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Highlights:

This has been a very exciting week with the operation of the FEL Upgrade. We have obtained new power records, made some key observations in both FEL physics and our rf accelerator technology, and had productive runs for the nanotube and THz collaborations:

In our quest to understand why our high lasing efficiency falls off from pulsed to cw operation, we continued a series of experiments looking at changing parameters as a function of pulse length and also looking at lasing with a different mirror set: the previously installed 2.8 micron optics.

At 2.8 microns, we obtained a new average power record of 6.7 kW cw at 6 mA.  Also at 2.8 microns, we obtained our highest laser efficiency ever observed in this machine, 2.7 kW/mA or 2.4% efficiency.  This value exceeds (Steve Benson’s) spreadsheet model for maximum performance at these conditions (the predictions is 2.4 kW/mA) and, in addition greatly exceeds the 1.0% wiggler extraction efficiency specification that is carried in our current and future designs for high power FEL oscillators.

We have also observed a number of “firsts” with this optical configuration: 5th harmonic lasing at 560 nm and lasing with sufficient gain that the optical pulse has eight round trips in the cavity for each electron bunch in the wiggler; i.e., operation at 585 kHz repetition rate. 

On the accelerator side, kudos to Tom Powers who found out the source of our mysterious intermittent switching to a bi-stable “bad” lasing state: a switching to the next highest rf mode in one of the 7 cell cavities which can be controlled with proper adjustment of the rf control system.  We are still learning about how to properly set-up the rf system for the 7-cell cavity structures which comprise the 3rd FEL cryomodules.

The nanotube team led by NASA’s Mike Smith had two useful user runs on Wed. and Thurs. evening. On Wed. Mike had his first attempt with “bucky-ball” type and boron nitride target materials, and on Thurs. evening a nanotube production run was completed with 1-1.4 kW of 1.6 micron light. Concurrent with the nanotube runs, Mike Klopf obtained high quality images of the THz light in lab 3 that agree with the ray-tracing predictions. This is a necessary prelude to producing our first real time THz images.

We congratulate our applied research manager, Michael Kelley, who was awarded

an instrumentation grant this week from ONR with Jim Greer, our partner from PLD,Inc, for the design and delivery of a state-of-the art pulse laser deposition system for the FEL User Labs. This system will support user activities from NRL, Vanderbilt and the College of William and Mary.

Management:

We completed our preparations for next week’s DOE review of FEL Operations and Safety which will be held on March 28-29 in the FEL Bldg. We have external reviewers from NSLS, ALS and Fermilab in addition to DOE observers.

The “Laser Bioscience Collaboration” led by EVMS submitted a “letter of intent” for the collaboration’s planned submission of a proposal to NIH by April 18th on the subject of interdisciplinary research centers.

F. Dylla attended the quarterly meeting of Virginia’s Research and Technology Advisory Committee held in Richmond on Tuesday March 21. The new Virginia Secretary of Technology, Aneesh Chopra, presented the new administration’s vision for technology development in Virginia.

Operations:

