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Highlights:  The machine lased well in the UV this week, allowing us to continue characterizing the VUV third harmonic output.  Michelle Shinn and Steve Benson presented a colloquium to the laboratory on the history and performance of the UV-FEL, and it was very well received.

Management:  We hosted a delegation from China and were involved in a number of lab related safety and budget meetings this week.
Operations:  Supported multiple experiments related to characterizing the harmonics out coupled from the FEL.  Monday, a separate set of cables was installed to the VUV diode so we could use the diode's grid as a collector.  By varying the bias voltage we could look for the presence of photoemission from 5th harmonic photons (at ~74nm).  The results of the experiment were not conclusive within the S/N of the apparatus, but will guide us in looking at modifications for a better measurement.  At the conclusion of beam operations on Monday, a vacuum window transparent at the fundamental wavelength was installed on the straight through flange at the rear of the VUV chamber and a power meter was installed beyond that.  The goal was to allow us to measure fundamental power with fewer optical elements in the path and then cross correlate that to the value measured in the optical diagnostic hutch.  That correlation factor then could be used to achieve a more accurate comparison of the power in the third harmonic measured on the VUV diode and the fundamental power measured in the diagnostic hutch.  On Tuesday, measurements were made but difficulties were encountered in optimizing the lasing of the FEL.  The low ratio of the third harmonic to fundamental power measured is likely related to these difficulties.  A very nice image of the diffraction pattern produced by the hole in the fundamental was also taken.  On Wednesday, a 124 nm pass band optical filter was installed upstream of the VUV chamber in order to allow imaging of the 10 eV transverse profile on the sodium salicylate coated viewer and the Ce:YAG viewer in the VUV chamber.  Thursday after the chamber was back under vacuum, images of the 10 eV profile were taken.  Further analysis of the images will be needed for a definitive profile, but 10 eV light was imaged on the viewer.  Friday the machine was opened for vacuum installation work.

Injector:  In the GTS, the leak in the ceramic was found to be a large punch through about 8” from the ground end. This was repaired and the vacuum recovered well. With the gun tank removed we took the opportunity to characterize the power supply current drawn as a function of voltage. We then experimented with measuring the resistance of the ceramic as a function of voltage by removing the conditioning resistor and replacing it with a wire and current meter in series. It was found that the ceramic was much more resistive than expected, being in the hundred GOhm region at 150kV.
Beam Physics:

JLAMP-n (n=1,2,... X):  There is some content to the section heading, but we're not ready to present it, yet. Please stay tuned.

Joe Bisognano asked a very interesting question during his visit last week.  Roughly, he wanted to know how quantum excitation - and thus recirculator radius (and thereby accelerator cost) depends on energy.  Emittance growth due to incoherent synchrotron radiation in transport lines was evaluated years ago for SLC and thereafter for CEBAF; it was found that the strongest constraint is typically the transverse emittance, the growth of which scales like <H>(E5/rho2), where <H> is a conglomeration of lattice parameters that defines the sensitivity of emittance to incoherent emission.  To push an FEL to a specific wavelength, this emittance growth has to be limited - typically well less than lamba/(4*pi).  Given that the FEL wavelength (for a specific wiggler design - which will generally be pushed about as hard as it can be to control cost) goes like 1/E2, this means that the radius will scale like <H>E7. 

The footprint of a recirculated FEL driver therefore may go up very rapidly with energy: rho~ E3.5 if <H> is radius independent.  This, however, is not the case.  Low-emittance ring lattices typically manage <H> by reducing both dispersion and beam envelopes in the bends (so as to keep both excitation and radiation source size down); if the bend radius is increased and the overall footprint and lattice functions kept constant, <H> will fall at least linearly with radius.  In this case, rescaling for a specific wavelength will be rho ~ E^(7/3).  Transport lines - and ERL lattices - however - do not have damping to "cool" the phase space, so the optimum behavior may lie elsewhere as the damping partition functions do not enter the optimization: only the excitation is of concern.  CEBAF, for example, was constrained by its multipass geometry and its need to manage momentum compaction.  As a result, <H>~rho (see, e.g., York and Douglas, “Optics of the CEBAF CW Superconducting Accelerator,” PAC87, and the radius needed to limit excitation for a specific wavelength rises dramatically as wavelength falls.  Conversely, a short-pitch, highly periodic FODO arc such as those used in the SLC can provide very a low <H>, scaling only as 1/rho2 (see Kheifets et al, "Beam Optical Design and Studies of hte SLC Arcs", SLAC-PUB-4013, June 1986).  In this case, the rho required to reach a specific wavelength will scale only as E^(7/4) and the machine footprint can be much smaller than for a CEBAF-style arc.  This provides some reassurance that draft JLAMP recirculator designs using FODO arcs are not unreasonable, and that an arc of modest footprint can recirculate high enough energy to reach kV-scale x-ray production without undue cost. 

Electron Beam Transport:  
UV :
·         Began assembling one of the new wiggler viewer actuator assemblies for testing.

·         Wrote the wiggler chamber end flange rework procedure for machine shop guidance.

·         Designed a hole transfer plate to be used for the viewer actuator assembly mounting hole locations.

