MEMORANDUM 
To:
Distribution 

From:
F. Dylla

Subject:
FEL Upgrade Project Weekly Brief – January 12-16, 2004

Date:
January 16, 2004

Highlights:

Our eyes are on the project review coming up in two weeks (Jan.29-30) during which we have the opportunity to present to our esteemed review panel our assessment of the FEL Upgrade commissioning and the remaining tasks to achieve 10 kW of cw power.  We continue to make progress toward fully characterizing the injector/accelerator.   To date the accelerator has been run at the design energy (80 MeV), design peak current (135 pC), 40 % of the design average current (4 mA), a transverse emittance (15 mm-mrad) that exceeds the design goal by a factor

of two, an energy spread at the design goal (0.3%), and  a bunch length (800fs) that is within a factor of two of the design point (500fs).  With some modifications that were made to our 10 mA dc gun power supply this week, we should be able to push the accelerator average current to the design point during commissioning tests in next two weeks.   Optimal lasing at the two trial wavelengths will then be limited by two issues: (1) the power handling capability of outcoupling optics and minor tweaks in lasing efficiency by further refinement of the bunch length.

This week we hosted a visit from a group of master opticians from the Navy’s China Lake laboratory and the AFRL at Kirtland AFB. This group reviewed our present activities and near term plans for developing, testing and using optical coatings and substrates for lasing at 1-10 microns and agreed with our assessments and planned approaches for dealing with thermal issues.  A report will be forthcoming.

New 6 micron optics are being installed today, and we will resume FEL commissioning on Monday with the new optics, a freshly re-cesiated photocathode with 5% quantum efficiency

and a tweaked gun power supply. 

NOTE: HOLD THESE DATES:

The next (tri-services) semiannual project review of the FEL Upgrade will be held at Jefferson Lab on Jan. 29-30, 2004.

The 2004 FEL Users/Laser Processing Consortium Workshop will be held at Jefferson Lab on March 10-11, 2004.

Commissioning:    (Steve Benson and Dave Douglas)

During the past week we substantially improved the transverse match in the accelerator.  In the process we improved the transverse emittance to near the design goal of 15 mm-mrad (this is half of the emittance specification for the laser).  The energy spread is also at the design goal of 0.3%.  Finally, we made progress in understanding the coupling between transverse and longitudinal matches in the injector.  This should allow us to improve on the one electron beam parameter not presently meeting its design value—the bunch length.  The design bunch length is 0.5 psec and the measurement indicates that it is 800 fsec long.  All other parameters meet or exceed their design values.

On Friday, January 9 we spent the day exploring the discrepancies between our PARMELA model and the machine performance.  One big area of discrepancy was the match from the injector to the linac.  Our spreadsheet model of the machine can be used to back-propagate the beam envelopes from the measured beam sizes in the linac.  We found that this model showed that the beam exiting the cryounit was converging.  PARMELA predicted that the beam should be diverging.  We therefore turned off all the injector quadrupoles and measured the spot size vs. position in the injector line.  It showed that the beam was, in fact, converging.  We also measured the strength of the injector quadrupoles using point-to-point imaging and found that they are as strong as EPICs indicates.  Since a converging beam makes matching to the linac quite difficult and since the first cryounit cavity was run 3 degrees off crest to reduce the divergence of the electron beam, we decided to run the first cavity on crest and then match the resulting beam to the linac.  This worked quite well and we got the best match to the linac we have obtained to date.  With this match the emittance growth in the system was greatly reduced and an edge (whole beam) emittance of 64 mm-mrad was found (see below for details of this measurement; an upper limit for rms emittance would be a factor of four lower).  This is getting close to the PARMELA value.

Though the emittance was better with the new match, the longitudinal match seemed only slightly better.  The energy spread was close to the design value but the longitudinal distribution at the linac entrance was not upright as in the design.  The laser performance was improved with the new injection optics however and we obtained 1150 W pulsed with 1.25 mA of pulsed beam.  This is close to 1300 W extracted from the electron beam assuming 1% extraneous cavity losses.  We then obtained 280 W CW with 500 microamps of beam.  The detuning curve was 20% longer than previously (an indication of higher gain). We tried to make a gain measurement but our cathode quantum efficiency had decayed to the point where we could only run 100 pC. [Note: in the 1 kW Demo days we would dream of pushing above 60-80 pC]. The measured gain with 100 pC was the same as it was previously with 135 pC to within measurement error.  

