MEMORANDUM 

To:

Distribution 

From:

F. Dylla

Subject:
FEL Upgrade Project Weekly Brief  - January 10-14, 2005

Date:

January 14, 2005

Highlights:

This was a very productive week with the campaign to push the operation of the FEL Upgrade 
to shorter wavelengths.  Accomplishments this week include: 

· with operation of the injector at 7 MeV and the linac at 88 MeV, we have pushed the cw current to 5 mA and the lasing efficiency at 2.8 microns over 1 kW /mA.  We haven't devoted much time to pushing the optical power, but have obtained 4.2 kW at 5 mA with this configuration so far. This is a new power record for FELs at this wavelength. 

· with only 2 days of effort by our intrepid transport guru (Dave Douglas), we re-established operation at 140 MeV by powering up the 3rd cryomodule. This additional energy will be needed for the start of high power FEL operation at 1 micron next month after the planned installation of 1 micron optics at the end of January.  The presently installed 2.8 micron optics have reasonable reflectivity at the 3rd harmonic of 2.8 microns. This property was used to do a proof-of-principle experiment to show that this electron beam/wiggler configuration can produce 1 micron laser light.  The team successfully lased at 0.95 microns producing 280 watts of cw power. 


This afternoon we are preparing the machine for next week's experiments on "beam break-up" (BBU) instabilities, an on-going collaboration with Todd Smith from Stanford and our Cornell partners. 

The preliminary program for our annual FEL Users Meeting/ Laser Processing Consortium Workshop scheduled for March 9-10, 2005 is now posted on the FEL website: www.jlab.org/FEL. 

Management: 
  We thank ONR for successfully transferring our next increment of funds for keeping our FY05 FEL program activities 
on track. 

  We began preparations for presentations that have been requested of us for the Jan 25-27, 2005, FEL Technical Area Working Group meeting hosted by NPS on the performance of the optics on the 1 kW and 10 kW FELs. 

 

Beam Operations  (S. Benson)

   Last week after press time we obtained over 3.6 kW of laser power at 2.8 microns.  Monday the laser efficiency seemed to have improved to the point that we were getting over 1 kW/mA.  We cleaned up the transport to the dump and were able to run 5 mA CW with no vacuum rise.  Using this beam we were able to get 4.2 kW of laser power.  This was without much optimization.  When we started to optimize we found a subtle problem with the zone 3 RF.  The beam loading due to the fact that the energy recovered beam is not 180 degrees from the accelerated beam, caused a ringing in the phase loop.  This changes the phase between pulsed and CW operation.  We fixed this and found the best beam that we had seen so far.      Unfortunately we had optimized the machine for the setup with the phase loop ringing so the laser did not lase well at all.  We will need to re-optimize this next week. 
   On Wednesday we switched gears and tried raising the energy to 150 MeV.  This is the first time since July that we have run zone 3 at high gradient and it proved problematic.  We will have to spend some more time optimizing that zone before we can run at full gradient.  We finally decided that we should back off to 140 MeV and try to set up the machine there.  One Thursday we set up the machine at 140 MeV and briefly obtained lasing at 0.95 microns, lasing on the third harmonic of the mirror coating.  The system was not well optimized however.  On Friday we further optimized the system and obtain stronger lasing at 0.95 microns.  Neither the gain nor the efficiency was very good with this electron beam setup.  It will require more careful setup before getting good results.   We did get up to 280 W CW at 0.95 microns.  We then set the machine up for BBU operations, which will take up most of the operating time next week.

Additional comments from Dave Douglas:

   Midweek, we decided to push the machine back up to higher energy using the low energy injector, both to prepare for user runs over the next several weeks and to establish 1 micron lasing. After some flogging - with attendant swings in cryo loads, helium behavior, and RF tuning - it was apparent that the machine stability was gradually improving at higher gradients and that it was possible to run with pretty good stability at 140 MeV (many tens of minutes between trips and few cryo transients). A machine setup was meatballed at this energy (eyeballed transverse matches, very rough longitudinal matches with at best around 400 fsec bunch with full width beam of around 2 to 3% incoming to wiggler), and shakey lasing established. 

