MEMORANDUM 

To:

Distribution 

From:

F. Dylla

Subject:
FEL Upgrade Project Weekly Brief  - November 28-December 2, 2005

Date:

December 2, 2005

Highlights:

This week we are pleased to report that the FEL driver accelerator was returned to operation.

As noted in previous reports we paid extra attention to complete check-out of all subsystems

during the recent down period because almost every component was checked-out or changed

as we installed the new wiggler system and performed maintenance on the linac. We note that

we were able to establish energy recovered operation in less than a day and a half of operations

from a cold  start on Monday morning.

We completed re-commissioning of the  FL03 cryomodule successfully and achieved sufficient performance to make the 115 MeV required to produce high power 1.6 micron light.   As the week proceeded we were able to optimize the injector performance achieving 9 MeV from the injector (the higher energy is good for better beam control at high currents).  We then quickly established 115 MeV beam around the machine into the energy recovery dump. As this is being written we are carefully matching the beam phase space through the machine in preparation for initial low power lasing. 

We also are very pleased to announce that David Douglas was appointed a Fellow of the American Physical Society for his beam transport work on CEBAF and the FEL. Dave’s

citation for his award reads: 

“For pioneering beam optics contributions leading to unique multipass accelerators and accelerator-driven light sources and to energy-recovering linac operation at high average current and demonstration at high energy.”

Management:

We hosted a visit of CDR Dave Markert of ONR's London Office on Nov. 30th  We were supported in that activity by Sandra Biedron of ANL. 

We also set up Susan Ekert of Noesis on our FEL User list to support her efforts in systems requirements development. 



The major effort of the week was dealing with the lack of a signed FY06 DOD budget resolution which left the JLab FEL program projected to run out of operational funds at the end of November (Wednesday). Thanks to truly heroic efforts by the ONR Program Office 

(Quentin Saulter and Jim Humnik), the DOE Jefferson Site Office (Wayne Skinner) and our capable staff in our Finance and Project Management offices, we got a sufficient ONR funding line established to keep things going through the end of the calendar year provided we only perform activities directly related to 1.6 micron lasing. This limited funding will have a major impact on schedules for the other FEL activities planned for FY06 depending on when the DOD appropriations bill gets passed and our full planned budget is available. At this point all engineering support activities for the FEL operations, FEL user support and the development of the next generation injector and cryomodule hardware have been put on hold.

Operations:

  With the commissioning of zone 3 done, beam operations began in earnest this week.  Beamtime was limited by repairs of punchlist items so most running was done only in the afternoon.  Progress was nevertheless quite rapid.  Congratulations are due to system owners,  who checked out their systems and got them working correctly before  they saw beam. 
   On Monday we recesiated so that full charge beam could be generated.  We then sent the beam down to first the straight-ahead dump, and then around the corner so that we could phase the linac.   Phasing was mostly done by the end of the day. 
   We finished up the linac phasing on Tuesday and did a full injector phasing setup procedure.  We then threaded the beam around the machine to the energy recovery dump.  We also commissioned the new beam current monitor after the linac.  This will give us one more current number to argue about.  Finally we worked to minimize field emission from the linac and found a profile that kept all local radiation monitors well less than 1 R/hr at 115 MeV. 
   On Wednesday we carefully steered up the beam, centering in all the quads up to the wiggler.  The corrector strengths look reasonably low with a couple of exceptions in the wiggler region.  We are still exploring these discrepancies.  We planned to continue the centering on Thursday but were stymied by problems with the RF in zone 3.  We are continuing the centering in rest of the machine today and plan to set the first and second order dispersion before starting to match  the beam around the machine.  The longitudinal match looks quite good using design numbers.  We discovered that the wiggler viewers were high and we plan to realign these on Monday along with the optical cavity.  Once the matching is done we will be ready to attempt lasing.
WBS 4 (Injector):

The cathode was re-cesiated on Monday for the fifth time since the GaAs wafer was activated into a photocathode back in December 17, 2004. The QE increased from 0.6% to 2.5% after the re-cesiation. The previous re-cesiation was performed on August 2, 2005. The injector was phased on Tuesday and is delivering 9 MeV/c beam for FEL ops. A script for automatically phasing the injector is being updated. This script will significantly reduce the time involved in phasing the injector. The induction coil for the NEG sputtering system was received and mounted on table where the gun vacuum chamber will be coated.

WBS 6 (RF):

Commissioning effort on zone FEL3 was completed.  The function of all of the interlocks was verified.  The field probe signals were calibrated against an emitted power measurement and it was determined that two of the cavity gradients were in error by a factor of 1.65 low.  The field probe-Q values were corrected in the control system and the field emission onset data was again taken.  The zone was operated with seven cavities at 7.5 MV/m and one at 6.5 MV/m, or 41.3 MV accelerating voltage for several hours.  The cryomodule was operated at with pulsed beam at 35.5 MV accelerating voltage for a shift.  A half of a shift was spent by Steve Benson determining the maximum gradients with moderate field emission radiation for the machine.  Based on this limit, and a minor reduction due to beam physics consideration, the cryo unit and cryomodules can produce 9.5 MV, 37.25 MV, 39.9 MV and 36.9 MV of accelerating voltage for the respective cryomodules which totals 123.55 MV. 

