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Highlights:    We continued to study the UV FEL performance and push the average power for comparison to 3D models.  The BES proposal for injector and accelerator R&D is now in final review for submission next week.

Management:  We attended the kickoff of the Boeing INP effort and discussed roles and responsibilities.  Key issues were raised on available funding, schedule, and path forward to a reasonable design. 


GN attended a BES workshop on Accelerator R&D for Light Sources.  A number of issues were presented to BES management including the incorporation of R&D activities in approved beam time at the operational facility.   There was a strong consensus that in addition several test stands are required to elucidate the physics for increased beam brightness among other goals. 


We held discussions with ANL and STI Optronics on the loan of and mods to an APS undulator A to replace the Cornell UV wiggler which must be returned.  It appears that the wiggler will be returned in the April time frame and a new wiggler ready for installation in mid to late May during hookup of a new low conductivity water system to the FEL.  We intend to be running high power IR during the period that the UV wiggler is unavailable. 

We held a review of the Management Self Assessment report of the Boron Nitride High Pressure Systems safety.  The systems are found to be safe but there is disagreement on the status of documentation.   
Final edits of the BES accelerator R&D proposal were completed.  We produced the cost sheets and have given a draft of the proposal to the local site office for review.

Operations:  We started the week qualifying last week's injector setup by comparing laser performance with it versus an older steering solution.  There was virtually no difference in performance so we went with the correctly steered solution.  We then spent the rest of the day taking gain and loss data vs. wavelength between 370 and 430 nm.  On Tuesday we set up to run long macropulses and demonstrated lasing with up to 20 millisecond macropulses.  Good efficiency was seen with these pulses.  On Wednesday we extended this work to higher repetition rate to get the power vs. duty cycle at both 4.678 MHz and 9.356 MHz micropulse repetition rates.  This data initially showed a linear falloff in efficiency vs. duty cycle but, at high power, the optical mode changes to something that looks more like an Airy pattern and the efficiency is much higher than expected.  Due to this new operating mode we achieved over 200 W with 0.54 mA of beam current at 400 nm.  On Thursday we ran 18.7125 MHz and took data on THz heating in the mirrors.  We also studied some problems with our high power laser dump.  With the higher current we found that the efficiency at 18.7125 MHz was much lower than at 9.356 MHz due to the THz loading.  We were nevertheless able to run 180 W with this beam.   Friday is a maintenance day and we will be making some modifications to the laser dumps to allow us to make accurate power measurements with 700 nm beam next week.
Additionally, Wednesday morning, we prepared for a tour by resuming FEL operations and lasing by 8 AM.  After we demonstrated FEL operation for the group, we shut down and opened the vault, allowing them to see the actual equipment.  Opportunistically, we also reconfigured the optical path to allow direct high power monitoring of the laser.  This turned out to be very useful for the subsequent power and THz studies.
Beam Diagnostics:  Transverse beam profile measurements have been a very important part of the beam diagnostic and machine characterization.  So far when doing measurements with the beam there were several steps, which had to be done by the operator in the existing online software tools to get beam parameter measurements done properly.  This is partially subjective and might result in unambiguous results varying from one operator to another.  We have worked on getting this solved by improving the online analysis software tool. Such the improved tool will have the automatic Region Of Interest (ROI) determination.  It will also provide online measurements of the RMS and FWHM beam sizes, coordinates of the mean value of the transverse beam distribution.  One more new feature will be streaming the measured beam parameters to EPICS, such that the measurements could be a.) monitored on any workstation with the help of other existing tools, and b.) can be used for other scripts of automated measurements such as quadrupole scan emittance measurements, beam energy stability measurements using synchrotron radiation monitors, automated betatron match measurements and others.  During the work on the new features of the beam measurements tool, its code has been cleaned up substantially and is easier to work with and more efficient.

