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FEL Upgrade Project Weekly Brief  -  February 19-23, 2007

Date:

February 23, 2007

Highlights:

This week we successfully delivered up to kW level beams into labs 1 and 2, with good pointing and intensity stability and were able to achieve very short bunches at the wiggler while running 10 degrees off crest.  We also utilized the drive laser phase monitoring system and found it to be an extremely valuable tool.  In addition we finished preparing the sextupole characterization hardware.   Delivered beams were utilized for studies of metal surface nitriding, of interest for corrosion protection, and for making novel BN nanotubes.

Management:
We hosted Koryun Oganesyan from the Yerevan Physics Institute in Armenia who gave a presentation on an FEL based on a refractive index modulated gain medium. 

We spent time preparing for next week's TAWG meeting at Brookhaven.

Operations:  

   This was a short week due to the Presidents' day holiday.  Tuesday was devoted to getting the laser back up and running at 1.6 microns and to operator training.  The rest of the week was slowed by vacuum problems in the optical transport and trim bulk supply failure.      

   Wednesday and Thursday were devoted to delivering a 1.6 micron laser beam to Peter Schaaf for laser nitriding studies.  This was a nice test of delivering high power beam to User Lab 2 for extended periods.  The pointing stability and laser stability were excellent with 1 kW of laser output.  We found that we could improve the laser efficiency by mis-steering the optical cavity with respect to the electron beam in the horizontal axis.  This is not seen when running pulsed so we believe it has something to do with mirror heating.   Running in this manner we were able to achieve 1.5% efficiency with 1 kW of laser power.  This is higher than we have been able to achieve at this power recently. 
   During some of the OTS vacuum work we were able to do some studies of preserving the longitudinal emittance at a different accelerating phase.  With weeks of optimization we have been able to achieve very short bunches at the wiggler while running 10 degrees off crest.  In  principle we should be able to halve the bunch length (at the expense  of twice the energy spread) at the wiggler.  We were able to reduce the bunch length by 15% to 20% but getting the bunch down to the 200 fsec FWHM level will take more time.  The bunch at the wiggler is a function of the multipole settings in the first arc, the injector setup, and the transverse match along the wiggler.  With such a short bunch the setup is quite sensitive to all of these so the  optimization process is a long and involved process.  We will continue to work on this in the future.  Once stronger sextupoles are available we intend to go the opposite direction and run with half  the energy spread and twice the bunch length.  This is very important for amplifier operations. 
   We are switching over to the LIPSS program today to deliver 940 nm light this weekend for axion studies.

Continued Energy-phase modulation measurements

We have continued the series of the measurements, which are the part of the characterization of the FEL response to phase modulation of the electron beam. We finished measurements of  energy modulation in the injector as a function of the modulation frequency. We also have completed the corresponding energy modulation measurements downstream of the linac.

In addition we made initial measurements to evaluate the idea of setting up and monitoring the injector using small modulations in the injector RF system. Thus we measured the energy modulation downstream of the ¼ cryo unit as a function of the drive laser phase, while the buncher gradient modulation was kept constant. Results of the measurements are shown in Fig. 1. When bunch goes through the zero crossing in the buncher its mean energy does not change. The measurements suggest that the condition was achieved at a drive laser phase of ~21 deg. We also have observed beam motion in a non dispersive plane, which suggests that the beam might be kicked in the buncher transversly. We are planning to investigate this effect as well as to continue the evaluation and development of this diagnostic technique. 
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Fig. 1 Horizontal beam motion at the 0F06a BPM vs. Drive Laser phase

We also measured the signal level of the BCM cavities, which is needed for the next step of the experiment, which are the actual measurements of the phase modulation of the electron beam.

WBS 4 (Injector):

The vacuum chamber for the new gun to be installed in the Gun Test Stand has been machined out and cleaned up in preparation for final welding of the end flanges. We are making arrangements to vacuum fire this chamber in house instead of sending it to external vendors. The chamber will be vacuum fired at 400C for 60 hours for reducing the hydrogen outgas from the inner walls. D. Bullard continued polishing the moly anode plate and working on preparations for coating the new wiggler chamber. An external vendor has been contacted to finish the polishing of the anode plate to ensure flatness and surface finish specifications are met for using it as a mirror for directing the drive laser beam onto the photocathode. 

M. Stutzman and C. Hernandez submitted a draft article on Advanced Electron Sources to the Physics Today editorial department.

WBS 8 (Instrumentation):

