MEMORANDUM 
To:
Distribution 
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F. Dylla

Subject:
FEL Upgrade Project Weekly Brief – December 15-19, 2003

Date:
December 19, 2003

Highlights:

After press time last week we obtained 630 watts at 10.1 microns and 1.9 mA which corresponds to a lasing efficiency of 0.3%; the efficiency was subsequently doubled with the generation of 540 watts at 1 mA.  With subsequent optimization of the electron beam parameters during

commissioning activities yesterday and today, we have raised the lasing efficiency to 0.9%.  We are finding that the absorption losses in our current 10 microns optics (~3000-7000ppm) are considerably higher than our specifications ( ~100ppm).  This absorption loss will limit the

power output to the kilowatt range. After full optimization at 10 microns we will move to

a 6 micron optic set which should have losses less than 1000ppm and much higher power limits.

We will be shutting down the FEL Upgrade commissioning activities on Tuesday evening December 23rd until January 5th for the holiday break.  We wish all of you a pleasant holiday season and new year.

NOTE: HOLD THESE DATES:

The next (tri-services) semiannual project review of the FEL Upgrade will be held at Jefferson Lab on Jan. 29-30, 2004.

The 2004 FEL Users/Laser Processing Consortium Workshop will be held at Jefferson Lab on March 10-11, 2004.

Commissioning:

After the August lasing run we had two main mysteries.  The first was the large mirror distortion in the output coupler.  The other issue was the low gain for a given current.  This week we made good progress in understanding both issues. 
    

The dominant hypothesis to explain mirror heating so far was that the heating was due to THz radiation absorbed in the mirror.  Data taken in the last few weeks has shown that, while a significant heating source, the THz was not the cause of most of the mirror absorption.  The distortion when not lasing was about one tenth of the distortion when lasing.  This week we put the latest absorption data from RMI into a spreadsheet that predicts the maximum power output of the laser.  The result was that we could not get over 1200 W with the "old" 10 micron mirror set.    When one adds the THz absorption and assumes that the output beam is highly aberrated and may not be making it all to the power meter, the observed power of 640 W is quite reasonable.  We might expect to get a little higher with these mirrors but not 10 times as much. 
   

The newly installed 10 micron mirror set has a factor of three lower losses and should therefore allow over 3 kW.  We then looked back at the IR Demo results for some evidence of large absorption at 6 microns and found that the absorption in those mirrors could not have been higher than 0.1%.  This implies a minimum power level of 2.5 kW at 6 microns.  Since there is no good data on losses of 6 micron mirrors we must extrapolate from performance at 3.8 microns where losses can be as small as 10-30 parts per million (ppm).  This implies that the losses should be much lower than 0.1% at 6 microns in a good coating.  An absorption of less than 250 ppm will allow lasing at 10 kW. 
  

The other issue was low gain.  This was presumed to be due to a bad longitudinal setup.  In fact our longitudinal setup in the summer was not very good.  The present setup does give higher gain.  This week, however, we noticed that the bunch length seemed longer than a couple weeks ago.  After some investigative work we found that the beam was over-focused in the injector, leading to energy spread increase in the 10 MeV region.  The energy spread in the middle of the injection chicane agrees quite well with simulations and the M55 measurement indicates that this should be transferred to a very short bunch at the wiggler.  What seems to be happening is that the energy spread increases in between the middle of the injector chicane and the first or second cavity in the linac.  When the measured bunch length, energy spread, emittance, and Rayleigh range are plugged into our FEL spreadsheet they predict a gain to loss (assuming the latest data on cavity losses) of 2.4 to 1.  We find that the actual ratio is greater than 2 but less than 3.  The turn on time predicted by the spreadsheet is 40 microseconds.  This is also reasonably close to what we see in the experiment.  Today we are working with the new setup with smaller longitudinal and transverse emittance and with the new 10 micron mirrors.  The transverse match is not yet optimized but we are seeing approximately 0.9% laser efficiency with this setup at low average power.  This is very encouraging since it is higher than the spreadsheet predicts. 
We have also made some progress in finding the sources of loss around the machine and reducing it.  Some of the loss is halo from the injector being accelerated from the injector and being lost at choke points in the transport.  Other loss is from big beta functions in the accelerator and should be reduced when the match is further improved.  We did optimize the electron beam focusing after the gun this week so that we can now run full charge with no beam loss in the injector.  We were able to run 2.5 mA at full charge with only small pressure rise in the gun region.  The loss is probably due to scattered light from the light box since it is proportional only to the average current and not the charge. We are now working on eliminating the other source of loss by minimizing the betatron function peaks in the transport.  Note that the loss in the beam loss monitors does not depend on whether or not we are lasing.

