MEMORANDUM 
To:
Distribution 

From:
F. Dylla

Subject:
FEL Upgrade Project Weekly Brief – January 19-23, 2004

Date:
January 23, 2004

Highlights:

This week we explored two aspects of the operation of the FEL Upgrade operation as we continued the commissioning process.  (1) We began pushing the linac current beyond the 5 mA limit of the original IR Demo FEL.  This involves pushing the input RF power for the injector cryounit above 20 kW and pushing the dc current of the gun high voltage supply to its limit of 10 mA.  During our first attempt early in the week, we pushed the recirculated current to 6.4 mA,

and by late today had pushed the current up 6.8 mA. This eclipsed our old record and a record set by the Russian Recuperatron last summer for the highest energy recovered current in an accelerator system.  (2) Secondly, we continued to work on optimizing the performance of the accelerator for delivering our specified parameters at the wiggler for best laser gain.  This work continues to be concentrating on reducing the bunch length by about 50% (without increasing the energy spread). We note that we have achieved all other brightness parameters of the electron beam as noted in last week's report.  We brought the THz spectrometer to life this week, which is located just before the wiggler, and it is indicating electron pulse lengths of 750 fs.

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 Summary:

On Monday January 19 we decided to explore the high current limits of the accelerator.  We set up the machine optimized for energy recovery without lasing since the optical cavity was still pumping down from optics work.  We then ran the beam current up with both stacks of the high voltage power supply active.  We were able to ramp up easily to 5 mA at 37.425 MHz (135 pC per bunch) and run stably.  Losses were noted in the gun region, in the injection chicane, and in the first arc.  The losses were not dependent on steering or phasing of the main electron beam and were linear in current and independent of charge.  These were deemed to be halo loss.  The BLMs head voltages in these regions were lowered by 100 V to allow operation at this current and all IR sensors in the linac were masked.  We then switched to 74.85 MHz operation and ran smoothly up to 5.5 mA.  At this point we started getting waveguide trips in the injector cryounit due to the high RF power (about 25 kW CW) being delivered to the unit.  We then raised the current slowly upwards in 0.2 mA steps and let the waveguide pressure settle down at each current level.  At 6.4 mA we had a waveguide trip that somehow caused a gun arc.  Fifteen seconds later, the gun arced again, with a large associated pressure rise.  The gun HVPS did not trip off and we were able to run some beam after this but the quantum efficiency was ruined.  We therefore heat cleaned the cathode and recesiated.  On Tuesday we were back up and able to run CW beam. 
On Wednesday we explored the presence of a tilt in the longitudinal distribution as indicated by an asymmetry in the energy spread vs. the sign of the off-crest phase.  Though we were able to change the asymmetry using known knobs, it remained large for all reasonable injector settings.  We could make it symmetric only by using an unrealistically high second solenoid setting and this produced a very long bunch at the wiggler.  We decided to study the matter offline. 
Thursday we took data on the THz emission using all of our diagnostic suite.  The THz in the injector was measured as a function of buncher gradient and found to agree well with PARMELA predictions.  The Happek interferometer was optimized and produced the now typical 750 fsec FWHM bunch length.  We ran CW and measured the spectrum using the scanning Michelson THz spectrometer.  This also indicated a 750 psec micropulse length.  We use the calorimeter to measure the THz power and found a value of 6 W/100pC/ma, very close to previous measurements.  Finally, we measured the temperature rise in the downstream mirror.  We measured the gain with full charge and found it to be about 27%.  This agrees well with pulse propagation simulations for the cavity length detuning curve we see.  The turn on time is still shorter than the simulations, perhaps indicating some coherent wiggler radiation at 10 microns.  We then attempted to obtain lasing at 6 microns and saw no length enhancement. 
Today we plan to check the linac phasing (we found a flaw in the phasing procedure used to set up the linac) and see if we can produce shorter bunches in the FEL.  We will continue to try lasing at 6 microns.  We then plan to continue to process the waveguide in the injector cryounit to allow higher current lasing. Late Friday we achieved an energy recovered current of 6.8 mA.