Effort was spent prepping User Lab 2 for the Laser Nitriding experiment. Stepper motors cables were installed for the linear stages and tested along with a remote control for the user shutter.  Additional time was spent assisting the experimenters in User Lab 1 with controls and video.  The PSS group is readying an ODH system for the Gun Test Stand (GTS) installation. An 8 channel controller, input module, expansion module, rack insert and 02 sensors have been ordered. Conduit has been ordered and equipment locations have been determined. 
   The early part of this week was spent working on the Sextupole Characterization Stand.  Two switches that were operational on the bench, failed when installed on the power supplies in the negative direction.  After looking into how the final assembly all lined up on the back of the supply it was found that there was short occurring due to the size of the cable and location of the strain relief’s.  After this was discovered the enclosure was modified to relocate the holes in a better location.  Once that was completed the switch was then successfully tested at the full scale of 60V @ 100A.  All of the hardware has been completely tested out and functions properly.  The software for the IOC still is under development so once that is completed, it can be installed within the IOC and then the completed system will be ready for operations.  Work continues on switches for the other power supplies.  Three switches are completed and tested and three more are partially assembled.  The documentation for the switch assembly and directions for installing the switch on the supply are both in progress. 
   The 4-Ch RTD boards have returned from SIPAD corporation, where they were coated with solder and flux.  The parts kit for these boards is ready to go so they will be added to the assembly queue.  The Charge/Dump Current Monitor PCB has arrived from the board manufacturer and is ready to be assembled.  The parts that we have in stock have been gathered together and the few remaining parts were ordered.  We will assembly this card piecewise and test it in sections.  Several front panels have also arrived from the panel manufacturer.  These panels were all verified to be correct, they will be installed on the completed boards after they are tested and verified. 
   The 8th video switcher chassis was returned to service this week after being used in the I&C trailer for testing with new boards. The installation was straight-forward. Work continues with the new "AMS/Video switcher" EPICS application. The new software has been tested on a development server and works well. We are in the process of implementing the new application into the FEL system, but will be delayed until there is a break in the user-run schedule. The advantage of the new switcher application is that it will be able to be used to "mimic" the appearance of the existing switcher screens (for backwards compatibility), while entirely new user screens are made and introduced into FEL operations simply as new MEDM screens without requiring IOC reboots. The additional benefit of this new software is an improved structuring of the physical inputs which will dramatically reduce confusion in the systems cabling in rack FL02B09 and will facilitate better system scalability. 
   Also this week, the new LIPSS elog system has been grafted into the Devlore system to provide off-site access to the LIPSS logbook.

WBS 9 (Beam Transport):

Improvements and Upgrades
•

WBS 11 (Optics): 

   At the start of the week work on the broad band optics change out of lab 1 was started. Both turning mirror and mirror cassette optics were changed and aligned. A difficult pump down resulted in full CW beam availability on Thursday. A clearance problem with the Lab 6 shutter

was corrected. The pump down for that section progressed smoothly.

   After the advanced drive laser was certified, we optimized the oscillator and did the phase noise measurement as the first step toward a system contrast characterization. The modifica-tion on the GTS drive laser phase compensation system was completed. We have replaced a broken part on the Ti:sapphire laser and started system  check up. We are trying to compare the calculated data on the EO sampling in order to get optimal parameter for the sensor.    

   Preparation is underway to measure the response of FEL to modulation of electron bunches. The Antares drive laser is operating normally and a measurement is performed to clear out the suspicion on a KHz noise observed during Tuesday's operation. We are also setting up a beam delivery and stability monitoring system for high power FEL beam in Lab6 for the ODU experiment. It has been determined that cooling of the in vacuum spinner motor for the optical BPM must be cooled. Various schemes are being discussed including water cooling and

heat sinking through a vacuum port are being worked on.

FEL Mirror Development
  With the Optics Group otherwise occupied with fixing issues in the optical transport system, metrology on the "high Q" outcoupler mirrors will slip into next week.  We are also consider-ing the recommendation of a proposal from the FEL review committee that we purchase mirrors with slightly higher (5%) outcoupling.  In preparation for next week's FEL TAWG meeting, the design for a 100 kW FEL oscillator-based optical cavity was further defined.  We also reviewed and discussed earlier cavity designs.

   In addition, we are revisiting the hardware upgrades, namely, thermometry, that needs to be installed in both optical cavity vessels before the high Q test is done.

  We received updates to Prof. P. vanderSlot at the University of Twente (Netherlands) optical propagation code (OPC) that include apodization.  However, there is a coding error in the new version that prevents us from compiling it, and we've made inquiries as to a solution.  Recall that we wish to use this code to determine the optimum apodization for apertures, scrapers, etc. when needed.  This would be helpful on the IR Upgrade.

Terahertz:

Preparations continue to move forward for the experiments by Harvey Rutt to study protein dynamics.  We have received the printed circuit boards for the amplifiers designed by Tom Powers.  We will begin building those circuits next week.  Also, the optical design is nearly complete and Harvey’s group has finalized the design for the sample holder. 

Today, Wade Brock will be making polarization measurements of the THz beam to complete the experimental portion of his senior thesis.  We have laid out a test plan that will allow us to characterize the polarization of the beam, which is a mixture of radial and linear polarization.  We will also try to measure the extinction ratio of the wire grid polarizers.  The plan is to take CW beam parasitically during the LIPSS operations scheduled for today.

User Operations
This week we hosted two (2) users, both of whom provided equipment capable of testing our ability to deliver high quality beams. 

Peter Schaaf and Daniel Hoeche from U. Goettingen took 1.64 micron beam at up to kW levels in lab 2.  They ran at 4.68 MHz, with FEL gains of up to 1.7 kW/mA.  Peter writes: "During this week, we did some nice and successful laser treatments with the nice FEL facility at JLab. We have direct laser synthesized some nice titanium nitride coatings on titanium. After some machine problems we have been quite productive. Thanks to the kind help of the whole FEL team the experiments ended up successfully and we have been productive till after midnight. As usual, the FEL team is working efficient, excellent and very friendly. The help of the team in setting up and running is gratefully appreciated. It is always a pleasure to be here. Thanks to all members of the FEL team. I would like to come back as soon as possible, but now being first busy with the analyses. The results will come up soon." 

Mike Smith and Kevin Jordan took 1.64 micron beam in Lab 1 at similar power levels, and with new optics (beam expander, lens, window), and had several runs with very successful exposures of the target material.



















