MEMORANDUM 

To:

Distribution 

From:

F. Dylla/grn

Subject:
FEL Upgrade Project Weekly Brief  - February 20-24, 2006

Date:

February 24, 2006

Highlights:

We had a shortened operations week due to the holiday and a visit Wednesday by Secretary of Energy Samuel Bodman and Representatives Davis and Scott.  Nonetheless we are making good progress in sufficiently understanding the details of the transport and FEL performance to make headway in producing high average power at 1.6 microns.   By Friday we successfully ran 5 mA and are pushing to higher currents without undue beam loss or vacuum degradation.  Next step is to run this current or high while maintaining the 2 kW/mA efficiency that we have achieved at lower currents.

We wish Chris Behre well in the next stage of his career. He leaves the FEL Optics Team today to begin a career with the laser effects group headed by Brian Hankla at the Navy's Dahlgren Laboratory. We are pleased to note that Chris will be serving as liaison between this Dahlgren group and the FEL Facility for FEL user experiments.

*Meeting Notice*
   We invite all past, planned and potential users of the Jefferson Lab FEL Facility to attend our annual users meeting scheduled for March 8-9, 2006 at Jefferson Lab. The preliminary agenda, a web registration form and local arrangement information are given on the following website:

http://conferences.jlab.org/FELusers-LPC/index.html
Management:

   The staff of FEL Facility was pleased to be part of the contingent that welcomed Secretary Bodman to Jefferson Lab for an extended tour on Wednesday. The entourage included our local Congressional Representatives, the Honorable Jo Ann Davis and the Honorable Robert Scott., the Director of DOE's Office of Science, Ray Orbach, and the Director of the Office of Nuclear Physics, Dennis Kovar.  We were very pleased that our  ONR Program Managers, Michael Deitchman and Quenten Saulter joined us during the FEL tour to highlight the joint ONR-DOE venture that has led to the successful commissioning and use of the 10 kW FEL. We presented a discussion of our development of high current ERLs, their application to the Navy Program and their use for a host of scientific and technical applications.

We have been working through revised budget planning with each of the cost account managers now that the funding plan for ONR FY06 is settled and we expect to have the required funding within 30 days.  We proceeded to award the final Phase of the Injector Test Stand  construction contract.   The contractor is all set to pour the concrete shielding walls.

We have also signed the MOU with Florida State for the design of a near-IR, mid-IR and far-IR FEL to be located at the National High Field Magnet Lab.

We received a draft from internal legal review of our MOU with AFRL at Brooks AFB for the study of biological effects of THz radiation.

Operations:

   Since we had a holiday on Monday, a maintenance day on Thursday, and a Secretary of Energy tour in between, we did not have much time for running this week.  Nevertheless we did make some progress.  We are now able to get strong lasing pretty routinely now at low current.  We usually get 1.5 kW/mA without any optimization and close to 2 kW/mA with a lot of optimization.  If we put the best estimates of the accelerator and laser parameters into our spreadsheet model we get performance that matches this.  This week we saw very strong  harmonic lasing and strong lasing with a micropulse repetition rate of 1.17 MHz.  With this repetition rate there are four round trips in the FEL cavity for each gain pass.  The threshold gain for this setup is over 52%.  We also obtained harmonic lasing with a repetition rate of 2.34 MHz.  This puts quite stringent limits on the beam quality.   Our estimate of the rms energy spread is 0.45% but we could not get harmonic lasing at 2.34 MHz unless it is less than 0.4%.  This indicates that the energy spread of the core beam is more important for the harmonic lasing.  The "halo" beam adds to the rms value but misleads us as to the core energy spread. 
   An interesting side note is that the detuning curve for such strong lasing, which should be close to 15 microns in length, is only 7 microns long.  With a repetition rate of 1.17 MHz the detuning  curve is 4 microns in length.  It should be a factor of 4 shorter than at 4.68 MHz and it is about a factor of 4 shorter than the prediction but less than a factor of two shorter than the experiment.  The length is 5 microns at 2.34 MHz.  It should be about 8 microns. 
   Late Friday we saw a recurrence of an accelerator state in which the electron beam parameters seem to be excellent but the laser does not lase well.  We did not see this state recur this week but took more characterization data to see whether we could identify the cause of the poor lasing if it recurs. 
   Though we can get good efficiency at low current, the efficiency generally degrades as the current increases.  The usual response when this happens is to blame the mirrors.  In this case however the absorbed power in the mirrors is so low that one would really not expect a significant effect.  We also see a drop in efficiency even when operating at lower charge and with pulsed beam.  This seems to absolve the mirror of responsibility.  We therefore looked at the sensitivity of the laser efficiency to various parameters.  We found that the laser efficiency was not strongly dependent on many of the RF parameters and the changes necessary to lower the efficiency a lot was generally quite large.  We are now focusing on changes to beam jitter that might arise due to beam loading. 
   On evening shifts we did some window washing on the quarter cryounit so that we can push the current next week.  Today we are working on cleaning up the match in the 4F and 5F regions so that we are not limited by losses at high current.  We also moved a couple of beam loss monitors near the energy recovery dump to better differentiate between loss in places we care about and loss at the dump itself, which we don't care about.  This may allow us to run higher current without tripping these beam loss monitors. 
   During the Secretary of Energy tour we decided to see if the system could recover quickly after a full shutdown.  After the tour had left the accelerator vault, the vault was swept according to  standard procedures and the machine was brought up as expeditiously  as possible (with no corners cut, however.)  We were able to bring the laser on to lasing CW at several hundred Watts within 8 minutes of locking up the vault and going to Beam Permit.  This was a nice test of how reproducible and robust the accelerator systems are.

