MEMORANDUM 

To:

Distribution 

From:

George R. Neil

Subject:
FEL Upgrade Project Weekly Brief – April 23-27, 2007

Date:

April 27, 2007

Highlights:

Beam was turned back on and a preliminary setup established to work toward high power loading of the cryomirror.  Unfortunately, the cryomirror exhibited vibration and so Friday was spent adjusting the dampening on the mirror.  We intend to lase with it next week.

Management:
Last weekend we hosted several thousand people as part of the JLab Open House.  We set up stations in the lobby, the gun, the wiggler, the THz extraction, user lab 4, and user lab 1.  It was apparent that the presentations were very popular, and there was a lot of interest and many questions which we were only too happy to answer. 

This Wednesday Gwyn Williams gave a talk at the Synchrotron Radiation Instrumentation conference in Baton Rouge at a session on next generation sources.  It was an excellent opportunity to present our machine in this arena.  Michael Klopf presented a poster at the same meeting on our THz facility.  Both were very well received. 

On Thursday Gwyn Williams made a presentation to the Jefferson Science Associates Science Council, which was followed by a lively and supportive discussion. 

This Friday we hosted Peggy Conner of ONR to update her on the status of the 10kW project and the plans for the 100 kW projects. Included in the visit was a tour of the FEL, the labs and the new high current gun test facility.

We are also developing an update to the Safety Envelope of the FEL which establishes the limits over which we are permitted by DOE to operate.  The last one is 4 years old so a review is definitely in order.  We expect to sign off the document for DOE on Monday.

100 kW 

As promised last week, we now provide the aberration analysis for BrightLight: 

Momentum Scans: In light of tracking results (documented last week), this chromatic behavior is deemed tolerable though not glorious. The angels have yet to sing, and further optimization is underway. It helps that the machine is small. 



Figure 1: Linac to wiggler; left: relative variations, right: absolute variations, below: orbit
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Figure 2: Wiggler to linac; left: relative variations, right: absolute variations, below: orbit 




Geometric Aberrations: Figure 3 presents the results of ray tracing phase spaces at 1, 3, and 10 mm-mrad geometric emittances at momentum offsets of -3.5%, -1.75%, 0%, 1.75%, and 3.5% from wiggler to reinjection. Note this represents 20, 60, and 100 times the nominal geometric emittance at momentum offsets spanning the aperture required for recovery of the exhaust beam from a 1% extraction efficiency FEL. The chromatic aberrations presented above are evident, but not horrific. Geometric distortion is evident, but not horrific. These results, together with the tracking results presented last week, give confidence that the preliminary BrightLight configuration is robust and can provide appropriate performance. Note, for example, the amplitude dependent smear in path length at various momenta. This translates in principle to momentum spread at the dump; tracking demonstrates this spread is adequately controlled by energy compression during energy recovery. 

Figure 3: Top: transverse phase spaces at various amplitudes and momentum offsets; Bottom: “smear” in path length at large amplitude at the various momentum offsets. Note the evident nonlinear variation imposed on path length as a function of momentum so as to pre-compensate RF curvature effects. 
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And Now, for Something Completely Different... 

Figure 4: Beam spot sizes, lasing and not lasing, through the system. Everything is in meters except the dp/p sigmas, which are the momentum spread relative to the local momentum (in radians, its dp/p!). 




With tiny spots like these, a 1” pipe should be just fine everywhere but in the recovery Bates bend. Yeah, right; dare ya!

Operations:

   We finished up the final tasks from the down this week and did quite a bit of hot checkout work and turned beam back on on Thursday.  The wiggler chamber is now ready for operations.  We cryo-cycled the injector cryounit with excellent results and conditioned the input coupler waveguide.  We cooled down the high Q cryo-mirror successfully but found excessive yaw vibrations.  We are in the process of damping these out today.  Finally we installed a new rod in our drive laser, bringing it back into specification. 
   The early part of the week was devoted to the cryo-cycle in the injector, cooling down the cryo-mirror, replacing the laser rod and doing hot checkout of power supplies and RF.  We finally tried to turn beam on on Thursday and did a full injector setup.  The setup was very close to what we had in February.  We did find a different beam size from the injector and we are exploring the possible causes today.  All magnets and diagnostics were checked out.  We will finish the beam setup and start lasing early next week.  Though the cryo-mirror cool-down went smoothly we found that the retro-reflection was oscillating.  The oscillations went away when the flow was reduced to zero but were still strong for the flow at which we need to operate.  We will modify the damping today to eliminate this mirror vibration.
Injector:

The DC photocathode gun provided beam for injector setup with 2.5% cathode QE.

