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To:
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FEL Upgrade Project Weekly Brief  - August 1-5, 2005

Date:

August 5, 2005

Highlights:

   We had a high productivity week with the FEL Upgrade with 2 shift operation being sustained for the entire week.  The extended day shift 6:30am-6:30pm was devoted to characterizing our operation on the installed set of high power 1 micron mirrors. As noted in last week’s report we had obtained a kilowatt of cw output power with these mirrors (which equates to more than 

30 kW of circulating optical power). This was more than sufficient to completely characterize the lasing performance and the mirror characteristics. We set-up the accelerator so that we could provide energy recovered beam up to 4 mA which was more than needed to saturate the optical output of this mirror set.  We measured the heat loss in the mirrors in-situ and with a similar Ta-based dielectric coating in User Lab 1 to compare the optical loading with and without harmonic (UV) loading.
   We now have a good idea of the limitations of this mirror coating technology. Our specified maximum heat load in our mirrors (100 watts) limits the absorption of any radiation source (the fundamental, harmonics and THz) to this total.  From this we derive an absorption specification of 50ppm for 10 kW operation on 1 micron optics. We measure absorption fractions in this range for our high reflector but not for our outcoupler which sees ~450ppm. We have confirmed that the THz loading is negligible due to our THz chicane and THz shield which were designed and installed after last year’s 10 kW run.  The culprit appears to be UV (3rd harmonic radiation at 330-360 nm).  When we repeated this loss measurement on a similar optic in User Lab 1 with considerably reduced contributions from the harmonics, our preliminary measurements show significantly less absorption. The dielectric that is incorporated in these 1 micron optical coatings use Ta-pentoxide, which has had excellent low loss results in the laser industry at 1 micron and in the LIGO facility where losses are measured as low as 10ppm.  We have subsequently identified measurements published in 1989 that show Ta-pentoxide is subject to UV induced color center formation that enhances the absorption at 1 micron.  These same 1989 measurements show that our back-up dielectric choice for this wavelength (Hafnium dioxide) does not show this induced absorption).  A mirror set with Hafnia coatings is arriving early next week and we are geared to complete the installation next weekend if all goes as planned so that this set can be tested the week of Aug. 15th.  These head to head comparisons of low loss optical coatings in the FEL environment are providing essential data for the FEL community (even though it is frustrating to us-and all of you that our next 10 kW goal is being delayed by this iteration).

    In addition to the above mirror qualification measurements, we confirmed our model of FEL performance, i.e. given a specified mirror loss we can predict the FEL output. We also measured the gain, loss and lasing turn-on times for operation at 1 micron. And we showed continuous cw tuning over the bandpass of this mirror set: 1.04-1.18 microns.

   Today we switched back to similar characterization of the installed 1.6 micron set and tonight we will have our first THz user run with Cornell University. We will continue 1.6 micron operation over the next two weeks.  At this point we are holding the start date of end of summer shut-down flexible (Aug. 22 or Aug. 29th depending on the high power push.  There is major hardware to be installed during this shut-down: the new cryomodule, the final 1 micron wiggler, the final correction magnets (sextupoles) and the UV FEL chicane.

We thank the Aerospace team and our coordinator, Joe Gubeli for their successful installation of the Laser Microengineering Station in User Lab 4 (see below).

Management:

We prepared presentations on our high current cryomodule development project and our joint project with AES for the development and testing of a 100 mA injector for presentation at next week's FEL TAWG meeting at ANL. 

We analyzed our projections for the budget and scope of tasks to be completed for the last two months of the fiscal year so that we could optimize our output for the remaining funds.  Preliminary financial reports for July were worked on for completion next week when the 
July books close on the 10th. 

We signed off on the test plan for tonight's THz user run in Lab 3A. 

We are very pleased to report that the Aerospace team which has been on-site and hard at work for the last two weeks completed the installation of the Laser Microengineering Station (LMES) in user lab 4 and officially turned over this important device to the FEL Facility. Commissioning will begin in November depending on availability of funds. Congratulations to Henry Helvajian and his team for a job well done.
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WBS 4 (Injector):

The photocathode gun has delivered about 50 Coulombs during this week for a total of 46 hours of beam time for FEL ops. 

We started another high voltage test on a flat electrode coated with W&M's field emission suppression film. Typical processing is observed up to 85 kV with 1 cm gap. Tests will continue next week. All parts for the rotation system to coat the tube segments in W&M's plasma chamber have been fabricated and are being cleaned. We expect to do a dry fit on Monday and a full test coating a tube by the end of next week. W&M reports a 1.4 micron thick coating on the shield door coated last week. 