Injector:   The photocathode was re-cesiated on Thursday reaching only 1.4 % QE.  This was the fifth recesiation since June 29, when the heat clean process was performed prior to activating the GaAs into a NEA cathode.  The QE then for the newly activated cathode was 5%.  We are preparing to do another heat clean today and cathode activation next Monday. 

Regarding Injector configuration control, we made progress characterizing two configurations, and based on FEL performance one was selected to be used as reference and to keep for operations.  We also made revisions to the injector setup procedure that allows it to reproduce the injector configuration in a consistent manner.  Progress is being made measuring and studying drifts in the booster cavities gradients.

The refurbished GTS gun is under vacuum now ready for bakeout.   Fay Hannon and Carlos Hernandez-Garcia continue working on their Early Career Proposals.
UV and IR FEL Modeling and Simulation:  The time dependent (4D) FEL simulations are finally beginning to produce positive results.  It turns out that combining the gain code Medusa with the optical propagation code OPC introduced an error when trying to find the correct cavity length for gain when attempting to do a full 4D simulation of a FEL oscillator.  OPC defines the speed of light using the best known value.  Medusa defines the speed of light to only 5 significant figures.  As it turns out, this truncated value defines the cavity length for a given repetition frequency.  There was also the matter of how to handle the change in group velocity of the photon bunches during the FEL interaction, and Medusa handles it in a way that we don’t believe correct, as it places the cavity length with the peak output (or gain) some tens of microns longer than the cold cavity length.  As previous experimental measurements show the lasing wavelength very close (a couple of microns) within the cold cavity length (also known as the synchronous or zero detuning length), we’ve been getting zero output when we do simulations in that region.  We are discussing this with the code developers.  At this point, Medusa has been recompiled with the correct definition of c.  We are discussing doing a measurement of the cavity length for optimized lasing on one of our FELs to provide better data for the theory.

JTO:  While at the SPIE Laser Damage conference (Sept. 26-29), MS met with D. Hobbs, president of TelAztec, and discussed their company’s process for making meta-optics.  Their process is complimentary to the one employed by our co-PIs at UNC-Charlotte.  Highlights of this conference can be found at   http://spie.org/x42284.xml.  As usual, there were several reports that were germane to our program.  For example, initial work on scandia coatings (the JTO-funded work led by Prof. C. Menoni at CSU), optical fabrication to increase damage thresholds (J. Menapace, LLNL) and performance of deep UV optical components (various authors).  While in the Boulder, CO area, I met with 3 optics vendors and 1 laser vendor.  There has been progress on both fabrication capability and laser performance that will benefit our various programs.

Instrumentation and Control:  The majority of this week’s effort was spent running and supporting operations.  Other efforts included setting up the DLPC to deliver non-standard pulse widths.  The table that loads the setting was updated and tweaked as we operated in standard pulse widths to the non-standard pulses.  We are exploring the idea of adding more standard setup settings to avoid having to change expert screens. These non-standard pulse widths were used to perform the gain/loss measurements as well as the power runs with the UV line.  We've also made a change in the Pockel Cell driver power supplies.  We measured the supply and found 50kHz of noise on the order of 100mV.  We've changed the supply out with a robust iron core supply and reduced the noise to 20mV.
Assembly of the analog board for OCMMS has been completed.  Testing for the FGPA control board has proceeded successfully as well.  Communications from the programming and design tools to the FPGA board had been achieved and work on the feedback software is in progress.  Testing of the analog board the controls the PZTs mirror controls and PSD read backs is in progress.  Currently we are reconfiguring the UV diagnostic dump power measurement instrumentation.  The issue seems to be the lack of resolution in the temperature measurement.  We have a higher resolution system for the IR line so we are patching into that so we will increase the power reading.

