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Highlights:

The outstanding activity this week was the installation of the 3rd cryomodule in the FEL vault.  On Monday we removed the vault shielding blocks, trucked the module into the FEL, then restacked the shielding blocks.   We moved the cryomodule into rough position inside the FEL ring.  We then surveyed and re-installed the quadrupole girders and reconnected the FEL vacuum beamline where we opened it to bring in the module.  The cryomodule has been surveyed into position and hookup of the rf waveguide is underway in parallel with commissioning of the rf drive system.  On Thursday we cooled down the module to 4K.  We found a problem with the Joule Thomson valve control, which will be addressed next Tuesday but nonetheless final 2K cooldown is scheduled for mid next week.  At that point we can begin final rf commissioning of the cavities.
NOTE: HOLD THESE DATES:

The 2004 FEL Users/Laser Processing Consortium Workshop will be held at Jefferson Lab on March 10-11, 2004.

Commissioning Summary:

We took advantage of this non-beam time to do a lot of work which had been deferred during the month of previous running:

Preventive maintenance on the electrical systems, tightening and checking connectors


Drilling access holes through the concrete in the FEL vault for the UV beamlines


Field measurements on a pair of sextupoles to verify their fields and to determine if they will


work at 150 MeV (see additional analysis below)


Moving electrical feeds in the outcoupler mirror can to the bottom of the can for easier access during mirror changeouts


Replacement of one quadrupole which had been steering the beam (later found to be mis-


aligned)



Installation of a SF6 gas filter unit on the high voltage power supply


Replacement of a beam viewer in the dump region


Testing of a new version of RF control software


De-coupling of the RF system of the new cryomodule from the rest of the FEL so


commissioning can proceed independently 

    
Establishing test plans and safety procedures and approvals for the cryomodule rf testing and


verification of field polarity in a couple of magnets.    

On Friday we re-established beam operation from the previous setup to continue our efforts to get to high power.

In response to our review committee’s request for justification of the sextupole procurement, analysis of sextupole trim behavior and requirements continued. The bottom line is that while the sextupoles will operate successfully at the required values at 90 MeV they will not produce the field required for operation with the current FEL match at 150 MeV and expected FEL efficiencies.   We are examining options to either modify these magnets or produce less expensive ones and still meet the desired schedule.  Details follow:

Polarity checks of the energy recovery sextupoles confirmed the sign to be associated with the EPICS readback and demonstrated the compaction corrections behave consistently with the observed bunch length and momentum spread behavior as well as expectations from modeling. Magnetic test stand measurements of the sextupole lites revealed linear dependence on the number of yokes (doubled yokes give twice the field integral) and on current (doubled current gives doubled field integral). Simple scaling of field requirements is therefore applicable in the analysis of sextupole requirements. The magnets also demonstrated reasonably good field quality (primarily sextupole with few to several percent higher order multipoles present in, but not overwhelming, the base field) and little saturation, even at elevated currents of 15 and 20 A. The EPICS calibration factor proved valid but was determined to be the field integral at the probe radius divided by the square of the probe radius (essentially 1/2 the curvature integral B''L), not the advertised curvature integral. This revelation cleared up much of the mystery associated with the sextupole settings, as did a review of the analytic basis for compaction management.
This analysis found that linear compactions and their corrections are in very good agreement with the prediction of analytic estimates, longitudinal modeling, and DIMAD simulation. Curvature terms were found to be in good agreement with prediction of analytic estimates, and in very good agreement with longitudinal modeling. It was determined that the operationally implemented energy recovery curvature (T566) correction (based on minimization of BLM signals at the dump) was consistent with the compensation of torsional (octupole) order errors that otherwise double the recovered energy spread. DIMAD modeling indicated that the implemented single family sextupole correction necessarily led to rather large second order dispersion, as observed last week, and that two family corrections are required to alleviate this effect. It was similarly determined that the sextupoles "fight" in this case, and that roughly tripling the strength of a single family correction will be needed.

