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Highlights:

The week's mood turned from anticipation to one of frustration as we worked to get > 5 kW with the 6 micron mirrors.  We quickly re-achieved the 800W/mA efficiency performance from last week and we on our way toward producing new lasing records but encountered a rising level of vacuum activity in the injector and linac.  We found later in the week that the cathode wafer had cracked.   We do not know at this time whether the cracked wafer led to halo production of gas evolution or alternately the injector cryounit has somehow become gas loaded; probably with helium which doesn't pump away rapidly.  Despite the cracked cathode we were able to do useful measurements today including some beam orbit studies in preparation for the installation of the 3rd module, pushing the lasing efficiency to 900 W/mA, and convincing ourselves that we had a halo problem by examining cw currents up to 3mA. We plan to ameliorate both problems warming the cryounit to 20k while pumping on the outgassing and also replacing the cathode, which has served the FEL well for one full year of operation as of next Thursday.  We intend to fix in parallel several other vacuum related items in the injector which have been on hold for 9 months while we have been pushing lasing performance.  These include replacing a broken beam position monitor, adding NEG pumping in front of the gun, and replacing a non-functioning ion pump in the injector region.  It will require approximately 3 weeks to replace the gun cathode and perform the required bake while we also incorporate the above noted additional vacuum/beamline fixes in the injector area. 
To summarize the performance of this linac/wiggler configuration, the efficiency tops out at 

4.1 kW/7mA = 6 kW/mA CW and, at best, if the pulsed efficiency of 800 kW/mA is maintained, a maximum of 8 kW would be achieved.
Commissioning Summary (Steve Benson):

   We learned a bit more this week but progress this week was slow and frustrating due to a gun arc that caused a small crack in the cathode.  This made things quite difficult the rest of the week. 
   On Monday we tried again to run high current and were able to run 4 kW but no higher.  The cathode QE was running down so, when we got an LCW fault we decided to recesiate and start again on Tuesday.  On Tuesday we had multiple problems with the RF system but were able to tune the laser up and get back to over 800 W/mA at low current.  We found that, as the cathode ages one must change the buncher to compensate the change in the charge distribution from the cathode.  Again we were able to get up to 4 kW but, when trying to get the current past 8 mA, suffered a gun arc.  This destroyed the QE so we proceeded to do a heat clean and recesiation.  We could not get a decent QE the next day so we did a second heat clean.  On Thursday we tried to get some electrons off at any QE.  Tim and Carlos managed to get a rather good QE by the end of the day and we turned the machine back on. 
   Friday we looked at difference orbits relevant to BBU suppression and set up the injector at 

8 MeV.  The laser efficiency was very good when we started up and, surprisingly, did not degrade when we lowered the injector energy.  Unfortunately the cathode had a large amount of halo caused by a small crack formed presumably from the arc on Tuesday.   This initially prevented is from running high current.  By careful steering and some lowering of BLM head voltage we were able to gradually work the current up to 6 mA.  We were able to lase with close to 1 kW/mA with this setup at 5/8 mA, 1.25 mA, and 2.5 mA.  We got 2.2 kW with 2.5 mA of beam at 18.7 MHz.  When we tried 5 mA the drive laser attenuator failed.  After some discussion we decided that, though we could run with this cathode wafer with some pain and suffering, it would be better to change it out for a new wafer so that we would not be limited by halo in the next running period.
Management:

    Funding approval was received from ONR and DoE for $ 2.85M to cover FEL operations for the remainder of the year. 
   We assembled 3 talks for the JTO review next Tuesday, May 4 on the cryomirror work, the advanced drive laser, and the optical coating studies presently underway.

   We prepared abstracts to submit to FEL2004 conference.

   We began assembling our presentations for the FEL mini-review at JLab May 6.

WBS 4 (Injector):

Cathode # 11 delivered 108 Coulombs before it was re-cesiated on Tuesday.  The QE after re-cesiation was 3%.  Later on Tuesday the QE was lost after a gun vacuum trip induced by a trip in the quarter cryounit while running 7+ mA CW.  24 Coulombs were delivered before losing the QE.  A cathode heat clean was started that night.  On Wednesday morning we tried to make a new cathode, but there was almost no photocurrent response to Cesium.  Suspecting a very contaminated wafer, we performed a longer heat clean.  On Tuesday we tried again to make a cathode.  This time there was a better response (although very slow, an indication that the wafer's surface was still not very clean) but the photocurrent was very small.

However, it kept increasing and we let it sit there for about two hours before continuing with our activation procedure.  Three hours later, we obtained 3.6% QE after activation.  This is cathode 

# 12.

After making the new cathode, we observed field emission during high voltage processing starting around 315 kV.  The emission was evident on the ceramic viewer.  Vacuum activity was associated with occasional current bursts lighting up the viewer.  The voltage was ramped up very slowly to our nominal processing setpoint of 362 kV and soaked at that level for over 20 minutes.  It was determined that the level of dark current was acceptable to run beam.  Then, we lowered the voltage to our nominal 350 kV and ran some pulse beam.  The cathode delivered 135pC with 30% on the drive laser polarizer.  The wafer appeared to be cracked when observed with the cathode camera.  Although we could produce up to 6 mA with it there was significant generation of halo which will cause vacuum problems at higher currents.

During next week's downtime, we are planning to change the wafer.

Gun HVPS - Operational with no problems.

WBS 6 (RF):

RF - While all RF systems are operational, zones 1 and 2 have been experiencing more arcs than would be expected.  The arcs in the Quarter, zone 1, have caused havoc with the Gun's photo-cathode.  A Beam Loss Monitor was better positioned to detect any stray radiation from the 5F region that may have caused false arcs in the Quarter.  Zone has been faulting with Beam Line Vacuum Faults (BLVF) and arcs with a longer than normal recovery time for the beam line vacuum.  This indicates a possible helium leak into the cavities.

