MEMORANDUM 

To:

Distribution 

From:

F. Dylla

Subject:
FEL Upgrade Project Weekly Brief – May 31-June 4, 2004

Date:

June 4, 2004

Highlights:

We got our first full week of operation with the new cryomodule and were pleased with its performance while operating the beam at 145 MeV.

Highlights of the week’s efforts include:

· A successful set of measurements on the BBU threshold and initial work on the effects of adjustment of the phase advance to suppress the BBU.  Initial measurements show threshold is due to a single (previously predicted) mode in one cavity. Q's agree with previous estimates

· Achievement of 5 mA CW at 145 MeV with no additional BBU mitigation applied

· Initial lasing with the new mirrors at 3 microns limited by heating from light scatter onto optical mounts

· High power lasing at 6 microns (power being pushed as of this writing and the 18 micron long detuning curve we have observed is encouraging)

· We received today the EM wiggler and we are preparing to measure its field.

(Congratulations to our vendor, PECo, and to our lead engineer for this project, George Biallas for a job very well done!).

· The PM wiggler is in final trim and characterization at STI Optronics

· Stands for the phase rotator for BBU suppression were installed in preparation for the magnet installation next week off-shift in parallel with efforts on power push and BBU suppression by other means.

· We achieved very short pulses (450 fs) which have increased the FEL gain but also the THz power and consequent heating effects on the outcoupler.

Commissioning Summary (Steve Benson):

   We ended last week experiencing frequent trips of the injector cryounit.  The trips seemed to be bogus but the source could not be determined.  On Monday we spent the first half of the day fighting the problem until we finally swapped the suspected piece of electronics between cavities and, in the process, found a bad fiber connection that probably was the cause of our difficulties.  We have not had any bogus trips since.  The rest of the day Monday was spent recovering the 

88 MeV setup from last week and taking BBU data using pulsed beam.  The diode signals were recorded as a function of current and pulse length.  The BBU threshold for that setup was found to be 3.4 mA. 
   On Tuesday we worked on setting up the 145 MeV configuration with two sextupole families and optimizing the steering and focusing of the lattice.  The dispersion after arc 1 was corrected to second order.  One thing we found was the adiabatic damping of the longitudinal phase space worked as expected and we achieved pulses about 450 fsec in length (see figure 1).
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Figure 1. THz spectrum of 450 fsec pulse.  The THz emission is quite strong with the 145 MeV configuration. 

   This is very important for meeting our lasing efficiency goals.  We got the FEL going for the first time with the 3 micron mirrors.  The new configuration ran without loss at up to 3 mA without lasing. The energy aperture of the recirculator was not very good.  The detuning curve length at 3 microns was about 5 microns compared to a predicted 7 microns.  We found it difficult to optimize due to mirror vibrations and drifts.  The efficiency was found to be about 

1 kW/mA with a poorly optimized setup. 
   On Wednesday we studied three problems.  One was a steering of the output coupler caused by absorption by some component in the outcoupler assembly.  The second was the limited energy aperture.  The energy aperture was increased by providing more betatron phase advance between the wiggler and the linac.  This cancels out many of the higher order chromatic aberration terms.  This allowed us to run high duty cycle beam to optimize the laser.  We briefly ran CW and obtained over 500 W of output power but absorption in some component in the output coupler tripped the vacuum valves in that region.  We then took data on the steering induced by the absorption in the output coupler assembly.  The IR camera looking at the high reflector was quite useful in helping us to determine the orientation of the optical mode.  Wednesday evening the CASA group took more data on BBU.  The lattice run on Monday did not restore well and the BBU threshold was lower than on Monday (only 2.2 mA).  Another configuration from Friday restored in better shape and they ran up to 4 mA with it.  We seem to be able to move the threshold up and down with steering and focusing changes.  We have not yet carried out any formal BBU suppression techniques. 
   The plan for Thursday was to take a bit more data on heat induced steering in the 3 micron output coupler and then to switch to 6 microns.  In trying to restore the configuration from Wednesday we found that this configuration is rather sensitive to steering.  After steering up the lattice after the wiggler we were able to run CW beam with high current and low loss.  We took some data on the mirror steering and then ramped up the current while changing mirrors.  We got up to 5 mA of beam at 74.85 MHz before tripping.  The trip did not seem to be due to BBU.  We ran up again and tripped at 4.6 mA in the same manner.  The BBU threshold is at least 5 mA without any suppression techniques.  Since we could not determine the nature of the trip we decided to switch to 6 micron lasing.  We obtained lasing easily and measured a detuning curve length of 17 microns.  This is much longer than for 88 MeV operation.  We also noticed some scattered IR light in the cavity.  We are trying to track this down to see if it will limit progress. 
Friday is dedicated to optimization of the laser and energy recovery at 5.75 microns.  The goal will be to see if we can get the efficiency up to the required 2 kW/mA that has been predicted by the model.