Completed polishing of the water-cooled Cu mirror for the optics group and supported THz group by assembling hardware for users. The optics group was very pleased with the polishing work done by Don Bullard. 

Initial drawings of the modified stand for the 100 mA gun have been produced and are being reviewed. 

We spent a good fraction of the week writing a JTO proposal for a load-lock system.
WBS 8 (Instrumentation):

   This week was spent trying to provide Ops with a reliable Alignment Mode system that doesn't have erroneous trips.   After testing many theories relating to the cabling and signal noise, we have confirmed that the non-beam generated signal that is causing false trips o the LPSS alignment mode safety system -IS- a real signal coming from the 1G dump and -IS NOT- a result of our methods of instrumentation.  The basic problem with the 1G03 dump signal is that the level of signal we are trying to measure is lost within the noise floor that is generated in the actual dump of the machine.  That is to say that we are trying to decipher a 100mV signal buried within a 75mV noise floor, which becomes a difficult task.  We have implemented various methods to examine the 1G03 dump signal in an effort to better understand the signal and the noise that is associated with this system. As result, we are left with two possible courses of action, which we are pursuing in parallel. Action #1, determine the cause of the erroneous signal and stop it at its source, however, this has no guarantee of being possible. Action #2, modify the Alignment mode chassis to ignore pulses that are not long enough to allow the FEL to lase.     

   Earlier this week, we built a test box that gave us a proof-of-principle for our proposed change to the Alignment Mode chassis. We are currently in the process of making this modification and expect to recertify the system shortly. 
   Through these studies we have found that our engineering methods of measuring the dump signal is in fact a good system design and the proper way to perform such a measurement.  Also we are for certain that the noise is being generated in the dump downstairs.  We have also convinced ourselves that we can use a method of debouncing the signal so the Alignment Mode Chassis sees the actual beam signal and doesn't recognize the noise.  This method is currently being implemented. 
   Circuit boards for the Analog Valve Interlocks have been received.  Parts on hand have been inventoried and we are ready to start populating the boards for installation.  Circuit boards for the new Beam Position Monitor electronics have been ordered and parts are being ordered for this project as well. The new batteries for the MPS test box were also received this week, and installed, completing the test box.  The charge totalizer board schematics have been marked up and are being reviewed before resubmission to EECAD. 
   The progress continues on the ColdFire Processor/Power Card (F0375). The Gerber data has been received from EECAD and boards have been ordered.  Two boards are due in early next week for testing before production level boards are ordered.  Progress also continues to develop with the 4-Ch RF-DC Linear Converter (F0363) as EECAD has generated Gerber data and boards have been ordered.  Five boards are due in the end of next week for testing.  Parts continue to come in for both boards so assembly can occur as soon as they arrive. 
    A good portion of this week was spent preparing lab 5 for future user runs in this lab. A suspended ceiling has been hung to complete a clean room in the lab. The only objectives left with completing the clean room are hanging the plastic on the walls of the room and receiving the remaining tiles so the ceiling can be tiled. The electricians should then wire up the lights and HEPA filter into the building power. The required shelving was also placed in the lab this week and plans are in place to put 2x6's as the shelving. 
   Programming development for the Coldfire processor continues. Tried to make database and records on a Unix machine and develop device support on the Linux machine. After download the RTEMS kernel, the database can be loaded from the Unix host, so that we do not need  to make a big change for the Beam Viewer database.  Testing of the new control module will begin next week.  Working with Matt Stokes to polish up the last of the details for the WesCam archiving utilities. The "Save and Compare" is also complete and will be ready for prime time after the EPICS software is updated during the down. 

WBS 9 (Beam Transport):




 Sextupole (SF)

•
Work stopped at New England Techni-Coil for their summer, one-week vacation. All cores and coils are ready for final assembly, anticipating shipment at the end of next week or early the next. See Picture #1. 
Replacement Chicane Dipoles (GW)

•
We received 2 of the 4 GWs from New England Techni-Coil.  The first is on the test stand, getting plumbed into the water system.  See Picture #2. New England Techni-Coil is on vacation and only has the remaining two bottom style coils to pot to complete the order.  They didn’t pot coil #7 as planned two weeks ago because of the potting mold problems extending the time to pot Coil 6.  They plan to ship the magnets two weeks after they get back if the molds can be made to limp through two more potting cycles.