While we were down for the planned work on the high voltage power supply (see WBS 4 below) and for a heat cleaning of the cathode, we looked at possible reasons for the skewed longitudinal distribution at the linac entrance.  Carlos found that the upright distributions seen in the past in PARMELA simulations were done with stronger focusing at the cryounit entrance.  With this key bit of knowledge we realized that we need to increase the space charge forces in the injection line rather then decreasing them as we have in the past couple of months.  The increased space charge force produces the correct longitudinal distribution for bunching in the injection chicane.  With a weakly focused beam the tilt on the bunch at the end of the first cryounit cavity is too small and the f56 of the beam ends up being too large for the injection chicane.  The energy spread and bunch length end up being too large to produce the design beam for the FEL.  We intend to test out this hypothesis next week.

Difference Orbit and Emittance Measurements

Numerous individual correctors were shifted by order 100 g-cm from nominal values to drive betatron oscillations through the system. The displacements in x & y of 60 distinct “difference” orbits thus generated were measured using 30 BPMs, providing a total of 3600 data points to which modeled quadrupole strengths were adjusted so as to match predicted behavior with the observed. A typical orbit, after compensation, is shown in Figure 1. This process indicates the actual quadrupole gradient integrals differ from the EPICS setpoints by an rms value of ~60 g.

Figure 1: Sample orbit following correction of quad excitations.
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After evaluation of difference orbit data, the machine model accurately predicts the focusing forces experienced by the beam and can be used to evaluate emittances and spot sizes. Horizontal and vertical spot sizes were therefore measured from edge to edge on each of 26 viewers and injected beam envelopes and emittances were forward propagated and fit to the measured data.  The observed and predicted spot sizes are presented in Figure 2. 

These data correspond to injected normalized “emittances” of ~16 mm-mrad in both transverse planes at 135 pC. It should be noted that these values are in fact defined to be a quarter of the envelope emittance – enclosing the complete beam – and thus should not be interpreted as characterizing the more commonly specified rms emittance value. In point of fact, the stated emittance values are likely not only significantly larger than the rms emittances because they include all the beam, but will, moreover (because of the presence of residual x/y coupling, inclusion of beam tails in the measured spots, and over-saturation of viewers and camera images), include volumes of phase space that have no beam in them whatsoever!  They simply give the minimum phase space area within which the entire observable beam resides.

Figure 2: Propagated (lines) and observed (points) spot sizes 
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Management:

We finalized our negotiations with the ONR program office and the FEL review panel on the agenda for the Jan. 29-30 semiannual review and distributed this agenda to all known review participants today.  In addition to our traditional review panel and DOE, ONR and AFRL project management, the review will be attended by observers from NAVSEA, NRL, NPS, SURA and Jefferson Lab’s Maritime Technical Advisory Committee.

We began our preparations for the presentations and back-up documentation that will be presented to the review panel.

Project monthly reports for December 2003 for our JTO funded projects were completed and distributed to the JTO Program Office.  The biweekly financial report for Dec. 16-31 was completed and distributed to the DOE and ONR program offices.

We have an identified a novel means of commissioning the 3rd cryomodule in the FEL vault parallel to the existing 2-cryomodule beamline that would allow concurrent FEL and 3rd cryomodule commissioning. (See WBS 5 below.)

WBS 4 (Injector):

This week we made a new cathode with 5.4% QE. This is the fifth time we make a new cathode on the GaAs wafer installed back in June 2003. The previous cathode (made on September 2003) delivered a maximum of 4 mA CW current at full charge (135pC) for FEL operations. We make a new cathode after we can no longer obtain higher than ~3% QE after recesiation. The September cathode was recesiated 4 times. Making a new cathode involves wafer heat cleaning to remove all Cesium from the surface; once the wafer is back to room temperature, a fresh layer of Cesium is deposited. During a recesiation the cathode surface is just replenished with Cesium. Both processes are done under vacuum. 

