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Highlights:  We continue to make progress toward UV lasing though issues with the wiggler chamber welding have led to a slip to the third week of August for first try at oscillation.  We did complete the optics installation and have verified that instrumentation works properly.  We hosted a visit by two DoE Basic Energy Sciences program managers for a tour of the FEL and discussions on accelerator R&D.
Management:  We briefed Pedro Montano and Eliane Lessner of DoE BES on the accelerator and optics R&D activities at JLab to help plan our future DoE efforts.

Efforts at the Lab focused on preparing for a major DoE Operations Review at JLab next week.

We reviewed technology transfer activities at JLab with management of the Federal Reserve Bank of Richmond who were visiting the area.
Operations:  No beam operations occurred this week.  Due to installation issues (see Jim Coleman’s report), the Operations schedule has been revised to restart operations on July 22nd for a week to further the accelerator setup.  We plan to set up a 6% solution allowing M55 measurements and potential lasing when the wiggler chamber is installed.  We anticipate shutdown of accelerator operations on Wednesday, July 28th to install the wiggler chamber.  Accelerator operations are scheduled to resume on August 3rd and continue until successful UV lasing is achieved.

Beam Dynamics:  We believe we have resolved an ongoing mystery related to beam steering and focusing in the recirculator.  For some time, we have observed that steering with the combined function GC/QT trims results in a “pinwheeling” of the beam downstream of the first recirculation arc: as the beam is steered it behaves as though it is going through a skew quadrupole.
This effect was sufficiently dramatic that Jim Coleman and George Biallas examined the first arc trim quad/steerers to search for electrical faults and/or stray magnetic material – with no obvious errors found. In parallel, we reviewed potential lattice effects to determine if, instead of a problem, we were looking a “feature.”  Bates bends use symmetry and fairly strong focusing to control the electron beam six dimensionally and to suppress aberrations over large aperture – but in doing so tend to present a limited number of rather strong aberrations. In particular, the aberrations characterized by the TRANSPORT expansion coefficients T116, T126, T226, T336, T346, and T446  are readily observable if the beam is not well steered and the momentum not properly set. In particular, if the beam is steered vertically and has finite momentum spread, it will present “skew like” features when observed at locations with horizontal dispersion.

Figures 1 and 2 present simulations illustrating these effects, and match very closely the behavior of the beam as observed in the machine. Figure 1 shows a simulation of the effect of steering the beam at the front end of the recirculator and observing it on the synchrotron light monitor in the center of the first 180o dipole; Figure 2 shows a calculation of the same effect when steering with the first QT/GC combination and looking at a beam viewer at the high dispersion point of the UV bypass. In both cases, the plots show tracking of beam from injector to observation point and give spatial (x, y) images, and match almost exactly the behavior observed at these locations. 
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Figure 1: Simulated beam spot (x, y) at SLM2F08 (center of first pi-bend) for three cases of 

vertical steering (up, down, null) at 2F01 (first corrector in recirculator). Scales in (m).
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Figure 2: Simulated beam spot (x, y) at ITV6F03 (high dispersion point in UV bypass) for three cases of 
vertical steering (up, null, down) at GC2F08 (the first combined function steer/trim quad).  Scales in (m)
This analysis serves three important purposes.  Firstly, it indicates the hardware in question is in fact operating properly (never mind….).  Secondly, it provides confirmation of our machine modeling.  Finally, it gives a diagnostic that the machine is correctly steered (it’s not a problem, it’s an opportunity!): the beam will be level at these observation points if it is in the magnetic midplane of the upstream magnets. 

As a portion of the analysis, we were also able to review and revise our machine steering procedure.  We noted – after being properly educated by discussions with George Biallas – that the combined function trims are aligned to center the quadrupole field on the machine midplane with the steering off.  The vertical steering is provided by biasing this field to move the quad enter vertically; thus, to use the magnet as a fiducial one must turn the steering off before centering in the quadrupole field.  Otherwise, the beam will be steered to a location displaced from the machine midplane – leading to aggravation of aberration driven effects (as often observed during machine operations, where we did not turn the steering off before quad centering).
Instrumentation and Control:  Two mirrors were installed in each UV can by the optics group.  The x and y PZT steering for each mirror was checked and works well.  This is the first time the full range of the PZT steering of these optics were verified with a retro reflection and is a significant milestone.  All of the wiring for the mirror control chassis has been completed.  Controls cabling for the ultraviewers, diagnostic cross, and diagnostics table were installed into the vault.  Terminations and testing for these controls should be finished early next week.  Controls of the ultraviewer pico motors, ND filters, and aperture were completed.   