Instrumentation and Control:      The first part of this week was spent supporting operations and running the machine for VUV data collection.  In order to setup the experiment for this, we worked to install a couple of cables and also reconfigure the setup to provide us with more flexibility and easier access to the system signals. 
   

Other efforts this week were spent working in the GTS to increase the control chassis read back range to match the drive voltage range.  Now we can monitor the voltage read back to the limit that the power supply can produce.    The Gun control screens needed to be reworked for several tests that were being performed in the GTS.  Time was allotted to sort out several of the controls "features" that were unclear as to their function.   In addition, the control screens were set up in a way to help prevent confusion on those important systems in the future. 

Due to our constantly evolving systems, the Machine Protection System (MPS) often requires interlock inputs from devices to be masked to allow for ongoing installation or hardware repair.  The ability to mask interlocks was revamped to provide operators and system owners easy access and concise controls.  New screens were implemented to allow Operations to set a mask but the mask configuration inputs were moved to an expert screen.  This feature is key to the safety of our machine and our continued success in operations.  Effort continued with the UV vacuum transport crate. Cards were gathered for all the necessary devices and crate interconnections began. 

The issues that we have been seeing on several IOCs seem to be resolved.  The problems were ongoing and difficult to identify because each IOC had a different, unrelated issue.  All control IOC's have been operational with zero down time since the scheduled power outage on November 22.

Lasers and Optical Diagnostics:  This week we supported UV FEL operations by serving shift duty for operations.  We also provided optics support for FEL operations by measuring the spectral transmittance of viewports and filters intended for the 10eV photon experiment this week.  The repaired DL mechanical shutter controller was received from the vendor and installed this week.  However, we noticed a macro-pulse gating issue that doesn't seem to stem from either the controllers or the mechanical shutters.  We are currently investigating the matter together with the Instrumentation and Control group.  We also attended a JLab colloquium given by FEL scientists outlining the characterization and operation of the recently commissioned UV FEL machine.  We continued to prepare for the class materials for USPAS.  We assisted a tour at FEL for a delegate from a Chinese University and College of Williams & Mary.
UV and IR FEL Modeling and Simulation:  Modeling the 400nm UV FEL results using Genesis/OPC continues with an emphasis in checking for agreement with other codes.  Some discrepancies between it and the NPS-developed code were resolved, and they are now in very good agreement, even though the NPS code has something of an artifice in terms of how it deals with a 2 mirror cavity with the wiggler offset from the cavity center. 
UV FEL:  The Operations section earlier in this report provides a good summary of the activities this week.  We made careful measurements of the mode sizes on each mirror as well as the mode patterns at the VUV assembly chamber downstream of the optical cavity.  These will provide input to the Genesis/OPC models to update the predictions of the performance and anticipated mode profiles.  It will also give us a sense of how much more power we could make once we have mirrors where we can set the Rayleigh range to the correct value.   We ran CW and found that we could not steer the optical mode onto the hole because the longish Rayleigh range and some mirror heating made the mode too small.  Given these limitations, we measured a photocurrent of 4.1 =/- 0.1 uA, almost 10X more than when we ran pulsed at ~ 1.5% duty cycle.

JTO:  We received word that the Er-fiber laser will be shipped before Christmas.  Preparations are underway to incorporate it into the laser safety system.  Ancillary hardware is being specified to do absorption measurements on the patterned optics UNC-Charlotte (UNCC) are making.    A telecom was held with the UNCC co-PIs and they expressed interest in participating in these measurements.

Terahertz:  

Lab 4:  We met with Shukui earlier this week to get the specifications for the diameter and divergence of the beam exiting the doubling assembly that he has designed for bringing FEL beam into the LMES.  Shukui’s design will double the 700 nm FEL beam, producing a collimated 350 nm beam at the exit, and will also reject the remaining 700 nm fundamental.  For the expected input FEL beam diameter, Shukui has designed the output diameter to be about 5 mm.  This falls just within our limiting aperture, which we have determined to be the mechanical shutter just upstream of the final objective on the LMES.  We are concerned though that this provides no margin if the FEL beam into the doubler is larger than expected, so we are designing a telescope to demagnify the doubled beam downstream.  We are looking to construct a zoom telescope so that we can adjust the demagnification factor according to the actual beam parameters.
We have also checked the performance of the optics installed in the 355 nm line of the LMES.  All of the mirror coatings in the LMES transport will have good performance at 350 nm.  The objective lens is not AR coated and should exhibit only a very slight reduction in transmission from 355 nm.

In addition to the performance of the optics, we also needed to make certain that the response of the Forturan glass is acceptable at 350 nm.  Here we are slightly better off since we are closer to the 318 nm absorption resonance of the Ce3+ dopant.

Lab 5:  Raja Singaravelu returned this week from working with Richard Haglund’s group at Vanderbilt University.  Using different laser systems in their labs, Raja performed film depositions of several polymer materials which will be compared with those made using the FEL tuned to the C-H stretch around 3.4 m.  We spent some time this week reviewing that work and where Raja is on the Nb laser nitriding and Nb laser surface smoothing work that he will resume now.