Management:

   We prepared the FEL presentation for the upcoming DOE review of the laboratory's science and technology programs which will occur on June 14-16th. 


   Due to the intense activity on pushing the 10 kW campaign with the 3rd cryomodule, we did not attend this week's meeting of the Navy's MW Panel and we would be interested in reports from our colleagues on results from the meeting. 

    Several planning meetings were held with the mechanical engineering and installation staff to plan the near term installation activities (quad rotator and short wavelength wigglers).

WBS 3 (Beam Physics – Lia Merminga):

Up to 5 mA of cw beam current was energy recovered in the 145 MeV configuration with no observation of beam breakup.

Using the 88 MeV configuration, the growth rate of the instability was measured as function of beam current, in pulsed mode, for currents above the threshold, in order to determine the instability threshold (See plot below). These data are consistent with a threshold current of 2.5+/-0.2 mA. For the same configuration, the directly observed threshold current in cw mode was 

2.3 mA. 
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WBS 4 (Injector):

The gun delivered 135 pC pulse and CW (up to 5 mA) beam for FEL operations during the week. The cathode made last week on the newly installed anodized wafer has delivered 37 C so far.

Gun HVPS - It is operational.  The Conditioning Resistor will be cleaned next week as some leakage or corona appeared the last time it was used.  The Conditioning Resistor (143 M ohm) is not used during normal operations as it is shorted by the Running Resistor (468 ohm).

WBS 6 (RF):

Zone 1 - The zone is operational.  The erratic crowbar firings of cavity 3 have stopped with the exchange of the electronic control units and the reseating of their  I/C's.  Their defective battery

packs, while not required, will be replaced.  The fiber optic connectors and cables to the floating deck units will be replaced during the August down.

Zone 2, 3, & 4 - The zones are operational.  The tuner limit stops for zone 3 need to be narrowed as the operators can mistakenly tune a cavity in the wrong direction, if it starts too far from resonance.  This will be done in August also.

WBS 8 (Instrumentation):

