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Subject:
FEL Upgrade Project Weekly Brief - February 13-17, 2006

Date:

February 17, 2006

Highlights:

We had a full week of beam operations of the FEL Upgrade this week. Findings this week include the following:

-
we achieved cw lasing at 1.6 microns with efficiencies as high as 2kW/mA at low currents (~mA) and repetition rates (1MHz). This efficiency is more than 30% higher than our spreadsheet model and probably is an indication of the high quality electron beam characteristics at the wiggler (both low emittance and short bunch length).  As noted in the “Operations” section below, we still have work to do to maintain these high efficiencies as we scale up in current.

-
we completed a useable version of injector set-up script and it is now being used routinely in the control room; we thank Carlos Hernandez-Garcia and Wes Moore for their efforts on this project.

-
the operations team suspected a physical obstruction in the re-injection line of the accelerator that was identified late last Friday night and removed. We had an interesting “lesson learned” by this experience. The obstruction was small enough that the alignment HeNe beam sailed cleanly through the remaining aperture; however it presented a partial blockage to the recirculated electron beam which has a much larger cross section at this point.

-
we congratulate Dan Sexton who won the prize for the best safety procedure that was among many submitted by the team in response to this writer’s request for analyses of hazards associated with routine tasks performed in the FEL Facility.

Next Wednesday, February 22, Jefferson Lab will be hosting a visit by the Secretary of Energy, Samuel Bodman. His visit will include a stop at the FEL Facility. 

Management:

On Wednesday and Thursday of this week we hosted a meeting of our Maritime Technical Advisory Committee (MTAC). This committee has provided invaluable advice and counsel to the management of the Jefferson Lab FEL Program since the program was formally launched 

10 years ago.  During this entire time the committee was chaired by Admiral (ret.) Al Baciocco.

During this week’s meeting, the MTAC chairmanship was rotated to Admiral (ret.) J.Ted Parker. We thank Admiral Baciocco for his dedicated service to the Laboratory as chair and his willingness to continue to serve on the committee.  We welcome General (ret.) Lawrence Skantze as a new member of the committee.

We had meetings with Henry Helvajian, our PI from Aerospace Corp. on our joint plans

to perform a demonstration experiment with the LMES in User Lab 4 and for planning a microfabrication working group at the up-coming FEL Users Group meeting on March 8-9.

We also met with Alan Todd from AES, Inc., who chairs our Industrial Advisory Board.

The IAB will also meet during our March Users meeting. We took the opportunity of Alan’s visit to coordinate the re-start of our assembly of the 100 mA dc injector when the associated FY06 funding becomes available.

The first phase of the civil construction for the Injector Test Stand in the back of the FEL Facility was completed and we are moving on with the second phase of this contract.

Gwyn Williams attended the DOE Basic Energy Sciences Advisory Committee meeting in Bethesda, MD this week.

Operations:

   After shutting down last week we went down to see if we could see an obstruction in the beamline in the 5F region of the accelerator.  We found that the beam stop was not retracting fully and was partially obscuring the beamline.  On Monday morning we fixed this and found that we could run beam with very small losses in the 5F region.  We still had losses in the energy recovery dump region.  We looked at all viewers and found that the match had deteriorated and that we would probably have to carefully rematch the machine.  We decided to start by properly phasing the injector since this had not been done in a while.  We found one bug in the code and were then able (after fixing the bug) to get nice reproducible phases in the injector.   This can now be done in about 15 minutes as a check rather than taking all morning.   We determined with the new injector setup that we could still not run at high current with the first cryounit cavity on crest.  When the first cavity is on crest the beam is not sufficiently focused to fit through the narrow aperture at the cryounit exit.  We did notice that the longitudinal emittance is smallest when we are on crest in the first cavity.  We were forced however to increase the phase in the first cavity to keep beam loss to a minimum in the injector.  We phased up the injector with new phasing but found that things tended to drift.  This was traced to the lack of knowledge of the relative phase of the laser and buncher.  We have three methods of measuring this relative phase and they all have problems.  With the new injector setup however we worked on getting a good match through the FEL. 
   On Wednesday we worked to zero the dispersion in the straight sections and were able to have a solution that could run up to 3.8 mA beam with no vacuum rises except for the injector cryounit.  This will have to be "window washed" before running higher current.  We tried to optimize the FEL using this setup and could not get strong lasing with it. 
   

