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Highlights:

This week we continued our studies of beam effects which could impact FEL performance as we increase the beam current.   A substantial amount of data was acquired on beam noise from Beam Position Monitors in the injector and before the wiggler and is presently under analysis.   Although several noise peaks were observed, there was nothing obvious which appeared to be the cause of our difficulties.   A parallel effort to measure synchrotron light phase jitter was unsuccessful due to weak signal.  We also commissioned and calibrated the streak camera in ARC 1.  This provides us a real time view of the longitudinal phase space.   This will be extremely valuable in doing fine correction to the injector and linac settings.  In parallel with these beam tests, we performed another run for nanotube production, completed some noise tests on the THz spectrometer, and had an additional shift devoted to low-low RF control system tests.  The heat clean of the cathode last week has greatly improved the cathode life.  We only required one cesiation all week and still have substantial life left in the cathode.  Next week we will be shut down for installation of cryogenic cooling lines for the cryomirror test this summer, facility work, installation of the OCCMS (mirror diagnostic), and installation of two new outcoupler mirrors.

Management:

We received another increment of funds from our ONR sponsor to cover activities through the next quarter. 

We also received $100k from the AFOSR to cover work with Aerospace Corporation to get the microengineering station running.

Gwyn Williams was invited to present an overview (today) of our FEL program and user activities to Pat Dehmer, the Program Director for  DOE's Basic Energy Sciences. He is there with Tony Thomas, JLab's Chief Scientist.  This follows on the heels of last month's site office review of safety and user operations.

Wayne Skinner of DOE's site office and Fred Dylla are meeting today in Washington with our ONR Program Manager, Quentin Saulter, and Capt. Kiel from Navsea’s PMS-405 to plan the JLab effort for the remainder of this year and for the next FY.

On Wednesday, JLab hosted a visit from Dr. Robert Dimeo and Jon Morse from OSTP that included a tour and briefing on FEL activities.

We produced our first quarter report on activities with Florida State for the design of the NHMFL FEL.

Next week Kevin Jordan and George Neil will attend the Future Light Source workshop in Hamburg  (sponsored by the ICFA, the International Committee on Future Accelerators) for discussions on high-current energy-recovering linacs.

Operations

   This week's daytime operations were devoted to three experiments operating in parallel.  The first was to measure the fast beam position at two dispersed locations in the accelerator as a function of current to see if beam jitter at high frequencies might be leading to reduced efficiency.  The position in the injector was actually quite stable.  This indicates that the apparent phase noise in the wiggler region is not real since it would have to come from energy jitter in the injector.  Though there was a fairly strong amplitude oscillation at 40 kHz there was no energy jitter at this wavelength.   This means that the signal in the vicinity of the wiggler is due to a  strong amplitude modulation that still exists even at high  frequencies.  We also took data in the optical chicane both with and without lasing.  These indicate that the electron energy at the  wiggler is quite stable with time.  In all the measurements to date seem to indicate that the electron beam is extremely high quality and very stable. 
   The second experiment was to measure the phase noise on the spontaneous radiation from the wiggler.  We eventually got so we could get the wiggler spontaneous radiation fairly well but we could not see any signal.  We are still trying to figure out why we could not see the signal. 
Finally we commissioned the streak camera and started to take data on the longitudinal distribution vs. various parameters.  This should prove to be an extremely useful diagnostic.  We ran for the RF group on Tuesday night and for the William and Mary/NASA nanotube  collaboration on Wednesday.  The performance with the old 1.6 micron mirror set continues to degrade.

The cursory analysis of injector/phase energy jitter reported last week was completed and documented in a tech note. The DIMAD model of the driver was tweaked to cross-check the model using the streak camera. We were just spooling the machine up to make the relevant measurements when the port engine (zone 4 cavity 1) flared out resulting in a flat spin and a smoking crater in the hillside.

Energy modulation measurements (phase noise reincarnation)

   This week we have been seeking for a conformation of the phase noise change (increase) with the average beam current rise. That was the continuation of the measurements made last week, in essence that is fast beam position measurements at the location with dispersion. Again the logarithmic-amplifier based BPM electronics was used for the measurements. However this week we used the fully completed board 4-channel board. A 4-channel simultaneously sampling ADC card with 800 kSamples/sec maximum sampling rate was used for the measurements, which gives us the possibility to see the fast beam motion up to 400 kHz. Prior to the measurements the electronics was very accurately calibrated. Using the calibration and new software developed last weekend we get to see the fast beam motion on-line.