   After a rematch in to the wiggler we ran 5 mA CW at full charge with ~150 fsec (sigma) bunch length and 1.5% or so full momentum spread for several hours.

WBS 4 (Injector):

On Friday, February 17 the cathode was re-cesiated for the first time since January 9, 2006 when the GaAs wafer was activated into a photocathode for the fourth time. This wafer was installed in the FEL photocathode gun back in May 2004. Between January 9 and February 17, 2006 the cathode delivered 170 hours and 15 C of pulse beam, and 32 hours and 170 C of CW beam for FEL ops. The QE increased from 1% to 5.8% with the re-cesiation. 

A GaAs sample coated by ODU with aluminum oxide has been installed in the cathode activation chamber. The chamber will be baked over the weekend and early next week the integrity of the coating will be tested during a cathode heat clean and activation cycle. The coating is intended for minimizing beam halo and to eliminate wet chemical anodization which tends to decrease cathode QE. We also received from ODU another coated sample with the actual geometry and size for use in the FEL gun (see picture below, wafer is 30 mm in diameter). The pink area is coated therefore suppressing any photoemission. The circular silver section becomes the active area once the wafer is activated into a photocathode by Cs deposition. The coating thickness across the transition region will be characterized by non-contact profilometry

We continued to make progress in the NEG sputtering system and are supporting work on the thermal insulation for the drive laser RF cable.

Gun HVPS – Fully operational.  An oscilloscope was setup in the Control Room so the output voltage of this supply can be visually monitored by the Operators.   No problems have been noted with the Gun HVPS for more than a year.
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WBS 6 (RF):

All RF systems are operational.  The Quarter cavities were RF processed this week in anticipation of running higher beam current and lasing at higher power.  An entrance hole was cut in the wall of the Drive Laser Clean Room this week.  Temperature stabilized heliax cables are being made to control any phase drift between the RF Control Module and the Drive Laser system.

Injector Test Stand – A redesign of the IOT HVPS for the Injector Test Stand is being considered.  The EMI division of Lambda sells a rack mounted unit that can be paralleled to provide the necessary current and voltage.  This option is also cost and space effective.

WBS 8 (Instrumentation):

