MEMORANDUM 

To:
Distribution 

From:
F. Dylla 

Subject:
FEL Upgrade Project Weekly Brief –May 12-16, 2003

Date:
May 16, 2003

Highlights:

We spent the week fine tuning the FEL photogun performance, rf processing of the injector cryounit, and preparing the instrumentation for setting the optical cavity length

in preparation for our first light attempt.

We heat cleaned the cathode for a longer period used in the initial processing last week and were able to produce one of our best cathodes with excellent quantum efficiency (2.6%), and with no significant time needed to bring the gun back to the 350kV operating voltage (details including a map of the quantum efficiency and a residual gas spectrum for the gun vacuum are given in the WBS 4 section below).

To deal with lower gradients (~8.5MV/m) than the nominal values previously used in the injector cavities (12 and 9 MV/m), we spent three shifts this week doing helium rf processing to raise the gradients.  Information on the value of this processing will be gathered at the end of the extended shift today or on Monday.  We have also spent time this week trying to diagnose a window heating problem we have observed on the external (warm) rf windows for the injector cryounit.  After a series of tests described below in the WBS 6 section, we have determined that there is localized heating in the braze joints surrounding the ceramic of the warm rf window.  We will repeat the measurement on the second cavity.  Our current plan is to complete the rf processing and establish operating gradients on the cavities that stay within the established IR temperature interlocks for these windows in order to proceed with the first light commissioning.  Depending on schedule constraints we will swap these windows out when we degas the cavities after the rf processing (perhaps later next week) or when we install the final (GY) recirculation magnet for high power operations (next month).

We made good progress in the final alignment activities for the first light attempt as described in the WBS section 11 below.

Management:

G. Neil made a presentation to the DoD’s FEL Technology Area Working Group

Meeting held at ONR on May 13th.  The TAWG includes technical representatives that also are members of the technical review committee that attends our FEL Upgrade project semiannual reviews.  The TAWG has been charged with revising the 5 year FEL development plan that was issued last summer given the technical and programmatic developments since then. The committee was pleased to hear that the 10 kW beam commissioning is under way as of last week. The primary task of the committee is prioritizing near term (FY04) and 5 year objectives for review by ONR and NAVSEA’s High Energy Laser project office (PMS-405).

We are pleased to announce that the funding for the second phase of our JTO funded projects for development of cry-cooled mirrors and an advanced photogun drive laser were received from ONR this week.   We also received notice of FY03 funding our joint project with AES, Inc. on terahertz imaging through the US Army’s Night Vision Lab.

WBS 4 (Injector):

The photocathode gun is ready for electron beam delivery after easily attaining 350 kV after processing the cathode a second time. The GaAs wafer went thorough its second (and more extended) 4 hr-heat clean and activation cycle successfully. A QE scan is shown below.
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After the activation, the gun voltage was slowly ramped right up to 350 kV, the nominal operating voltage required for 10 kW IR beam. The current was very stable and there was no need to re-condition the gun electrodes to higher voltage thanks to the exceptional performance of the internal cesiation system design. We are very pleased also with the vacuum performance of the gun. The nominal vacuum pressure is around 4.0E-011 Torr, with hydrogen as the dominant mass in the system, as shown in the RGA spectrum: below.
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WBS 6 (RF):

The week was spent trying to achieve higher gradients for the FEL Quarter.  We were able to run both Quarter cavities at 8.5 MV/m without beam loading before they fault on Cavity Waveguide Window Temperature (CWWT), rather than at their DRVH values of 12 MV/m.  The waveguide pressure sensors do not indicate either window is hot nor is there a heavy helium load on CHL.  Thermocouples on the flange of the warm window indicated about a 10°C rise over the LCW temperature of 35°C.

The cavities started field emission at 6 to 7 MV/m on last Friday.  They have been helium processed and the vacuum waveguides processed this week for about 10 hours each and more is planned for today.  The threshold of field emission will be checked again today.

