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Highlights:

We got great data on the angular tolerance of the FEL oscillator for JTO related studies and found it much looser than simple theories would predict. This is excellent news for operating the system on a platform.

We note with sadness that our friend and colleague Court Bohn is in the hospital.  Court was a major contributor to the IR Demo project and has continued to support high power injector development for FELs in his research. Our thoughts are with him and his family in this difficult time.

Management:
We held several planning meetings to coordinate the Injector Test stand, its supporting infrastructure, and the AES module completion.  There are lots of details to coordinate and work on but the effort appears to be moving according to plan.
We prepared the set of budgets and charge accounts for the project for the remaining part of the year.  We are taking advantage of the new SOW to re-align our efforts for easier reporting.  This will be implemented starting April 1.

We supported an ORO Assessment of JLAB Safety Oversight Programs which ensure compliance with DOE directives.

We hosted a visit by Frank Roberts, Executive Director, Hampton Roads Military and Federal Facilities Alliance to discuss cooperative efforts to support economic development in the region, e.g. cooperative development of the next phase FEL system.

Gwyn Williams co-chaired the Optical Society of America Topical Meeting on terahertz spectroscopy and technology in Orlando.  He also gave a presentation describing the facility at Jefferson Lab.

On Friday Gwyn Williams met with DHS in Washington to discuss THz applications.

We supported session planning for the upcoming ERL2007 workshop to be held at Daresbury in May.  The last workshop was extremely helpful in identifying technology paths and challenges to high current ERLs including those for high power FELs; we hope the upcoming meeting will prove as useful.
Operations:  

    The week started out with our now canonical maintenance/machine studies day.  An attempt was made to fix the 1.06 micron high reflector but we found that the problem was not in the mirror mount as we hoped but was in the mirror itself.  We knew then that we would have to change out the mirror.  This was scheduled for Friday.  The machine studies involved efforts to improve the match around the machine and reduce beam losses.  The electron beam spots looked  better in general and the Happek signal increased quite a bit while  the losses went down.  We verified that the FEL gain and efficiency were similar to the previous setups. 
   Since the 1.06 micron mirror was not ready for Aerospace or ODU activities we switched to Short Rayleigh Range (SRR) studies.  On Tuesday we calibrated the wiggler BPMs so that we could measure the electron beam position and angle in the wiggler.  We also set up all the detectors and optics necessary for the SRR studies and took some sample data. 
   On Wednesday and Thursday we took quite a bit of data on the sensitivity of the gain vs. the relative angle between the optical mode and the electron beam.  In the past we had taken data by moving the optical mode.  This becomes problematic at short Rayleigh ranges because the optical mode cannot move much before it hits the edge of the mirror.  This time we move the electron beam instead.  We could then take data of the gain vs. electron beam angle and position.  The results are fairly startling.  The gain is independent of angle or position over a shift of a full waist or divergence.  For angular changes the dependence is even more lenient.  The angle can be changed by almost two divergences before the gain drops off.  The efficiency only drops off by about 10% even for two divergences of angle change.  The dependence vs. electron beam position is a bit stronger for the efficiency but the gain is still pretty insensitive.    We took more data on the gain, turn-on time, and power vs. Rayleigh range as well. 
   On swing shifts this week we ran for boron nitride nanotube production and took some preliminary data on the sensitivity of the FEL to buncher modulations (see description below.)  Today we are open to replace the 1.06 micron high reflector and fix some other items requiring maintenance.  We are also setting up for a data collection run on Monday for the SAIC harmonic power measurements.

Energy-phase modulation measurements

This week we took the next set of data to study the FEL tolerances to the energy and phase modulation of the electron beam. For this set of measurements we were running the FEL at 1.6 (m in CW mode with the electron bunch frequency of 4.678125 MHz. The average FEL power level was between 300 and 400 W during the measurements. Again we used the buncher cavity to modulate the electron beam energy in the injector, which causes beam energy and phase modulation at the wiggler. The following data were taken as a function of the modulation frequency; amplitude of the field buncher modulation, the beam position modulation at the 0F06a and 4F00 locations, the electron beam phase noise spectrum, which shows the phase modulation, average FEL power level with the modulation on and off, amplitude of the modulation of the FEL power. The measurements were done in a frequency window from 5 kHz through 150 kHz. The data require careful analysis and additional characterization of the instrumentation. However it was clearly seen that the electron beam modulation would change the average power level of the FEL and the magnitude of the effect was frequency dependent. It is important to note that the modulation introduced to the electron beam was always extremely small and almost negligible in comparison with the RMS jitters of the electron beam parameters when the modulation is off. 