Gas evolution from the injector conditioning had killed the cathode QE by the end of the run. Over the weekend the gun group will do a cathode heat clean and recesiation to recover the QE for next week’s run.

Management:

We continued our preparations of the presentations and background reference material for next week's semiannual review.  Dry runs for the presentations are scheduled for Monday afternoon. 

The December Monthly progress report for the US Army funded THz project was completed and sent to the DOE and US Army NVL Program Offices.  Revised December progress reports were prepared and sent to the JTO Program Office. Additional comments on the cost-schedule performance were requested by the JTO.

WBS 4 (Injector):

On Monday January 19th the photocathode generated the highest CW beam current up to date, 6.4 mA with only 22% in the drive laser polarizer. There was no vacuum rise at all in the gun chamber (baseline pressure ~5E-10 Torr) until the quarter cryounit tripped off. The event caused gas outburst that raised the gun chamber pressure up to 6.6E-09Torr, the highest in the gun since it was put under vacuum. Fifteen seconds later, while the gun was still at 350 kV and the pressure had dropped to ~1E-09 Torr, a current spike of ~ 3 mA was observed even though the driver laser shutter was closed. The pressure in the gun chamber increased almost immediately to 3E-07 Torr, indicating that the gun had experienced a field emission spike or arc. After the event the cathode QE was completely gone since no electron beam could be generated at full drive laser power. The cathode camera showed a divot in the center of the cathode, which can be seen as the bright spot in Fig. 1. After one unsuccessful recesiation we decided to make a new cathode starting that same night with a heat clean.

On Tuesday afternoon, we had a new cathode with 3.5% QE on the laser spot, as seen on Fig. 2. There was no indication at all of field emission during cathode HV processing (slow ramp up to 360 kV and soak for over 20 minutes at that voltage). We then switched to the running resistor and generated pulse beam at 135 pC (we had to reduce the drive laser polarizer since the cathode was generating as much as 170 pC when we opened the laser shutter). The orbit in the machine recovered just fine. Then we ran 0.7 mA of CW beam at 29% in the drive laser polarizer. We had operational beam 26 hours after the QE killer event. The cathode has been delivering for the rest of the week up 2.5 mA of CW beam for FEL ops at 350 kV and 135pC. (and late on Friday delivered 6.8 mA).
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Fig. 1 Cathode camera, divot is the bright spot.
Fig. 2 Resurrected cathode QE scan.

WBS 5 (SRF):

 The third cryomodule is rapidly approaching completion. All the "top hats" and external tuner mechanisms are now installed, the end can warm to cold transitions are made up and all the helium connections are welded for both the 2K circuit and the shield. These circuits are now being pumped down and cleaned up prior to leak checking. End can welding is still on schedule for early next week which is the last major activity on the module. After that the alignment group will come back and fiducialize the module and final leak checking can take place. The cryomodule production group has been swarming over this module ever since we got back to production after the hurricane and we look forward to seeing the results of their hard work bear fruit very soon.

WBS 8 (Instrumentation):