GTS
D. Bullard made progress polishing the moly anode plate using diamond paper. A design for the Brewster windows using all commercially available vacuum components as an alternative to fritting was presented and is under review. Today, the GTS shield moving block hydraulic system was tested successfully. The moving block was cycled open and close a few times. The installation and electrical crews did a magnificent and safe job. We held a PSS design kickoff meeting with the Safety System Group. PSS-HVPS interface and the possibility to tie the PSS with the Laser PSS (LPSS) where discussed. Among several action items drew from the meeting, the GTS will have to be added to the Accelerator Operations Directive. Baseline Hazard Assessment documentation is in progress.  The gun tank procurement was signed out.
Instrumentation & Controls:

   Today’s trivia: How much does the air weigh in the FEL building? (answer at bottom) For those who’ve not guessed we have completed the design and the hazard analysis for the Gun Test Stand (GTS) SF6 gas transfer system. A copy is available on request. It will be presented next week so we can move forward. The sliding shield door has been tested. The hydraulic actuators work fine. It has been locked out until which point it is needed. 
    As far as ops goes, much of the week was spent in getting the machine ready for Operations.  Repair on trim rack FL05B11 were completed, many thanks to the EES group. Video cables were installed for Optics to support the cryo mirror test. Some more work with the temperature diodes for the cryo-mirrors is ongoing this week.  We've added scaled and compared the two methods of measurement to verify that we are improving the instrumentation.  We also have increased the averaging and sampling rate to get much better resolution.  This modification will be tested as the optics are cooled back down.  The instrumentation for the new wiggler chamber was installed and checked out.  We have remote read backs of the water flow rate and the inlet and outlet temperatures. These read backs will allow us to calculate the power dissipated in the chamber. 
    The SBIOC has arrived back from the manufacturer and is currently being assembled.  Also the 4-Ch BPM Electronics have been added to the fabrication queue.  Both of these boards are expected to be completed and ready for testing late next week.  The Digital Distribution Module schematic has been completed.  The enclosures for the BPM Electronics have arrived and the dimensions all verified to be correct.  Once this and the Analog card are properly reviewed the PCB layouts will commence. 
    The problems with the setup for the wiggler software were solved this week.  The final touches are being wrapped up now.  The new shutdown script is now fully commissioned and released to the general population. 
    Effort continued on the new sextupoles. New .1% resistors were installed on one DSP card to see if it improved the offset and gain of this function. There was some improvement in that function, but it needs further investigation before deciding to do this to all of the cards. The DSP generated ramp function was investigated earlier this week. This ramp function works, but only at 83% of its set value. The new license for the CodeWarrior was purchased, so development can continue. Considerable effort was expended in the following areas on the regulator card: Turn on slew rate of power supply with a standing set voltage applied; this effort was very successful, but all cards will need to be modified for this feature;  Making the regulator linear at the start of the ramp function or around small set voltages; This was pretty successful and a little more investigation is warranted. Again this modification will need to be done on all cards. The hysteresis software has been completed and for testing with the hardware. 
    An Off-site "Make an FLOG/ELOG" page has been made available on the "fel.jlab.org" server at: https://fel.jlab.org/elog -- With this tool, we are now able to upload images and files into the FLOGs/LIPPS logs from off site. This is the result of a collaborated effort with the Accelerator Operations Group. Since the Computer Center's servers do not support the ORACLE tools used by the Accelerator Operations group, we are working to create a synchronized copy of the ELOG database which will live on the JLAB jmysql database servers. This will allow us to fully integrate the FLOGS into the FEL Wiki in the same way that the Devlore System was integrated with the elogs. Work was also done on the Injector setup with Carlos and Steve. 
    ANSWER; 12.6 tons! (11,439 kg) The building volume is 337,215 ft3 density air ~ 0.075 lbs/ft3 (1.2 g/l).

Electron Beam Transport:
Improvements and Upgrades

New Gun Test Stand
• 
The procurement package of drawings and specifications was signed off and an e-commerce web site established to make the bidding easy.

SF Sextupole Magnet Testing 
•
The scaling problem in the power supplies is being worked on. 

Cooled and less resistive Wiggler Chamber
•
We set up the diagnostics to measure chamber length change and deflection of the central viewer as it is heated by beam.  We also installed a temporary flow and differential temperature meters for the cooling water.  It is ready for beam.

Magnetic anomalies 
• 
We removed or bent away from the beam line, many of the measured-to-be-magnetic hose clamp worm screw drives on the hose clamps used to secure the beam line components. During this down, we decided to remove or bend away any worm drive screw that had attraction to a permanent magnet.