   Another busy week, this one started by running all Memorial Day for BBU studies. The day was a bit frustrating due to RF crowbars but we discovered a bad fiber optic connection that was the culprit. The data that we got was very interesting (see above). We also ran swing shift on Wednesday for BBU studies. 
   Due to frequent lock-ups of the software that controls the variable attenuator (also called the rotational polarizer), we attempted to control the motor with a different motor control system, specifically the system being used in iocfel7 to control the optical system's stepper motors. Although the work was done to copy EPICS software and install new cables, the first attempt to switch over did not go well, but the issues are minor and are being solved currently. The attenuator will most likely be working with the new (iocfel7) system by the end of the day. Once converted over, we will continue to solve the motor controller problem on iocfel10 in a way that does not disturb FEL operations. 
   The AMS/Video system upgrade is proceeding. Our production run of the new switcher cards are back from the board manufacturer and we already have the first one populated. Testing will begin first thing next week. We are also working to have the AMS pre-scaler boards finished. These boards will allow the AMS to accept ± 10V inputs. The schematics are being finalized and we will send out to have them made by then end of next week. 
   A survey was done of the FEL building to account for all of the oscilloscopes that we have around the machine. This information will be included into the controls database for better tracking (this includes the model number, FEL location, purpose, JLab property tag number and group responsible for them). This will be our solution for an equipment sign-out system. We are also looking into to converting some of our scopes over to TCP/IP control. This will allow us to get screen shots off of them from over the network. 
   The devlore logbooks have been smoothed-out to allow users to associate general FLOGs to items in the controls database. This will allow us to take advantage of the screen captures and other resources available from the DLite log entry system in MEDM. Two general links have been established that will allow users go directly to search results for the controls database. They are: a 'Quick Search' as:http://laser.jlab.org/devlore/Main.asp?QuickFind=keyword and a 'Item locations finder page' as:http://laser.jlab.org/devlore/Main.asp?WhereIs=keyword for example: to find out where all the Tektronics oscilloscopes are, use the following link: http://laser.jlab.org/devlore/Main.asp?WhereIs=Tek-Scope 
   The beefed up sextupoles SF2F07 and 2F09 are dissipating up to 1.3 kW of power so klixons were installed onto the magnets and cables were pulled in the 2F region to protect against overheating of the newly rewired magnets. Additional fans were placed around the magnets as an added measure. Preparations for the skew quad installation in the 3F region are proceeding. Channel assignments have been made, additional trim cards have been procured from EES and software has been downloaded onto the IOC. Viewer cameras were changed out at 0F04, 0F06, and 4F06B.  Fifteen viewer cameras have been assembled, tested and placed back into the spares bin. A camera parts inventory has been completed for the UV upgrade. 
   Preparations and planning for the Laser Personnel Safety System (LPSS) is back on track thanks to our new Science Undergraduate Laboratory Internship (SULI) student Lauren Huie. She will be assisting the I&C group in the design, installation and commissioning of the system. We are forced to nearly start from scratch since we have added additional labs (3 A&B) and now have more light sources (IR, UV, THz, and table top lasers) installation in the new Lab-3A is beginning. 
Work continues on the BPM system, with the help of another SULI student, Stu Bergeron from Virginia Tech, he will be taking measurements and in general doing the grunt work to get a new system designed and brought on line. 
    One Pre Amp chassis, that is used to buffer and/or roll-off analog diagnostics signals, has been completed, tested, and is ready for installation.  Fabrication of a second chassis is near completion. The Pre Amp module PCB for the second chassis has been tested and verified. A High Impedance Input to 50 Ohm output line driver was constructed for the FTIR.  Debugging is continuing on this in order to achieve optimal operation. Two +12V Video Power Supply Chassis were fabricated, tested and ready for installation in the Wiggler and HR instrumentation racks located in the vault.  These chassis, which eliminate the AC plun-in bricks, are to support additional video requirements that are needed for the Optics group.

WBS 9 (Beam Transport):

Skew Quad Rotator - Skew Quadrupole Eigenvalue Exchange Module (SQEEM)
· Four of the five QX quads completed the transformation to skew orientation with taps and new tooling ball holes machined into them. The fifth will finish Monday. Alignment folks are now fiducializing the new tooling ball positions. 

· All 7 of the stands for the Rotator were mounted in position in the return leg. They will be aligned next Tuesday. Our plans are to mount the quadrupoles in small groups next week before beam operations in the early mornings. We will align them in a similar way and over the weekend in order to have the Rotator available on Monday, June 14. 


Wiggler 
Electromagnetic Wiggler for 2.8

· PECo completed re-assembly of the wiggler units after having trouble at the first assembly with shorts coming from particles. They dis-assembled both units, cleaned all the parts, re-assembled in a clean room environment (their Metrology Lab) and now both units have 40M

· resistance of the coil package to ground a very good reading. 

·  I show a photo of the complete wiggler as it went into the crate at PECo.

· The assembly is scheduled to arrive in the early afternoon today. Measurements will start Monday. 


Sextupole (SF) 
Procurement on hold, pending 10 kW efforts

Electromagnet wiggler is in the Test Lab
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WBS 10 (Permanent Magnet Wiggler):
The wiggler is nearly tuned up.  I will be going out to Seattle on Monday to witness the final certification runs.  The data reported to date shows that all specifications are met.  The phase noise is 2 degrees and the trajectory is straight to better than 50 microns in the center sections.  The "zero displacement" ends have about a 100 micron displacement, which is acceptable.  The wiggler should be shipped out next Friday if certification runs go as planned and will arrive in Norfolk on Monday June 14, two weeks early.  The stands for the wiggler are being procured and should be ready when the wiggler is installed.

Terahertz:

Mirror M1 was analyzed at the metrology facility at Brookhaven National Laboratory this week and the finish was found to exceed specifications by almost a factor of 2.  Meanwhile the mounts for all 4 mirrors were assembled, and some minor interferences identified.  At a meeting with Vincent Christina, Advanced Energy Systems, and Larry Carr of Brookhaven, plans were made to fabricate a THz reflection/transmission chamber similar to the one in use at Brookhaven.  Plans were also made to measure the THz properties of materials of interest to the Night Vision Laboratory, using facilities at the National Synchrotron Light Source. 

�





�








