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Highlights:

The FEL Facility devoted our entire week to delivering 1 micron light to the newly commissioned User Lab 4 for the Aerospace team’s test drive of their “Laser Microengineering Station” (LMES). The team led by Henry Helvajian arrived last Friday morning and immediately dove into double shift operation that ended at noon today. Following LMES set-up operations over the weekend, the FEL began delivering alignment beam on Monday. Despite the record high temperatures (100ºF) here (and elsewhere in the country) all week, the FEL delivered beam for nine consecutive shifts while the careful and painstaking alignment process proceeded. To remind our readers, the LMES is the world’s first fully 3-D laser mircofabrication device that is capable of both large area (+/- 0.25m), and high laser photoetch speeds, at the diffraction limit of the delivered light. By mid-week, the team had demonstrated some line scan laser etching of both polyimide and tungsten targets using the short repetition (2 Hz), short pulses (~250 microsecond) alignment mode beam. Since mid-week, extended periods of cw beam were directed to the LMES to shake-down the alignment and power handling issues of the higher input power beam. The team is planning a second run in mid October after this week’s results are analyzed. Kudos are due to the entire Aerospace team, Henry Helvajian, Frank Livingston, Bill Hansen, Lee Steffany and our JLab liason , Joe Gubeli for their steadfast hours with laser goggles this week.

We were fortunate that the Aerospace team was on site over last weekend for reasons beyond our joint scientific mission. On Sunday, a production team from the “History Channel” was on-site to film a prospective documentary on the history of the laser. 
Four different venues were filmed in the FEL Facility over a 12 hr period with many of the FEL staff and the Aerospace team volunteering to appear as extras in the filming. 

A focus of the production was an extended interview of Dr. Alan Berman, the former director of the Naval Research Lab and a member of our Maritime Technical Advisory Committee. As shown in the photo from User Lab 1 (below), Dr. Berman used the FEL as backdrop to explain the early development of the laser from his graduate studies at Columbia with fellow students Charles Townes and Art Schawlow (who shared the Nobel prize for the invention of the laser) and Gordon Gould (who demonstrated the first laser). If the production survives the difficult process of commercial acceptance, it will be shown sometime later this year. 


Kudos are due to George Biallas who helped analyze the issues involved with operating the FEL under the high stress of this week’s intense heat. As noted in the WBS 6 report below, a number of simple changes were made that made FEL operation substantially more reliable than last summer’s experience under similar conditions. 

For the remainder of the day, we are preparing the FEL for a power push and beam studies next week. The photocathode will be processed with a heat clean, we will check the alignment of the drive laser, and replace some fading cameras on our beam viewers. 
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Crew from Storyboard Productions (Washington, DC) filming Dr. Alan Berman for a proposed television documentary on the history of lasers for the History Channel.

Management:

We prepared documentation for next week’s (Aug. 9th) meeting at ONR that will review 
the cost, performance and technical accomplishments from the FEL project in FY06 and the plan for start-up of FY07 activities. 

We negotiated with a potential vendor that will help us develop protocols, approvals and infrastructure for animal research for biomedical users associated with our consortium that is planning a major proposal to NIH. 

Good progress was made this week with our collaboration with Prof. Keith Baker on planning the axion search experiment supported by ONR. Keith will moving from Hampton University to Yale at the end of this summer so we put most of the “Work-for –Others” agreement in place between Yale and JLab to cover this work.

We started planning the papers we are presenting at the International FEL Conference which will be held at the end of the month in Berlin.
Operations:

Machine operations this week concentrated on providing laser light for the Aerospace team. The final certification for User Lab 4 was completed and we started to deliver beam to the lab.  The rest of the week was devoted to delivering beam to the lab.  First few shifts were spent delivering alignment mode beam to the lab while they aligned the beam onto their sample stage.  By Thursday we started delivering CW beam to the lab.  The one problem we had was a flaky RF control module in zone 4 that led to a couple of hours of downtime on both Wednesday and Thursday.  Otherwise we delivered pulsed and CW beam until noon Friday.  In parallel we worked on getting User Lab 6 set up for the Far Off-Resonance Trap experiment being conducted by ODU.  The diode lasers for the FORT are now certified and the lab is ready for operations.
WBS 4 (Injector):

The DC photocathode gun delivered 52 C and 69 hours of CW and pulse beam for FEL ops since the photocathode was re-cesiated last week. The lifetime of the photocathode between re-cesiations is decreasing as previously observed after the 5th or 6th re-cesiation. To restore the lifetime we will do a wafer heat clean followed by activation into a photocathode. 