   This was quite a week.  We figured out one problem that has been bugging us for quite a while and established new records for efficiency and power at 2.8 microns.  Along the way we learned quite a bit about the RF system and successfully commissioned the new vernier mode on the gun. 
We heat cleaned the cathode over the weekend and made a cathode on Monday.  It had very good performance with full charge at only 17% on our drive laser attenuator.  We then worked on debugging some improvements to the injector phasing script.  This went well.  The injector script is now much faster and backs out in a more elegant fashion.  On Tuesday we worked on checking the longitudinal match and found an apparent octupole moment in the first arc that was not there before.  We suspect a bad magnet in that arc.  We then shifted to the main program of determining the cause of the efficiency fall-off observed at high current.  After fixing some problems with the hardware we finally were able to obtain power vs. time curves for long pulses sampled from the whole beam.  The whole beam sample was important because we wanted to differentiate between efficiency changes and mode changes. 
  While we were debugging the optical diagnostics we were able to figure out the cause of our "bad lasing mode."  In this mode the electron beam diagnostics indicate and excellent beam but the laser does not lase well.  The only signature of the mode we had found was a high frequency noise on the BPMs at a sideband 2.6 MHz from the carrier.  It turns out that this is the 6*pi/7 mode of the seven cell cavities in zone 3. When the RF loop parameters were changed in a  cavity that was showing noise on its phase signal the laser jumped obediently into the strong lasing mode.  It has stayed there the rest of this week but we know how to fix the problem now should it reoccur.  This discovery was prompted by an effort to look at the response of the RF system to pulsed beam.  This should be set in such a way that CW beam stability is optimized.  As part of this program we adjusted crossover frequencies in zones 2 and 4 to quiet down the  low frequency noise. 
  We took data for 4.68 MHz, 9.36 MHz, and 18.72 MHz with pulses 10 msec and 500 msec in length.  The 10 msec pulses were essentially flat top pulses.  The power increases linearly with the repetition rate.  The 500 msec pulses showed a reduction in the power by up to a factor of 3 and a low frequency oscillation.  The scaling of the decrease does not resemble the decrease we saw previously when we were limited by mirror heating.  This will need some more study. 
  Since we are planning to remove the 2.8 micron cavity we decided to see how well it lases.  Though we ran with this cavity with the W80 wiggler and achieved 4.2 kW of power we had not tried to lase at high power with this cavity with the W55 wiggler.  The predicted gain and efficiency with the new wiggler is quite high.  In fact the performance exceeded the spreadsheet predictions.  The gain was very high and we were able to lase with a 585 kHz repetition rate.  At  this repetition rate the optical has 8 round trips for each electron  bunch.  The threshold gain is 95%.  The predicted gain is 135%.  The harmonic lasing was also quite strong and we saw flashes of what appears to be 5th harmonic lasing very close to the synchronous point. The predicted gain for the 5th harmonic is about 20%.  We also saw third harmonic lasing with 

2.34 MHz beam.  These facts place stringent constraints on the electron beam quality.  It must be quite high to achieve these gains.  When we switched to CW lasing at 4.68 MHz and 0.63 mA we obtained over 1700 W from the laser.  This is an efficiency of approximately 2.4%.  This is much higher than we have measured on any other laser at Jefferson Lab.  In fact it is higher than we thought possible with our energy aperture.  The efficiency did fall off at higher current but we were able to obtain over 4 kW with 2.5 mW. This is 1.4% efficiency.  Today we pushed the power up to 6.7 kW with 6 mA of beam.  This used a new capability of the injector called vernier mode.  We normally increase the current up towards 10 mA by setting the frequency to 74.85 MHz and ramping up the charge.  This mode has us set the charge to135 pC and ramp up the frequency.  This allows us to have much smaller steps in current and to keep the charge high at intermediate currents.  The power was limited mainly by scattered light in the optical cavity causing out- gassing, which would raise the vacuum pressure and trip the vacuum valves.  We also had to increase the Rayleigh range quite a bit to reduce losses at the mirrors.  These losses would cause the mirrors to steer due to absorbed power.  Once the Rayleigh range was increased the cavity was quite stable and we ran for 10 minutes at over 6 kW.
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WBS 4 (Injector):
On Sunday we started a heat clean cycle and on Monday we activated the anodized AXT GaAs wafer installed back in May 2004 for the fifth time into a photocathode. Activation #4 was done only two months ago, in contrast with one year span between activations #3 and #4. We think that a possible vacuum leak in the gun chamber gate valve's bonnet flange observed two weeks ago contributed to the quick QE depletion seen last week, when the cathode delivered around 

40 C and lasted only one week. The bonnet flange was re-tightened earlier last week and although we did not observe any noticeable change in the vacuum levels, it certainly had a positive effect in the cathode lifetime after Monday's activation. Since then, the cathode has delivered 50 Coulombs and 8 hours of CW beam and 5 Coulombs and 20 hours of pulsed beam for FEL ops. The drive laser power request for full charge with 4 W SHG started at 18% with the new cathode and it is now at 34%. 

