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Highlights:  

After last weeks weekly went out we examined the high charge limits of the present setup and were able to transport 270 pC even though the gun was operating at its nominal 350 kV.  This bodes well for higher charge operation in the future from the test stand gun at 500 kV.  We spent significant time running the machine in fulfillment of our contract to look for dark matter.   Over 8.4 megajoules were delivered to Lab 1 for this experiment.  It also gave us a great opportunity to work on beam amplitude and pointing stability.  We ran another set of THz videos to explore the sensitivity of cameras' detection and at the end of the week established 1.6 micron lasing with a new outcoupler.

Management:
Along with Accelerator Division managers, we reviewed the proposed Managers' Safety Training Program being developed for JLab by DuPont based on their highly successful efforts at chemical plants.  Several suggestions for improvements were put forward.
Gwyn Williams presented a case for condensed matter science to be performed at light source user facilities to a National Academy study.   The role of facilities such as ours in support of basic studies was supported by the consensus view and plans are being made to detail the optimum approach to a national program.

Fred Dylla, Wayne Skinner, and George Neil met with ONR to continue discussions on cost, task statements, and priorities of the continuing program.  We have several action items to develop costing and schedules in more detail and will meet again in a couple of weeks.

Operations:

This week was devoted to the LIPSS Dark Matter search experiment.   See the summary below for description of the experimental results.   The FEL was operated at 940 nm at as high a power as possible.  We attempted 24 hour a day operations and were mostly successful.  We also provided beam for THz imaging studies.  They operated as a parasitic user until LIPSS operations ended on Thursday.  On Thursday evening and Friday morning we provided higher current beam for THz studies. 
  

We started out on Monday by obtaining lasing with the new 900 nm high reflector.  The machine promptly shutdown when we lost 480 V clean power to the building.  A few hours later we had turned everything back on and started to optimize the laser.  The new high reflector indicated much lower astigmatism in operation.  The power limit at 940 nm was about 600 W.  The gain and efficiency at low duty cycle matched our spreadsheet model better than the uncertainty. 
  The next 24 hours was spent working through problems with the experiment, including saturation in cameras monitoring the laser beam position, a faulty power meter readout, a problematic power supply, and a mirror motor that spontaneously misaligned the laser beam.  The accelerator ran well during this time.  By Tuesday evening we had clean transmission to the LIPSS laser power meter head and started to deliver approximately 200 W through their experiment.   This continued through about 11:30 p.m. on Wednesday when we had a cryo trip.  We were able to bring system back on line by 6 a.m. on Thursday and delivered 200 W to the LIPSS experiment until 2 p.m. Thursday afternoon.  At that point the LIPSS collaboration decided that their detector did not have low enough noise to see a signal with the available power.  They then checked the polarization and alignment of the beam before switching over to THz operations. 
    The laser power decreased as the week went on.  We were able to produce 600 W upstairs at 940 nm on Monday but could not get more than 400 W upstairs by Thursday.  This was correlated to an increase in mirror absorption.  Another problem was the loss of power going into the User Lab.  Only 70% of the power in the optical control room was present when the beam entered the User Lab.  There are only two mirrors between these two power meters.   We will be studying this next week.  We were able to operate the laser at its limit for extended periods.  We also got a lot of training in as people who did not usually run the machine had to run it for users. 

Last Friday (1/26/07) we ran another machine development study at 270 pC. This time, we listened to Carlos Hernandez-Garcia's suggestion that - in addition to upping bunching - we increase the front-end focusing to compensate for higher space charge. We were initially limited to about 170-200 pC by scraping on the buncher; by raising the first solenoid field we readily transmitted 270 pC in pulsed operation. Similar adjustment of the second solenoid and the cryounit phase and gradients (to manage focusing & bunching from the SRF cavities), we put it cleaning into the accelerator and took it to full energy. 

Transmission was clean in pulsed (tuneup) operation, and was manageable in high power pulsed. By trimming the betatron match, we were able to run up to 1/2 mA CW (270 pC at 2 MHz) for several minutes with run time was limited preference, not performance. We thereafter some time characterizing the beam. The bunch length at 270 pC was ~450 fsec fwhm - meeting the 0.2 psec rms spec - with a somewhat larger full energy momentum spread (~2.5+%) than at 135 pC. Multislit measurements of the injector emittance are reported by Pavel Evtushenko below. 



In CW, vacuum pressures were rising slowly but steadily in the front end, and there was apparent (though tolerable) beam loss at the usual loss points (in front of the wiggler, at reinjection, and in the linac back end). As the injector setup was very cursory, we did not take beam time to manage these. The results, however, suggest that a careful and better optimized injector setup and appropriate accelerator tuning could result in 270 pC high power beam that could be used for FEL studies. We are particularly optimistic about this (despite being doomed) if we get the gun to higher voltage and if we reduce the 1st SRF cavity gradient somewhat (recall that the beam initially decelerates in this cavity).

