MEMORANDUM 

To:

Distribution 

From:

George R. Neil

Subject:
FEL Upgrade Project Weekly Brief – April 16-20, 2007

Date:

April 20, 2007

Highlights:

We completed installation of the hardware required for the High Q cryomirror test.  The cryomirror was finishing final leak test in preparation of cooldown on Tuesday after letting the vacuum clean up so we don't get condensation.  The wiggler chamber was replaced with one that has a high conductivity coating, integral cooling tubes, and a new clamping mechanism that allows expansion while minimizing its effect on the diagnostics.  The gun tank purchase request was completed after completing the required pressure code analysis. 

Management:
We spent a productive day with Lew DeSandre and Jim Humenik of ONR and Fred Marcel of NAVSEA along with Wayne Skinner of our DOE Site office reviewing program status and plans, gun test stand progress, and terms and conditions of the MOA for FY'08. 
Preparations are complete for the JLab Open House for Saturday April 21.  We expect to have on the order of 5000 people come through the facility over the day to see the science we do.

100 kW 

Progress continues apace on BBU, RF, and space charge analysis for the next generation system. This week saw the completion in some detail of a first iterate design for “BrightLight” – a 100 kW class scaleable compact driver. This system is intended to fulfill requirements stated at the Feb. 2007 TAWG meeting, including:

· Injection at 5-7 MeV

· Palletizable footprint on the order of 4 m X 20 m

· Operational flexibility in terms of both transverse and longitudinal matching

· Accelerate, compress, lase at 1% extraction efficiency with, and recover a beam with ~10 mm-mrad transverse and ~85 keV-psec longitudinal emittance.

The solution derived over the past few weeks is presented in Figure 1. It is a generic, but relatively small footprint, ERL (a so-called “mini-me”) using injection at 5 MeV/c and complete energy recovery (while lasing) to 4 MeV/c. The beam is accelerated to full a full energy of 100 MeV in a JLab-style 748.5 MHz SRF cryomodule and recirculated using Bates-style bends. 

Beam is handled in a manner fairly similar to that in the preexisting JLab drivers. A slot is allowed for an injection merger dipole in front of the cryomodule and an extraction split dipole following it. Given the largish (20:1) Efull:Einject/extract dynamic range, we deemed it appropriate to eliminate the “recirculation” and “extraction” chicanes used in the JLab machines (which had, respectively, dynamic ranges of about 3.5-5:1 and 9-15:1 in the Demo and Upgrade) and instead will bump the high energy beam back to the nominal orbit by moving quads. 

After acceleration, a quad triplet and the first bend pole face are used as parameters to transversely match to the first arc. We find in preliminary studies that the pole face angle variations needed for optimizing this match are at the level of a few to several degrees and can in practice likely be accommodated by shimming the magnet as needed.  

The choice of Bates bends was driven by operational experience demonstrating their operational simplicity and flexibility. The system is set up to accelerate at 15o head of crest; trim elements in the arcs then allow operation between 10o (“amplifier land”) and 20o (“oscillator territory”) off crest with either complete or incomplete energy recovery. The two arcs are slightly different (spacing and pole face angles and curvatures on the 180o dipoles and pole face curvatures on the reverse bends) so as to provide the different momentum compaction schedules required for bunch length compression after acceleration and energy compression during energy recovery.  

The first arc compresses the bunch to ~200 fsec rms, whereafter it is transversely matched to a wiggler (26 3 cm periods in this exercise) using a quad telescope. A THz management chicane follows the wiggler; it figures into the baseline energy recovery match inasmuch as the first (final) edge of the first (last) dipole are rotated to set the baseline betatron match. The recovery betatron match is completed using the triplets up- and down-stream of the second arc and with the final pole face of the final arc dipole. As in the first arc, the quads provide dynamic range for trimming the match during machine operation, and shims – liberally applied (ferriated dipole spackle?) – can provide additional “DC tuning”.

Figure 2 shows beam envelopes from injection to dump. Figure 3 gives some results from tracking of the specified beam (envelopes as in Figure 2, emittances as quoted above) from injection to wiggler. Figure 4 shows the results of recovering the beam after lasing, assuming the 7% exhaust momentum spread appropriate to 1% extraction efficiency superposed on the incoming beam of width ~1.25%

Aberration analyses are underway; preliminary results (already obtained, but too late to discuss here!) will be reported next week.