   After a rollback to 88 MeV, we recovered 140 MeV operation and lasing with only minor difficulty and pushed to a couple hundred watts with mA-ish CW currents. Not bad for first try.

WBS 4 (Injector):

   The gun continued to deliver all the beam required for operations. We did a QE scan Monday which showed about 3% QE . The QE number is in question and we started taking measurements to do a calibration. 

Continuing our tests with field emission on the implanted support tube, we had more voltage run on it and it appears not as stable as other tests, however it still shows only picoamps of emission at 100 kV and 20 MV/m.

   Equipment and materials are on order for the 500 kV upgrade and the next generation of gun chamber with an integral lightbox is in design.

  The Gun HVPS remains fully operational and ready for 10 mA e-beam.

WBS 6 (RF):

RF - The RF systems are fully operational.  The machine energy was raised this week toward 150 MeV, but it will take a little time to acclimate the SRF cavities to the higher gradients.  We are presently at 140 MeV, but will push higher as time allows.  The klystron for cavity FL02-2 was starting to fail this week, so it was replaced.  The phase differences between the Drive Laser and the Buncher each with respect to FL01-4 are being monitored.  It appears they are both moving more negative.
WBS 8 (Instrumentation):

   Work continued supporting beam operations, there were a hand full of failures that failed to phase the troops. The THz spectrometer as a real-time electron bunch length diagnostic project is progressing. The setup was completed for obtaining the Fourier transform of the terahertz signal using an analog delay circuit for triggering the mirror position signal. Data samples were collected. Analysis of the collected data will continue next week. 
    Testing of the Beam Current Monitor PCB continues with the FEL beam.  The RF signal from the Beam Current Monitor (ICM0F06) is being used to test and develop a calibration procedure.  The prototype enclosure for this PCB has been designed and constructed.  This is currently with EECAD for documentation. 
   The Proportional Valve control chassis installed in FL07B10 has been tested and verified to operate with the controlling EPICS software.  The existing proportional valves within the system will be connected during a maintenance period.  The local flow controller for the Optical Dump within the OCR was modified to provide an  EPICS read back of the current water flow rate. 
    An additional out limit read back was wired into OXM1V00B for the MPS system. Initial fabrication of the High Power FEL Dump Multiplexer chassis has begun along with fabrication of a second Nanotube Interface control box. Installation of the new HID card readers was completed in Labs 3-5. MPS interlock and control cables were installed for the Injection string (MGV0F06A) shorting switch.

WBS 9 (Beam Transport):
Sextupole (SF) 

•
Fabrication is continuing at New England Techni-Coil. Copper and steel is on order and QC Travelers are made up. Winding form is in preparation 

Replacement Chicane Dipoles GW) 

•   Fabrication is continuing at New England Techni-Coil. Steel is being cut into the requisite pieces. Heat Treat arrangements are made. Winding form tooling supplied by us is being prepared for 3-D winding. QC Travelers are being made up. 

• 
We sent ECO 1033 to change the design of the Field Clamp adjusters to be like the ones we developed during magnet measurement 

UV Line 

•   Considerable progress was made in registering the completion and progress of tasks and assigning new ones at the Wednesday UV Meeting. 

•   General layout continued as it was transferred to Stephanie from Gordon because Gordon is leaving. 

• 
We are created a plan to regain our schedule slip 

•
 Hire more contract design manpower immediately 

• 
Unfreeze a design engineer position 

• 
Contract out several design/engineering activities 

• 
Modification of the SC sextupole to the SS sextupole – magnetic design and some detail and an assembly 

• 
Chamber and stands for the GW Chicane 

• 
Wiggler chamber 

• 
DMA mirror assembly for the optical effort 

• 
Platform design for the crossover zone of the wiggler pit. 

