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Highlights:  This week we successfully transported 1mA of cw beam (18mHz, 60pC) through the UV electron beamline.  This success, on as short a timescale as it was achieved, is due to a remarkably thorough and careful installation process by the team. 

Management:  This week we submitted our annual report to Basic Energy Sciences, including our plans for next year, and they were strongly endorsed by the program manager.
Operations:  This week was devoted to moving through the commissioning plan for the UV bypass with the goal of producing a recoverable machine configuration providing lasing-quality CW beam. We worked on Monday on restoring beam (through the small aperture defined by the cookie-cutter upstream of the wiggler) and establishing a good reference orbit. When this was done we worked on dispersion suppression and cleaning up the reinjection orbit. At this point, the bunch was fairly well compressed in length after the wiggler, and we were able on Tuesday to start checking the lattice focusing around the reference orbit. This revealed a number of minor issues (such as a few corrector and BPM polarity discrepancies) and verified that the accelerator lattice was sufficiently close to the intended tuning that we could attempt to match the beam to the transport lattice. The injection match was adjusted slightly, resulting in clean beam transmission through the system up to the reinjection point. 


After a vault access Wednesday, we centered the beam in all quadrupoles to recapture the reference orbit with corrected polarities on various bits of hardware, and with the better-defined orbit set up energy recovery with some care. Beam properties were measured and we observed that the lattice appeared to be well controlled, but the reinjection match was very poor. We calculated a rematch of the second pass beam to the linac for energy recovery, loaded it in, and the angels sang: both passes of beam were well defined and visible on all linac viewers, the energy recovered beam was cleanly into the dump, no loss was visible on any loss monitor, and there was good steering aperture throughout the system. This allowed checks of the longitudinal transfer function from linac to wiggler (M55) which indicated the accelerator is properly bunching the beam and the RF curvature is properly compensated. In addition, the observed bunch length is consistently fairly short - in the 350 fsec range (FWHM) with strong THz enhancement visible downstream of the compression - indicating we are producing adequate peak current for lasing.


Given the good control of spot sizes, good transmission and aperture, and short bunch with small momentum spread, we moved forward on Thursday and calibrated the beam loss monitors used by the machine protection system during high power running. Once completed, we were able to run CW beam with ~60 pC/bunch at up to 18 MHz - roughly 1 mA - with good stability.  This setup was saved and used Friday as the operations file for machine studies (in progress as of the time of this report). 


Though limited by numerous hardware issues driven by extremely hot weather (local temperatures were in the high 90s through most of this week, having exceeded 100 F over the weekend), this progress takes us to a reasonable point to install the wiggler chamber and diagnostics over the next several days and to move forward toward first UV lasing despite only extremely limited (a few 10s of hours) run time on this new beamline.

Injector Weekly:  The quantum efficiency of the GaAs photocathode was replenished today by recesiation, exactly one month since the GaAs was activated into a NEA photocathode.  The recesiation improved the Quantum Efficiency from 0.8% to 3.3%. On Thursday the DC photocathode gun operating at nominal 325kV delivered 1.25 Coulombs at 1 mA CW with ~60 pC per bunch for UV FEL operations. 

While we continued collaborations with the JLab Polarized Source Group in field emission studies for Nb electrodes, it was discovered that the current-limiting resistor chain had one resistor blown up in half inside the oil tank.  Once the resistor is replaced some of the field emission tests will be repeated. 

We have prepared pre-proposals answering DOE's call on the Early Career Research Program, which are being reviewed internally at JLab prior to final submission.

Instrumentation and Control:  The application for PZT mirror controls have been completed and are now in EPICS.  There is a PZT to u radian scale and offset conversion in the applications that assumes zero at PZT midpoint.  The next step is to create an application to allow the mirror position read-back to have a floating zero point.  Also, the save and restore functionality for mirror change outs will need to be completed.  The psudeo code and flow charting has been written for this and all that’s left is to implement an EPICS sequencer.  The internals for the PLC box used to display various optics read backs in EPICS has been finished.  The box is awaiting programming and EPICS setup.  Four optics waterflow analog read back boxes are in the process being wired up for install next week.  The limit switch wiring harnesses for the optical diagnostics cross has been finished and are ready for next week.


Commissioning of the UV optics software once again revealed issues with the legacy IR line.  The code base for the IR optics was modified to be used with the IR and UV lines.  The required patches for the software were implemented and installed, followed by rigorous testing.  The system as a whole was tested and blessed by the optics group.  The optics screens for the UV line were created.  The optics group has approved the screen updates.  The UV wiggler software is in place and ready for commissioning to begin next week.  The gap calculations were verified.  The RS232 cabling from the IOC to the UV wiggler control box is installed and terminated.

 
Initial testing of the RF heater control for FL03 has been very successful.  This was accomplished by running the control loops in parallel with the machine.  As RF trips occurred, proper response from the heaters was seen.  We are coordinating the change over to the individual heaters in preparation of the next run.  The Cryo group will review the systems control loops today.