   We continued to make good progress in spite of the short week and the breaks for the tour and associated dry runs. To better understand losses after the second arc we are designing a halo monitor. It will consist of two stepped forks coated with our special phosphor. The camera to view it will be fitted to the viewport used for the linac alignment HeNe. The fork will be inserted by a stock MDC 6" linear stepper actuator. 
    A preliminary documentation package has been completed for the Sextupole Reversing Switch Cooling plate.  This drawing was used to get four plates cut, drilled, and tapped correctly.  The water line has been attached to the plates and the high power MOSFETs mounted in place with the high temperature thermal paste.  We are currently getting the cages modified to hold the cooling plate and the necessary connectors.  Once one switch is completely assembled we will get an assembly and the fabrication drawings all completed.  The necessary thermal interlock switches have been selected and ordered.   These will provide a second method of protection for overheating. 
    With the help of Pavel Evtushenko, some beam measurements were made to look at jitter on the beam.  We were using several different BPM CANs throughout the machine and trying to find out if there is any phase or timing noise that exists on the FEL beam signal.  Pavel has automated this process so we will continue to make these measurements with beam OPs today. 
    The schematic layout of the General Purpose Processor card began this week.  We've used this project as an opportunity to get familiar with the PCAD schematic capture program.  All of the JLAB/EECAD group details to get this program installed on a laptop has been worked out and all parties are satisfied.  The schematic layout for this project will continue as the comfort level with PCAD increases. 
    We're close to having an online data plotting service via our web-server. This will allow real-time (1 min updates) graphing of multiple FEL operational parameters (like Gun current, FEL power, etc...) which will be web-ready. The main goal is to allow the Burt/AllSave data to be looked at in any way that a user wishes. Good progress is being made to this end. All of the different programming functions have been tested and work. We expect to be able to show the result next week. We are also in the process of updating the FEL parameter interface from EPICS to the web-server. 
    A custom delay generator is being built to supply the vernier pulse for the DLPC. We spent the first part of this week trying to use an analog approach. The analog approach was appealing because it has a natural ability to vary the pulse width smoothly as a real component value is adjusted, however, we abandoned that method after convincing ourselves that the standard delay devices cannot be made to perform  properly for the 25ns-200ns timing requirement. This approach would also be more complicated to control remotely. We are now working on a digital solution, which will be easy to control remotely, but will require careful design to ensure that it will change pulse widths without any of the transition glitches which are so common in digital designs. 
    The majority of Thursday was spent supporting Bubba Bullard in preparing for installation of Heliax cables in the Drive Laser clean room.  An additional hole had to be punched through the clean room wall, and conduit installed. 
    This week was very busy in preparation for the tour on Wednesday.   Tuesday was spent cleaning up the machine and getting the house in ship shape.  All excess equipment was removed from the vault and put away in the proper location.  The 1st floor was cleaned and repainted, and a video output signal from the switcher was routed to the first floor television.   In addition to the clean room work, Slim and Nathan began installation of the new 17" monitors in the vault; there will be four total installed in locations advantageous to alignment work.

   The service technician from Thermo Electron Corp. came this week to un-officially certify the Nexus-based FT-IR in Lab 3. Because the system was not producing repeatably consistent scans, we suspected that the glass/graphite bearing needed to be cleaned. This is an annually recommended maintenance task that has not been done in over 4 years. (The Nexus had been in storage until the past few months). We were happy to learn that the glass/graphite mirror bearing did not need to be cleaned. The problem turned out to be a subtle alignment issue with the reference laser. This alignment could only be done by using the OMNIC diagnostic software and with some expert know-how.  This was done and the reference laser is now aligned (and we now know how to do this alignment ourselves). The THz FT-IR system is ready to be used with the FEL as time and schedule permit.

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 third GW dipole of the Debunching Chicane using a TV camera.  We observed no closing gaps with magnet excitation.

• 
We started installation of a system to thermally and mechanically isolate the heliax phase signal cables between Drive Laser Room’s divide by 40 Unit and the Drive Laser Control Module in the rack 30 ft outside the Drive Laser Clean Room.

•
The shop is working on the parts to make a second Octupole to remove beam halo.

•
I worked on a safety item in the vault, installing robust covers on the auxiliary coils of one of the 2nd Arc Sextupoles that proves the design.

•
I started working on new viewer flags for Kevin Jordan for the two Linac positions where Steve Benson requested phosphor coated aluminum disks with a hole that is centered on the beam.

•
I worked with Carlos Hernandez on defining the elements of the simple rapid cathode replacement mechanism for the injector test stand gun.

WBS 11 (Optics): 

FEL mirrors
As noted in the operations section, forays to high average power have been few and far between this week.   