I initiated discussions at the RF Performance Integration Team regarding the interlock functions as well as some software changes that if implemented would provide for a more robust, in terms of cavity system protection, turn on processes.  Additionally, I made a request to the SRF Institute staff regarding preparing the window test stand for testing the gas barriers. 
Items repaired during the week. 
LLRF module replaced in zone 3-8 

Arc Detector always faulted zone 2 cavity 1.  Problem went away when channel 1-2 card was swapped with channel 3-4 card.  

An RF module was replaced in zone3-2 as was a coaxial low pass filter the ultimate problem was the coaxial filter.   The EPICS gradient for the module seems to have changed downward.  I will measure check the field probe calibration (which has any past or present LLRF calibration errors embedded the values.) 

A "Turn Off All Quench Masks" button was added to the FEL RF captain screen 

Items needing attention. 
Two software changes for LLRF to address off normal conditions. 
Gas barrier testing as well as Helium gas distribution and interlocks systems need to move forward.

WBS 8 (Instrumentation):

System readiness for full Operations was the dominant activity this week. The magnetic transport system was checked off and is fully operational.   Other I & C diagnostic systems, i.e. Happek, Beam Position Monitors, Beam Current Monitors, Beam Viewer controls, Beam Viewers  (with the exception of a few minor punch list items) have been tested and are  ready for Ops. The installation of Radiation Monitors and the MPS interlock for the PM wiggler have been completed and tested successfully. 
   Work on the viewers in the vault continued this week. The viewer at 1F03 was replaced to due radiation damage and has been focused and aligned and is ready for use. 4F12 and 4F00A have been focused and aligned as best as they can be. The viewer at 1G01 has also been replaced and aligned and is ready for use. Cameras were also installed for the dial indicator gauges that are on the wiggler that measure the gap. There is a camera on the upstream side that is focused and is ready for use. The camera that is downstream has power to it but needs the correct lens. The video and AMS system's channel configuration software has been upgraded this week. The upgrade allows a user to determine the signal's final systems channel number in terms of the local chassis number and the local channel input number of that chassis. So that Chassis #6, input #11 becomes video system input #171 (which is 32*(6-1)+11). By doing this in software, we eliminate a lot of confusion for the system users. 
   

Development and testing continues with the embedded BPM system.  Three sets of electronics have been installed in the injector region, IPM0F03, IPM0F05, and IPM0F06, of the FEL to collect data on performance with the FEL beam.  Currently the data that has been taken with the FEL is to look at the linearity, response to current variations, and response to the different frequencies of the FEL.  Currently this data has shown that there are different slopes for different currents.  This is suspected to be due to the Voltage Standing Wave Ratio (VSWR) of the electronics.  We have found a way to reduce the VSWR to 1:1 and we are currently taken bench data to verify that this modification will in fact improve the current variations.  We are also testing the digital section of the electronics independently to check for accuracy and noise level of the ADC and other components.  Several more sets of electronics are being built up and commissioned for testing and installation in the FEL.  This process is identifying the changes that are going to be needed for the next revision of the electronics. 
   The remaining parts for the Sextupole Reversing Switch have arrived.  The enclosure has been tested successfully with a bench supply and is ready for testing with a Sextupole Magnet power supply.  This will occur when it can be coordinated with appropriate parties.  The Wiggler BPM Electronics have been reinstalled and tested.  These were verified to function properly with the FEL.  The ICM2F02 Unser Current Monitor signal has been routed into EPICs and the appropriate screen changes have occurred.  There is some testing that needs to occur to fully commission the EPICs readback signal that requires beam time and higher current operations, this will occur as soon as time permits and it fits into operations schedule. 
   The GC power supplies are continuing to move along. A preliminary parts placement check has been created in response to the redesign the boards have undergone. This has been looked over once with changes made, and it will be looked over again as soon as it is back from Dave Williams. Also, small corrections to the schematic were made. 
   Work in the THz lab also resumed this week with the installation of a new cable to run the shutter for the Tsunami tabletop laser inside the hutch and interlock it into the LPSS system for use during operation. We have begun to construct the vacuum FT-IR in the Arc lab (L102A). We have received the parts we need from Thermo-Nicolet and have begun to transport the rapid scan interferometer out of its commercial housing and into the custom vacuum chamber. 
   Progress has been made in getting two new cameras installed to view the wiggler jaw calipers. Work continues to develop better documentation tools that blend EPICS, MEDM and Tcl/Tk tools with the remote database functionally of the configuration control database.

WBS 9 (Beam Transport):




 Sextupole (SF)

•
We are working on a plan for re-measuring the sextupoles. Because of lack of funds, we will not start on Monday as planned.