We continue to make good progress preparing the NEG sputtering system for coating the gun chamber. This week has been devoted to winding-up the three getter wires (Zirconium, Vanadium, and Titanium) around the water-cooled rod that will be mounted along the axis of the chamber. Kevin Beard made good progress running an automated algorithm to perform a series of steps to setup the injector in PARMELA. Preliminary results with a few number of particles showed the success of the algorithm and now he is preparing to run more particles for better statistics. The injector phasing script was tested successfully on Monday by Wes Moore with a new BPM averaging routine. The script will soon be ready for incorporation into the MEDM screen. We are also working on scheduling and planning activities for adding a semi-load-lock chamber to the photocathode gun currently under construction that will be eventually used in the 100 mA Injector Test Stand.

WBS 6 (RF Systems):

This week was again spent trying to better understand the response of the cavities to off-crest beam, specifically pulsed beam.  Note there are two styles of cryomodules in the FEL beamline.  The standard 5 cell cavities (zones 2 and 4) have a loaded quality factor (QL) of about 6e6.  The new style cryomodule (zone 3) uses 7 cell cavities which have a loaded quality factor (QL) of about 2.2e7.  There are two effects of this change.  The first (good) effect is that cavities with a higher loaded-Q need less power to establish baseline gradient in the cavity and for accelerating the beam during ideal or near ideal energy recovery operations.  The difference in forward power is of the order of 400W/1kW (no beam/beam) versus 4 kW/5 kW for the high versus low loaded-Q, respectively.  This, in general, is a good effect.  The down side is that the time constant for putting RF power into the cavities is given by the following τ = 2πfO/QL.  

For the old style cavities the constant is approximately equal to 660 μs.  For the new style cavities it is about 2.2 ms.  The control system that is currently installed was designed for CW operation with moderate beam loading on crest; i.e. the beam current does not introduce a significant change in the cavity relative phase.  The system does work pretty good when the beam is pulsed.  The gain and closed loop bandwidths of the low level RF (LLRF) system when used with the nominal loop parameters are such that the phase and gradient signals settle within about 100 μs.  This is not the case when the same controls are applied to cavities with higher loaded Q’s.  If the nominal settings are used with the higher loaded Q cavities the system tends to ring with a settling time of several milliseconds.  Work continues towards improving better understand the magnitude of these effects as well as potentially modifyingr the control system parameter sets used for driving the cavities in zone 3.  

This week we also determined that the bad lasing mode was due to a nearby pass-band mode in the 7-cell structures.  For a standard cavity the pass band mode are about 3 or 4 MHz below the fundamental mode.  For the structures in FEL-3 the nearest pass band mode is about 2.6 MHz from the fundamental mode.  Earlier in the week the machine was in a bad lasing mode while the phase signals were being monitored for zone 3.  It was observed that one of the cavities had a very large pulse induced transient with a period on the order of 1 kHz.  Additionally, there was high frequency content on that cavity.  Reduction of the broadband gain (a control loop parameter) by 10 dB eliminated the high frequency content as well as the bad lasing.  NOTE there is a risk that this type of adjustment will negatively impact the steady state phase errors or broad band phase noise associated with this cavity.  This matter will be further investigated.

Time was spent manually tuning the phase loops of zone three such that the pulsed transient responses were minimized.  That being said, the cavity phase signals did tend to end up slightly under damped.  We also set up the remainder of the linac to the set of nominal loop parameters.  The intention is to measure the pulse-current response of every cavity in the machine and to try and determine mathematically better control algorithms.  

WBS 8 (Instrumentation):

