MEMORANDUM 
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From:

F. Dylla/grn

Subject:
FEL Upgrade Project Weekly Brief  -  August 7-11, 2006

Date:

August 11, 2006

Highlights:

The goals for this week’s operation of the FEL Upgrade were the following:

1) 
Further exploration of the machine set-up necessary to push the average power at short wavelengths (2.8, 1.6 and 1.0 micron); and

2) 
FEL and FEL driver accelerator measurements in support of the papers that are being prepared for the annual International FEL Conference, Aug.27-Sept. 1 in Berlin);

3) 
Preparations for next week’s scheduled user experiments.

We started the week by bringing the photoelectron gun back on-line after a successful heat clean procedure was applied to the GaAs photocathode over the weekend.  The photocathode came back with high quantum efficiency (~5%) and long lifetime.

Only two days were spent on careful set-up of the machine starting with an alignment check on the drive laser, injector set-up and linac set-up. We will have to spend more time on this effort after next week’s user runs. The set-ups that were identified yielded high (~2kW/mA) but not our previous record high (2.7 kW/mA) efficiency for 2.8 micron lasing.

Several interesting modes of harmonic lasing were observed this week.  A record power of 35 watts cw was obtained for 5th harmonic lasing with 1.6 micron mirrors. This is a new world’s record for 5th harmonic lasing.   In preparation for Hampton-Yale University axion search experiment, we demonstrated 300 watts of cw light at 935nm by lasing at this wavelength using the 3rd harmonic reflectivity in 2.8 micron mirror coating.

Interesting comparisons were made on the optical pulse length using the THz spectrometer, far-infrared (“Happek”-style) interferometer, and FROG techniques. These inter-comparisons give us confidence on our short pulse (<300 fs) measurements.

Also this week we gave some experimental time to the Univ. of Md team that is developing a new electron beam diagnostic based on optical transition radiation.

In preparations for next week’s user runs by teams from the Brooks AFB and EVMS, several measurements were conducted in User Lab 3 on the quality of the THz beam as we explored several cw configurations.  The Brooks team will be starting an investigation of the biological damage thresholds for THz radiation (which are not currently known) using inanimate model systems (i.e., moist chamois), and the EVMS team will be quantifying THz effects on jellyfish.  

Management

On this past Wednesday FEL program management team presented to ONR and PMS-405 a preliminary report on FY06 accomplishments and discussed options for modifications to the FY07 work statement depending on the funding profiles.  We jointly agreed that the annual peer review for the Jefferson Lab FEL program would be held on Dec. 13-14th.

Following the ONR review in the morning, we presented an overview brief on the FEL program to a contingent from the Future Concepts & Transformation Division at USAF Headquarters in the Pentagon.

The ONR project financial reports for the month of July were completed and released for distribution to the DOE and ONR program offices.

On Tuesday we were visited by two board members from the Jefferson Science Associates Board: General (USAF, ret.) John Gordon and Larry Hare from CSC

for a briefing and tour on the FEL Facility.

Gwyn Williams attended the DOE-BESAC meeting held in Bethesda last week.


Operations:
   After cesiating the freshly heat-cleaned cathode we did a full injector setup using a new procedure that better matches simulations from Parmela.  We spent a fair amount of time matching to the wiggler while trying to minimize losses in the system.  We then set up the beam for Ralph Fiorito's coherent diffraction experiment (Univ. Md).  They got some good data, though they wanted more time. 
   Tuesday we spent quite a bit more time setting up the machine, including matching, dispersion suppression, longitudinal matching, and loss management.  We tried using this setup for a power push at 1.06 microns. The efficiency was not as good as we have seen it for this mirror set but the gain was high so we tried pushing to high current.  We then found a problem with the electro-optic cells on the drive laser.  At high repetition rate they steer.  This has not been seen to date and may indicate a failing E-O cell.  