   The first set of measurements was made in the injector at the 0F06a BPM (as the last week). First we did crosscheck measurements with the help of our standard BPM electronics. We steered the beam and saw that the position change measured by the new fast system tracks very well the beam position change as measured by the old electronics. As the next step we measured spectra of the horizontal beam position as a function of the average beam current and the spectra of the vertical position and the beam current. One possibility of getting phase modulation (noise) at the wiggler is to have energy modulation in the injector. The estimates are that the level of the energy modulation in the injector which would be a concern also would show up as ~100 um beam position jitter at the 0F06a BPM. If the BPM electronics calibration is the same for small modulations as for DC measurements (we are working now to make sure it is) then we can see fast beam position changes at only the ~ 1 um level. Measurements at the 0F06a BPM did not show any energy modulation in the injector which would be at all close to the level of concern. But it will be very important to make sure the BPM electronics works for the small AC modulation as for the DC beam position measurements.

   When the measurements at 0F06a were done, we moved with the same system to the 4F00 BPM, which is the dispersion location in front of the wiggler. Again one possibility to cause energy modulation is to have phase modulation in the injector. Measurements of the X position, Y position and beam current spectra were made at different average beam currents. What we see so far is a broad peak at ~110 kHz which is observable at high beam current. Though its amplitude is very small it looks very much like the peak in the phase noise spectrum measured in the injector and as the spectrum of the measured phase of the buncher. At this point the most important thing for these measurements is to get a confirmation of the scale of the fast beam motion we see.   That is what we are concentrating on right now. 

WBS 4 (Injector):
On Saturday we activated the GaAs wafer into a photocathode after last Friday's heat clean in an effort to improve the photocathode lifetime. The photocathode was delivering only about 100 C between re-cesiations. Each re-cesiation had to be performed twice a week due to the high CW current FEL operations. After the heat clean, the photocathode has delivered 180 C and 30 hours of beam time during the week, and the drive laser polarizer has increased only from 17% to about 40%.  The improved photocathode lifetime is consistent with a cleaner wafer surface after increasing the soaking temperature during the heat clean cycle. This is the sixth photocathode activation since the anodized GaAs wafer was installed in the gun back in May 13, 2004. Since then the wafer has delivered 3.6 kCoulombs with 1015 hours of pulse and 355 hours of CW beam time. 

In last week's report we mentioned our concern that the vacuum environment in the beamline downstream of the photocathode gun was causing the short photocathode lifetime. However, we did not find evidence of a leak and the water trace in the RGA spectrum is low compared to Helium, but Methane was observed when the gun valve was cycled. It seems that the short photocathode lifetime was linked to the conditions of wafer surface more than to the vacuum in the beamline. Next week during the shutdown we will perform activities to improve the vacuum conditions in the injector beamline.

The Molybdenum anode plate for the 500 kV gun has been machined out and is ready for polishing. The ball cathode electrode has been mounted in W&M's ion-implant plasma chamber for the application of a second coating of the field emission suppression film. On Thursday, C. Hernandez-Garcia and K. B. Beard presented a talk about the FEL injector modeling at the Beam Physics Seminar hosted by the Center for Advanced Studies of Accelerators (CASA). 

We also had a very productive meeting with Pascal representatives about the custom bellows design for the load-lock chamber.
WBS 8 (Instrumentation):

To prepare for the maintenance down next week several Beam Viewer crosses have been assembled.  One aluminum target and two silicon wafers were coated with the fast phosphor powder so they can be used for halo monitors as well as viewers.  One of each type of flag will be installed in the wiggler region next week to help identify a halo in that area as well as provide Ops with better alignment points for the optical cavity.  The other Beam Viewer cross that has been assembled has the finger style aluminum flag installed with the phosphor coating for a halo monitoring.  All three of these have been bench aligned and had their vacuum leak check performed.  The camera assemblies that will be needed for these Beam Viewers have been assembled are ready for installation.  Due to much of the FEL machine video processes a "pulsed" image when we are running pulsed beam (i.e. 2Hz), we have purchased a "video frame store" device which performs a "sample and hold" function on the video system. We will install this in the video system and trigger it with beam sync to convert the pulsing images that are so commonly viewed into an emulated CW image. It is yet to be determined if this will help with the WesCam-based emittance measurements. 

    In an effort to better understand the phosphor response to a light pulse we took some data on both the fast and slow powders.  This measurement was previously performed with a slow detector and that appeared to be the limiting factor in an accurate response measurement.  This measurement was performed with a nanosecond scale detector and provided some useful information.  Currently the data shows that the fast phosphor response is on the order of 450 uS and the slow is around 40 mS.  These numbers appeared to be close to the data sheet but the measurement could be made better with a faster light source.  Finding a bench source that can provide a short pulse for exciting the phosphor will be the next step in improving the measurement.

    Lots of AutoCAD work has been done this week on getting several drawings completed.  The CSR limit switch mounting bracket, copper plate, synchrotron light
monitor assembly, and filter holder AutoCAD drawings have all been updated and added to the appropriate projects on Devlore.  The drawings for the RJ-45 distribution box and stepper motor box have also been completed.  We have started issuing drawing numbers from the new "FEL001xxxx-xxxx" drawing line. We have identified all of the un-officially created technical drawings and collected all of the respective CAD files and added them to the Devlore system. A database has been created to track the drawing numbers and is being integrated into devlore.  All of the documentation for the GC project has been organized on Devlore as well.

    The devlore database file which has been accumulating EPICS data hit the 2-Gig upper-limit this week. It took a while to move the data to a separate data store and start a fresh table. As a result, we have implemented a system upgrade which automatically switches to a new database file for each month so that this will not happen again.  We have created a single file diagram of the FEL layout for both floors of the FEL user facility which is not system specific. It is a clean template that is ideal for showing the general regions of system component locations. This diagram will be online soon and will be the standard for providing overviews of all the various FEL systems. There are three systems that this will be applied to first: the video system, the LAN network and the AMS timing system upgrade.

    Some time was dedicated to the Single Board IOC PCB this week.  The schematic is currently being reviewed and some of the basic PCB layout has begun.  We will continue to push forward with this design as the familiarity and comfort with PCAD continues to improve.  Making the EPICS application, which supports the Coldfire-FPGA bridge is underway.  The Coldfire will access the FPGA by using the 24-bit address bus and 16-bit data bus. The registers within the FPGA will be mapped on the ColdFire space address. Programming the code for FPGA controlling the ADC and other I/O devices is ongoing as well.
    Work this week continued on construction/wiring of the LPSS master box that will go into the OCR.  The box is mostly wired up and just a few more components are needed to finish wiring this box up. After that it should be ready for bench testing.  Some cabling was installed for the streak camera from zone 5 to the Lab 7 room.  Sets of cable were installed for the Halo monitor's stepper motor control in the vault.  Testing still needs to occur to ensure proper termination has occurred.  Two Buffer Amplifier PCBs and one VCO LOOP Module circuit board have been populated.  Several fast diode assemblies for support of Lab 1 measurements have been completed for testing and evaluation.  We are currently polling several vendors for cable assemblies for the embedded BPMS.  

WBS 9 (Beam Transport):



IR Machine Re-commissioning and Operations

•
With the Gap Camera looking at the fourth GW of the Optical Chine we were able to see, as field increased, a delamination of the Purcell Gap shim on the upper pole but not on the lower pole.  I will fix this, as I did on the first magnet, buy inserting an elastomeric shim between the chamber and pole and adjusting the chamber to push through the elastomer against the shim to keep it in place.  I will make wooden wedge sets to keep the shim in place in the side regions next to the chamber.  I will do this next week during the down period.  

•  We continue working on using four uninstalled GW dipoles in a quick experiment that uses laser light to look for a pseudoscalar particle that couples to photons.  After problems with our one of a kind ancient power supply, we were finally able to get current to it just as the week ended.  We will get a calibrated probe into it on Monday morning.

