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Highlights:  After some final FEL characterization studies we spent the week preparing to make measurements of the VUV harmonic radiation.  A new mirror and photon instrumentation were installed on the beamline in preparations for tests next week.  We also worked to repair the UV wiggler drive mechanism and beamline vacuum hardware, and do a gun bake.


Management:  We finally received DOE authorization to work on the ONR program. Present funding will only hold us a month and a half but other funds can now be easily added to this effort and are anticipated.


Several members of the FEL staff participated in the submission of a proposal to the Nuclear Physics Program Advisory Committee led by a group from MIT. The effort involves the search for dark matter.

Operations:  This week we brought the FEL back to beam permit from the installation and power outage last week.  We discovered many small problems which were corrected ranging from duty officer log-in to Picomotors control.  Once these minor problems were corrected the FEL lased well at 400 nm.  A test plan to quantify the laser power and efficiency versus duty cycle for two different micropulse frequencies was performed.  A second test which measured the amount of optical power absorbed versus transmitted in the optics was also performed.  These tests are important to characterizing the mirror performance of the FEL at different power loading conditions. Operations concluded on Tuesday evening, opening the vault for installation of the hole out coupler and VUV diode detector on Wednesday.  The plan is for operations to resume on the 6th looking for 10 eV photons.
Injector:  The GaAs Wafer was activated into a photocathode following a heat clean cycle at nominal 550C, achieving 5% QE. The last time the cathode went through this process was October 8 2010, since then 24 Coulombs of CW beam have been extracted for FEL operations. We continued with the GTS gun high voltage processing under nominal vacuum conditions. This gun has the Wesgo/Morgan bulk resistivity insulator. We discovered that if there is no field emission, Kr processing slows down the voltage-induced gas desorption processing, which is limited by pumping speed. On Wednesday while at 422kV a leak opened up. The leak was found in the braze of the ground-end of the ceramic insulator. On Thursday the leak was patched and the vacuum recovered to low 1E-11 Torr. High voltage processing continued today currently processing at 430kV.

Beam Physics:  Preparations for the January USPAS are underway.


Lattice and beam data taken on the machine over the past few weeks are being evaluated. There are a few puzzles, including questions about BPM calibrations and some disconnects in emittance results. Analysis is ongoing; further measurements will be needed to fully characterize system behavior. 


Planning for JTO and Dark Light-related halo studies suggests (through an idea from Kevin Jordan) it is possible to run the IR ERL using only 4 of the 5 skew quads in a "telescope" arrangement (leaving the middle "3F06A" quad unused) that will still perform a full transverse phase space interchange. This provides space to install a halo monitor (or reinstall the one now at 5F05), at which location it appears to be possible to make a 1/2 mm rms core spot size at 60 pC and a 200 micron rms spot size using the low (20 pC) charge configuration recently evaluated by Fay Hannon. High current tests can then be made with a constrained (but controlled) aperture. In addition, an upstream octupole can be used to alter halo behavior independently of the beam core. 


The advent of ONR funding for INP activities has allowed initial work on an INP-class accelerator design. We are thus developing a multi-stage longitudinal matching scheme and zero charge linac optics solution that can be grafted onto any of a number of recirculator designs. Use of multistage compression in a high-intensity ERL has led us to encounter a number of "interesting" effects and is likely to influence our approach to the operation of any such system (hand wringing may commence). In particular, transient beam loading and specifics of beam extraction after energy recovery are potentially somewhat different than in systems that have been run so far. We will begin analysis of space charge effects soon.

Electron Beam Transport:  
UV   
·         Design of the new wiggler BPMs is approximately 90% complete.  

·         Received the modified wiggler viewer SETCO slides from machine shop.

·         Received the viewer adjustment mechanism components from machine shop.

·         Ordered hardware and dial indicators for the wiggler viewer revision installation.   
Instrumentation and Control:  The beginning portion of this week was dedicated to Ops restoration. This shift was dedicated to recovering the machine from the power outage from the week before.  As graceful as possible in shutting down and turning off systems it didn't help in bringing them back up. There were issues with the UV trim rack and trim modules, the Sextapole Power supplies communications bus, drive laser shutter controller, and several other systems that required some attention to regain proper operations. 
    

Other activities included the UV Vacuum crate modification for additional channels along with the fast valve controls. The hardware and firmware changes have been applied in conjunction with the MPS channel additions and all will be tested in the near term. GTS HV Gun conditioning was supported by efforts from I&C for controls and monitoring. 
    

The PSD electronics for the OCMMS was readied. The PSD was put in place by the optics group and the control cables for the OCMMS table were run. Testing and measurement of the mirror vibration for the UV optics should begin next week. 
    

Re-configured the MPS system to include the OLT2V00 Cross 1& 2 'in' limit position.  This has been added to the MPS and checked out.  Support for the VUV chamber was provided.  A detector bias box was fabricated and the video, sync, & power cables for the alignment camera were installed. Currently diagnosing movement errors occurring with the UV wiggler.  We are in communication with the vendor 
and are working through the issues. 
    

Prepared and presented the FEL's security controls for Remote Access as part of the Director's review.
Optics:  This week, the new 373 nm wavelength hole output coupler was brazed and installed. The installation went well with the exception of a slight horizontal offset to the HR ultraviewer.  The decision was made to adjust the HeNe such that it passes through the center wiggler viewer and the hole in the optic.  This new alignment has been made along with a course alignment of all three OC optics.  The system was leak checked, N2 purged and is currently at 5e-6 torr.  This system should be on ion pumps by Sunday. In addition, the original "docking tees" of all four optics were replaced with a more robust version.