The data analysis is in progress. 

100 kW Design Effort

We have at present designs for very compact (12 m x 1.5 m) 100 kW systems with injection/dump energies of 7 MeV and 2 MeV, bracketing the parameter space under discussion in the high power FEL community. This week, we started on a design for the central 5 MeV value. The longitudinal match was developed, and a DIMAD model constructed using that match. Beam transport was laid out and solutions derived. At present, we need to set the overall path length and optimize the chromatic behavior of the energy recovery transport. These tasks are underway. 

Initial planning is underway for a less aggressive, more operationally flexible, but somewhat less compact 100 kW driver, per guidance from last month's TAWG meeting. This system will be between MADMAN and the IR Demo in footprint, but will retain much of the IR Demo's operational flexibility. It will likely use conventional injection/extraction, and allow for adjustment/matching across the full six dimensional phase space and into higher order. It could therefore - in principle - be built using higher frequency RF, if anyone were actually crazy enough to believe that they could actually stuff 100 mA beam through the itty bitty irises in such structures... 

An initial look at BBU suggests that use direct injection/extraction will not degrade threshold currents, though it may have implications about the power handling required for the higher order modes of concern.

We have started meeting weekly so as to formalize the 100 kW design effort. 

We have begun work on a baseline machine design layout. A longitudinal matching scenario and linac optics have been developed. Chromatic optimization of the injection-to-wiggler transport is underway. 

Discussions with Rui Li on CSR/LSC have precipitated plans for a measurement of the match dependence of bunch length, with an initial cut to be taken next week.

Injector:

Injector
The photocathode gun delivered 30 Coulombs and 9 hours of CW beam for FEL ops during the week. Thanks to the QE monitor we have been able to track the photocathode QE daily and calculate the Coulomb lifetime which is 227 Coulombs or 53 hours. The photocathode QE is now 2.3%. 
Gun Test Stand
We met this week with the Instrumentation and Control group to discuss the tasks for the Gun Test Stand. We also held a kickoff meeting with the Engineering Division to start work on fitting the GTS with the required electrical power and implementing the Personal Safety System (PSS). We are working already on the initial documents required by the PSS design and implementation group. We also agreed on laying out a schedule accessible to the groups involved for tracking. We are also preparing the gun chamber for vacuum firing.

The HVPS Tank support peg was adjusted and the door opened.  The inside of the tank will be cleaned and painted next week.  The support bracket for the electronics is scheduled for installation next week also.  We are still searching for a Heat Treatment facility that can handle the large ceramic tubes for the Conditioning Resistors that are being made.  Nearly all of the mechanical parts for the Running/Conditioning Resistor mechanism were delivered this week by our Machine Shop.

RF:

RF - The RF system is operational, but it experiences an energy shift several times per shift.  This energy has been traced back to zone 3 cavity 6 primarily.  RF cables have been checked and tightened with no improvement.  The RF Control Module for this cavity will be changed today to see if it is the cause of the problem.
 

Gun HVPS - Fully operational.