The IR optics controls are being duplicated as much as possible from the IR line for the UV HR and OC.  The three stepper motors in the UV system have been assigned and checked out.  The processes that make the controls easy for operators still need to be installed and tested.  That code will handle making adjustments in cavity length and translation of the mirror cassettes to new mirror sets.  There are still a lot of screens that need to be developed for the UV optics system.  We are working with the optics group to define which screens are needed in the next week or two for testing their systems.  
The EPICS software for the UV BPMs was completed this week.  The offsets were renamed to match the existing systems.  The x, y, and offset data were added to the All-Saves and IOC saves.  The scripts required for setting the offsets were written, installed, tested and the relative BPM values were set correctly.  The GUI that is used for BURT was modified to expand the UV magnets into separate menus respective to the regions.  The snapfiles were modified to breakout the UV magnets lists into several different files.  This is consistent with all existing systems.  As a result, the existing UV All-Saves were modified so that they could be restored correctly and will be transparent to the operators.  With the addition of the ThZ dump installed into the UV OTS, the fast valve controller was modified to allow compatibility with the existing UV vacuum configuration, and the vacuum crate is being configured to support the valve.
UV FEL Beam Diagnostics:  The relocated OTR viewer in front of the UV wiggler was aligned.  We have been in extensive conversation with the manufacturer of the SMA feed though used in the button BPMs on both sides of the UV wiggler.  We need to get replacements for ten feed throughs which we had for the BPMs which also were made unusable by the shop which was working on welding the buttons to the central pin of the feed through.  We are currently searching for an RF LNA to be used with the button BPMs to increase their signal level such that we can use them with our new Log-amp BPM electronics.

FERMI@Elettra Commissioning:  P. Evtushenko spent the previous two weeks at the FERMI@Elettra in Trieste helping with commissioning of the new facility.  While there he was helping with our consulting on:  beam size measurements using YAG and OTR viewers, bunch charge measurements with the fast current transformers, transverse emittance measurements using the quadrupole scan method and its error analysis.  He also was helping extensively with aligning the optical transport system for the bunch length measurements utilizing Cherenkov radiation right down stream of the electron gun.  They also ran beam for one shift to improve the alignment with the beam and have made the bunch length measurements.  Overall, it was very interesting, productive as well as an educational visit.  While at FERMI he also gave a seminar about our JLAMP proposal which was taken with great interest and a lot of questions.  We have agreed with the FERMI commissioning team that we keep collaboration in the field of data analysis of the beam measurements and beam diagnostics. 
Electron Beam Transport:
Update on the temporary UV wiggler region installation:

The components of the three spool pieces have been fabricated and are to be welded tomorrow afternoon.
The 6" bellows has arrived and has been cleaned.
The OCMMS and cookie cutter assembly should be started and completed tomorrow.
The OCMMS and chamber stands have been installed along with the OCMMS surface plates.
It was discovered that there is a clearance issue between the wiggler jaw dial indicators and the chamber surface plate.  The plate will be taken to the machine shop to have some material removed to compensate.

The viewer pedestal 6F16 has been reinstalled and aligned upstream of the wiggler pit.  

Update on wiggler chamber:

All viewer and viewport tubes are currently being welded to the chamber.  The kink that developed earlier appears to be diminishing as the tubes are being welded on the opposite side of the strongback.