Optics:

Cavity/Transport
This week we continued work on both the OC Cryo-Cooled cavity mirror and the Optical Beam Position Monitor (OBPM). After a long pump down on the OC vessel we slowly cryo-cooled the OC mirror down to 50K on Tuesday. The cold helium flow was at 2 grams/sec with around 45 PSI of pressure. Unfortunately at this flow rate and pressure the optic vibrated in the horizontal plane. We warmed to optic back up to 300K and have installed a lead strap in an attempt to dampen the vibration. We cannot flow warm helium at 2 grams/sec to confirm the reduction in vibration with the current configuration. Spectrum analysis of the YAW plate LVDT suggests we have reduced the vibration. We will setup a hot nitrogen purge overnight and pump down over the weekend. The vessel should be ready on Monday for another cool down of the optic. 

 

We are having some difficulty with the OBPM assembly. Initial bench tests were preformed in the inverted position. In the installed position the stepper motor hold current must be on to keep the out limit switch engaged. Leaving the hold current on in this in-vacuum assembly causes an unacceptable temperature rise. We will continue to work on the OBPM over the weekend. 

 

Laser and Diagnostics

During the first half of this week we replaced the old laser rod on the drive laser and did a complete alignment to bring the system to all the expected specs. It has shown satisfactory performance ever since Ops started running drive laser with the accelerator on Thursday. The testing of the control and optical setup for the EO sampling continues. We were able to fix the phase control problem found earlier on the laser for this project. The characterization of the injector phase monitor was performed and completed.

Wiggler:

After installing diagnostics to monitor the vacuum chamber response to temperature changes we turned the cooling water for the chamber off and on and looked that the chamber.  When the water was turned on the temperature of the chamber rose from an ambient temperature of 24 degrees to the LCW temperature of 34 degrees.  The chamber grew in length by 250 microns as expected but the center of the wiggler did not move transversely (it was designed to only move along the beam axis).  When we ran beam we found that the electron beam centered in the quadrupoles in the 4F region also goes very close to the centers of the viewers.  This should make setting up the accelerator for laser operations very easy.

Terahertz:

We participated in the Open House by way of a poster in Lab 1.  We also prepared presentations for the SRI meeting, and had interactions with 2 user groups who are planning experiments in May before the shutdown.  We have also been performing some safety calculations on lids for some of our vacuum chambers, prior to their commissioning.

Both Gwyn Williams and Michael Klopf attended the Synchrotron Radiation Instrumentation Conference in Baton Rouge, LA this week.  This conference is dedicated to the development of light source technology and systems and all of the types of research being conducted at all of the facilities around the world.  One of the focuses is the progress of 4th generation light sources, and Gwyn presented the Jefferson Lab - FEL design, our facility, user program, and many of the research projects that have already occurred.  I presented a poster outlining the THz source, beamline design, and transport optics during one of the poster sessions.  I received a great deal of interest, and fielded questions throughout nearly the entire session.  I had a very good discussion with Randy Doriese from NIST - Boulder regarding the work they are doing to design and fabricate superconducting microbolometer focal plane arrays (FPA).  We will continue our discussions next week when we have returned to our respective facilities.  Their group has the capability to fabricate these FPA’s optimized to the spectral range of interest over an extremely broad range.  I am hopeful that they will be able to create a THz optimized FPA that will perform better than the camera system used for our previous imaging studies.

I also had an extensive discussion with Gerhard Ulm, who is the director of the Photon Radiometry department at Physikalisch-Technische Bundesanstalt (PTB) in Germany.  His department develops and designs systems for making absolute radiometry measurements.  Our discussions were specifically about making absolute power measurements of the THz beam, a challenge that we have not yet met.  Currently, we are planning to build a water calorimeter type of power measurement system, but I will be discussing this project with Gerhard in more detail soon to solicit any guidance he may provide, and their group will be working on developing high power THz measurement systems in the future for the 4GLS at Daresbury.
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Also this week, Wade Brock presented his senior thesis in the Department of Physics at Old Dominion University.  His research project to perform polarization measurements of the THz source and compare with a simple model of the wire grid polarizers was very well received and was quite successful.  Below is a plot of his data showing the beam intensity on the Spiricon Pyrocam through one polarizer as it is rotated through 180°.  In the model, the ratio of the vertical and horizontal components of linear polarization (EV/EH), the relative magnitude of radial polarization (ER), and the extinction ratio of the polarizer (Cext) are adjusted to produce the best fit to the measured data.  The fit is quite good, and the resulting values are shown on the plot.
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[image: image7.emf]momentum scan, linac to wiggler
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