The machine shop has made great progress in the construction of the new gun chamber. The main body chamber has been machined out with all the apertures and is ready for electropolishing along with the tubes that will house the three NEG pumps and the instrument flange tube. The two end-flanges for the chamber body have also been fabricated. We received two quotes for the cathode stalk retractor system. This system is the main component of the Load Lock Gun design. We are awaiting one more quote. 

Raul Briceno, our REU student from New College of Florida has concluded a very successful summer internship with the injector group working on the NEG sputtering system. Raul and D. Bullard with assistance from L. Phillips, M. Stutzman and P. Adderley demonstrated that the hydrogen, CO, and CO2 content in the gun test chamber decreased by more than one order of magnitude after sputtering a mixture of Ti, Va, and Zr. A witness sample showed the coating thickness was about 1 micron with 15 hours of sputtering. The integrity of the coating on the chamber passed a very simple adhesion test, no flaking when a gloved hand is rubbed against the chamber wall. We want to thank Raul for his enthusiasm and hard work during this summer and wish him the best in his quest for getting into graduate school.

WBS 5 (SRF):

High-current cryomodule
Work has resumed on the high current cryomodule after the hiatus earlier this year due to funding delays. We have made progress on many fronts and begun hardware prototyping of some key components. To expedite things at JLab some items are being prototyped at 1.5 GHz (half physical scale), to take advantage of existing materials, facilities, test capability and infrastructure. By doing so we were able to achieve a cavity test of the high-current shape, for example, that would otherwise not have been possible in FY06. Specific achievements to date include: 

• 
Conceptual layout of 750 MHz module with high-current cavity shape, HOM loads, tuners, waveguide FPCs, support structure and end cans that meets all specifications (100 MV. 10m length, etc.). 

• 
5-cell high current cavity design with strong HOM damping, large bore, high packing factor and efficient 1-die construction (all cells are made from the same pressed shape, differing only in trimming). 

•
HOM damping and field flatness measurements on a copper 5-cell model (half-scale, CEBAF cell shape) with waveguide end groups. 

• 
HOM damping measurements on a single-cell cavity (half-scale, high- current shape) with waveguide end group. 

• Vertical test of a niobium single-cell cavity (half-scale, high- current shape), achieved 32 MV/m accelerating gradient (almost double spec.), high Q and no field emission. 

• 
Conceptual design of a 750 MHz high-power waveguide window and  coupler. 

•
Low power measurement and tuning of a half-scale window model at  1.5 GHz. 

• 
Detailed design, procurement of parts and tooling for half-scale  high-power window that can be tested at JLab (high-power 750 MHz RF is not yet available). 

•
Conceptual design of a multi-kW waveguide HOM load for the 750 MHz  module. 

•
Investigation of the possibility of using a half-scale (1.5 GHz) high-current cavity in a CEBAF  style cryomodule as a possible  replacement for the present FEL injector quarter or third linac cryomodule.
Progress to date on the 750MHz Injector Project with AES,Inc.

• 
We have received 95% of all major components from AES - the third harmonic waveguide is going back to vendor for seal rework.

• 
All cavity string tooling has been designed and is in procurement - delivery is expected in September.

• 
Inspection and assembly documentation is on-going - FPC inspections are scheduled to begin next week.

• 
Final assembly of warm to cold beam line component procurement is expected to begin in September.

• 
Final assembly of HOM component procurement is expected by the end of August.

• 
AES assembly drawings are being integrated with JLab tooling modifications.
WBS 6 (RF Systems):

Our historic experience has been that the machine has major RF stability issues when the outside temperature is above 90° F.  One of the goals for this past week was to understand and improve this situation.  To that end, a study of the cooling in the building revealed some interesting facts.  Our magnets and power supplies are cooled by a very stable 95°F low conductivity water from the north linac.   It was at that temperature, even during the hottest period of the day.   On the other hand, a cooling water loop, set at 

46° F, provides all special cooling (machinery and environmental) to the building.   The refrigerator (chiller) for that loop maxes out, and its cooling water temperature starts to rise due to heat infiltration when it is around 90°F outside and all our rooms are being well cooled.  We don’t have any additional electrical power available for any upgrade to that chiller. 