Other Activities
With the short work week, most of our efforts were devoted to preparations for the work on Thursday.  On that day, we installed and tested the fast vacuum valve for the optical transport system (OTS) and replaced the collimator mirror with the spare, and replaced the diagnostic beam dump in the optics control room (OCR).  The first two changes should permit relatively high power (1 kW) beam delivery into User Lab 1.  The installation of the fast valve now gives the outcoupler mirror assembly and accelerator enhanced protection from the unlikely event of a vacuum event from a broken laser window.  The last change, replacing the prototype beam dump, with a slow (~ a minute) response time with the faster-responding (~ 10 sec) version will help in the commissioning of the FEL, because Ops can simultaneously look at the power and the turn on time of the FEL, making optimization easier.   Postmortem tests of the collimator mirror we'd removed showed that indeed, the ability to change the ROC was almost nil compared to when it was installed last June.  We are still trying to determine why.  A test of the broadband HR mirror in the optical cavity is also not warping, so we want to see if there is any commonality to the two.  After we complete those measurements we will return to transmission wavefront testing of our new high power laser windows.  The new mounting fixture was drawn up and submitted.  The beamsplitter for the FROG experiment hasn't been received yet, but we should receive it next week.  In the meantime we have been reinvestigating use of the streak camera to diagnose the ebeam through the synchrotron light.  As an additional tool to help investigate temporal jitter on the e-beam as a function of rep rate, we are mounting a few components that will let us put the synchrotron light output from the THz beamline onto a fast photodiode.  The redesign of the User Lab optical interface, which connects safety shutters to our output window assemblies, continues to progress.  The drawings for the Brewster window transition are done; we only lack a few drawings for the near-Brewster window variant.  Today we said goodbye to one of our group members, Chris Behre.  Chris has been involved in a number of projects since he joined us fresh out of Old Dominion University, and he will be missed.  He will be joining the staff at Dahlgren, so we anticipate seeing him here in a few months as a user.  Best of luck Chris.

Terahertz:

THz studies were conducted at the NSLS at Brookhaven for most of this week.  The primary goals were to measure the THz attenuation of some laser goggles, to measure the storage ring source noise, and to measure the THz transmission of a novel material, Forturan, developed by Aerospace Corporation.  Spectral transmission measurements were made on laser goggle filters which are specified for the other laser systems used in User Lab 3.  All of the filters tested were shown to be opaque in the THz region of the spectrum.  This should provide the data necessary to certify these laser goggles for use with the specified laser systems simultaneously with THz beam operations.  The spectral transmission measurements made on the Forturan sample indicated that this new material is also opaque in the THz region and this data will be provided to Aerospace Corporation who is developing this material as part of the microfabrication project in User Lab 4.

The measurements of the storage ring source noise will be repeated on the JLab FEL in order to compare the signal to noise ratio of the storage ring design as compared to that of the energy recovery linac design.  This will be important in evaluating the real gains in the source characteristics of energy storage rings and provide important data for the development of

future light sources.

On-line bunch length measurements with CW beam

   Trying to understand why the lasing efficiency drops down with a higher micro-pulse frequency we have done bunch length measurements while running CW. We have used the Michelson interferometer installed in the User Lab 3 for the measurements. Steve would optimize the lasing for every bunch frequency. The wire grid polarizer, attenuating the THz, was also adjusted when necessary to prevent the interferometer detector from saturation. This is why the spectra amplitude should not be directly compared. Fits to the spectra measured at 2.34 MHz, 4.68 MHz, 9.36 MHz and 18.7 MHz give approximately the same sigma of about 0.150 ps. That number is again agreeing very well with the Happek device measurements made with the pulsed beam prior to the CW measurements. Figure 1 shows the spectrum measured at 2.34 MHz with the corresponding fit and the sigma value. Figure 2 the same at 4.68 MHz, Figure 3 at 9.36 MHz and Figure 4 at 18.7 MHz.
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Fig. 1 Measurements at 2.34 MHz

Fig. 2 Measurements at 4.68 MHz
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Fig. 3 Measurements at 9.36 MHz

Fig. 4 Measurements at 18.7 MHz

   From the measurements we do not see any significant bunch length changes when we increase the bunch frequency, which makes us think that something else is responsible for the lasing efficiency degradation.

   We also have to admit that the measurements are somewhat affected by the water vapor absorption. We believe this problem will be solved when we make a transition to the new all in vacuum interferometer, which has passed final test this week and will be replace the presently used interferometer in the very new future.
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