   On Thursday we made a few minor changes to the setup from Wednesday and found a configuration that lased like crazy.  We could run very well with full saturation and good efficiency even with 1.17 MHz beam.   Note that the threshold gain for a 1.17 MHz beam is over 50%.  (1/0.94=1.52)  We then were able to get extremely good efficiency with low current beam.  We could get close to 1 kW with only 0.5 mA of beam (2 kW/mA efficiency.)  When we tried to go to higher current the efficiency dropped.  We could only get 2 kW at 2 mA.  We did some measurement that seemed to indicate that this drop in efficiency was due to the electron beam and not the laser.  Even lasing pulsed the efficiency dropped by 20% when going from 9.36 MHz to 18.72 MHz.   Lasing at half charge led to an even larger droop in efficiency.  In the coming days we will try to characterize the beam as well as possible for different micropulse repetition rates. 
   We wanted to do some experiments in User Lab 1 this week but measurements indicated that the collimator was not collimating the beam and it was scraping at the window into User lab 1.  This is OK at low power but can lead to disaster at high power.  We then switched to setting up some of the ultrafast diagnostics in the optical control room to measure the bunch length and wavelength skew of the bunches.  More time will be needed to debug these diagnostics. 
We are now working on characterizing the new injector match to see both how to reproduce it and how to maintain it at higher repetition rates.

WBS 4 (Injector):

This week the DC photocathode gun delivered 50 C in 10 hours of CW beam and 3 C in 26 hours of pulsed beam for FEL ops. 

The injector phasing script was modified and tested successfully multiple times to run in beam re-circulation mode instead of straight ahead mode. This allows us to run the script at any time without changing the machine configuration, which involved turning off the ARC1 magnet power supply and changing the linac energy from 115 MeV to 88 MeV. The script phases the injector in about 10 minutes. It used to take about one hour to phase the injector manually.  Wes Moore is modifying the script code before it can be used routinely by FEL operators. 

We received the getter wires for the NEG sputtering system, helped the Source Group moving the High Voltage Test Stand (used for testing field emission suppression coatings on flat electrodes) from the South to the North Test Cave in the Test Lab, and mounted the aluminum oxide coated GaAs sample in one of the stalks in preparation for testing the coating integrity during a cathode activation cycle.

WBS 8 (Instrumentation):

For a number of reasons, FEL program management decided to restrict access to our FEL logbook (the FLOGs) to only persons with valid JLAB usernames and passwords. As a result, this change required converting all of the content hosted on our website (laser.jlab.org) to a secure (encrypted) server.  Please note that the new link includes the "https", secure, protocol. The active link is now: https://laser.jlab.org. Any requests for access should be directed to: dylla@jlab.org.
    The BURT Save/Restore (AllSave) data has been fully imported into the configuration control database. In the past we did this manually, but now, scripts have been written to semi-automate this task. With the data loaded now, we are looking into new ways to present the information via the web. An open source data analysis tool is being worked with to see how it can be included into our web-servers arsenal of online services.  This would allow us to generate web-ready plots based on real-time data and user interaction.
   

 We were able to try-out the new DLPC vernier mode this week. After a few minutes of initial set-up, the system was up and running. We immediately discovered that, for this system to be effective, it must be able to change duty-factors smoothly. This was not occurring by our using the HP Arbitrary waveform generator. A custom delay generator is being built. 
    The injector phasing script was further tested this week.  Some needed features were incorporated and still need to be checked out.  The script is being setup to run in two modes, one for a full injector phasing and one for checking the injector phases.  While waiting for testing time the script is being polished up for use by general operators.  A procedure for the script will be written when the script is completed.
    We still continue to test the Embedded BPMs with FEL operations.  The functionality of zeroing the relative positions has been added and the offset inputs for the absolute positions have been implemented.  Also all of the screens have been modified to include the proper scaling factors for the electronics so that the position readouts are presented in the same fashion as the preexisting electronics' position readings.   The sequencer, database, and control screen for embedded BPMs have all been updated to reflect these changes.  In the process of programming the updated code into the electronics all the electronics calibrations were checked and the data was stored for each board.  We've also taken advantage of AM shifts again this week to look at the VSWR of the embedded electronics.  The same series of measurements were made as last weeks but the inputs to the electronics were attenuated by 10dB to reduce reflections and improve the VSWR.  This data needs to be closely examined to verify that other parameters remain consistent.  This measurement is crucial for the next revision of the board so the necessary hardware can be included in the design. Still work on the General Purpose Control Board and FPGA.
    We relocated the particle detectors this week to the 2F02 area after discovering that both detectors were being swamped by the energy background around the front of the dump (2F01 and 2G). After taking background measurements (RF on, no beam) and re-calibrating the detectors it was found the energy background is still to high to gain accurate measurements. We will need to re-locate the detectors again in an area with more shielding. Carl Zorn from the Detector Group, who provided his able assistance with these measurements, politely replied that he is not use to this kind of “extreme” physics.  We thank Carl for his help.