Figure 1: Layout
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Figure 2: Beam Envelopes
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Figure 3: Tracking results at wiggler
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Figure 4: Tracking results at dump
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CSR data analysis

This week we continued the analysis of the CSR-LSC data and made significant progress.
Result of the analysis so far are; the dependence of the bunch length on the vernier cavity (Cavity 3-6) gradient, the electron beam energy spectrum as a function of the vernier cavity gradient as well we the RMS energy spread and the mean energy as a function of the vernier cavity gradient. We have obtained such sets of data for two machine configuration, i.e., the "THz chicane" (debunching chicane) on and off. Thus we have first quantitative characteriza-tion of the complex phenomenon, which we have been observing as well as using for quite some time. The behavior of the energy spectrum is so complex that its reasonably complete understanding will take a combination of CSR-LSC calculations and additional measurements. Figure 1 shows the electron beam energy spectrum as a function of the vernier cavity gradient. On the picture the vertical axis correspond to the cavity gradient change from 5.09MV/m to 5.84 MV/m, the horizontal axis correspond to the beam energy, the energy range shown on the plot is 5.33 MeV. The relative intensity of the beam is represented by the artificial colors (red-most intense beam, blue least intense beam, light violet correspond to the background). 
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Fig. 1 the energy spectrum measured by SLM5F02 (second arc) as a function of the vernier cavity gradient
We continue to develop the best approach to do simulations of the phenomena. We are improving our instrumentation for the future experiment. We also had several very stimulating discussions of the result obtained so far. The work is in the progress.

Injector:

The photocathode QE is about 2.5% after last week's operations at 270 pC bunch charge. This QE is sufficient to re-start FEL operations. The injector pit area has been prepared for this weekend’s Open House event. 



GTS 

On Monday we had a kickoff meeting for the concept design of the diagnostic beam line. An initial layout for characterizing the transverse phase space has been established and major components have been identified, with a multi-slit to be positioned at 1.2 meter downstream of the photocathode at the future location of the first accelerating cavity.  Various alternatives are being studied for characterizing the longitudinal phase space, which is slightly more difficult since the RF power required to measure the bunch length exceeds the operational limits of the normal conducting RF kicker cavity that is currently available. Pavel Evtushenko presented a detailed beam envelope analysis for this meeting. 

Installation crew completed re-routing of chilled water lines. Installation of nitrogen and instrument air lines have also been completed and connected to main lines in the FEL vault. 

Rich Evans constructed a wiki page for tracking each of the GTS tasks that will serve also as a documentation database. Modeling of the 500kV gun and the diagnostic beam line with 1nC bunch charge continued this week for comparison with ASTRA models already developed by Fay Hannon.
High Current:

The 1.5 GHz prototype with high-current cell shape and waveguides was tested and passed with flying colors, going out to 33.2 MV/m with no significant multipacting, an important test for this new end-group concept. This cavity body was also made out of large grain material, a process pioneered by JLab. A 5-cell large grain prototype made 21.6 MV/m and had good field flatness and frequency. It has one more test scheduled including a low-temperature bake which often improves the high-field Q in large grain material. The two 5-cell cavities made from conventional fine grain material with full waveguide end groups are in fabrication. The bodies are welded and the design for the helium vessel and end group assembly is complete. The first JLab 750 MHz prototype cavity has finally broken cover. Welding is complete on the single cell cavity and it is heading for chemistry and vertical test. The cells for the 750 MHz 5-cell prototype have been pressed and waveguide end group parts are coming together. The cryomodule concept is being refined and focus is centered on a new 2-cavity cryounit for the FEL injector. This should eliminate one of the restrictions on high-current operation of the existing FEL and be the first beam test of the new design. Two high-power RF windows have been fabricated and a new HOM load design has been completed and materials ordered.
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Instrumentation & Controls:

