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This will be the last open report of this series as we return to ONR funding.

Happy Holidays to all our readers.

Highlights:  We made major progress in installing the UV optical transport this week during our machine shutdown.
Management:  We hosted the Newport News Mayor McKinley Price, City Manager Neil Morgan, City Economic Development representatives Florence Kingston, Sam Workman, Carol Meredith, and Cherry Croushore.  We participated in a signing ceremony establishing new operating principles between JSA, the Site Office and the laboratory.

Summary of the last 8 months:  We have been operating mainly with Department of Energy Basic Energy Sciences support for the past 8 months, and distribution of our weekly reports since June 1, 2010 have had a different distribution, and have been posted at: http://www.jlab.org/FEL/felpubs/briefs2010/.  As we move forward again in 2011, we will re-commence our normal limited distribution.
Here is a summary of our activities during the period June – December 2010 so that our regular readers can catch up.  Most of these activities relate to our UV-Demo FEL.

First we installed a new cryomodule, commissioned it, and achieved higher electron beam energy of 135 MeV, which we tested with our IR system.  After re-configuring many of our power supplies to the UV transport, on July 2, we achieved a milestone of running 135 MeV beam around the UV system, back into the linac and to the energy recovery dump.  We then proceeded to optimize the beam size in the future location of the vertically narrow UV wiggler chamber.

Second, after some initial delays, we manufactured and installed the actual wiggler chamber, and on August 19th, with our UV-Demo FEL we achieved first lasing at 700 nm, and quickly reached 100 W power levels.  Subsequently, on August 31st. we lased at 400 nm, and later that day pushed down to 363 nm.  Preliminary estimates are that we produced 20 microJoules per pulse at 5 MHz. (100 W).

Using the UV-Demo FEL, we then spent 2 months studying beam dynamics, and the physics of the lasing process, including gain per pass, and de-tuning curves for various energies and configurations.  These data are to be compared with model calculations that help predict how FELs perform under these different conditions.

Third and finally, we installed a hole-outcoupling mirror, and on December 9th succeeded in delivering 10 eV photons for the first time.  The UV Demo FEL operating at 370 nm in the fundamental delivered VUV 3rd. harmonic light to a calibrated VUV photodiode, which was kindly loaned with a chamber, by the Synchrotron Radiation Center, University of Wisconsin.  We have determined that 5 nanoJoules (3 ( 109 photons) of fully coherent light was measured in each 10eV micropulse, which represents approximately 0.1% of the energy in the fundamental, as expected.  The numbers allow us to anticipate being able to deliver 25 - 100 mW by operating CW at up to 4.687 MHz with more optimized water-cooled optics, and several 100's of mW with cryogenically-cooled optics.  We note that for many applications the anticipated narrow bandwidth eliminates the need for a spectrometer.  This allows substantially higher flux to be delivered to user experiments than is possible at storage rings.

The next steps are the Optics upgrades, and installation of an optical transport beamline to a user laboratory for full characterization.   For the determination of the bandwidth we have a VUV McPherson 218 monochromator, and, in addition to the calibrated aluminum diode used earlier, we have an International Radiation Detectors AXUV-100, batch calibrated diode, that will allow comparison to beamline outputs at other light sources.

In parallel with these activities we have been testing the resistive ceramic using the Gun Test Stand.  We have determined the resistivity of the ceramic as a function of applied voltage, and used it to ramp the gun to 440 kV to date.  This work is continuing.

We now follow with several individual reports.