   On Wednesday, since we could not run high repetition rate in the E-O cells, we switched to carrying out some experiments for collecting data for our FEL Conference papers. We lased at the third and fifth harmonic at 534 nm.  The third harmonic is done with the laser at the fundamental but the cavity set a bit too long.  Measurements indicate that the laser lases at the third harmonic only over 0.8 microns.  The fifth harmonic lasing is done by setting the wiggler to lase at 2.74 microns.  It then lases at the 5th harmonic at 534 nm.  We took data on both these configurations and then tried CW lasing at 534 nm.  We got 35 W in the vault.  Our transport is not optimized at 534 nm so we didn't try to send it upstairs.  We also took data on the longitudinal distribution of both the laser and the electron beam as a function of the bunch tilt.  This is done by longitudinally defocusing the beam.  We operate slightly underfocused to minimize energy spread growth due to CSR.  We varied the first arc trim quads by +/- 25 G ( about a 22% total span).  Part of the experiment was an attempt to make a systematic comparison of the bunch length measured by the Happek device and the bunch length measured with the help of FTIR spectrometer in the user Lab 3. The idea of the experiment is to change the trim quads in 2F region and thus change the bunch compression, which will change the bunch length at the wiggler and at the exit of the chicane. The measurements were done simultaneously with FROG measurements. The FTIR spectrometer was used to measure the bunch length with the CW beam, the Happek device is used for the measurements with the pulsed beam. We have anticipated that we would change the bunch length by a factor of 2.  The Happek device data shows consistent bunch length change with the trim-quads settings. Whereas the FTIR data essentially did not show any bunch length change even thought in the beginning of the measurements it was showing a reasonable spectrum. Later we found that the spectrometer probably was not functioning properly. However we believe we can fix it and we are planning to repeat the measurements later today. 
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Caption:  Video image showing  the coherent harmonic radiation in the visible while lasing at high power (~4 kW) at 2.8 microns
On Thursday we tried a power push at 2.8 microns.  We again got a high gain setup but the efficiency was only 2 kW/mA compared to the 2.7 kW/mA we saw in July.  The lower efficiency may be due to the new injector setup, which is the only thing changed from July.  We also found that the new accelerator setup has a BBU threshold of 4 mA.  This is suggestive of a problem with a magnet since the rotator is on and the threshold should be many tens of mA.  Today we are doing more beam measurements.  We took data on the 3rd and fifth harmonic lasing using the 2.8 micron mirrrors.  We also lased on the third harmonic of the mirrors but using fundamental lasing.  This produced very high gain and reasonable pulsed efficiency.  The CW efficiency was reduced by mirror heating.  See figure 2.  We also started to set up the THz line for the runs next week.  
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Caption:  Video image of fundamental lasing at 950 nm.  This is done on the third harmonic of the 

2.8 micron mirror reflectivity
WBS 4 (Injector):
Last Friday we heat-cleaned the anodized GaAs wafer for the 7th time since it was installed in the photocathode gun back in May 2004. This wafer has delivered over 

4.2 kC since then with 6 re-cesiations per heat-clean on average. We remind our readers that the photocathode gun vacuum chamber does not need to be opened to atmospheric pressure to perform these maintenance activities. Then on Saturday we activated the wafer into a photocathode with 5.5% QE. This last photocathode has delivered close to 40 C and up to 4 mA CW for FEL ops with only 10% increase in the drive laser power request during the week. 

Drawings for the Survey and Alignment crew are in progress for marking the locations of the new photocathode gun stand and its High Voltage Power Supply pressurized tank in the Gun Test Stand. The HVPS tank will be sent out for re-locating the door hinges, refurbishing and pressure testing before installing in the GTS. The bid for fabricating the load-lock system to be incorporated to the new photocathode gun has been awarded. We expect delivery of this system in 12 weeks after final design approval. 



One of the flat test electrodes coated by W&M's Nimel Theodore with a graded field emission suppression film was mounted in the high voltage test stand. The stand is being baked and we expect to start HV testing early next week.
WBS 8 (Instrumentation):

   We still continue with the commissioning of the Single Board IOC modules.  So far we can program the FPGA and burn the code in EPROM with USB-Blaster JTAG, we are still testing the FPGA code in conjunction with the PCB functionality.  Some modifica-tions are being made to the PCB as we test it and these are all be noted so the next revision will be good to go.  The PCB is fully populated and testing is ongoing to ensure correct operations.  We've designed a LED board for data bus diagnostic which will help with our testing.  We've also assembled a connection cable to connect the Single Board IOC and the BPM prototype board.  This will help give us some insight into how the FPGA and ADCs will interact.  To prepare for the next revision of the BPM board we've spent time this week researching ADCs to ensure we chose the proper components.  We've also been looking into DACs for the General Purpose I/O card that will also use the Single Board IOC.  A fundamental design for this card is completed and a detailed schematic will begin as soon as possible.  RTEMS and EPICS have also been built for these embedded IOCs.  The packages involved for allowing dynamically loading applications and a VxWorks-like shell are being less than cooperative.  This is being investigated but progress is being made.
    Wiring lists for the LPSS in User Lab 5 continued this week. New mirror cassette logic has been written and will be tested on the LPSS test stand.  The new logic will take into account the fact that the master signals are maintained during cycling of main power for the slave unit and that the mirror cassette cable could be disconnected under power.  As before, the Master move to Home bit overrides the current mirror request, but will complete the request when that bit is OFF once again.  We've also completed the wiring of 6 LPSS Laser Bypass Switch Boxes that can be installed on various local lasers to apply a key lockout feature.