The drive laser’s clean room is cooled by this chilled water, but the undersize unit that provides the cooling has a modulation valve that is running at 100% open and the thermostat never makes set-point.  Therefore, the temperature of the room, that has the greatest effect on the phase stability of the machine, rises and falls with the varying temperature of the cooling fluid.  We improved the operations by shedding heat loads both in the general areas and the laser clean room and raising the thermostat settings in other areas of the building.  A request has been submitted to plant engineering to upgrade the air conditioning coil in the laser hut.  

From an RF standpoint, at least two factors contributed to this good running.  First about 6 months ago we upgraded and thermally stabilized the master oscillator drive cables to the drive laser.  Additionally we changed the cables in the 70 MHz distribution within the injector low level RF rack to ¼ inch superflex helix, which is optimized for minimal phase shift at 27° C.  

There were three problems this week that cost us about 4 hours of RF operation.  The first was that the tuner in cavity 4-2 got stuck due to frozen out air on the rotary feed through at the helium vessel.  We were able to manually rotate the shaft and free it up.  Cavity 3-6 seems to have a loose field probe cable or other damaged device in that circuit.  This has led to some instabilities in the gradient and phase.  We are manually compensating for this when it occurs and plan on further investigating the problem in parallel with the gun heat treat.  The third problem is an intermittent vacuum interlock fault on cavity 4-1.  The fault was such that it was clear that it not a true vacuum fault.  It was repaired by replacing the low level RF microcontroller module.  

WBS 8 (Instrumentation):

   In addition to LPSS certification of User Lab 4 last week, we were able to successfully complete the Alignment Mode certifications for User Lab 1, 2 and 4. We now have 5 User Labs that have been certified as operational for FEL delivery. Documentation continues for User Lab 5 LPSS. Modifications to the main LPSS box (local laser Bypass) are being implemented into the new LPSS design.   
    Much of this week has been spent commissioning PCBs.  We've spent much time with the Single Board IOC Module as we've been piecewise assembling the board and testing each section.  We have the PCB over 50% populated and are approaching the point where will begin programming the FPGA.  So far we successfully have all the appropriate voltages with the components all operating as they should.  All of the necessary components to fully populate the PCB are in stock and we will continue moving forward with the population procedure. 
    Both prototype PCBs that have been designed for the Beam Viewer Crate upgrade have arrived.  The backplane has been visually checked and verified with an ohm meter to ensure that the proper connections are located where they should be.  The physical dimensions for this board have also been verified to be correct.  This board is in the queue for population.  The 4-Ch control card has arrived and visual inspection has occurred.  This card is also in the queue to be populated piecewise for testing. 
    In order to have multiple channels of temperature monitoring available throughout the FEL we've been working to commission the 4-Ch RTD monitoring cards.  So far we've verified proper pinouts of the connectors and have been able to set proper currents for driving the RTDs.  Currently we're working through the voltage measuring portion of the circuit to understand each channel for calibration purposes.  Functionally the card design is ready to go, however several component values may have to be adjusted to optimize performance.
    The majority of the student’s time this week was spent preparing the cameras for replacement in the vault today. There are a total of 17 cameras ready for replacement and all have been tested several times on the bench and should be in great working condition. An email was sent to COHU about a price break for ordering more of these CCD chips since the current change out will put a hurting on our supply.
    More progress has been made towards complete embedded IOC solutions.  Time was spent this week cross-compiling RTEMS for our ColdFire boards.  Testing will take place early next week.  The packages required to allow all the functionality of our vxWorks IOCs are being built as well.  Building dynamically loading EIOCs will allow for easy conversion from VME crates to embedded technology. The Quartus software for the FPGA code is also being worked. Some functional modules are set for testing on the general purpose prototype board, which will be ready next week. Additional time was spent to study the Board Support Package (BSP) coding.
    The AutoCAD drawings are complete for a new 6 position rotatable filter wheel. This includes attachments and motor shaft extension, these have been given to the machine shop for fabrication.  The motor box to drive the filter wheel has been wired and completed.  The ND2 filters for the synchrotron light monitor enclosure assemblies have been glued to their holders, and as soon as the rest of the parts come in the assemblies can be completed.
    In preparation for the History Channel film crew, the tunnel was cleaned and most of the #@%$@& from the building ended up in the newly clean lab 5. The lab was promptly emptied back out this week to continue work on the LPSS system. At the PSS group’s request we will refer to Carlos' test stand as the Gun Test Stand or GTS so it is not confused with the injector test stand. Alterations to the GTS cave HVPS tank have prompted for additional changes to the model. The 'final' layout has been agreed upon, and will be submitted for George Neil's approval, whereupon it will be prepared for survey and alignment.