• 
Minimize distractions created by lower priority parts of the IR effort 

• 
Expedite the purchase of the faster PC workstations 

• 
George Biallas available as a 50% engineering resource to Engineering, reporting to Butch Dillon-Townes 

• 
Tim Whitlatch will take over the vacuum analysis and design duties from Butch 

Dillon-Townes and be coached in the art by Fred Dylla 

• 
Cartridge Order went out for bid 

• 
The order for the added 10 QX quadrupoles is in process 

Injector Multi-slit upgrade 

•
Details are being ordered; the niobium was donated by SRF Institute 

Conversion of the Cornell Wiggler 

• 
The Alignment Group is using the Ferro Arm to characterize the dimensions of the Wiggler Jaws (because drawings have not been located) at the Blue Crab Warehouse.

WBS 10 (Wiggler):

We received a formal bid for the gap mechanism for the IR permanent magnet wiggler.  It was in line with our budgeted amount.  We want to clear up some details before placing the order. 
We unpacked the Cornell wiggler and did measurements on the wiggler jaw dimensions.  These will be used to help design the wiggler vacuum chamber and define the stay clear zones for the gap mechanism specification.

WBS 11 (Optics): 

2.8 and 1.06 micron mirrors
   2.8 micron operation near the end of shift Friday was at sufficiently high power (~ 2.3 kW) and for long enough periods of time to somewhat refine the amount of absorption loss for the mirrors.  The OC mirror has a loss of ~ 180 ppm, while the HR mirror was higher, ~ 400 ppm.  The data is still quite noisy, since the loss is so low, so the error bar is high, ~ +/- 90 ppm.  Compared to operation last summer, operation is relatively easy; when lasing at the several kW level the mirrors don't steer, and the pressure rise is small.  It appears the absorber plates are dong a good job.

   We lased at the third harmonic of the mirror fundamental, producing in excess of 200W at 

945 nm.  A new record.

   We are readying the 1.06 micron OC mirrors for mounting.  Last week's report about the vendor shipping our HR mirrors on the 6th was incorrect, the vendor updated us that the HR coating has been applied to the substrates, and now they are preparing to coat the other side to correct the ROC.

 

Other activities:
   This week we ran some cw power into the Optical Control Room (OCR).  We noted that there was a disagreement between the power meters that was greater than could be explained from loss and scattering from the metal coatings, so we won't run high power (> 1kW) until the disagreement is resolved.  Observing the beam profile would be immensely helpful, so we are concentrating on getting beam transported to User Lab 1.  We are progressing on staging the necessary parts to make several OC mirror assemblies next week.  

   We ordered hardware that wasn't purchased during the fabrication of the turning mirror cassettes.  Assembly will continue in parallel with the first mirror cassette modification mentioned earlier.

   The prints for collimator can 2 were signed off and will go out for procurement next week.

With all the cw operations, the streak camera continued to show its utility.

   We wish Gordon Baker, a designer in the ME Group, best of luck as he leaves the Lab to pursue a career in Physical Therapy.  Gordon did much of the detailed design work for the internal components of the IR Upgrade optical cavity and collimator can 2.  We greatly appreciate his contributions.

 

UV FEL

We received the He leak detector that was ordered as part of the vacuum diagnostics hardware. A teleconference was held between members of our group and the manufacturers of a windowed vacuum valve.  We issued a RFQ for fabricating bake-out jackets for the optical vacuum vessels.

Terahertz:

Taking advantage of the accelerator shut-down, the second diamond window at focus F3 in 

Lab 3, was installed, and the system re-configured for measurements with the Nicolet Impact-400. 

The THz beam transport system was then pumped down using a scroll pump to 20 millitorr, and is now in final configuration apart from automatic operation of the valve V1 and the 2 shutters.  Specifications for operation of these devices were prepared.