    Some time was spent this week with the 4-Ch RTD board to make sure we can get it to operate over the required temperature range.  In order to accomplish this and to also fully understand the entire circuit, we modeled each channel.  By using this model we can find the proper combination of current drive, gain, and offsets to get the optimal temperature output that is needed.  By adjusting these three parameters and simulating the sweep of inputs the correct values were all determined and one channel was assembled and tested successfully.  The next step is to ensure that the PLD can be programmed with the bus control logic and then these cards will be ready for operations.

    At the end of last week we took advantage of the controlled access to replace and align 13 new cameras that had radiation damaged CCD's.  Some time was dedicated at the beginning of the week to organize the I&C transportainer.  An inventory of all the PCB boards in the FEL I&C trailer was completed this week, this will help identify what components we have and their status.  The drawings for the pressure mat interface board were completed and sent off to advanced circuits for a quote.  We are analyzing the price matrix and our future requirements to make a decision on how many pieces to order.  Validation of the GTS cave layout took several days and is now in its final stage.  Ron Lassiter has the most recent files of the GTS layout and they are also on Devlore and have been archived on CD's as well.  As the amount of work in the Gun Test Stand has increased, fulfilling the safety needs of personnel is being addressed.  The storage of eye-wear, gloves, and hearing protection is being worked out.  This week several laptops were reloaded with appropriate software and/or sent off to computer center for repair.  The filter wheel and shaft extension that was manufactured was tested and sent back to the machine shop to be blue anodized.  We still continue to work on the assembly of the synchrotron light monitor enclosures.  A new stepper motor chassis has been mostly wired and checked out as much as possible.  We also assisted the optics group this week by assembling a Diode assembly.

WBS 9 (Beam Transport):



IR Machine Operations
• 
The Shop was not yet able to start welding up the second wiggler chamber. They now plan to start early next week.  But, with regard to fixing the problems associated with heating of the Wiggler chamber and associated movement of the OCMMs, George Neil tentatively agreed to study my proposal to rigidify the downstream OCMMs and let the upstream end float easier. We could then suspend the upstream OCMM in such a way that it would float and we could shine the laser beams into it axially eliminating sensitivity to that float.  The fixed downstream end may not need any alteration, at least for the first priority task for that device, the measurement of OC mirror distortion.
• 
Magnet Test is continuing SF sextupole measurements.  They are still waiting for the reversing switch to be added to the power supply by the Accelerator electronics folks.  In the background, we discussed our testing protocol and our understanding of the potential sources of the quadrupole and dipole errors.   The shop is working on a set of measurement fixtures that will allow us to quickly measure any errors in the pole placements that could have come about as a result of shipping impacts on these cores that are made of bolted and pinned pieces.
•
An additional corrector pair can be inserted in front of the Debunching Chicane when we move the chicane’s chamber downstream by 0.5 inches.  This may disturb the mirror placement for the Nobuyuki Experiment apparatus – Pavel Evtushenko is looking into that.  I have to make up a bellows spool or pipe spool that is 0.5 inch shorter for the piping downstream of the chicane in order for the move to be accomplished.
•
The dipoles from the IR DEMO that were loaned to Cornell were returned at the beginning of the week and are now in storage on site.  
• 
I drew up and started the making brackets that will aid us in adjusting the waveguides leading to zone 3’s cryomodule.  These will aid in elimination any additional stress on the cryomodule windows when we install the additional 7 partitioning windows and extend the successfully prototyped helium gas system to the newly created volumes.  This installation is planned for the September Down Period.   
•
Facilities Management is working on raising the capacity of that Drive Laser Room’s cooling unit.
Experimental program
Experiment to see a pseudoscalar particle that couples to photons   
• 
Three sets of pole tip extenders and the turning mirror stand continue fabrication in the JLab Shop.  The GW magnet stands are due on Tuesday.  Magnet Test tested the auxiliary poles on the pole extension using FEL State funds. The extensions only gained an additional 600 Gauss or so in the end regions.  Dan Oprisko assembled the Thompson Rail system for the second set of GWs. I designed and started fabrication of the cooling plates for the 2 inch turning mirrors.  The next item to tackle is the tube through the second set of dipoles and how to mount the CCD and make it into a camera for this trial run.  We remain handicapped by not having an approved work for others agreement in place with Yale University.  As of this writing, Yale has not agreed to the conditions.  After they cut a check, there is an additional bureaucratic delay we have to face from the final DOE fund-dispensing process.
WBS 11 (Optics): 