•  
The cover for the W55 (IR Line) Wiggler is complete and will be installed during the down period.

•  
I continued finished work on the design of the permanent cover for the optical transport between the drive laser line and the entrance into the Light Box in the injector. 

•
Dano Oprisko continues working on the technician portions the helium system for the lower portion of the waveguides for the Cryomodule in Zone 3.  We will install one waveguide system during the shut down.

• 
I worked with Kevin Jordan to get the two new function viewers assembled for installation on either side of the wiggler to serve as a course adjust mechanism for the cavity mirrors.  They also will go in during the down.

•  
I worked on a new concept for THz light absorbers that can be easily installed in the region down stream of the anti THz Chicane to more effectively trap THz light before it gets to the OC mirror.
WBS 11 (Optics): 

The Optics Group spent this week in a myriad of activities related to next weeks’ shutdown and in experiments designed to characterize FEL performance. A degraded Nd:YLF rod was replaced in the Drive Laser (DL). This replacement returned the DL back to specifications at ~5W@35A SHG with an autocorrelation of ~1.9ms. Experiments continued with an attempt to measure the spontaneous emission of the wiggler with a fast detector. The Streak Camera was resurrected to monitor electron beam parameters on the first pi bend of the FEL. A 1.6um output coupler (OC) mirror and its corresponding frame were sputtered with palladium in preparation for brazing early next week. We are awaiting delivery of the second cavity optics scheduled for installation next week (a 1.06um OC). Received, cleaned and assembled ~80% of the OCMMS hardware also scheduled for installation next week. The balance of this hardware should be delivered by the middle of next week. Supported the Cryo Group with the planned installation of the helium transfer line and distribution can for the cryo-cooling OC mirror experiment.

Terahertz:

The main focus of work in the THz lab this week was directed toward continued characterization of the new spectrometer and analyzing the noise characteristics of the signal using two different detectors.  One detector is the internal detector that was supplied by the manufacturer and used in the original bench configuration before the system was modified.  The other detector is an external detector equipped with an amplifier circuit designed and built by the FEL I&C group.  During CW runs this week, measurements were made at different THz beam intensities to study the effect on the spectrum calculations and the noise on the detector itself.  Several interesting details were discovered.

It was surprising to find that the internal detector exhibited a large amount of noise apparently due to the drive electronics for the moveable mirror.  This noise is not present on the external detector signal.  The signals for each detector were analyzed using a simple spectrum analyzer program on a laptop PC.  The results for the external detector are shown in Fig. 1.  The legend indicates the peak-peak voltage of the autocorrelation signal on the detector as the mirror was rapidly scanned back and forth over this position.  Several plots have been highlighted to help show the general trend as the beam intensity was increased.  The changes are monotonic in that 

the broad spectrum signal increases with increased intensity, but there are some significant features to note.  One is the peak centered around 190 Hz seen in the lower intensity scans.  This is real signal due to the THz spectrum and will be shown in detail later.  The increase in signal at other frequencies indicates deleterious noise induced onto the detector at higher intensity.  This agrees well with previous results when the spectral measurements became very unreliable at very high beam intensities.

Fig. 1
Noise data from the external detector taking at different beam intensities
The results from the internal detector, which are shown in Fig. 2 are much more difficult to

interpret.  There is no apparent peak in the signal in the region expected for the THz spectrum.  There is even a decrease in the signal from the Beam OFF condition at lower intensities.  It is not clear what causes this to occur, but there is a significant amount of broad spectrum noise that can cause problems when making spectral measurements.

To illustrate the actual signal due to the THz spectrum modulated as the moveable mirror is scanned, Fig. 3 shows the expected signal from a THz spectrum taken previously modulated at the rate measured by the HeNe reference laser.  The expected signal has been normalized and is plotted against the y-axis to the right for clarity and it can be seen that the measured signal of the external detector agrees well for low enough beam intensity.  What has been learned from these experiments is that it is necessary to keep the detector signal below ~1 V p-p for the detector response to be accurate.

Finally, Wade Brock has started work on his senior thesis project by completing his laser training for Lab 3 as well as to begin learning how to operate the camera that he will use for the beam divergence measurements.