 
Now that the UV BLMs have been properly calibrated, the screens and software are being updated to use the new set points.

Electron Beam Transport:

UV 

• the wiggler chamber welding continues and is scheduled to be completed by Aug 2. 


• Machining has been completed on the wiggler BPM flanges.  Some additional machining must be performed on the flanges to render them flexible flanges.  The flanges should be welded to the BPM bodies early next week. 

• Jacob designed the “Y” flag wedge for the wiggler chamber’s center viewer.  They are to be machined by Aug 9. . 

• Jacob designed an adjustable v-block system to support the OCMMS cookie cutters in the final installation. They are scheduled for fabrication completion early next week. 


• Matt designed the BPM button e-beam welding fixtures along with new buttons. 


• Bubba created the indium sheets for the cookie cutter assemblies. 


• The OCMMS bellows shielding tubes have been welded and UHV cleaned. 


• The OCMMS bellows were scheduled to ship from the vendor July 29. 


• Two push blocks were designed and fabricated to be installed on the wiggler chamber surface plate to enable adjustment of the chamber mounts along the Z axis.  Four tapped holes were added to the wiggler chamber mount surface plate to mount the push blocks. 


Optics: This week we successfully conditioned both the UV HR and OC lead screws using the EPICS screens.  We were also able to input the offset values for each of the optics and test their positions.  We left the OC in position 4 which is an open position to allow THz transmission during CW commissioning.  During the week we developed a plan for completing the Optics tasks and for the installation and survey of the UV wiggler chamber.
Lasers and Optical Diagnostics:  With only a short interruption in machine operations, we finished a measurement of the reduction of the ghost pulse content in the beam current.  The result shows good agreement with our previous measurement on the drive laser pulses.  We also helped with the machine operation throughout the week.  All the components for the UV diagnostics are being put together for installation next week.  We finished a round of high power mirror tests for the Physics Division and are analyzing the result.  We participated in a discussion and provided technical advice to the SRF group for their laser diagnostic project. Discussion with the UMD diagnostics project continues and the preliminary optical design is under evaluation. We discussed with our university collaborators possible proposals to improve laser and synchronization systems for current and future machines. Papers for the FEL conferences are being drafted.

Terahertz:  The beamline that Scott Madaras built to bring the beam from the sample chamber out to the LHe cooled bolometer was leak checked this week.  We found that we needed to clean the o‑rings on the adjuster feedthroughs for the steering of the in‑vacuum focusing mirror.  Once that cleaning was completed, no more leaks were found and the baseline vacuum continues to improve as the newly assembled parts outgas.
We also ordered parts for a base to elevate the bolometer to the beamline height.  Once those parts arrive, we will fabricate the base and perform a test connection of the bolometer to the beamline.

This week, Scott also performed more calculations to look at the interference effects of the transmission at several THz frequencies within our spectral range through windows of varying thicknesses.  Using literature values for the optical constants, Scott’s model clearly shows the constructive and destructive interference due to multiple reflections within the window material.  Using these results, we have settled on a set of window thicknesses for fabrication and testing.  We will have windows machined from several raw materials (various polyethylene and Teflon materials) and perform actual transmission measurements on each window.

Lab 4:  With the help of the Computer Center, we have upgraded the operating system on the LMES PC that performs all of the LabView, SolidWorks, and MasterCAM functions.  The OS was no longer supported, so the Computer Center performed a backup of the PC before reformatting and rebuilding the system.  There are some software components that we will need to reinstall ourselves, and we will begin that work and the testing of these systems next week.
Lab 5:  We needed to spend as much of this week performing functional tests on all of the PLD systems following the shutdown caused by the ruptured cooling water line last week.  A few control functions are not operating properly and there is one software interlock control that is not changing state.  These issues create problems for some of the automatic functions of the vacuum system and for the shutter covering the substrate stage.  The substrate shutter can be actuated manually, and the vacuum system performs properly under manual control, so we have been completing these operations manually.
The flow control and pressure control systems do function properly once the system is under vacuum, so Raja was able to continue making PLD runs depositing NbN films by ablating pure Nb targets in a N atmosphere.  He made several deposition runs, varying the N pressure and laser fluence for each.  All of these depositions were made onto room temperature substrates of Nb and Cu.  We have not yet had a chance to test the substrate heater stage since the water line break occurred.  Those tests should proceed next week.

Towards the end of the week, Raja changed from the Nb targets to the polymer targets (polystyrene and COC) used by Richard Haglund’s group from Vanderbilt.  The intention is to characterize the PLD films deposited using an off‑resonance laser line (HIPPO 1064 nm) as compared to the films deposited using the FEL tuned to the vibrational resonance at 3.4 m.  We have previously demonstrated that the PLD deposition of organics using the FEL produces films of excellent quality and with the full polymer structure remaining intact.  The analysis of the polymer films deposited using the HIPPO 1064 nm will begin today to determine if more depositions need to be made.  Raja will characterize the film morphology, thickness, and most importantly, look for any breaking of the polymer structure due to the off‑resonance laser heating.