Management:

On Monday Dec. 15th we held a successful design review of our US Army funded THz project. 
The review focused on the design of the THz beamline that is being installed between the IR wiggler optical chicane and User Lab 3.  We received good marks from the external reviewers and the US Army program manager in terms of the evaluation of both technical cost performance of the project. 


On Tuesday and Wednesday (Dec. 17-18) we met with our ONR program managers for a detailed discussion of our proposed FY04 and FY05 efforts on 10 kW performance measurements, the 100 mA dc injector test stand and high current cryomodule studies. We were asked to provide an amended plan for FY04 through 06 activities on these three tasks, which will be forwarded to ONR today.  On Dec 18th, Gil Graff and John Albertine had an opportunity to witness the commissioning activities first hand and we all appreciated the effort they made to schedule the visit. 

Project monthly reports for November 2003 were sent to the JTO program office this week 
pertaining to our funded JTO projects and to the US Army NVL for the THz project. 

WBS 4 (Injector):

On Monday we re-cesiated the cathode for the 7th time since the GaAs wafer was installed into the photocathode gun back in early May 2003.  The QE where the drive laser strikes the cathode increased from ~1% to 3.6% with the last re-cesiation. We have observed that the QE achieved

with each re-cesiation recovers about 90% of its previous value. The cathode continues to deliver pulse and CW beam (up to 2.5 mA) at 135 pC and 350 kV.

We continued to work on modifications of the high voltage test stand for testing the field emission suppression coating on the actual geometry of the photocathode gun support tube electrode. The anode ring is now polished to 1-micron finish. Other parts of the anode assembly are being polished, while machining of other parts and the test tube are under way in the machine shop.

WBS 8 (Instrumentation):

We are upgrading the Magnet/Vacuum IOC with a power PC version. This change will be made during the 3rd cryomodule installation. The hardware is being ordered and the software readied.
    

The camera power supplies in the I&C stations have been connected to eliminate the use of AC power 'bricks' in the optical cavity regions. Cameras are used extensively to support the various remote diagnostics.
    

The attenuators have been installed for the Synchrotron Light Monitors (SLM). There are ND; OD1 and OD2, this gives factors of 10, 100, and 1000 based on the combination. These filters have been installed on SLM5F03, SLM5F02, SLM4F00, SLM2F09, and SLM2F06 and are fully functional. These are controlled with our standard beam viewer chassis but using the new CAN bus serial interface. This CAN controller module is a "drop-in", pin compatible to the Greensprings Industry Pac (IP) VME module.  All 7 (total 72 channels) chassis will be upgraded to the CAN module once we are convinced of no unexpected "features".  With a few milliamps of CW beam and 1000x attenuation the intensity is still quite bright.  With the higher energy from the third cryomodule we may need to us OD2 & OD3; 10E4 attenuation should be enough. Extra camera power cables were fabricated and installed at both the HR I&C center and the OC I&C center in order to remove some of the clutter on the A/C receptacles in the vault.  The second chimney for ITV3F12 has been assembled tested and installed. 
    

The masking ability is being worked out for the framegrabber.  The communication between the TCL GUI/application and the framegrabber software has been fixed. Other algorithms are being investigated to be added as options for other ways of calculating the measurements. This is in the background of testing the current setup.
   

Both of the Video switching and Analog monitoring systems are operating properly now.  It was determined that the unreliable switching was due to a combination of component failure and an increase in the ground noise level in the surrounding rack area. The digital isolation modules for the AMS and Video control cards were especially susceptible to this due to their 2-layer PCB construction (no ground plane and no signal shielding). External shielding has been applied to both controllers and the failed component in the AMS board was replaced.  The system is switching reliably now.  With our upgraded system components currently being fabricated, converting to the new CAN bus based system will be one of the first tasks of the upcoming year.
    

Progress has been made on the Flipper Motor Chassis.  The Flipper Motor Control Board has been tested for all eight channels.  The chassis has been fabricated with the exception of the front panel and the wiring is near completion.  The testing phase of the chassis has begun.  EECAD is currently working on the front panel fabrication and the front panel PCB documentation packages. 
    

Design and documentation of the new SF6 pump system has begun.  Drawings were completed for the following:  Assembly Details for the LPSS Lab Interface Box, F0071 Rev -; Schematic and Artwork drawings for the Beam Envelope Board in the Charge/Dump Current Monitor chassis, F0266 Rev -; Schematic and Artwork drawings for the Optics Heater Control Board, F0247 Rev A; and the Wiring Diagram for the Optics Heater Control Chassis, F0255 Rev -.  Sketches were provided to EECAD for the following:  Chassis fabrication and wiring for the Flipper Motor Control chassis; Schematic and Artwork Flipper Motor LED/Channel Selection board; Schematic and Artwork for the Beam Viewer CAN Bus Interface Board; and the Schematic, PCB and wiring diagram for the Diagnostics Solenoid Fail-Safe Interlock. 
    