   The Gun Test Stand (GTS) shared center stage with the cryomirrors this week. Work continues on the AC power distribution, rack layouts and gun tank, but the real efforts centered on preparing for a design review of the SF6 gas transfer system. It is hoped that this review could take place next week and we could then move on with fabrication & piping. A detailed presentation of the high voltage power supply interfaces and control is also being prepared. Carlos has bravely chosen to pioneer the use of our new FELWiki as a tool for tracking the various GTS project tasks. If you are involved in the GTS experiment and/or just want to follow its progress, please bookmark the following page: https://fel.jlab.org/GTS.html (FYI: It will ask you for your JLAB CUE username and password and it is viewable from off-site.) In order to make the transition to this system for project task tracking, time was spent attempting to determine the best way to present the task information and create the basic GTS wiki content. We used the XLS spreadsheet that was provided by Neil Wilson's group for the installation tasks and the XLS spreadsheet that was provided by the Safety Systems Group for the PSS tasks as well as Kevin Jordan's various power point (PPT) slide-show to gather a listing of all of the presently known tasks as well and made separate articles for each of the major GTS sub-systems. Time-will tell how well this system for us.     
   This week was also spent updating old versions of the GTS vault 3-D CAD drawings.  The chilled water line, water chiller, optics table, and the instrument air lines have been added to the drawing. 
   The instrumentation for the High Q Mirror Cavity Test was installed this week and thoroughly checked out.  The RTDs that measure the water inlet and outlet temperatures were recalibrated, while the other channels were all verified to be in operation.  The cables that bring the temperature diode signals to the electronics were terminated and checked out ok. The required 8-channels of temperature diode read backs are all working in EPICS and can be read back just fine.  These 8-channels will also be distributed to a  higher end ADC for better a signal to noise ratio. All of the hardware for this is connected and working properly. 
   The SBIOC modifications were completed this week and the board has been ordered.  The parts needed to assemble one of these boards are being accounted for and gathered so a simple kit can be provided for the fabrication group.  Much work has been devoted to the HVPS Control Crate electronics.  The Analog Distribution Module is being reviewed along with the initial plans for the Digital Distribution Module.  The schematic for the Digital card has begun.  We will need to tweak things a bit on the Analog card but this card is nearing completion. 
     We have installed a 32-channel ADC patch-panel in FL01 via the approved FEList activity. This revealed further work that is required to make full use of the VMIS-3122 card in iocfel1. Also, we have been testing the new DLPC EPICs application. Early evidence suggests that it is checking out correctly and will be the version of the application that we Turn-On with next week. 
The EPICS application for the Single Board IOC was written. The code will access the memory on the FPGA, control the IO pins, and read/write the digital data. The application will be used for the Beam viewer control. The new wiggler application was delayed by hardware issues with the IOC's carrier board.  The hardware was straightened out late this week and the application is being tested.  Also assisted in disassembly of the wiggler chamber diagnostics.  We worked with Steve to calibrate that wiggler gap.  After vault cleanup, we will begin reinstalling the wiggler diagnostics. 
    And finally the team cleaned up and secured the entire facility for tomorrow’s open house. Thanks to those who helped the place looks great!

Electron Beam Transport:
Improvements and Upgrades

New Gun Test Stand
•
We decided to manufacture the new gun tank with a code stamp.  I worked on the procurement package; I back-checked the drawings and created the specification.  The package will go to procurement on Monday. 

SF Sextupole Magnet Testing 
•
Scott Higgins wrote the software to drive the sextupoles from EPICS while the power supply group is almost finished with their control development.  The one remaining issue is a scaling problem. 

Cooled and less resistive Wiggler Chamber
• 
The copper sputtered Chamber wound up with 1.3 microns on the wall (as determined by a witness sample).  This exceeded the minimum of 1 micron.  We thank Larry Phillips for his wise advice during this process.  We then prepared the chamber for insertion.  The Vacuum Group did a superb job of transferring viewers over to the new chamber and installing the chamber in six hours.  Steve Benson took it from here.

High Power Optics Risk Reduction
With the outcouplers that have been in use for a number of months available, we have begun noncontact surface measurements to see if there were any changes after lasing at high average power.  One optic, an outcoupler with a center wavelength of 1.06 um damaged rather quickly after cw lasing was established, and we were eager to check it.  Several observations suggest that the damage is due to contamination and not a thin film defect:  1) the damage site had debris that was easily removed.  2) The underlying damage did not have the well-known damage characteristics of IBS-deposited films.  Instead, there are signs of strong surface heating. 3) The damage area fluoresced.  We will do some more characterization here and at the Applied Research Center before sending it to our collaborators in the Optics Improvement Team.
Measurements of the absorption spectra of the 900 nm OC optics are in progress.  