FEL mirrors
As part of our optics improvement program, we specified a variant of our 1.6 micron HR mirrors.  This mirror has an aluminum base layer, and then a carefully designed dielectric stack that essentially reflects all harmonics up to the 5th.  These could be used downstream of the wiggler, the aluminum layer then reflects the incident THz radiation. We should receive these mirrors Monday, and will put them through metrology.
For our laser-based optical metrology setups, both the advanced drive laser diagnostics hutch and the metrology hutch were outfitted with signal and control feedthroughs.  This was nicely done by Christine Wheeler, one of our local teachers who is here on a Summer training program.  Today was her last day with us, and we wish her the best for the future.  Once I&C completes the wiring, we'll be ready to commence measurements in User Lab 1.  Our engineering consultant on the cryomirror project revised his calculations for the anticipated temperature rise for the planned mirror configuration (a 3" dial mirror) and gHe flow rates to reflect the material properties at cryogenic temperatures.  The anticipated rise is about 20 deg K, well within our margin.

Other Activities:

This week we considerably advanced the cryo-mirror project. The final design for the cryo-frame and Macor frame holder were completed. After modeling the helium gas pressure drops and losses it was determined that by increasing the diameter of the optic from 2” to 3” allowed us to use the existing molybdenum frame design. Three frames are currently under fabrication. The drawings for the Macor insulating and support bracket where sent out for quotation. The calculated loss of the Macor bracket is 1W with an overall loss on the order of 4W.
 A full alignment of the drive laser and EO cells was made this week. This alignment increased the SHG power throughput as well as improved the extinction ratio. A shift of the drive laser position on the cathode was noted when running the FEL at higher repetition rates. This will be investigated as the schedule allows. More FEL data was collected for papers that will be presented at FEL2006. A Coherent engineer installed the loaner 4W 355nm Paladin laser in User Lab 4. Some experiments are underway to characterize its performance.  

Terahertz:

During beam studies this week, Pavel Evtushenko made systematic changes to the trim quads at the entrance and exit of the 1st arc in order to change the bunch length while making measurements with the FTIR interferometer on the THz beam, as well as with the Happek device in the vault, and in conjunction with FROG measurements made by Shukui Zhang on the FEL beam.  The THz interferometer results were inconclusive, but the FROG and Happek measurements agreed well with each other.  We will attempt to repeat the measurements before the end of beam ops this week to understand why the FTIR spectrometer was not reading properly.

The FTIR spectrometer was removed from the beamline vacuum interface in order to prepare for the Brooks AFB THz exposure tests.  It is necessary to provide their group with a well characterized beam in spatial profile, power, and spectrum, so there is some work that had to be done to setup for beam delivery to their experimental setup.  Some of the alignment has been completed already and today we will be determining a good accelerator setup to use for their tests that will be saved so that it can be easily restored when needed.

We have made an attempt to make a systematic comparison of the bunch length measured by the Happek device and the bunch length measured with the help of FTIR spectrometer in the user Lab 3. The idea of the experiment is to change the trim quads in 2F region and thus change the bunch compression, which will change the bunch length at the wiggler and at the exit of the chicane.

The measurements were done simultaneously with FROG measurements. The FTIR spectrometer was used to measure the bunch length with the CW beam, the Happek devise is used for the measurements with the pulsed beam. We have anticipated that we would change the bunch length by a factor of 2.

Happek device data shows consistent bunch length change with the trim-quads settings. Whereas the FTIR data essentially did not show any bunch length change even thought in the beginning of the measurements it was showing reasonable spectrum. Later we found that the spectrometer probably was not functioning properly. However we believe we can fix it and we are planning to repeat the measurements today afternoon.
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