 

Instrumentation:

   A preview of the devlore replacement wiki is available now at: http://fel.jlab.org/wiki. 
   The efforts directed toward the Gun Test Stand & the Laser Personnel Safety System upgrades are really picking up. The AC power requirements are being finalized and transformer & AC power panels are being spec'd out. The AC power for gun bake-out & vacuum pumps is now ready for use in the GTS vault. The LPSS upgrade for the user labs has been completed in lab 2 and is being tested. When testing is complete we will make the changes to the other labs. Documentation for the labs & master continues. 
    At the beginning of the week, some time was spent troubleshooting the X- channel of IPM2F03.  This BPM channel was shot from downstairs through the entire system and appeared to show a fault at the CAMAC card.  Working with the EES group we located a spare card and replaced the broken one with a good spare.  Things were checked from upstairs and all appeared to be working correctly.  When beam operation continued at the beginning of the week it was noted that the problem still existed.  With a maintenance day, beginning this morning we took the time to further investigate this channel.  The system was once again shot from both downstairs and upstairs.  The results isolated the problem to the RF cables that bring the 1497 MHz signal to the 4-Ch electronics.  With this being known the X- cable was replaced and the entire system was checked out and verified to be working properly. 
    During the week further testing was completed on the 4-Ch Charge/Dump Current Monitor PCB.  Some refinements in the PLD code have occurred and general signal testing is ongoing.  A list of the required signals for the GTS HVPS Controller have been detailed.  The control card for these analog and digital I/O signals is being worked on presently.  Further design for the PFEIFFER Vacuum Pump Cart instrumentation is underway.  The external instrumentation and controls are listed out and the interface card for these pieces of equipment.  The parts ordered for the BPM electronics have arrived.  The new PCB is due in today and a prototype version will be built up as time permits. Work continues on the Single board IOC with chip select signals (cs0, cs1) and FPGA bridge. The program was coded to generate the pulses at a variable frequency with FPGA, which will be used for vacuum pump. The program have been simulated and running on the FPGA. 
    Current efforts are aimed at defining the fel-wiki specific categories and namespaces. The wiki "namespaces" will be used to reproduce the function of the devlore "item types" field in the database (i.e. Beamline Component, Hardware, Software, Project, etc..). And the fel-wiki "categories" will be used to handle the devlore "system codes" (i.e. WBS 8.0 is I&C, WBS 11.0 is optics, etc..). Further effort is in effect to modify the page template to include the wikiDB's page ID identifier to produce a 1:1 correspondence with the devlore item numbers. This will facilitate the mapping the network folders from the FEL group drive as it currently is with the Devlore system. Scripts are still being written that will automate the wiki page generation from devlore and plans are being made to develop additional "special pages" which will serve as the new "off-site log reader". Special thanks to the computer center via Marty Wise installing the LDAP modules which allows JLab CUE authentication for user login to the wiki, however, this is still in progress.
    Also this week, a COTS 1:2 wide-band (DC-300MHz) bipolar amplifier was tested and is being readied for installation into the drive laser clean room to provide a proper trigger for the drive laser Tek-scope. The current system triggers off of the photo-diode signal which is dependant on proper EO cell biasing. The Phillips Scientific Model 6950 amplifier will be installed between the 1vpp analog output of the DLPC and the pulse drive input of EO3.
    During maintenance last week the new wiggler software exhibited problems running on the ops IOC.  This has been investigated and needs further testing on that IOC.  The OS of the framegrabber was upgraded last week.  The kernel has had some flaky behavior since then.  The application works properly but the system will occasionally hang.  The system is being monitored to try to get some insight on the kernel issues.
Optics: 

FEL Mirror Development
The required optics for the harmonic content diagnostic setup arrived early this week.  Several configurations were modeled and then bench tested.  The best one is being installed today (3/23).  

With attention focused on the upcoming High Q test, calculations were refined on the operating parameters of the accelerator and what sort of output performance was required to do a successful demonstration.  All parameters are reasonable.  Late last week a list of required upgrades to the thermometry was sent to the leaders of both the Optics and I&C groups.

Efforts to identify sources of loss have resulted in fruitful discussions with both suppliers of low impurity hafnia, and with our primary coating vendor.  There is some evidence that silica (silicon dioxide) could also play a role in the losses we measure.  While one normally thinks of silica as being more benign, given its wide bandgap, in fact, there is a rich literature on the intrinsic defects in this material, for both bulk material and thin films.  By reconfiguring our harmonic measurements setup to image the surface of the mirrors, rather than collect scattered light, we may be able to detect the characteristic fluorescence from these defects.  There are also some "tricks of the trade" to anneal them, if they exist, in-situ.  We will explore the use of some of these processes to see if they work.