FEL Injector – summary of 2010:  In 2010, the FEL DC photoemission gun delivered 158 Coulombs of CW beam for UV/IR FEL operations.  Most of the time the delivered current was about 1 mA CW, although in a few instances during injector studies the gun delivered up to 4.5 mA CW, with bunch charge of 60 pC for UV FEL operations and 135pC for IR FEL operations.  Maximum current was limited by beam halo scraping the beam pipe and causing vacuum degradation.  The GaAs wafer was heat cleaned and activated into a Negative Electron Affinity photocathode four times during the year, with an average of 5 re-cesiations (Quantum Efficiency replenishing by Cs deposition, in situ) per activation cycle.  The photocathode lifetime between re-cesiation is 1-2 weeks, depending on the CW current drawn.  The injector SRF booster presented us with cavity gradient stability issues that were traced down to bad low-level RF control modules.  The FEL RF team successfully replaced the bad modules and the stability issues were resolved.  The injector phases, including laser, buncher, and booster, are being monitored constantly with a multiplexer system that has proved to be a very effective tool for daily injector tune up.  A configuration control protocol for the injector is being developed for better reproducibility and increased productivity (less downtime due to injector setup).
FEL Gun Test Stand Activities – summary of recent work:  The experimental program in the GTS began in November of 2010 by reassembling the gun with a new bulk conductivity ceramic and a load-lock for cathode stalk insertion. The electrodes have previously been at 485kV, but vacuum was broken for the installation of the new parts. After the gun was baked, a good vacuum was re-established and the electrodes went to 290kV under vacuum processing conditions within the first day. At 420kV a small leak opened on the braze of the ceramic allowing SF6 into the gun chamber. This was easily fixed, and a maximum of 450kV was achieved using krypton to process field emitters. On returning to vacuum processing a second leak opened in the ceramic at 440kV. This was found to be a severe punch-through the ceramic around 8” from the ground end. This was rather a surprise, as it was thought that the bulk conductivity would drain away any charge build up on the ceramic surface. We set about trying to measure the resistance of the ceramic at high voltage, taking advantage of the gun tank already being open. The conditioning resistor was removed and replaced with a multi-meter in series with the connection from the power supply to the ceramic. The resistance of the ceramic was seen to have a large voltage coefficient, which results in the resistance changing with voltage. It was measured that the resistance was of the order of 50GOhm at 150kV, decreasing with an increase in voltage. With the leak fixed and the gun reassembled we continue to condition the electrodes over 440kV using Kr processing techniques.
Optics this week:  This week was devoted to the installation of the UV Optical Transport System (OTS).  Due to the weather related Lab closure last week we didn’t start the installation till Monday.  As of this writing (Wednesday morning) the three turning mirrors vessels, three ion pumps and all the beam tubing in the vault between these components have been installed.  We hope to finish the assembly of the VUV vessel support structure by the end of the year.  Due to a delay in funding the collimator internals and the VUV, vessels won’t be ready for installation till the first week of February.  During this February down we are also scheduled to install the transport optics due to arrive late January.  A delay in any of these may require a postponement of the February installation.
Instrumentation and Controls:  This week the hardware for the VFV2V00 fast valve was configured, calibrated and read back to EPICS/MPS.  The only test left to do is to fire the valve on a simulated trip which will occur as soon as these intentions are verified by concerned parties.  Work on the GTS vacuum also occurred this week to repair a damaged "bake-able" HV cable and hi-pot a troublesome ion pump.  Work continues on the UV/VUV OTS vacuum crate.
In order to perform some slide rail forensics on the UV Wiggler, the jaws were moved to full gap to inspect the 'Y' axis.  The gap was opened from 17.5 mm to 95mm (running at 5-50% velocity), without any tilt or taper until the upper end of the gap was reached.  The taper began in the 'Y axis at about 65mm when running the jaws at 50% velocity @ 10mm steps.  At that point, the velocity was backed down to 10% of full scale until the 95mm gap was reached according to the dial indicators.  Inspection of the slide rail did not show any brinneling of the linear rail or foreign material like rust, metal shavings or plastic debris.  Moved the gap to 16.5 mm and then back to 17.5 mm (372nm).  With this cycle, the torque voltage had dropped for the 'Y' axis by a factor of 3 as compared to earlier movement attempts.  To quote the SME (S. Gottschalk) "I say, congratulations, and enjoy the holidays!"

Electron Beam Transport: 

UV :

·         Continued assembling one of the new wiggler viewer actuator assemblies for testing.

·         Fabricated the air cylinder spring retraction linkages.