[image: image1.png]



WBS 4 (Injector):
The DC photocathode gun delivered 260 Coulombs in 51 hours of CW beam at 1 and 2 mA for FEL operations during the week. The delivered charge will increase at the end of the day since the FEL ops team is running 5 mA CW beam. During the week, Dave Douglas operated the injector at twice the nominal charge, 270 pC even in CW mode for 10 minutes. We are modeling in PARMELA to find a convenient injector setup for higher that 135pC per bunch but to preserve the longitudinal emittance at the cost of increased transverse emittance. The Gun archiver has been updated to record the photocathode QE over 24 hour period. It is operational but needs some adjustments. 

We received most of the components to assemble the system for retracting the cathode stalk without opening the SF6 tank during the re-cesiation process. Assembly will start next week. Progress continues in the Gun Test Stand. The hydraulic arm is being installed and ceiling fixtures for lifting up the pressurized high voltage power supply tank have been mounted and load tested. D. Bullard spent a good amount of time working on polishing the moly anode plate for the new gun chamber to be installed in the Gun Test Stand. He discovered that it is much more difficult to polish than SS and may need to use diamond polishing discs instead of the carbide paper.
WBS 8 (Instrumentation):

This week we ran 24/4 (3 shift) operations for he LIPPS experiment. Much time was devoted to supporting the LIPPS experimental hardware, cameras and video monitoring.  This running was an excellent opportunity for cross training of the FEL team. There is nothing like operating the machine yourself and not just watching others... 
   The PCB layout has been completed for the Charge/Dump Current Monitor PCB.  Some final touches to the silkscreen are being completed and then the board will go out for error checks and quotation to the board manufacturer.  The prototype front panel design has been completed for this card as well.  This is also having a couple of lettering touch ups and then it will also be ready for quotes.  Two other front panels were completed and are ready to be ordered the 4-Ch RTD Monitor Card front panel and the second revision of the 3U General Purpose Processor Card front panel.  The Beam Viewer card front panel is also being worked on to add some final touches.  Once all four of these cards are ready one order will be placed.  The Flipper Motor Interface Board has arrived from the vendor.  The dimensions have been checked versus the chosen enclosure.  The PCB has been partially assembled and tested.  Testing will continue with the first board and then the rest will be populated and tested.  Some time was also spent looking at the requirements for Thermocouple monitoring.  The model that was used for the RTD boards was simulated with a thermocouple input.  The gain and offset values were adjusted to get 100 degrees Celsius range out of the existing RTD card.  With this simulation we will be able to utilize the existing RTD cards with a different assembly procedure to monitor thermocouple as well. Progress continues on the Single board IOC. The Chip Select Module was programmed to use the pin CS1 to control the FPGA. The code that writes the registers on the module was programmed. It mapped the FPGA as peripheral device to Coldfire and starting address from 0x30000000.  More diagnostic and testing work need to be done on the Single Board IOC. 
    Work continues on the LPSS upgrades. Documentation of the I/O bit mapping is nearly complete. Assembly of the entrance door User Lab information panel has begun. Installation of the wiring, power and video will begin in Lab 5 and used as a test bed for the rest of the Labs. Matt Stokes (our student) received a detailed introduction to EPICS applications.  We also walked through how the PLC was our lab safety system will communicate with our controls.  Matt will be starting up work on our new LPSS control screens.  We have formed a plan to create several screens for Lab 2 for review. The first PA for the LPSS boxes is put together and works; it is being fitted with a noise filter and will be installed in the test LPSS box. 
   The new Wiggler software configuration for iocfel6 was setup.  The application features were fully tested, including error recovery. Troubleshooting of the communications problem for the Varian dual ion pump power supplies can resume again now that the RS-485 to RS-232 interface finally arrived from Telebyte. 
   The second Aerotech linear translation stage has been debugged and is being tested. A water cooled laser beam stop has been designed. This is a low cost compact tool for checking the laser profile and position in front of any given experiment.  The stainless steel target plate was revised to have a thermally couple to a 1/16" copper back plate to prevent burn through. The parts have arrived for the beam stop's sliding fixture and are currently being assembled and modified. 
   In addition to shift work for FEL operations, Rich Evans spent time preparing for a research symposium next week (Feb. 6th) at the Library of Virginia as part of the Second Annual Graduate Student Research Forum being hosted by the Virginia Council of Graduate Schools. He will present his recent masters thesis work associated with the THz vacuum spectrometer and the multiparticle coherent enhancement calculations.

WBS 9 (Beam Transport):

Improvements and Upgrades
•
With regard to SF sextupoles, we held a second meeting to integrate the new power supplies into the entire magnet system. The proposal is to test the magnets with the power supplies in Magnet Test with the actual software. Ramp rates on the new power supplies can be an acceptable 15 A/sec. Tests will show what ramp rate will result in field quality problems after hysteresis cycles at various rates.  The problems with power supply communications are being resolved.  Magnet Test is willing to get one of the new power supplies installed there by the Power Supply Group. The Installation Group successfully split and brought back together one of the first sextupoles.  This was done on a duplicate of one of the stands to mimic the conditions on the beam line. 
• 
No new work on the second wiggler chamber