WBS 9 (Beam Transport):



•
 In work for the New Gun and injector Test Stand, Bids for the stalk retraction system are in and are under evaluation.  Ron Lassiter, the designer remained responding to a Hall C project, so he was unavailable.

•  
In our process of responding to high temperatures in the Wiggler Chamber, the Shop is supposed to start welding up the second chamber.  So far, the project they we’re working on has gone longer than planned.  They are now poised to start next Tuesday or Wednesday.  A proposal to fix the OCMMs is on the table that has to vie for priority with running the machine for users, power push and FEL Conference experiments. So far, it hasn’t won.

• 
Magnet Test is continuing sextupole measurement by working on a non-conducting probe arm that is not deflected by movement in the magnetic field.   The reversing switch has not been added to the power supply yet by the Accelerator electronics folks.  Magnet Test remains poised to start the reduced hysteresis loop protocols we planned as soon as the setup is ready.    

•
Having missed the opportunity last week, during the down period this afternoon I will look at the region front of the Debunching Chicane to see if I can shoehorn in an additional corrector pair.

Experimental program

Experiment to see a pseudoscalar particle that couples to photons   

• 
We decided a quick version of this experiment is in order.  We will run at 1.06 µm at 

1 kW in air.  Thus, we concentrated on getting the turning mirror can in place because the Collimator Can is not needed.  The existing harmonic blocking filter can be used and collimation can be bread boarded using existing components on the existing optical table in air.  The remaining three sets of pole tip extenders and the turning mirror stand were sketched up and started in the JLab Shop.  Magnet Test is still testing the auxiliary poles on the pole extension to see if we can raise the end fields to the 18 KGauss. Dan Oprisko, a contract worker who has carried the load on this experiment up to this point, will be leaving for a position in the Cryo group in mid August.  Fortunately, Jim Boyce was able to get our end of a work for others agreement with Yale University completed so that Neil Wilson’s crew can be paid to take over his task once Yale completes their end of the paperwork.

WBS 11 (Optics): 

FEL Mirrors:

  Operations this week concentrated on operating the FEL for the Aerospace Corp group, so there is no new data on mirror losses.  Analysis of the data collected so far continues.
For our laser-based optical metrology setups, a number of items got crossed off the list.  The advanced drive laser diagnostics hutch was installed and the hutch shutter/beam dump aligned and locked down.  The optics for the laser damage tester was then aligned back to the center of this aperture, and the continuous surface monitor aligned and tested.  We also cross-calibrated our knife-edge scanner with our Spiricon beam profiler to ensure we are executing the technique correctly.  New samples were received from CSU, part of a series of single layers of hafnia deposited under different conditions.  The goal is to 1) see if we can lower the higher scatter (relative to tantala) of hafnia films, and 2) see if the change in scatter has any affect on the laser induced damage threshold.

   We met with our engineering consultant on the cryomirror project and reviewed his calculations for the anticipated temperature rise for the planned mirror configuration 

(a 3" dia mirror) and gHe flow rates.  He was using room temperature material values for sapphire, so values at select cryogenic temperatures were sent to him.  During the review some other questions came up which he is checking.  We also had the first of what will be weekly meetings with senior management on our progress.   

   We bid "see you later" to Alice Ohlson, who has been working on the laser damage tester for the last month.  We wish her a pleasant vacation time before she resumes studies at MIT.

Terahertz:

This week, we began working with a group from NASA Goddard on the proposal phase of their THz research plan.  The initial proposal will be submitted to NASA for their approval and for now we are primarily providing technical details regarding our capabilities as they relate to the proposed research.  We are optimistic that the proposal will pass through the NASA approval system.

The optical and vacuum designs were completed this week for our collaboration on the magneto-optical experiments with the Florida State Magnet Lab.  The experiments will take place initially at Brookhaven and then later, here in the THz lab.

On Friday, Megan Ivory gave an excellent presentation which concludes her summer REU program in our lab.  She has been a great asset and her work has given us a much greater understanding of the TK THz Power meter and we are eager to test her results on the FEL THz beam.
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