   We got the opportunity this week to test the Sextupole Reversing Switch with the actual power supply as it would be used during FEL operations.  The cooling plate performed its function as it should so the switch would not overheat and send the high power MOSFETs into thermal breakdown.  During testing we ran the switch from -100 Amps to +100 Amps using the control chassis and actual software and all is well.  The documentation for the cooling plate is being completed so the plates can be ordered and the switches can then be assembled and installed.  Fabrication of the inner wiring harnesses for the switch's control board assembly are being completed.  We are continuing work on the new revision of the GC Magnet Control boards.  The development and design for the General Purpose processor card is making progress as time permits.  We've selected a high resolution ADC to accompany the other ADCs on the board.  The control lines that are needed to control the other board devices are all being specified so the connections to the coldfire and code requirements can be completed.  We fabricated cables and signal breakout box for CV-A1 progressive scan camera.  This camera will be used for our frame grabber system to accurately measure position and beam size.  With the vault being opened for the photo shoot and various tours we took advantage and used the time to straighten up and get rid of unnecessary components that had found their way into that area.  Two carts from the vault have been cleaned and stocked with tools for use in the vault only.  The excess items from the vault were organized and put away in Lab 5 and the trailer.  Also, a small breakout box for an accelerometer's signal has been constructed, labeled and has the connectors installed.  The portable stepper motor driver box is almost complete; it has been debugged and its chassis is fabricated and is being painted.  Also some assistance was given to our master accelerator operator D. Douglas in data retrieval off his bad USB hard drive.


WBS 9 (Beam Transport):



UV Line

•
No change in status

IR Machine Re-commissioning and Operations

•
I set up a look at the inside the racetrack gap between pole tip and beam chamber on the second GW dipole of the Debunching Chicane using a TV camera.  We observed no closing gaps with magnet excitation.

•
I defined the helium gas system that we propose to use in the lower segments of waveguides of the Zone 3 Cryomodule when we isolate them with Rexolite Windows.  The system will purge air and replace it with helium and it will be slightly pressurized.   

•
I worked on defining a system to thermally and mechanically isolate the heliax phase signal cables between Drive Laser and the Master oscillator.

•
I arranged with the shop and Mike Tiefenbach of CEBAF to make another core ring and borrow more sextupole pole tips and coils to make a second Octupole to remove beam halo.

•
We adjusted the copper slug that forms the insertable dump in the 5F return line to a fully-out position when retracted.  It was occluding about the lower third of the chamber in its “retracted” position. Its original adjustment was done in the IR DEMO times, so an explanation of why it was set this way is lost to antiquity.  See the attached photo.
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WBS 11 (Optics): 

FEL mirrors
The replacement of the optical cavity chiller went off without a hitch over the weekend, and we were pleased to see that this effectively reduced mirror vibrations.  Lasing efficiency is now better than the prediction.  Power output has been limited to below 2 kW, so no more can be said about the absorption.  We can say that after many days of operation, the mirrors aren't degrading.

Other Activities
We attempted to do an integrated test of the optical transport system (OTS), with delivery of beam into User Lab 1, with a full suite of diagnostics checking for jitter, beam size, etc.  The beam profile was far larger than calculated, or observed during operations last Fall and Summer.  Compared to the model, it appeared the collimator's deformable mirror was at its undeformed ROC value.  And, we can't control it.  This poses a problem for high power beam delivery, because the beam is too large for the aperture set by the laser window.  We believed we had a spare ready, but discovered we did not.  We are creating another DMA in case the one in place has debonded, but in the meantime we are trying to think of other scenarios that would cause this to occur.  We held a meeting with the Accel. Vacuum Group to coordinate installation of the fast valve for the OTS, which was originally scheduled for tomorrow. However, since we are going to do OTS work next week we decided to delay the fast valve installation until then.  Nevertheless, it was a good exercise in coordination and hazard analysis.  Getting the laser interferometer set up in front of the Mirror Test Stand (MTS) so it can do transmission wavefront testing of our laser windows has been challenging, but it is now working.  We've decided that to do the measurement correctly we need a new mounting fixture, and this is being drawn up and submitted.  Last week's work on the FROG apparatus to determine the FEL pulse shape highlighted a problem with our beam-splitter - purchased when we thought we'd be running in the mid-infrared, it appeared to be inadequate at 1.6 microns.  Measurements were made that verified this.  Fortunately, 1.6 microns is close enough to the common Er:YAG laser wavelength that low cost beam-splitters are available and we'll have one next week.  In the meantime, we moved the rapid-scanning autocorrelator to the optics control room to begin commissioning.  We held a meeting with project management on the asynchronous optical sampling technique we wish to employ for the EO sampling of the THz and FEL light.  They like the idea.  The PLL circuit required for this system has been redesigned and will be ready for testing next week.  The redesign of the User Lab optical interface, which connects safety shutters to our output window assemblies, is nearly complete.  We have cost estimates for the hutch shutter and harmonic-blocking filter assemblies.  The Cryo group has designed the transfer line/ optical vacuum vessel transition and we reviewed and approved it.  They continue to order parts and the construction of the transfer lines has started.  We intend to use the drive laser for the Injector Test Stand, so having spare electronic components on hand is important.  This was prepared and we will coordinate procurement and storage with the I&C Group.
Terahertz:

Plans for performing imaging tests on the THz beamline were discussed this week.  These experiments will be set up over the next few weeks and it should be possible to make our first THz images soon.  Progress this week on power and spectrum measurements were delayed due to some equipment problems that prevented us from performing any measurements during CW beam operations.
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