UV Line

• 
Qualifying the QX Quadrupoles of the UV Line was just about to start at STI on July 26 after Ken Baggett installed his ramp control system in their control computer and after our power supply was functioning.  Their control computer hard drive crashed and stopped all progress.  Recovery has been slow.  Last evening, they were ready to start their first run and communication between control computer and an analog-to-digital circuit board was lost.  As of this writing we don’t know when this effort will start up production measurements. 

•
Regional Assembly of the 8Fsub4 remains near design completion with the vacuum spool list generated and transmitted to the Vacuum Group and the new girder assembly drawings due for start of sign-off mid next week. 

•
The JLab Shop is still nearing completion of the upstream GW chamber because we added a NEG pump port and the complicated transition piece from an outside vendor is in its second attempt.  The shop has had to change its vertical chicane chamber delivery date beyond their August 15 date due to the many shop welding jobs.  However, they are working overtime on the chambers with very rapid progress with two tacked together and due for welding tomorrow.  See Picture #3. 

•
The drawings for the downstream corner chamber with NEG Pumps is partially checked.  Drawings should go to the shop early next week.

UV Wiggler Progress

•
No progress on the new Wiggler vacuum chamber.

IR PM Wiggler Vacuum Chamber Progress

• 
The chamber drawing was signed off and the details of the support structure are being generated.
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Picture #1 – SF Sextupoles ready for assembly    Picture #2  - First GW Dipole on the Test Stand
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Pictures # 3A and #3B Chicane vacuum chambers being welded.

WBS 11 (Optics): 

FEL mirrors:
Calorimetry measurements kept us busy last Friday and part of this week, so this section of the report will be rather long.  We had our first opportunity to lase on our new 1.06 micron mirrors on Monday the 25th.  As the performance was optimized, we were able to get some in-situ calorimetry data.  When operating at about a kW, the temperature rise was noticeable on the OC, but negligible on the HR.  This yields a loss of less than 50 ppm for the HR, and ~ 450 ppm for the OC.  The OC loss is very similar to that measured in the 1.6 micron OC.  When we discussed this with the vendor, it was their opinion that the absorption could be associated with UV-induced IR absorption in the tantala films that constitute the high index film in the dielectric coating.  The UV is supplied by the coherent harmonics from the FEL.  This is a compelling suggestion, since the only low loss mirror in this set is the 1.06 micron HR, which has a hafnia/silica coating.  We then conducted a series of absorption measurements at 1.1 microns in the User Lab with the vacuum calorimeter.  The use of 13 protected silver mirrors drops the UV output by over 2 orders of magnitude compared to the ratio the cavity mirrors experience.  The witness sample corresponding to the OC mirror in the cavity had only 25 ppm of loss, compared to the ~ 450 ppm measured in-cavity.  The other witness samples had lower losses, but the data was contaminated by scattered light, so we need to retake the data.  This week I found a paper, published in the 1989 Proceedings of the Boulder Damage Symposium by Virgil Sanders and colleagues at LANL that studied this issue.  Using a KrF laser to simulate the 4th harmonic of a 1.1 micron FEL, and an IR HeNe to simulate the FEL.  Of the four high index dielectrics studied, tantala was the second worse, while hafnia was the best.  This is again consistent with our results.  Consequently, we are having the vendor coat a new set of substrates with hafnia/silica coatings.  We also did a series of measurements of the gain and loss of the 1.1 micron mirror set as a function of wavelength, and compared the maximum power output for this mirror set with that from analytical models S. Benson produced several years ago.

 

Other activities:
   Based on the remaining tasks for the down, especially UV FEL work not yet completed, management made a decision to defer further work on the optical transport system extensions to User Lab 4.  Hence, we have stopped work on these tasks, except when we had a delay. Shukui had a productive week measuring the synchrotron light emitted in the first arc with the streak camera.

 

UV FEL
Two ultraviewers and the diagnostic viewer (actually, more of a laser shutter) were built and once they receive their mirrors, will be ready to install in the machine.  The support structure for the outcoupler was bolted together, with no issues.  We will install it in the vacuum vessel next week, in preparation for vibration testing.  The thermal isolators, needed for cryocooling the OC mirrors, are in fabrication.  Joe Gubeli had a productive (and long) week assisting the Aerospace Corp staff with the installation and alignment of their optical beam trains.
Terahertz:

We reinstalled the power meter and the Nicolet Impact-400 Michelson interferometer so that we could measure both power and spectral content.  The beam passes through the former and gives plenty of signal to the latter.  We also installed ducting to permit operation of equipment inside the lab 3 hutch in lab 3a, and are preparing for a test of a special double multiplexing interferometer without moving parts, built and tested at Cornell.
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