A series of calibration files to be used with the intracavity harmonic content measurements were created and applied to the data.  However, the results were clearly incorrect.  Considering the way the calibration files were created, it appears that the illumination pattern for the standard lamps was sufficiently different than the FEL to be the cause.  We will aperture the standard lamp so as to create a divergence and size that better matches the FEL.  

In last week's report we mentioned that we have an experimental setup to test the efficacy of apodization as a means of better controlling the light diffracted from various apertures in the FEL optical systems.  Our first measurements, using an unapodized disc, are in excellent agreement with the simulation from OPC (the open source physical optics code created by staff at the Univ. of Twente, The Netherlands).  The figure shown below compares the data (black) with simulation (red).

[image: image2.jpg]Normalized Intensity

11,

Theoretical and Experimental Overlay

10
0s
08
07
06
0s
04
03
02
01

00+

Eil

40 6D 80 100 120 140 160 180
Data points

200

220

240





Our plan is to use OPC to rapidly determine the best apodization function for a particular situation.
The test plan for the High Q optics test was distributed, comments taken, and is complete.  The Optics and I&C sections have more details on the hard work done to make this test possible.

Optics:

The installation of the 1.6 m cryo cooled optics was completed. For the high reflector the original 1.6 um optics were left in place and an identical "sister" optic was installed. A 1.6 m optic with a protective silver coating, and inflow RTD sensors were also installed in the HR. For the OC a new cryo diode holder and 8 cryo diodes were installed.  Installation of a 3% 1.6 m cryogenic cooled optic was installed in the OC.  For the HR, OC, and collimator cans a new water cooled "light scatter shield" was installed.  Both the HR and OC have been leak tested and are being pumped down. The OC optic will be cooled down next week. An in

vacuum OBPM was installed at the end of line in lab 6. The controls electronics for the OBPM are being installed today. A new laser shield at the end of line for lab 6 was constructed and is being installed. For lasers and diagnostics a meeting was held to discuss the technical scheme of the drive laser for the ITS. Two plans are being investigated and one will be chosen soon, depending on the result of the study. We have carefully studied the technical issues and cost and will provide the detailed information to the management. We are also preparing the test for the RF driver for the advanced drive laser. More progress was made on the preparation of the EO sampling project. The optical benches are assembled and optic parts are being setup with the diagnostics.  We provided technical assistance to the physics division regarding the ultrashort pulse laser applications for their project. On the laser for EO sampling the phase control system is not functioning properly and were able to identify the causes. We hope to replace the broken part and bring the system back soon. The optical benches are adjusted and moved into Lab3.  The needed optics and diagnostics are being setup and tested.

Wiggler:

We installed the new, copper coated, water cooled, wiggler chamber this week.  The chamber is straighter than the previous one and has more room to align the wiggler viewers.  We have now aligned the wiggler viewers along the axis of the 4F quadrupoles.  This should make FEL optimization much faster.  We also checked the wiggler gap and found a small taper.  This might reduce the gain a little bit but increase the efficiency.  This new chamber is designed to reduce the heating due to resistive wall effects and to be able to expand without losing alignment.  We will be testing this chamber out next week.

Terahertz:

After work in the 4F region was completed, the THz beamline was pumped down on both sides of the diamond window interface.  The pumpdown has gone well, and everything appears to be ready for machine operations. Also, a hole in the hutch wall has been drilled for bringing the beam from the Ti:Sapphire laser into the hutch for the planned electro-optic bunch length measurement tests.  The hutch is currently not certified to deliver THz beam because of this penetration in the hutch, but this will not affect machine operations.  The certification procedure for Lab 3 will be modified to include the LPSS requirements for the Ti:Sa laser and the lab will be recertified once the hutch and LPSS systems are ready. 

Also this week, preparations were made for the upcoming JLab Open House, including a new THz poster to be displayed for the tour.  Work on the poster and paper for the SRI conference next week are nearly complete, and Wade Brock is preparing for his Senior Thesis presentation next week on his THz polarization study.  He has also finished much of the writing for the written thesis as his final semester draws to a close. 

Finally, progress is being made again towards making our first magneto-optical measurements.  The magnet system of Jiufeng Tu has been checked out and delivered to Brookhaven where we hope to get beam time at the NSLS during the summer shutdown.  The vacuum assemblies for the optical transport of the beam into and out of the magnet and the custom window flanges will be shipped to Brookhaven for testing.  These were designed and fabricated here as part of our role in the FSU - FEL project in conjunction with the NHMFL.
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