WBS 8 (Instrumentation):

   The demo Hamamatsu streak camera arrived and was set up in the optical control room. We will image the drive laser to get familiarized with the instrument. Then it will be installed in various locations to check electron bunch length. The new viewer flags are ready to be coated by the folks at DESY (if they are willing). 

   The drive laser control system was upgraded this week to include an automatic switch to 'internal' RF that is triggered when the system sees a rapid change from the modelocker's 'locked' indicator (TP4). In the process of implementing this upgrade, we discovered a few SMA-RF cables that needed to be replaced. We replaced the one cable that had clearly failed and are currently working to refit the whole system with higher quality cables. 

   New Synchrotron Light Monitor interface boxes and valve assemblies have been constructed. Assembly of 8 32:32 Channel Analog Video Crosspoint chassis were completed.  In house designed shields for the stepper motor wiring on the new cryo module were submitted to the machine shop for fabrication.  Power and signal lines were installed for 5 Baratrons for the 3rd cryomodule.

   The full Framegrabber manual is almost complete.  As opposed to the user manual, this includes items such as: how to update the user manual, calibrate beam viewers, and an explanation of the structure of the system.  A find feature was added on the help screen to allow for searches of keywords to help eliminate reading through sections to find what is needed.  This has the standard case match and backwards search options.  A user can still jump to a specific section number.  The Scion LG-3 documentation gave little information about the specifications for an input trigger and the latency of acting on that trigger.  The beam sync input that is being used does carry the required 0-5 volts for a recognized trigger.

   Drawings are complete for the 4 Channel  PreAmp Chassis front and rear panels.  Parts are on order to complete the Si Diode Temperature Monitoring System chassis.  Parts are being procured to completed assembly of the remaining beam viewers that will be required for UV installation this summer.  Lab equipment that was being stored in User Lab 3 has been moved to make way for the Terahertz experiment installation and associated construction.  Preparations are being made to support the movement and installation of the third cryomodule.

WBS 9 (Beam Transport):

Sextupole Lite Re-coiling to obtain higher field 

•
We will install the coils and wire them up during the week of the down when we install the 3rd cryomodule. 

Wiggler

Electromagnetic Wiggler for 2.8µ 

• 
The 48 Conductor strips are ready for assembly 

•
Cooling plates have all their tubes tack-brazed on.   The 48 pieces are being fill brazed at the brazing vendors in batches of six. 

• 
Kapton insulation is being cut 

• 
PECo is final machining and grinding the cores. 

• 
We shipped the majority of the Jlab supplied ancillary fabricated parts and hardware for arrival at PECo on next Tuesday. 

• 
We visited PECo and explained assembly procedures with the folks that will be doing the assembly. No showstoppers were found. PECo signed Request for Information #03 with drawing changes with no increase in cost.

•The beam chamber is complete.

Sextupole (SF) 

•
Procurement on hold, pending 10 kW efforts

WBS 10 (Wiggler):

STI Optronics is ahead of schedule for the permanent magnet wiggler.  They will have all the components in next week and will start assembly of the wiggler.

WBS 11 (Optics):

Here is a summary of our progress on the various plans.
 

Plan A is to obtain low loss 6 um optics.  

After discussing schedule with our vendor, we chose to wait until our optics can go through a weekend "pump and bake" cycle  prior to coating.  Our optics arrived on Wednesday, and metrology shows that both are within specs.  One is being mounted and readied for installation next week.

 

Our three Plan B's had the following progress:
Cryomirror:

We have a delay in mounting a test mirror in the cryogenic mirror mount due to uneven braze thickness.  We believe we have a work-around, and will try it today, with the plan to have a optic ready for test by Monday.

• 
Our tests in User Lab 2 have shown us that at flow rates deemed necessary to remove 50W of absorbed heat, the transition to vapor causes excessive back pressure, and this in turn causes excessive vibration.  We have several plans in the works to control this; the first will try subcooling the outlet LN2 before it is brought to vapor

• 
The work on the cryo cooling liquid flow slowed for cleaning and leak checking. We will take the opportunity to change the design and add substitute a vacuum insulated flex line for the stup with pants leg that is on the exhaust branch of the line. 

2.8 micron mirrors:  

3" dia OC mirrors are in fabrication.  They are scheduled to be finished the 2nd week of May and coated the following week.  Metrology for the mirrors in hand continues.

 

Scraper outcoupler: 

No additional work scheduled in the near future.  We are devoting time to analyze the results, and compare them with theory.

  

Other activities:

   We began preparing for next week's down.  With the problems with the external RF to the drive laser fresh in our minds, we asked that R. Evans from the I&C group implement his autoswitching hardware.  With David Hardy from our group assisting, and Al Grippo's quick work on the software, this was accomplished during a period of gun work and it works very well.  During this work, one of the RF supply cables was found to be damaged.  Once replaced we once again had lower phase noise.

   We prepared updated slides for the upcoming JTO project meeting that will be held in Albuquerque next week.

   We also prepared abstracts for this year's FEL Conference.

Terahertz:

This week we started planning the installation of the beamline support structures, taking advantage of the opening of the vault next week.  The beamline vacuum components were unpacked ready for assembly.  A meeting took place between the new postdoc Ruth Woodward and Vincent Christina at Advanced Energy Systems on Long Island to resolve final issues and to help with installation planning.  All 3 diamond windows are now at Jefferson Lab.  Work commenced on the machining of the M1 mirror.