The welder feels that as long as no more setbacks occur, the chamber welding could be completed by the end of next week.
Optics:  This week we installed and aligned the 400 and 700nm optics in both the HR and OC.  The HR is currently pumping down and with any luck we will be able to turn on the ion pumps by the end of the day.  The OC is under a N2 purge that will be terminated Monday.  Both optics were installed in the diagnostic cross and that section is pumped down and on ion pumps   The OC ultraviewer was also re-aligned this week.
Lasers and Optical Diagnostics:  This week we successfully installed vibration damping and isolation into the mechanical shutter system.  Test shows substantial reduction of the noisy modulation on the laser phase signal, especially at higher repetition rate.  We also investigated an issue observed recently with a relay card and drive laser oscillator controller.  The relay card is apparently failing which is causing issues with the EPICS controls over the ADL.  The repair and replacement have been scheduled by instrumentation group.  A new Pockels cell power supply was also successfully tested.  This week we began the installation of the components for the UV FEL optical diagnostics, ordered remaining items necessary for the diagnostics, and discussed the necessary EPICS controls for the UV FEL optical diagnostics.  We joined the discussion with a group from UMD and are preparing to modify an existing optical transport for the proposed beam halo measurement.  In preparation for the planned mirror test, a pump laser has been certified in user lab and checked out for operation.
UV FEL and FEL Modeling and Simulation:  As mentioned earlier, a portion of the UV FEL optical transport optics arrived and we selected a subset to be used in first light operations.  The optical diagnostics are coming together and the Optics group has added another diagnostic viewport so the harmonic profiles can be measured.  We also have drift distances so a simple lens system can be fashioned.  We will install the basic parts next week.

We’re also working with optics vendors on the procedure for fabricating a hole (for VUV harmonics) outcoupler that minimizes some of the losses (absorption and scattering) encountered with our first attempts several years ago. 

The benchmarking of the edge-outcoupled FEL measurements with “4D” (three spatial coordinates plus time) calculations continues.  So far, Medusa/OPC continues to calculate too much gain and outcoupling compared to experiment.
Terahertz:  Scott Madaras continues to test and refine his program for calculating the THz transmission through a slab window accounting for all reflective and absorptive losses.  He has found experimental data for complex index of refraction of several candidate window materials, and is inputting and testing that data in the model.  Currently, his model performs the calculations through an Excel spreadsheet, but he is also looking at recoding the model in LabView or Mathematica, which may give us a better user interface and potentially be more streamlined for future development.
Today, we will begin designing the experimental layout for performing the measurements on the candidate windows for the THz calorimeter.  We plan to couple the LHe cooled bolometer to the sample chamber and use the thermal globar source for these measurements since the machine is currently configured for UV FEL operations and cannot deliver THz into the hutch.  The beam from the globar will pass through the FTIR spectrometer, through the sample chamber, and out to the bolometer.  The entire beam path will be under vacuum, and we will measure the transmission of each window placed at a beam focus and at a collimated beam location.  Much of the setup is already in place, but we will need to design and construct a beamline and focusing optics from the sample chamber to the bolometer.

In conjunction with the window measurements, we also plan to perform more THz transmission tests of the diamond anvil cell (DAC) while the bolometer is cooled down.  The plan will be to align the existing DAC fixture at the sample location where the beam comes to a focus.  One limitation is the fact that the optics of the sample chamber are not an ideal match to the f/# of the Winston cones used to couple the beam into and out of the DAC, so there may be some loss.  It will be important though to utilize the time with the cooled bolometer to try and gain more understanding of the THz transmission through the DAC.

Lab 5:  On Monday, we recertified User Lab 5 for operation of the HIPPO 1064 nm fundamental output.  All tests passed without a problem, and Raja has already aligned the beam through his beam expansion telescope, through the optical column of the PLD chamber, and onto the target.  By the end of the week, he had also completed a beam profile of the focus at the target surface.  We used the same knife-edge technique we had employed for measuring the FEL beam focus for the Vanderbilt group in May.  The measured beam profile was expected to be 80 m and was measured to be 77 m, so we are satisfied with the result.
Today, Raja will begin setting up the PLD chamber and the control software to perform the first set of tests.  These will be aimed at characterizing the accuracy of the computational model used to predict the temperature rise from the incident laser pulse.  For these tests, Raja will vary the fluence at the target surface to span a range expected to cross both the melting and boiling threshold.  He will then analyze the surface of the laser treated samples for smoothing (melting) and ablation (boiling) and compare these fluence thresholds to the calculated values found with the model.  It should be noted that this set of tests will be performed in vacuum since the computational model does not account for the effect of the ambient nitrogen atmosphere that is present during the laser nitriding tests.  Raja will resume the laser nitriding tests once this threshold study is complete.