The following tests have been done:

1. An IR sensor was placed to look directly at the warm window.  It gave readings similar to the CWWT IR sensor.  Same response time constants.

2. A glass filter was placed over the IR sensor of test 1 to filter out the IR wavelengths beyond about 2 - 3 microns, but pass the nearer IR and visible.  It gave no readings until gradients above 8 Mv/m and then they were more than a factor of 10 lower in amplitude.  This indicates the sensor is seeing a thermal target.

3. The analog signal from the Arc Detector photomultiplier tube was brought to a Stanford Research amplifier and displayed on an oscilloscope.  This was determined if there was any visible light coming from either the cold or warm window.  The noise floor was 1 e-13 watts. No visible light was found.  The led test pulse was clearly displayed.

An IR camera and a thermocouple will be used today to determine if the windows are indeed getting hot or not. We discovered that the source of the (real) heating is around the edges of the window suggesting that the braze or metallization of the window is showing excessive rf resistance.

We intend to repeat the test on the second window on Monday.  We expect that ultimately it will be desirable to replace the window in situ at a convenient time.

WBS 8 (Instrumentation): 

Beamviewer ITV0F04 was reinstalled and tested after the missing foil was repaired. ITV0F03 was hazy, so all of the components were disassembled and cleaned to correct the problem. The Happek device was disassembled to begin cleaning the mirrors.  Effort continues on the assembly of Beamviewer boards and lamp rings. Analog signal cables were installed and terminated the for the Picomotor cables in the Instrumentation racks. We began cleaning up the signal cable patch panel rack and the Beamviewer chassis. 

Assisted the High Power group in updating the 5kW PS documentation for installation of the new the read back panels.  Aided the SRF group with the installation of control cables for the new pump down cart in helium processing.   Progress was made in the frame grabber project by fine tuning the Centroid analysis to six decimal accuracy.  Also while developing the search algorithm, a bug was found in the calculation of the height and width of the beam line, corrections for repairing the bug are currently being made. 

The programming of the drive laser pulse controller (DLPC) was updated to reflect the new duty-factor limitations for beam modes 1 & 2. 
The cool-down diode signals for the quarter were brought into EPICS as ADC inputs. 

Parts have been ordered for additional Dump Current Monitor Buffer Driver Boards to support the rest of the machine.  Additional Beam 
Viewer cameras are being assembled to get a jump on the UV leg requirements. The Upstairs Dump Raster and the Vertical Fast Raster Power Supply 
Controller Chassis' have been powered and an initial power supply test performed.  Documentation of these chassis has been submitted to 
EECAD for official drawings. 

Check-prints on the F0119 (fiber driver) PCB were completed and returned to EECAD and the final check-print for the F0079 (general purpose carrier board) was finished. 

WBS 11 (Optics):

This week the optics group transferred our Tsunami laser down into the FEL vault and prepared to set the FEL optical cavity length to the proper value by looking at the interference patterns when the length is correct.  The system was still being aligned at weeks end (scheduled for the weekend since personnel access must be restricted during the alignment activity). 

The first light 6 micron optics were aligned and are now ready for lasing (when the cavity length is properly set).  Additional effort was spent cleaning up external wiring to the outcoupler can to improve reliability.

The optics group provided a HeNe alignment beam down the first leg of the accelerator as a fiducial to compare electron beam position with on the beam viewers.  Images of the standard position were recorded for reference.

Other activities
We received the JTO Phase 2 money for both the drive laser and the cryogenic mirror contracts so that activity can now proceed apace.

Steve Benson gave George Neil's invited talk at PAC on FEL Oscillators while George was at the FEL TAWG meeting.

Michelle Shinn gave an invited paper at PAC2003 on FEL Applications.  She also took the opportunity to visit with several optics instrumentation and laser vendors to get up to date on capability of items that we will need in the coming year. 