Roughly scaling, we therefore determine that splitting the yokes will double the required strength (current) and going to 2 families triples this. Hence, the energy recovery sextupoles will run at about 12 A at 90 MeV, and 20 A or so at 145 MeV. Test stand measurements demonstrated the coils run at over 220 deg. F at this current, even with cooling fans. The transport to the wiggler is an even greater challenge, as the required sextupole strengths in that region are roughly double those of energy recovery (the inherent T566 of the transport helps correct energy recovery curvature, but aggravates acceleration curvature). 

In the immediate future, we therefore plan to run single family corrections in the transport to the wiggler; this will provide the thus-far-achieved performance to the wiggler even to 145 MeV. We will split the energy recovery sextupoles, which will provide better energy compression, and allow stronger lasing, at 90 MeV. In the next several days, we will review the sextupole design to determine how to either fast-track the sextupoles and reduce their cost, or to develop an alternative solution. Preliminary examination of the sextupole lites reveals adequate space on the poles to as much as double the coil pack and to introduce cooling plates. This will likely provide a low cost, quickly available solution allowing operation of both arcs with two families at even elevated energies.

Further, this weeks analysis shows that acceleration farther off-crest rapidly alleviates curvature effects in the transport to the wiggler. In addition, FEL simulation suggests FEL performance may be enhanced by a move to acceleration slightly farther off crest. We will therefore migrate the machine to 15 degrees off crest to test both of these hypotheses. Should the models continue to prove valid, we may be able to run split magnets (at elevated currents) on both ends of the machine at 90 MeV, though it will still be necessary to provide field enhancement on both ends when the third cryomodule is installed on the beamline. 
Management:

The major activity of the week was preparing plans and procurements for activities associated with multiple approaches to get us to 10 kW.   We submitted a plan and budget estimate for a set of activities aimed at achieving our milestone at the earliest possible date and on Wednesday received a go-ahead to begin those efforts.  The baseline plan of pushing the power in the present configuration and of getting the new module ready are underway and discussed in several areas above and below.  We have also prepared a number of procurement packages for new wigglers and optics that offer us other options for getting to high power at short wavelengths.   These procurements are expected to begin to go out next week.

We thank ONR and the FEL review panel members for their rapid turn-around on our request to review and approve our 10 kW plan so that we can adhere to the tight schedule. Everyone here is working very hard to achieve this goal.
 

WBS 4 (Injector):

The cathode was recesiated raising the QE to 4.5 %. Work continues on tube ion implant.

WBS 5 (SRF):

FEL03 was delivered to the FEL vault on Monday of this week.  Installation alongside the beamline went smoothly.  The module is scheduled to be cooled to 2K next week during a CEBAF beam studies period.  Commissioning will start as soon as possible with the hope of helping to get the 10 kW milestone. Thanks are due to the many folks who have contributed to this module along the way. We may have a lessons learned meeting at some point to capture some feedback on the experience. 
WBS 6 (RF):

Zone 3 - The new cryomodule was rolled into place 5' off the beam line for commissioning.  It was helium purged and cooled to 4 K.  A problem developed in its JT valve.  The valve was removed and is scheduled for replacement next Tuesday, 2/17/04.  The waveguide installation for this zone is about 40% complete with more work scheduled for this weekend.  The checkout is about 40% complete for the low level RF, Cathode Power Supply, and High Power Amplifier.  Nearly all of the interlocks have been verified, a dead klystron replaced, and six of the eight klystrons powered RF into the their waveguide shorts again.  The other 2 had a wiring problem with their 5 W amplifiers that has since been corrected.  A separate Test IOC has been setup so SRF & RF commissioning of zone 3 can proceed independently from the rest of the machine.  Upgraded EPICS software was tried on the machine and had to be removed.  The new software will be debugged on the Test IOC and reinstalled next week.
WBS 8 (Instrumentation):