   We are getting time now on second shifts to deliver some beam to users, in particular THz and nanotubes. One personal goal (KJ) that is getting close to fruition is raising the MSU (minimum significant unit) for nanotube collection. This is now 10ths of a gram as opposed to 100ths of a gram during the last runs, in the coming weeks will certainly be grams! Results will be released soon.
   This week it was noticed that our temporary injector BCM electronics (sort of like getting a temp trailer on site) that were installed were displaying spurious noise on the signal that was annoying to OPs.  We took advantage of this problem as an opportunity to test out our new version of electronics parasitically during beam operations.  An enclosure was built up to store one set of electronics in a shielded fashion, to eliminate background noise in the rack area.  A splitter was installed on the BCM signal to break the signal out into two equal parts for comparison of the two measurements.  These electronics are functioning properly, some more time is needed to calibrate them to match the current electronics measurements. 
    It was noticed this week that the BPM at 4F09 was not responding to steering changes in the 4F region or any where else in the machine.  Since the electronics that were monitoring this BPM were the embedded electronics, I removed them to do some bench testing and verification.  I ran the board through the calibration data collection program without adjusting the set points at all.  The data that was collected was essentially the same as the calibration data that was taken a month earlier before it was installed.  This is an important thing to note that the electronics did not drift in calibration after they were installed in the field where they were subject to thermal and radiation variations.  So it was verified that the problem with the 4F09 BPM was not the electronics reading signal improperly.  The next step was to look at the individual antenna's signals on a spectrum analyzer and verify that they looked reasonable.  When I checked the four signals two of the signals were very low compared to the other two.  After checking the impedance of the cables it was found that two of the cables read open.  This means that the cable is either disconnected or bad for two channels or that the Can itself has openonnections within it.  The other interesting thing to note was that on the two open cables there was signal at 1497 MHz on the order of -40 dBm where the beam signal was -15 dBm.  This is interesting because on an open antenna in the vault there is that much signal being picked up. 
    

   Progress is being made on the General Purpose Single Board IOC.  We have come up with a standard footprint for the PCB that will be pin to pin compatible with our existing 6U carrier modules.  All of the new boards that we intend on implementing this design will require two 40 pin headers and then the IOC will be able to drop in as a module.  This will also give us the capabilities of deploying this module into chassis, generic boxes, crates, etc.  This module will be used in the next revision of the BPM Electronics and in the 3U General Purpose I/O card. 
    The Injector phasing script changes were tested out early this week. The BPM averaging greatly decreased the number of steering iterations. All of the phasing runs were completed in under 10 minutes.  The software for the IR wiggler has been revised.  A testbed for working out the new code is being setup.  Will be working with D. Douglas to formulate a miniphase procedure and work it into an automated process. 
    The Bus bridge between the ColdFire and Cyclone FPGA was simulated this week. Two clocks can be used for ColdFire interface and Cylcone, respectively. We designed the pin layout  of the General  Purpose Board IOC. The ColdFire processor and FPGA will be on a single board, which can be flexibly configured for various applications. Calibrated the BPM IPME4F09 board. The new Voltage-DB curve is identical with the previous one, which was taken two months ago. We also used different ColdFire processors to take the data, and found the curves are identical too. That means the BPM electronic board and ColdFire chip have a good stability. 
     Assembly is nearing completion for 8 SLM enclosures and will be ready for installation during the planned maintenance period next week. All ND filter mounts were received from the machine shop and the filters have been mounted in place.  Fitting of all components showed no interference issues. 
   The MPS certification procedure is being updated to include the RF/FSD P1 interlock checkout and will include some automated scripts (Beam viewer sweep, Vacuum valve sweep and Beam Loss Monitor checkout). These additions will streamline the certification. 
       We finished two more new GC power cards. We’re waiting for the metal fabrication to begin on the 6kW cages. The electronics are ready to install once we receive the modified cages. We are also working on various circuit boards so we will have some backups. Steve is helping assemble various test fixtures for the SRF group at the Test Lab.

WBS 9 (Beam Transport):



UV Line
•
To restart the QX qualification process, we started revisiting the entire issue.  Tommy Hiatt of Magnet Test put together an estimate of what it would take to have a suitable traveling wire test stand for multipoles in house that would include a permanent magnet quadrupole for calibration.  
• 
We also started assessing what it would take to utilize the STI data on the 26 QXs.  We will address the plan that is forming at a meeting next week.  

IR Machine Re-commissioning and Operations

•
I am waiting for an opportunity to go into CEBAF on a down day and obtain more coils and poles to create the second Octupole for halo handling. 

•
The parts for the new halo monitoring viewer unit for Kevin Jordan for use in the 5F return region were completed by the shop.

•
David Douglas reports that there are still indications of out-of-specification dipoles in the Optical Chicane.  I am having a simple fiber optic array made to direct a line of light between the pole tips and the beam chamber of the magnets to get improved resolution of television images we had taken in the past.

• 
We continue working on using four uninstalled GW dipoles in a quick experiment (by Hampton University) that uses laser light to look for a pseudoscalar particle that couples to photons.  By adding pole tip extenders, we believe we can get a 1.6 T field for about a meter using a pair of the magnets.