The electronic documentation configuration control database is in full use. Minor changes were made based on feed-back from daily use by the group.  It will no doubt continue to evolve to meet our needs in both configuration control and as a component archive for all electronic documentation. The database can be viewed at: https://laser.jlab.org/fel.   
    

The quarterly safety inspection was conducted early in the week.  There were no significant items noted.  The overall trend is improving, however with all of the work that is going on and lack of storage space, housekeeping continues to be an issue.  
WBS 9 (Transport):

Sextupole (SF)

• We are continuing the revamping of the SF drawing set.  We are now at back checks on the drawing set.

Octupole (OT)

•
Contrary to earlier reports, machining is not done.  New England Technicoil is having problems machining the pole tips. They are not stiff enough to respond to machining well and he had to add a support block during machining.  He promises success before Christmas break and arrival of the completed cores on January 5.

Operations

•
The machine tripped when the first sextupole of the first arc was turned to values greater than -40 Gauss/cm.  We traced it to a 1.1 MHz signal on the bus from the power supply that goes away when turned positive. We temporarily alternated the leads to run the magnet negative with positive current since the spare power supplies failed.  

WBS 11 (Optics):

Yet another busy week.  On Saturday the new 10.6 um outcoupler mirror was moved into position and aligned.  The ultraviewer and OCMMS systems showed no distortion, so our newer mount and attention to cooling line placement is paying off.  We also placed temperature sensors on one OCMMS viewport to see if we're getting heating from scattered laser light.  So far we haven't lased with sufficient average power to make any determination one way or another.  Sunday, we established lasing with this new OC, but with the same HR mirror we've been using.  We then discovered we had lost pitch control on the new OC, and couldn't align the new 10.6 um HR.  Monday was spent letting us troubleshoot and fix what was wrong.  The OC problem was traced to the new cooling ring geometry - it placed the cooling hoses in a prime position to snag the electrical wiring.  Lesson learned - we'll get the electrical wiring placement into the mechanical drawings.  The problem with the HR mirror was traced to a bad linear actuator - possibly damaged by an accidental run into its limit.  On Wednesday we discovered that we'd lost control of the OC pitch again, so we took the opportunity to lase with the new 10.6 um HR.  Again, more attention to the cooling lines helped its figure, it has less coma than any of the other HR mirrors.  Thursday we got ready for the evening's work on the OC, as we again could not lase with the 6 um mirror set.  Our attempts to alleviate the mounting stresses in it didn't work, so perhaps this isn't surprising.  We found that the cause of the loss of control of the pitch motor was due to some damage in the wring that was missed during Monday's work, and it had failed. This was repaired, and we recovered very quickly - so much so that we are lasing again.  Our work on the drive laser has been largely in the evenings, and not too successful so far.  To get a better handle on what to fix, we have mocked up the control circuit and are using the RF oscillator and mode-locker left over from the time when the drive laser was going to be used on CEBAF.  We then use a HeNe to look at the diffraction pattern and determine how well the mode-locker is working.  This is giving us some important insight on what to do with the mode-locker in the drive laser; for example we now better understand the functional relationship between the RF drive and the phase between the forward and reflected RF and how it impacts mode-locking.  

  Modifications to existing components in the User Lab to handle +10 kW are expected to begin next week.  We plan to release drawings for the 3" & 2" versions of the new OC mirror cooling rings this week.
To date we haven't detected any THz (using the relatively insensitive PyroCAM) at the injector pickoff.  We are having problems with the pump laser's diode laser pumps, and have contacted the manufacturer.

  

Amidst all this activity, we gave a brief presentation to Gil Graff and John Albertine during their visit on Dec. 17th to bring them up to date on what we've learned about the optics we have so far, and our near-term plans.

Terahertz Project:

The pre-construction design review was held this week with Mark Cumo and Pete Howard representing the Night Vision Lab of the Army Research, Development and Engineering Command.  Attending the review were technical experts Wayne McKinney (Berkeley Lab), Larry Carr (Brookhaven Lab) and Tatiana Globus (UVa).  We really appreciate their time, skill and effort in reviewing our designs and in guiding us in making optimal choices for optical and mechnical components.  There were 4 immediate action items: 


1.  NVL Explores Army SBIR topics re THz, sources, detectors, applications (Mark Cumo) 
2.  JLab forms working group that plans for THz beamline use and group will meet at FEL users      

     meeting(Gwyn Williams) 
3.  Investigate beam stabilization (Gwyn Williams) 
4.  Technical reviewers report to Larry Carr before Christmas 
5.  NVL Summary report on review to Fred Dylla before Christmas (Mark Cumo) 

Work continued on finalizing designs for the mirror blanks, and on finalizing all other drawings so that procurement can commence.  A requisition was placed for the 20mm diamond window at F1.  Preliminary designs for the beamline supports are complete and ready for checking.