The alarm handler has been prepared for testing.  The injection line is implemented for check out before the other zones are finished.  The beta alarm handler will be launched from an EDM screen which provides us flexibility in launching different configurations as well as quickly making changes.  The vacuum alarm limits for the 0F region will still need to be set for this to work correctly.  We have begun to setup an additional linux machine for alarm handler and screen development.  This is in effort to eliminate reworking EDM screens due to differences in Windows X11 servers.  The UV wiggler's motor controller locked up again this week.  Things were quickly recovered, but we are still awaiting the replacement controller.  Installation of the replacement must be carefully scheduled.

Also, we started gathering parts for the Vacuum curve pump cart.  We have a calibrated leak valve and a cart chosen with a cold cathode gauge and controller attached.  We replaced the 6F07 and 6F10 ion pumps which were causing some trouble and the interlocks for this region will return to normal.  A meeting was held with EESICS to discuss their design scheme for new vacuum controls and see if we can adapt their techniques and efforts to our UVOTS.  A consensus was held that at least the Gamma controllers should be used and perhaps front end controls if we go that direction.

Optics:  This week we continued working on the 2D drawings for the UV Collimator and the VUV Optical Transport. The turning cans were taken to the machine shop for modifications as well as a drawing package for its new internals.
In preparation for the scheduled down we performed routine maintenance on the vacuum carts.  We found one of the cold cathode gauges faulty and rebuilt it.
This morning we vented the 2V sub 5 region in order to diagnose the cause of the vacuum trips we had while delivering high power beam to the dump. 
The beam is being delivered cleanly as evidenced by the alignment HeNe.  It appears that the FEL is burning and removing the black coating from the inside of the dump.  We removed the end of line dump to inspect that and saw no evidence of that occurring there.  It was noticed that its black coating is much darker.  We decided to install two different instrumented 50kw beam dumps, one at the diagnostic cross and one at the end of line. Both of these have coatings that appear undamaged.  Pictures were taken to use as a comparison if another fix is needed.
Lasers and Optical Diagnostics:   This week we reconfigured the UV FEL optical diagnostics hutch in the FEL vault for high powered optical beam measurements, and upon completion of these measurements we setup the UV FEL optical diagnostics hutch back to its original configuration.  We provided support to FEL operations by providing required non-standard operation mode and assistance with the UV FEL high power measurements.  More filters were installed to some of the CCD cameras on the view ports on the UV HR and UV OC cans to prevent saturation.  We managed to perform an alignment on the first section of the beam halo diagnostics with the synchrotron light during the time when machine ran at high-duty cycle.  We began to study and analyze this measurement system contrast by simulations.  We spent time reviewing the proposal about advanced injector study for future light sources.  Time was also spent on preparation of an abstract and a paper about the previous diagnostic work.
Terahertz:  We met this week with Paul Gueye, from Hampton University to discuss possible multidisciplinary THz research projects that could be of interest to their scientists.  They are focusing on funding opportunities from the NSF and NIH for medical and biological research proposals.  We recommended a few possible projects that would explore fundamental unanswered questions on the application of THz imaging of skin for cancerous tissue or other biological features.  We also prepared several slides for them to outline the capabilities and instrumentation available in the THz Lab.

Lab 4:  We met this week with Joe Gubeli to outline the configuration for the transport of the 700 nm FEL beram from the UV FEL.  The plan will be to transport the 700 nm beam to Lab 4 through the existing FEL transport line along the back of the labs.  On the table in Lab 4, we will double the 700 nm beam to 350 nm and deliver it into the LMES system.  We have started to inventory our existing optics to determine what additional optics will be needed.

We also need to determine if the 350 nm wavelength can be transported properly using the existing 355 nm optics currently installed on the LMES.  If not, it may be necessary to lase on the FEL at 710 nm (doubled to 355 nm), but Steve Benson has indicated that this may require lowering the electron beam energy since the wiggler gap is already nearly at the minimum when lasing at 700 nm.  The photoexcitation in Forturan at 355 nm that transforms the material should be equally effective with the slightly higher photon energy at 350 nm, so the only hindrance to operating at 350 nm would only be the reflectance of the optics at that wavelength.







