vessel code formulas for the SF6 tanks for the New Gun.  This is a tedious task.  I talked with some folks at Riggins Co., a pressure vessel manufacturer in Hampton, about the best ways to provide the documentation for the procurement of these vessels.  This was insightful and I am modifying the drawings per that model. 

• 
The JLab Shop is still preparing to the weld the flanges on the Gun Chamber. That welding is slated for next week.  We decided that a bake out under vacuum for 60 hours at 400 C is probably a good way to accomplish the reduction in hydrogen background without softening the flange knife-edges.   

•
Modifications and as-built features (from the existing assembly) to the gun’s resistor assembly drawing package were completed and the parts are now in a procurement cycle. 

•
McAllister Technical Services says that fabrication of the stalk retraction mechanism is slated for mid March.  

SF Sextupole Magnet Testing 
• 
We continued our plan to test the magnets with the power supplies in Magnet Test with the actual software. 

• 
The power supply folks are continuing their debugging of the power supply communications and their tests to prove out if the power supplies have the potential to bypass the stepwise current ramps imposed by the EPICS control system.

Cooled and less resistive Wiggler Chamber
• 
The Injector Group has agreed to take on the copper coating process required on the inside of the chamber to reduce its heating by sputtering.  We want to complete this task by the mini-down slated for Mid-March.  

Experimental program

Experiment to see a pseudoscalar particle that couples to photons   

•  The camera was finally received today, delivered personally by Keith Baker after airline delays out of New Haven due to the recent winter storm.  The LIPSS Group worked on a number of items that will make future runs better.  They perfected the alignment of the fiducial LED so that the output was concentrated to only a few pixels.  This provides a between-run fiducial on the CCD.  With the help of the I&C Group, they increased the field of view and improved the IR filters of the cameras imaging the turning mirrors.  This substantially improves the local pointing precision of the laser beam through the Generator Magnet and also makes the spots able to be characterized.  Again, with I & C help the LIPSS folks added a precision stepper motor driven stage to the camera that will allow changes to the active pixel and the LED fiducial for each run. They also added better shields to the mirror mounts that will help minimize thermally-induced “walking” of the mirrors during the run.  

WBS 11 (Optics): 

FEL Mirror Development
  As reported in the Operations section, there was no new data on the FEL cavity optics to report.  Much of the week was spent revising the "Optics Improvement Collaboration" (CSU, UNM, and now SAIC & Stanford) proposal  CSU is submitting today.  A preliminary design for a 100 kW FEL oscillator-based optical cavity was also fleshed out in greater detail.  The coating vendor for the "high Q" outcoupler mirrors shipped them this week and we received them today.  We'll put them on the fast track through metrology.

  We have been validating Prof. P. van der Slot’s (University of Twente - Netherlands) optical propagation code (OPC), against our two other optics codes, Paraxia and GLAD.  A nice feature of OPC is that it is an open-source 2D physical optics cod, so there are no licensing fees. Agreement is quite good.  Prof. van der Slot has been very willing to add apodization to his code - and our goal is to use this to determine the optimum apodization for apertures, scrapers, etc. when needed.  This will be helpful on the IR Upgrade.

Cavity/Transport
 This week was spent in cavity mirror change out and vacuum training. We started the week with a vacuum rise in the HR end of the FEL cavity. After a thorough leak check on both the vacuum vessel and internal cooling lines, no leak was evident. We suspected that the problem was in a faulty ion pump. Tuesday morning, after a high voltage processing the ion pump, it was clear that the problem was not the ion pump. When we rechecked the water lines after having purged them over night with nitrogen, we found the source of the vacuum leak. What had happened earlier was that the water that made it through the leak immediately froze, thus sealing the leak. The source of the leak was in a welded seam of our deformable mirror assembly (DMA) for the 900nm optic. We checked the spare 900nm mirror assembly and found a leak in the same location. Both of these DMAs are from the same batch. We have some ideas of what could have caused this failure. We plan on consulting with the vendor this afternoon. We want to thank George Biallas and Bubba Bullard for sealing the leak with a eutectic solder. In total, this week we worked on the HR cavity vessel twice fixing three leaks, removing a 14” gate valve and installing an additional ~200 l/s ion pump. The vessel is currently pumping down. We vented the optical transport in Labs 1 and 2 to replace a suspected damaged optic. 

 Drive Lasers and Diagnostics 
The work on the laser safety system in Lab 6 took a whole week and no laser activity was allowed until late Thursday. We recertified the Advanced Drive Laser Friday morning and will be able to continue the remaining test next week. The GTS drive laser phase compensation system was modified under the request from injector group. A part needed for Ti:sapphire laser has arrived and the whole system can be checked. Calculations for the EO sampling work continues. The Antares drive laser has new lamps and is operating normally. Some discussions were held with P. Evtsushenko on the injector bunch length measurement. This is part of a diagnostic project we previously proposed and have been working on ever since. We welcome his help and participation and provided technical information. We helped to recertify ODU laser in Lab 6.

 
Terahertz:

Early in the week, we met with Harvey Rutt of the University of Southhampton to discuss and layout plans for his upcoming experiments in the THz lab.  The concept of this study is to use the THz beam generated by the FEL accelerator to create conformational changes in certain protein and peptide samples.  There is a great deal of debate on the real effects of the interaction of a THz beam with such proteins, but we feel confident that we have developed a method for testing these theories.  An important aspect of these tests will be to separate real conformal changes from direct interaction with the THz beam from any thermally induced effects.  We feel that we have a good technique for accurately resolving these different processes and now have a complete plan developed. 

With the help of Pavel Evtushenko and Tom Powers, we are designing, building, and procuring all of the electronic systems needed for the signal acquisition and analysis.  The experiment will require THz beam, as well as the mid IR region of the broadband emission from a globar source, to detect and characterize the THz induced changes in the samples.  So, in addition to the signal and data acquisition issues, we have developed the optical layout for these tests and are working on building and testing the optical setup.
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