•
In work for the New Gun and injector Test Stand, The Installation Group installed the ceiling anchor plates that will allow them to bring the Power Supply Tank upright in the proper position.
Experimental program

Experiment to see a pseudoscalar particle that couples to photons   
•
The LIPSS Group got all of their experimental apparatus running and ran the experiment for 24 hour shifts for three and a half days.  Analysis of the results showed that signal to noise ratio may be a problem with the taken data.  This analysis was bolstered by new facts about the lack of good quality of the interim CCD unit loaned to the group by the manufacturer of the designated CCD.  The group decided to stop the run in anticipation of receiving the actual CCD we bought and arranging off hour runs with it. 
WBS 11 (Optics): 

FEL Mirror Development
  As discussed in the Operations section, we used the installed 900 nm mirror set this last week.  We operated the FEL almost continuously from Monday evening through Thursday afternoon, with one period of inactivity lasting ~ 6 hrs due to a cryo plant trip.  So, lasing time was about 60 hrs.  Loss in the HR increased rapidly, stabilizing by Tuesday at the loss measured with the first HR mirror that was previously installed.  Loss in the OC slowly grew, reaching a plateau early Wednesday.  This corresponded to an initial loss of ~ 300 ppm, and a final loss of 1300 ppm.  We've queried the vendor, and they were using high purity targets.  Nothing unusual was noted during the coating run.  We are setting up hardware in User Lab 2 to check the reflectivity at irradiated versus un-irradiated areas of the mirror.

  The coating vendor acknowledged receipt of the substrates for the "high Q" outcoupler mirrors.  They are in the queue for coating, we will get an anticipated ship date today or Monday.

  At the time of this writing, we had just started lasing at 1.6 microns.  This is the first time we've lased on this outcoupler, which has a nominal 90% reflectivity.  Laser performance looks good.  The IR camera used for thermography was set up to start taking new data on the OC mirror heating.  We haven't had the opportunity to do much of this after the THz traps were installed in late June.

Cavity/Transport

A large part of his week was devoted to operations support and staffing for our week long, around the clock, User experiment. Work on the transport system in Lab 6 continued this week. The support stand for the harmonic blocking filter was completed and used to level the now installed harmonic blocking filter. The hole in the back side of the hutch was widened and the filter was bolted in place. The hole was sealed so none of the light inside the hutch can make its way to the outside. From the optics group standpoint, all that remains is the installation of a couple of straps and a few feet of instrument air lines. We will also install some optics and a power meter in the hutch. We are working around the Lab 6 Users schedule to complete this. Work also continues on the assembly of the mirror cassette that will be placed in Lab 5. The stage is completed and the parts for the mirror mounts have been disassembled and are ready for deanodizing and cleaning. The shield designs for the front of the optical cavity cans as well as the collimator are nearly complete.  Machine shop drawings for both should be completed today. We are having the several of 4” and 2” niobium OC cooling frame parts acid etch today. We anticipate their brazing next week. Procurement for all of the outstanding in-vacuum stepper motors was placed on Wednesday. These motors will be used on the upgrade optical transport system and collimator.

Drive Lasers

The power supply to the laser amplifiers failed during the tests earlier this week. This issue was resolved with the help from the I&C group. Testing continues with the remote control system. The EO system on the Antares laser has been under observation and is working reasonably well with the current configuration. A meeting was held to discuss the development of new EO sampling diagnostics for short electron bunch measurement. This project was initiated in the past within the optics group and has been under study with various tests planed. We will try to resume our previous setup and investigate the possibility to further optimize the system in order to meet the stringent requirement. The realtime FEL spectrometers were optimized to assist the operation.

Terahertz:

This week, we were able to take THz beam parasitically during operations for the LIPSS tests as well as some dedicated beam time on Thursday night and Friday morning.  During this time, we continued our tests of the loaner camera and lens to continue to measure and improve the performance of our THz imaging system.  Jim Kolodzey and his students were able to bring their camera and lens so that we could make some direct comparison on the performance of their components relative to those that we have borrowed.  We found that the loaner camera performed as good or better in most configurations and the lens we have on loan, also provided better imaging due to less aberration.  The trade off came at the price of a smaller field of view due to the longer focal length of the loaner lens. 

After completing tests to compare the cameras and lenses, we turned our attention toward testing the imaging of a test pattern through various covering materials.  The test pattern consisted of an array of metal pads graded from 6mm to a few hundred microns in size.  We were able to resolve the features down to about 2mm, with no covering.  The covering materials consisted of different fabrics, packing materials, envelopes, paper, duct tape, cardboard, bubble wrap, as well as a material of interest for the Department of Homeland Security.  We were able to still resolve down to about 2mm for about half of the covering materials, and resolve contrast, but not distinct features for about another ¼ of the covering materials.  These tests showed significant progress and improvement from our previous imaging run in November. 

We also spent part of our beam time testing different illumination schemes, including one that should provide better three-dimensional imaging.  We are working on acquiring better imaging optics and hope to have these to perform another set of tests in March.
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Fig. 1 Beam profile measured downstream of the horizontal multislit mask
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Fig. 2 Beam profile measured downstream of the vertical multislit mask
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