 A very busy week! It began Sunday assisting the Optics Group with tracking down a couple leaky VCR fittings.  (Packers are out so football's over). Then a very exciting MLK holiday driving beam to new records, culminating with an introduction to "Uncle Fred's Cesiated Spackle Paste".  All systems ran well this week although there were a couple trips on the Arc1 DC power supply.  This was tracked down a loose connection.  In light of this we will do preventative maintenance to all 6 of our larger power supplies during the week of Feb. 9 when the new module is moved to the tunnel.  The FTIR2 has been fixed, its problems were traced to driver and software issues for the THz bench.  All systems have been checked out and used to verify. So far the THz FTIR has been running well. 
   Further progress was made on the SF6 pump system. Several aspects of the project (materials, locations, etc.) were addressed through the various companies that will be supplying the equipment. The companies provided several quotes and specifications that will permit for the most appropriate equipment to be purchased.  A new spare for the gas transfer pump has been purchased as well as a rebuild kit for the one in service. 
  Modifications to reduce the oscillation on the GC power supply module are nearly complete and testing will begin early next week.  Fabrication of Video switcher chassis continued. Four additional beam viewer interface boxes were fabricated. 
   There were meetings with Anthony Cuffe (representing the systems group) and Al Grippo concerning the operational framegrabber machine (Linux box). The requirements set forth by the systems group and myself have been met with agreement.  Anthony is scheduled to perform the system build starting on Monday with the machine being returned early next week.  Steve Benson and Dave Douglas have been putting in their wish list for the framegrabber. The changes suggested by Steve Benson have been made to the masking operations. Other than that the system was seen as ready to be put in use. 
   Progress continues on the AMS/Video System upgrade. Efforts are focused on complete system test and evaluation. The first 32:32 channel crosspoint chassis(F02553), the CAN Bus system and EPICS control has been re-established in the test area (Lab 5). We are continuing to test and document the throughput performance and interchannel crosstalk of the system. Once these measurements are taken and are acceptable we will go into production.  The front and rear panels are in fabrication now, all chassis parts are being fab'd and engraved (silk screened) at an outside vendor. 
   Improvements continue for the FEL electronic documentation.  Methods to access all of the saved/archived accelerator parameters were studied.  As a result we have found an easy method for tracking operational activity.  One interesting byproduct of the data has given us a reasonably accurate tool to view our commissioning activity for both the FEL demo and the upgrade. The results have been made available at:http://laser.jlab.org/devlore/FELCommissioning.asp
WBS 9 (Transport):

Sextupole (SF) 
(  
Drawing set and specification are being reviewed by Robin Wines. 
Octupole (OT) 
(
The two cores are received. Plans are underway add the coils of the final assembly. 
Dipoles for UV 
(
Five of the six GW dipoles are through their magnetic measurement. 
Operations 
(
Screen programming to add injector/extractor dipole hysteresis onto the Box supply summary

    page was successful. 
(
Michele Joyce is working on the cycle all magnets script. 
Injector Beam Line 
(
Jackie Smith is finally putting together a scale composite drawing with the Injector beam line 


elements that will act as a song sheet and layout for the control room. Earlier drawings


showed parts of the beam line.

WBS 11 (Optics):

This week began last Friday night and by Monday we had completed the mirror changes and added the new cooling line arrangement.  We had several complications, one was that the last 1/8 turn to make up the vacuum seal between jumpers causes the entire line to twist, and that introduces torques on a previously static system, and second, some of the fittings had vacuum leaks.  We fixed the latter, and did our best to minimize the former.  A big thanks to everyone involved in the endeavor!  The I&C group implemented the insertable mirror interlock system, and we will use that to lase into one of several power meters.  On Tuesday we got our first look at the 6 um mirror with a new cooling geometry.  The beam profile shows some aberration.  We then moved onto the 10.6 um mirrors and lased Wednesday and Thursday.  Thursday was a good day, we measured gain and loss, as well as the absorption of THz radiation vis-a-vis laser radiation.  We also got our first chance to begin working on the calibration of the diagnostic beam dump.  However, we lost the ability to align the second 6 um mirror, because the pitch motor no longer responds to the control system.  We spent a considerable amount of time today troubleshooting the motor from upstairs, and there is nothing from there that indicates the motor is bad.  We believe our problem lies with one of the current-carrying wires, or the linear translator assembly has failed.  
 

We detected a signal due to injector electron - induced THz radiation by using the pyroelectric detector we installed last week.  The signal strength has the expected dependence on buncher gradient.  The signal is fairly weak (a few mW), lower than we'd initially expected, after accounting for micropulse frequency and average current.  This low power explains our failure to obtain a signal on the pyroelectric camera.  Compared to the data obtained last August, we are down by about 10x.  We don't know the reason why at this time.

 

We congratulate one of our group, Shukui Zhang, and his family on the birth of their daughter this week.  We wish them the best.

Terahertz Project:

The order was placed for the first diamond window.  The first informal bid for the mirrors is close to expectations, we await all the formal bids.  All beamline components have now been ordered, and support structures are being manufactured. 

The THz spectrometer in the vault is functioning well again after a major computer problem and a major and successful effort to copy old software and drivers to a new platform.  This takes THz light from the port and analyzes it in the vault.  It is providing a valuable machine diagnostics function while giving us early experience with the characteristics expected in the new facility. 