GUN HVPS- On Wednesday two engineers from the gun power supply vendor (Glassman) worked on the oscillations observed when the power supply in operated in a two-stack mode without a current load (such as during pulsed operation). This mode allows 10 mA operation. They increased the current gap at which the second stack turns on, and tested successfully up to 310 kV with the power supply isolated from the Gun. On Thursday night we high voltage processed the new cathode with the power supply in the master stack only configuration.  We observed that the baseline current at zero volts shifted after the work done the day before. During the HV processing the current behaved differently as we had previously observed with the master stack only. Then, we turned the voltage off and reconnected the slave stack, but we could not turn on high voltage due to a fault in the HVPS chassis. Kevin Jordan found later a loose connector in the slave stack board. After fixing that problem, the baseline current returned to its original value and the current behavior was very similar to previously observed with one stack operation, with the typical one-stack oscillation in the same voltage range (297 to 307 kV). We did not see the characteristic two stack oscillations previously observed from 180 to 350 kV indicating that the problem may have been fixed, but won't know for sure until we put some load on the HVPS by running high current CW beam. This is planned for next week’s operations.
WBS 5 (SRF):

The third cryomodule is now close to completion. The cold mass has been inserted into the vacuum vessel and the final interconnections to the outside world are being made. The instrumentation and RF connections are being made through the "top hats". The external tuner mechanisms and vacuum bellows are being fitted and the cold to warm beam pipe transitions are being mounted on each end. All these tasks are proceeding in parallel. The last major tasks are fitting of the end cans, alignment, welding of the end can transitions and extensive leak checking. The module is expected to be rolled off the rail at the end of the month and delivered to the FEL vault the first week in February for installation alongside the beam line.

We have proposed a novel means of commissioning the third cryomodule that would allow

concurrent commissioning operations of the FEL to proceed in the present 2-cryomodule configuration. We plan to install the 3rd cryomdule slightly displaced from the existing beamline with extended U-tube connections to the He cryolines.  Several meetings have been held to examine this option and to date no show stoppers have been identified nor have any significant incremental costs been identified. This plan will presented to the FEL review committee at the end of the month.

WBS 8 (Instrumentation):

The remainder of the CAN Bus (48 digital I/O) Interface Boards are being populated.  The first of the Silicon Diode Thermometer Boards is almost ready for testing.  The front panels for these boards are on order and expected early next week. The corrected front panels for the Flipper Motor Control Chassis have been received and are ready for assembly.  Video Cross-Point Chassis are being assembled. The front and back panel drawings for these are nearly complete. 
   The framegrabber software lacks write permissions on the operational IOCs. To do it right, a meeting has been scheduled for Wednesday of next week with Al Grippo, Leon Clancy, & Anthony Cuffe. This will allow the framegrabber machine to have proper security spec and meet the requirements of the framegrabber. 
   With the knowledge that the software (ISA board that runs on Win95) for the THz machine was available, a new machine was prepared for the replacement. Gwyn is working with us to sort out the applicable driver for the card. Currently pcAnywhere is connected and working fine, but it's not finding the bench. 
   Successfully completed checkout of the attenuators at SLM2F08.  An additional Beamviewer chassis has been modified for the CANBUS interface and awaits testing before installation back into the viewer system. That takes us to 84 available channels. The Out Coupler interlock relays for the insertable dump and mirrors were installed and tested successfully.  Pre-fabrication on the internal wiring harnesses continued on the 9 video switcher chassis while we wait on delivery from the vendor of the front and back panels. 
  A test fixture to test the Silicon Diode Thermometer Boards (F0273) has been completed.  This will allow testing of the 50 boards, of which 16 will be used in the third cryomodule read backs. The prototype PCBs came in this week but there was an error on one of the surface mount part's footprints. This is still being built up with that component being dead bugged (leads up) so the design complete with the Programmable Gate Array (PGA) can be verified. The design of the backplane, which will provide all of the systems interconnections, is nearly complete.  The cables for the Optical Dump Temperature read backs have been installed and terminated.  This will allow temperature monitoring of the Water Inlet, Water Outlet, as well as the four quadrants of the Dump itself.

   A filter-purifier for the SF6 high voltage gas was purchased from the Enervac Company. The product is projected to be delivered within 1-2 weeks.  In addition, the filtering system needed a pump that is currently being decided upon. The inlet and outlet of the filtering system was also chosen, and appropriate spool pieces will be decided for the system.  The location of the main valves of the system has been decided on, and diagrams and AutoCAD drawings are being drafted. 
   A new PC has been set-up as a dedicated EPICS monitor whose screen output has 
been provided to the second online video server (http://felaxis02.jlab.org:1497). This is a 
permanent configuration. The purpose of this machine is to provide off-site users an easy way to 
monitor the most relevant EPICS variables of the day. Today we are broadcasting the voltage (kV) and current (mA) strip-graph for the high voltage power supply.  In addition to our new remote monitoring tool, the new video crosspoint chassis is being characterized (F0253). We are doing bandwidth tests and making cross-talk measurements on the proto-type in Lab 4.