The VUV vacuum chamber and target was assembled and installed.  This system should be leak checked and pumped down by the end of the day.

Lasers and Optical Diagnostics:  This week we were able to install and align the OCMMS optical components. An issue with the ADL mechanical shutter was encountered earlier this week in which both a mechanical shutter and its controller failed. We were able to recover single mechanical shutter operation for FEL operations and have sent the failed controller back to the manufacture for repair. We also provided FEL operational support this week by working on shift. 

Preparation of Gun Test Stand drive laser for next week’s safety training is underway. We completed the chapter about the FEL machine for the DarkLight proposal which was successfully submitted late this week. This is a joint effort involving nine universities and research labs. We also put lots of thoughts and discussion on the possibility of reviving the ultrafast laser system for laser deposition study for users.

UV and IR FEL Modeling and Simulation:   Continuing modeling of the 400nm UV FEL results.  Rather perplexingly, the gain continues to be much lower than observed.   We’re exploring a wider range of Krms values in an attempt to ascertain if I’m merely at a local maximum. 

UV FEL:  This week we received the coated (max R @ 373nm) sapphire hole outcoupler.  There was some indication from noncontact profilometer measurements that the astigmatism near the hole had extended further.  We test plated it and found that the figure looked good (< lambda/8 @ 546nm).  So, installation was approved.  Subsequent to that activity the Optics group looked at the retroreflection of the installed outcoupler and it looks very good.  The chamber and VUV photodiode were received; however the filter that would pass the 10ev light will not be received until today.  The VUV photodiode isn’t sensitive to the fundamental, however the YAG:Ce plate we planned to use for measuring the fundamental and 3rd harmonic profiles.  Gwyn Williams suggested using sodium salicylate, as it has no response to photons with energies below 3.5eV (354nm).  Concerned that we wouldn’t get pure material in hand in time, I made the compound at home using baking soda and aspirin in distilled water.  When tested we found that indeed, it did not fluoresce when illuminated with the 365nm output of a low-pressure mercury lamp, but fluoresced strongly at the two shorter wavelengths.  However, the commercially-prepared compound, dissolved in clean methanol, did fluoresce at 365nm, so we coated two viewer flags with the homemade compound.   A photograph of the internal hardware that will be used for the initial characterization is shown below.
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Photo of the 3rd harmonic characterization viewers and detector.  The photodiode is the white object on the right, the YAG:Ce screen is the yellow-colored window, and the sodium salicylate coated flag is the roughened aluminum plate.  The rear of the photodiode holder is also coated with sodium salicylate as a backup.  The entire assembly can be rotated and translated vertically, and was loaned to us by the Univ. of Wisconsin.

JTO:  The Er-fiber laser procurement was signed.  For the ring resonator, a new quote was received and a procurement placed.  Working with Procurement to receive the next increment of funding for coating development.

Terahertz:  To bring the THz beam into the new gas cell that we have designed for the THz/MIR Double Resonance experiments with Harvey Rutt (U. of Southampton), we are considering fabricating a custom parabolic mirror using the JLab CNC milling capabilities.  We have previously characterized the CNC machined surfaces and found them to be sufficiently smooth and accurate for THz wavelengths.  We currently use a parabolic mirror custom machined and polished in house to collimate the THz beam after the diamond window interface to the beamline in Lab 3.
We have been modeling the THz beam path through the new gas cell, testing different parabolic mirror shapes.  By custom designing the mirror for focusing the THz beam through the gas cell, we can optimize the THz beam path for overlap with the MIR beam and thus increase the interaction length.  We are not currently pursuing the approach of using a dichroic reflector due to the cost and difficulty of finding a wedged substrate with suitable MIR transmission and THz reflection for our spectral regions of interest.

Lab 5:  This week, we made the final edits with Raja on his paper detailing the results of his niobium nitriding work.  The paper was submitted to the Journal of Vacuum Science and Technology A and presents the computational thermal modeling, the experimental procedures, and the analysis of the laser processed surfaces.  The results demonstrate that the temperature profiles computed in the thermal modeling accurately predicted the laser fluence needed for laser nitriding of the Nb surface.  Further, the analysis of the experimental results found a range of experimental parameters where the superconducting NbN was formed.  In addition to a higher superconducting transition temperature, NbN is also harder than pure Nb and could provide additional mechanical benefits to SRF structures.
In preparation for the delivery of the loaner Verdi V5 pump laser from Coherent, Inc., we have determined what modifications will need to be made to bring all of the laser systems up to compliance with the improved functionality of the LPSS system.  Existing and new interlock switches on the laser housings will be integrated with the signals from the LPSS to provide better laser safety when operating these laser systems.  The new interlocks on the laser enclosures will enable engineered controls to limit exposure to only one color (800 nm) under normal operation.  When necessary for alignment within the enclosures, exposure to the pump beams (527 nm and 532 nm) will be controlled by the LPSS signals and the interlock signals from the laser enclosures.

Steve Benson has a preliminary design for the logic to be implemented using a small interlock box similar to what we have installed on the HIPPO laser.  For the HIPPO, the signal from the LPSS determines which wavelength module should be installed.  In the interlock box, the LPSS signal is compared with the signal from the interlock switches mounted on the HIPPO laser head and wavelength modules to determine if the laser is configured properly and can be enabled.  For the Ti:Sa lasers, the logic will be slightly different, but the LPSS and interlock signal connections will be nearly the same, and will not require any changes to the LPSS system itself, only the addition of the interlock box.