   Another very busy week.  Having 5 work days and two weekend days permitted a surfeit of activities!  Beginning last Thursday evening when the shut down started the entire group and help from EES have been hard at readying the systems for installation and cooldown of the upgrade cryomodule. The largest of these tasks for the I&C group was the new 64 channel cryogenic thermometer diode readout system. The accelerated schedule posed quite a challenge since the printed circuit boards were only sent out for manufacture last week. Things went well, the 16 - 4 channel boards were assembled and tested without any problems. These will be readout through a CAN interface in the future but plan "B" was invoked to get all running but mid-week. These 64 channels run into a VMIC MVME3122 64 channel ADC to be readout through EPICS. There is only a few 10ths degree Kelvin noise on the readouts. Thanks to EES for a superb job of cable installation and termination!
    Another weekend task was the installation and termination of the Higher Order Mode (HOM) and Piezo tuner (PZT) cables. All 16 of the HOMs are being routed to a patch panel in the RF gallery so one can easily study and search for the (unlikely) 'Killer Mode' (like Elvis sightings). Having access to the HOM signals and PZT controls will surely keep a number of RF experts occupied for the foreseeable future. 
    The Gaussian fit routine for the video acquisition system is mostly incorporated into the existing software. The IOC is 99% updated. The CA routines in the Framegrabber still require an update for setting the new channels. A recheck and testing will assure that all of the scaling is performed correctly. The main test is to see how the fit responds to a non-Gaussian-like beam spot.
    The SF6 filter (required by OSHA) was delivered, and installed - a special thanks to Neil's crew. The existing SF6 piping was tapped into to allow for filtration of the gas. The system uses a two stage diaphragm pump to pull gas from the bottom of the tank, push through the filter then reinsert in the top of the tank. 
    The HVPS Control Chassis analog I/O and the Charge/Dump Counter I/O was modified for the charge counter. The drawings were marked up and will be turned into EECAD for corrections on the documentation. New boards will be ordered once the drawing has been signed off. Fabrication of Beam viewer camera assemblies continued for the UV upgrade. 
    The beam viewer at 1G01 was replaced with one that has a large "Kay" paddle. The spare paddle that was phosphor coated at DESY (compliments of Kay Wittenburg) from 1G03 was used. This and the new larger cross will help greatly in setting the dump line.
    The FEL network was upgraded to gigabit this week as a part of the sitewide upgrade. We took the opportunity to add additional patches down the linac and in lab 2 for the optics group.
    Continued cryomodule installation and commissioning activities.  Cables for the beam line, wave guide, HE vessel and in line diodes were terminated and tested as well as the HOM probe and the piezo actuator HV cables. Performed opportunistic P.M. on the magnetic transport system while the cryomodule installation was ongoing. The Charge/Dump Current Monitor Buffer Driver died again this week (go figure, it sits on the dump).  We need to do some investigative work to find out why this keeps happening and correct it, the answer may just be to move it.  Numerous drawings are being revised to reflect work in progress, both new and revisions.  These include: the Dump Water Monitoring System, Silicon Diode Thermometer (board and crate); HVPS Analog I/O Board; and the Charge/Dump Current monitor. We are taking a good look at our spare situation to prevent failures from adversely impacting schedule.
WBS 9 (Beam Transport):

Sextupole (SF) 
• 
Drawing set and specification were reviewed by Robin Wines – procurement on hold pending      


10 KW efforts 
Octupole (OT) 
• 
The magnet test group is assembling the magnets. 
Operations 
• 
The cycle all magnets script is operating. 
Injector Beam Line 
• 
Jackie Smith completed a scale composite drawing with the Injector beam line elements. 
Wiggler 
Electromagnetic Wiggler for 2.8µ 
• 
We are working on a design and proceeding with bidding to get an electromagnetic wiggler 


for 2.8 micron lasing. Our working goal is delivery by April 1. To that end we invented a


method of fabrication that can be accomplished by that time and are working with a vendor


(Process Equipment Co.) who machined the original wiggler and its strong back and has close


ties to companies that use the new fabrication method. 
Optics 
Cryogenic Mirror for 6µ 
• 
Calculations by Bill Chronis reveal that a zinc selenide outcoupler mirror with 50 W of heat

 
absorption will have a temperature rise of 16 K° when cooled by boil-off nitrogen gas at 


80 °K. This is the heat load of mirrors with the best-postulated absorption (which are due in


two weeks) at 10 KW. With the lowered thermal expansion coefficient at these low


temperatures, we expect a substantial improvement in maintaining mirror shape at high power


and may hence approach 10 KW operation. 
• 
We are proceeding with design of a quick trial test where the cold gas is introduced into the



outcoupler can through a flange in the top of the can and cools a thermally isolated 3 inch


mirror placed in the top 4 inch position. 
 