WBS 9 (Transport):

Sextupole (SF) 
(
Drawing set has been corrected and is given to a reviewer for alternate review. 
Octupole (OT) 
(
New England Technicoil has completed the two cores, inspected and painted them. Their  quality was acceptable and they are notified to ship them. 
Operations 
(
 Screen programming for injector dipole hysteresis and cycle all magnets is still open. 
(
 Some magnet drawing files were transferred to the new Configuration Control Data Base System. 
(
 The question of strength of the QJ and QI quadrupoles of the Injector was resolved. The original measurements were correct. The quick in-the-field measurement was wrong. We are checking the calibration of the portable hall probe. 
Injector Beam Line 
(
In case the unaccounted for kick from the quarter cryomodule is not fixed, I am doing the preliminary magnet engineering to replace the existing injector correction suite with a set further upstream. The original correctors have some improvised elements of unknown pedigree. They succeed in redirecting the misdirected beam but do not redirect upstream enough for the beam to go through the multislits on axis.

WBS 11 (Optics):

This week we compressed several weeks work into one week (nothing new for long time readers of this report).  At the time this report was submitted, we have successfully completed all brazing operations for the two mirrors into their new holders, as well as for the new cooling tubes to connect them.  (Many thanks to Tom Elliott of the SRF Infrastructure Group for his hard work and advice.)  Metrology on the optics shows their mirror figure did not change as a result of the mounting.  These are the best results, in terms of appearance, that we've ever had.  Both mirror's ROC shortened by almost exactly 0.2 m; this may reflect a calibration error.  In any case, the 90% outcoupler is still in spec.  The 98" OC was an unused spare, and known to have a longer ROC than spec, but still quite usable, so we can observe the mirror figure while attaching the water lines.
  

We did several experiments, both on the test stand in User Lab 1, and on the 3" OC mirror itself while mounted in the cavity and under vacuum conditions.  The latter clearly shows an improvement when the water is drained from the cooling lines and replaced with atmospheric pressure nitrogen.  Also, having been given an opportunity to vent the entire beamline between the optical cavity mirrors, we observed that removing the water lines from the 3" OC with the original-style cooling configuration restored its figure. These two observations are the proof we needed that we've correctly identified the source of the aberration problem.   Still, we'd like to anchor our measurements with actual values of the torque for a given configuration.  This week's activities (and competing needs for common hardware) kept us from completing our comparison, but our measurements on the old configuration did not produce large torques.  More work to be done in the future.

 

We received the broadband cavity mirror set from the vendor.  They will be inspected and mounted for installation at an opportune time.

 

We have been puzzled by the failure to observe THz radiation with the pyroelectric camera, so we have reinstalled a pyroelectric detector.  We will compare the values we obtain with those we measured in late August. 

 

Following a suggestion of George Neil's we've been looking at ZnSe material properties data at cryogenic temperatures that was complied back in the 1970's, and it appears we would get a 30x improvement in the figure of merit if we cool our outcouplers to 80 K.  We are contemplating some experiments.

 

On Thursday we hosted a team of optical engineers and scientists from the Navy and Air Force, led by Dr. Sadegh Siahatgar from PMS405.  I briefed them on what we've learned so far about our 10.6 um optics, and our plans.  We discussed ways that the Navy, specifically NAWC China Lake, could complement and augment our metrology.  We appreciate their taking the time to travel from their respective institutions to join us in this discussion.

Terahertz Project:

Procurement of beamline vacuum and optical components is in full swing now.  Bids have been received for the windows and solicitations are out for the mirrors.  Further details of the linear motion drives (Phytron) for the mirrors have been worked out and bids received.  Most of the major vacuum hardware is on order.  The co-ordinates for the support structures have been given to the survey group so that the fasteners can be located whenever the survey group has access in preparation for installation. 

Notes from Alan Todd on the Compact Source part of the program.  This got a later start but since it was slated to finish early, some slippage does not hurt, but rather helps because it may allow us to incorporate some experimental data right at the end.  There are two ongoing efforts here.  One is the source design and the other is the detector scoping, which is being undertaken by Ruth Woodward.  The source is looking reasonably good and we will be able to document that shortly.  The engineering design is awaiting details from the Army about the V-MADS or similar HMVVW specification data.