Cavity/Transport
This week started with an attempt to eliminate the astigmatism on the 1.06um high reflector cavity mirror. We vented the HR vessel on Monday hopeful that we could reduce the contact pressure on the mirror surface when it registers into the pitch ring. It was obvious immediately the astigmatism was not a result of the registration but due to the optics to deformable assembly bond. We pumped the vessel back down and the vacuum recovered by the next morning. We decided to paste our spare 1.06um HR mirror to a deformable assembly and install it today. This optic cannot be used as a deformable mirror but the static ROC is 16.43m and should be acceptable for low power lasing. We could not epoxy the mirror to the DMA due to time constraints. On Monday we also vented the Optical Transport (OTS) from the back of the output coupler (OC) vessel to Lab 1. This was done to replace the picomotor actuator in turning can four. We found that a wire on the connector was making intermittent connection. After fixing this problem the picomotor tested successfully. Unfortunately after having pumped the system down, we found that the picomotor has limited range so it will be replaced today. 

 

We have brazed two of the cryo-cooled molybdenum OC frames this week. One of the assemblies has passed the initial leak test, the other should be in the braze furnace today for round two. We will cryo-cycle the mount that initially passed leak check to confirm that it is still leak tight. We found out yesterday that the gold target used to sputter these frame has a deep erosion pattern from the magnetron that will probably prevent its use. A boron nitride sheet was ordered to be used as a crucible to reform the target. 

 

Progress on the OBPM includes CPU control of steppers by observing limit switch status and the monitoring of motor overheat. The PC board layout will be sent out early next week and board should be ready by the end of the week. Inventory of cryo-diodes and VCR inflow water thermometry and electrical items were checked and those low where ordered to prepare for the down the week after next.

 

Lasers And Diagnostics 

This week we spent considerable amount of time investigating different drive laser options for the Gun Test Stand (GTS) in preparation for one of the upcoming high charge tests, a top priority project for the year. Several options were proposed, including purchasing a new one and modifying the present laser system. We will continue to work on this until a solution is reached. Diagnostics was setup and measurements were performed on the Ti:sapphire laser. Analysis on the FEL pulse diagnostics continues. We setup detectors for the Short Raleigh Range (SRR) study and helped Gun group with the QE measurement. A final custom optical part for the GTS was ordered. We continued to help ODU user to prepare for the experiment scheduled next week. The Antares drive laser was showing decreased power this week and we replaced the lamps today.

Terahertz:

Following a difficult, but instructive week working on the double resonance tests with Harvey Rutt, we have been devising several changes that will improve our signal detection capabilities.  Several changes will need to be made to the electronics to allow proper detection of the different frequency components.  The difficulty has been the need to extract frequency domain signals in both the kHz range and at the MHz frequency of the micropulse rep. rate.  This will require a more judicious application of filters and amplifiers for each instrument than was possible during the first tests performed last week.  This week, we also have been working on a new design for the gas phase sample cell. Interference fringes caused by the silicon windows severely diminished the resolution of the spectrum measured by the FTIR system.  This problem should be completely eliminated with the new design and we hope to be able to test these changes in May. 

Also this week, Pavel Evtushenko and I started designing the setup for the electro-optic measurements to be performed in the THz lab.  This will require sending the beam of a Ti:Sapphire ultrafast oscillator from outside the hutch to the inside of the hutch and onto the optical table.  This has to be done safely, and will require a local laser hutch for the Ti:Sapphire oscillator and an enclosed transport line into the hutch.  All of these systems must be interlocked and incorporated into the LPSS system of the lab.  The electro-optic experiments are planned to initially perform bunch length measurements using the THz pulses delivered into Lab 3, but may eventually be used for performing bunch length measurements directly on the accelerator at any location. 

Finally, Wade Brock has made progress on analyzing the polarization data taken for his senior thesis project.  He expects to have the data visualization completed later today.  The results from this should prove beneficial for many of the other experiments planned for the THz lab, including the electro-optic tests described above.


