Replacement Chicane Dipoles (GW)
•
The remaining two units are at Magnet Test, awaiting the testing of Sextupoles before they get measured.

QX Quadrupole Measurement

•
No progress

UV Line

•
Girder assembly remains on hold awaiting funds and a plan on how to use the measurements we have on the QX Quads to commission them effectively. 


•
The NEG Pump cartridge holder design for the second corner UV chamber is on hold. 

UV Wiggler Progress

•
No progress on the new Wiggler vacuum chamber until UV funds are secured.

IR Machine Re-commissioning and Operations

• 
So far, during operations, a few start-up trim card problems were wrung out using Ops-PR tracking system and the trim racks have behaved very well.

•
We started making regular in-situ measurements of QX quadrupoles in the 2F region at half strength (5000 Gauss) with our measurement fixture to compare values with our baseline readings. 

•
We re-commissioned the old style sextupoles in the second arc that were pulled out in anticipation of being replaced by the now delayed SF Sextupoles.  

•
We installed and commissioned the correctors on either end of the wiggler and checked all correctors for tight terminals.

•
We started using The FEL System Status feature of the FEL-Devlore data base to document the check-out status of the elements of the Electron Beam Transport System.  

•
At this time, the two GC vertical correctors of the first arc are the only elements in need of a priority two fix status. (Fix as soon as possible).  Each is still being powered by the two BOSS Power supplies not in the EPICS control system. They are the corrector style that uses superposed currents on selected coils of the QT Trim Quadrupoles. As an administrative alternate for tracking their status, we are logging their current settings at the start of each day.  Kevin Jordan ordered the circuit boards that, when stuffed into existing chassis, will get these magnets into EPICS control. The boards are based on the similar and successful VT Corrector power supplies developed during the Down Period. 

•
We were able to finesse our way out of two shorted-to-ground earth’s field compensation coils on the W55 Wiggler.  Because the coils were beautifully layer wound (rather than random wound) we were able to identify 15 turns out of the 40 turns in each coil that that could be isolated (as new coils) from the shorted windings.  Since this number of turns, with increased current, will still generate enough compensation field, the fix is acceptable.  STI, the wiggler vendor, is already making the similar coils on the UV, W33 Wiggler in a more robust design.        

 IR Wiggler Vacuum Chamber

•
The second vacuum chamber for the W55 Wiggler has all its piece parts machined and is awaiting funds to weld it up.  It will replace the existing chamber that has a potentially problematic, slightly magnetic weld in the second last downstream period of the wiggler.  The weld was introduced because we had to splice the chamber back together after a manufacturing error.

WBS 10 (Wiggler):
The UV wiggler is being shimmed.  The scanner at STI Optronics had some noise problems that have been fixed.  The end magnets have been installed and the trajectory looks good.  The wiggler now meets most of the specifications and will meet all of them as soon as the trajectory is shimmed.  Certification runs are scheduled for December 12.  We are planning for the wiggler to be installed the first week of January if possible.

WBS 11 (Optics): 

FEL mirrors
We are awaiting an aligned set of wiggler viewers to complete alignment of the optical cavity.  This happens on Monday.  We also must complete installation of an optical assembly that allows us to align OC mirrors with either a red HeNe (632.8 nm), or a green HeNe (543.1 nm), due to the fact that our 1.6 micron OC coatings are AR-coated at the red HeNe wavelength.  We anticipate receipt of the silicon witness sample substrates for our coating effort today.  The sapphire witness sample substrates will ship in a few weeks.

Other Activities

The new section of the optical transport system (OTS) section is in the low 10E-6 Torr range and continues to pump down.  The temporary air lines to the valves were replaced with permanent versions.  Control cabling has been run to the valves, but we are keeping them open until the pressure drops further.  The two new ion pumps are operating in EPICS.  We are chasing a leak in the two remaining sections of OTS beamline.  Once that is complete, and the cabling for the end of line diagnostic dump installed, we will connect the two sections of beamline and have a complete run through the User Labs.  Due to the funding shortfall the design work for the hutch shutter and harmonic blocking filter, complete at the 90% level, has been halted.  We have informed the Dahlgren PI, and we are trying to work on a solution.  The fast valve in the OTS is not working properly.  We are preparing a piece of tube to go in its place and will remove the valve for troubleshooting at the earliest opportunity.  The phase noise of the electronics for the THz pump-probe system was determined to be 550 fs for an integration from 10Hz-1MHz, referenced against the 74.85 MHz carrier. The vacuum-compatible wiring harnesses for the turning mirror cassettes arrived.  We will restart their assembly next week.

UV FEL

We were informed the balance of the gimbal mount order is complete.  We anticipate receipt of the utility cable vacuum trunk soon.  This is also true for the ballscrews.

Terahertz:

With the return of beam, we immediately observed visible synchrotron light on the first diamond window and confirmed that it was transported upstairs to the second window in lab 3.  We received parts for the vacuum Michelson, and started the installation.