• 
We worked on revising an SOP for working with magnets that had duel sources of energy into a series of simpler, Equipment Specific Lock-out/Tag-out procedures.

WBS 11 (Optics): 

FEL mirrors
This week we once again operated for long periods of time at high power at both 1.6 and 2.8 microns. Our setup to measure the time dependence of long (0.5s) macropulses while lasing at 1.6 microns with a 10% duty factor worked well, and the data is  plotted and being discussed.  We are seeing a substantial drop in lasing efficiency when going from 18.7MHz to 37.4 MHz, and it occurs for both mirror sets.  Analyses of the last two months in-cavity calorimetry data for 1.6 micron lasing shows a 50% increase in total absorbed power in the OC mirror.  Until we improve our in-cavity thermometry, it is unknown if this is increased interception on the absorber shield or the mirror itself.  Data on the 2.8 micron mirror sets was limited to the HR, because there was a lot of light being intercepted by the OC mirror shield.  Since the mirrors receive the water output from the shield, this causes issues like mirror steering.  We will look at ways to reroute the flow to change this path.  For the OC assembly this is as easy as reversing the hose connections.  We will do this early next week during a planned Controlled Access, or later in the week, when we install a new 1.06 micron outcoupler in place of the 2.8 micron OC.  We will also upgrade the thermometry, as discussed below.

Other Activities
We assisted with beam two evenings this week to support the NASA effort and provide cw beam for the THz lab experiments.  We attempted to focus the synchrotron light that is transmitted along with the THz light onto a fast photodiode, but could not achieve a tight enough focus. We were trying to do this to measure phase noise.  Instead of using this source, we will try imaging the 800 nm (second harmonic) light generated while lasing.  The in-cavity thermometry is being considerably augmented by using high vacuum epoxy to bond a RTD into a Swagelock fitting.  The prototype worked perfectly, passing leak check.  One of our pump carts (the white pump cart to the cognoscenti) leaked again, so it has been rebuilt in a way that should ameliorate the problem we were having.  We used it to look at the TMC, and discovered it has some sort of contamination.  We are hot nitrogen purging it.  The UV vacuum cart also received some attention, and it is now pumping into the 10e-8 Torr range.  More mirror metrology was done, especially on some of our old (+1 yr) 1.06 micron optics.  The electronics for the asynchronous optical sampling (aka, the PLL) were carefully analyzed to determine the source of the high phase noise.  The problem lies in the fact that each divide by two doubles the phase noise, and there are at least two of those.  Plus, as we approach an integral multiple of the clock frequency, the phase noise rises.  An alternate direct digital synthesizer with an integrated clock multiplier was ordered this week, and we'll try it next week.

Terahertz:

This was an exciting week in the THz lab.  The first beam images were taken using the Spiricon Pyrocam III and enough power was produced to create burn marks on a paper target with a focused beam.  Also, several tests were performed with the TK THz power meter to try and understand why we are not getting reliable power measurements with this system.  I am in contact with the designer of the system and we will continue to try and make better power measurements of the THz beam.  There are some questions as to how the mixed polarization of the beam as well as the broad spectrum may affect the calibration of the instrument.

The imaging experiments this week were two-fold.  The first tests were to make direct beam profile measurements with the beam directly incident on the detector array.  This gave excellent results and we were able to acquire beautiful images of the beam, one of which is included below.  The shape is well matched to the expected shape from simulations performed previously.  Following these tests, the first attempts at imaging an object reflecting THz light into the camera were performed.  This proved to be much more difficult, in part because the amount of THz light reaching the detector array is much less than when the beam is incident directly onto the camera.  Some preliminary images of a razor blade were attempted during the Thursday night beam time.  It was possible to see contrast changes in real time as the razor blade was passed in front of the THz beam, but no recognizable images were able to be acquired yet.  More work will need to be done to improve the imaging system setup for the reflectance tests.
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THz beam profile.  Note that the camera is in saturation near the centroid of the beam
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An illustration of the problem we are investigating. When current doubles
from 2.4 mA at right to 4.8 mA, power delivered hardly increases at all