WBS 11 (Optics):

This week was spent carrying forward our response to the recommendations of the Semi-Annual Review Committee, and preparing to install a remounted 90% ROC in the outcoupler.  Other tasks were to reroute the electrical cabling from the top of the vacuum vessel to the side, and to replace the water couplings with quick disconnects.  We were also planning to replace the vacuum gate valves with versions with a window. This would allow us to observe the mirror figure as we were installing optics, without bringing half the beamline up to atmospheric pressure.
Of these tasks, the majority were accomplished, some with more success than others.  The vacuum valves arrived a day early, but had glass windows that weren't of optical quality (~ 2 waves at 632.8 nm).  By the time we received better windows it was too late to install them.  The wiring was rerouted - this will save us ~ 2 hrs whenever we have to work on the outcoupler internals.  This same modification will be implemented in the HR assembly when it is convenient, and when we build the UV optical cavity.  We attempted to implement the quick disconnect solution to reduce cooling line torques.  However, we had problems with some of our compression fittings (something that's not been a problem before), and the overall added mass was deemed to be too high to risk implementation, so in the end we removed them.  Mirror holders that incorporate them from the outset is the better way to go, and will be assessed next week.  The 90% ROC mirror came through the braze operation with some issues: the coating appeared to be bubbling on the periphery.  It also had some astigmatism (0.25-0.33 waves at 632.8 nm), something we've not seen in over 5 years.  Since the amount of aberration was at a low level, we chose to do a gentle cooling cycle with boil-off liquid nitrogen before installing it in the outcoupler assembly.  We cooled the mirror to - 14 deg C, and saw no change in mirror ROC or figure.  We then slowly warmed it back to room temperature, and found that the braze had maintained its integrity.  This bodes well for a subsequent cryomirror test (see below).  We installed it in the optical cavity, but once we aligned it, saw that it had a fair amount of astigmatism, even with the cooling lines exerting no net torque about the pitch axis.  We removed it and will use it for a cryomirror test.  Refurbished optics with better coatings (we believe) arrive in about 2 weeks.  In the meantime, we will run the 98% ROC to the point where the optical output saturates, or tune the wavelength so we can obtain somewhat higher outcoupling.

We replaced two linear translators (both for pitching mirrors).  One had failed altogether, the other was showing signs that it was beginning to fail.  Measurements of the force required to pitch the motors is many times more than expected from the displacement and spring constants; this forces the motors to work above their limits.  We will do tests upstairs, and order springs with less stiffness.  We removed the damaged Brewster window and replaced it with a spare.  

 

We held design meetings on the various optics tasks required to get to 10 kW.  The optical scraper specifications and drawing were released for quote, and our own Machine Shop may be used to expedite receipt of the first article.  Calculations were made on the temperature rise of one of our ZnSe outcouplers with ~ 50 W absorbed and using only gaseous nitrogen.  The numbers look reasonable, assuming we can get excellent thermal dissipation across the mount.  We will carry our first attempt to cool a ZnSe mirror to cryogenic temperatures early next week.  The RFQ for 2.8 um mirrors was released.  Meetings were held on the cryocooled ZnSe effort and the scraper output.  We received a new (to us) vacuum oven that will be used for mirror brazing.

Terahertz Project:

The final order was placed for the mirrors.  Vacuum components are starting to arrive and are being consolidated in Lab. 4. 


Beamine vacuum components are arriving and being placed in Lab 4 ready for assembly and testing prior to installation.
