MEMORANDUM 

To:

Distribution 

From:

F. Dylla

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

Date:

July 16, 2004

Highlights:

   We hope our readers don’t get bored with us for announcing a new world’s record every week….but we have been doing this for the last month and are pleased to pass on another

record:

 We pushed the FEL driver accelerator to 8mA cw at 145 MeV in the fully energy recovered mode.  This represents a new power record of 1.1 MW for recycled and recovered power in an “Energy Recovered Linac”.  

   The current was pushed 30% higher than our previous current limit (~5mA) at this energy through the use of a “Phase Rotator” device that was installed last month and commissioned this week. This device was based on an idea of Todd Smith and Roy Rand, designed by Dave Douglas and George Biallas and very efficiently built and installed by our Mechanical Engineering and Installation groups in the back leg of the driver accelerator. The phase rotator allows us to increase the threshold current for the “beam break-up” instability we have previously observed with operation of the 3rd cryomodule to above our operational needs.

   We are sure that all who follow and encourage our progress are anxious for new laser output power records beyond our current 8.5 kW cw and 10 kW at 30 % duty cycle.

   The above accelerator parameters gives us further headroom in driver power and a different parameter set for trading off the heat loads we are observing on the cavity optics due to incident laser power and terahertz power.  We are working these issues as this is being written and have obtained 7.5 kW cw with today’s configuration. 

With respect to the photogun, we note that we can now achieve a delivery of over 200 Coulombs between recesiations.

Commissioning Summary (Steve Benson):

   This week was devoted to trying out the rotator that rotates the electron beam phase space so that a vertical kick in the cryomodule is changed into a horizontal kick and vice versa.  This should greatly increase the BBU threshold for all modes.  Thanks to Todd Smith and Roy Rand for this idea.  On Monday we tried to recover the 145 MeV setup that produced high power.  It did not recover well and we spent most of the day trying to get a better match to the rotator, the wiggler, and the re-injection point.  At the end of the day we had a pretty good match.  The next morning this match had changed.  We decided to reload the 8.5 kW configuration and it matched quite well.  We do not know yet why this configuration recovered fine on Tuesday and not well on Monday.  Tuesday was spent setting up the rotator and getting good matches to the wiggler and to the re-injection.  We struggled trying to reduce losses but we able to run 2 mA of beam, limited by losses by the end of the day. 
   On Wednesday we decided that there might be a flaw in our mini-phase procedure that led to a gradual change in the phases over a period of a few weeks. The phases were quite different than they had been three weeks previously.  As an experiment we loaded the injector phases from three weeks ago and the electron beam cleaned up nicely.  Losses were reduced, the energy spread went down and the bunch length got shorter.  We then ran the current up to 5 mA at 37 MHz with no problems.  This was with no phase advance on the lattice to minimize BBUs.  We then did some window washing in the injector to reduce the probability of a waveguide arc at high current.  We then ran up to 8 mA with no problems.  Above this we got trips due to losses in the linac.  No BBU signal was seen.  Note that the recovered energy in this configuration is over 1 MW. 
   On Thursday we cleaned up the match to the linac to reduce the probability of losses while lasing hard.  We could lase at up to 2 kW/mA at 9 MHz and 100 pC.  We then attempted to run 75 MHz at the same charge.  The power got up to about 4.5 kW at both 6 and 7 mA.  We then started having trips in the linac.  We think that they were due to a cavity waveguide arcing and bringing down the system.  When the beam trips of at 1 MW of circulating power just about everything trips so it is difficult to determine what the cause is. 
   On Friday we pushed on lasing at high current again but had a hard time getting above 6 kW.  We are now trying to figure out why this is the case.  At low power we can get close to 2 kW/mA but the efficiency seems to fall off rapidly with current.  We can still get to over 7.5 kW with the 37 MHz configuration (1.5 kW/mA) but the 75 MHz configuration seems to have much lower efficiency (1 kW/mA or less).  Next week’s plan is to try to figure out why this is so and fix it.

Management:

We completed and sent in our biweekly financial reports to the DOE and ONR program offices.

We completed our project monthly reports for June for the JTO funded optics projects, the AFRL funded AFRL UV FEL upgrade project and the Army NVL funded THZ project.

WBS 4 (Injector):

The cathode delivered 203 Coulombs between re-cesiations to break yet another record. The QE was increased from 1.5% to 5.2% after re-cesiation. This means we had another 0.5% QE available, but we are limited to extract more charge at the moment by losses in the drive laser beam transport line. The previous re-cesiation yielded 5.3% QE, which means that at the moment we are losing only about 2% of the QE after each re-cesiation. The cathode activated on 

May 25, 2004 has delivered, so far, 566 Coulombs after three re-cesiations. 

The performance of this cathode (cathode # 1) is shown in the following figure. The red line shows the delivered charge in Coulombs between re-cesiations. The bars represent the amount of QE (in %) it took to deliver that charge. For reference, the performance of one of the cathodes (cathode#10) activated on the first wafer installed in May 2003 is also included in the chart. 


[image: image1.wmf]10kW Upgrade IR FEL Photocathode Performance

0

1

2

3

4

5

6

Wafer # 1,

Cathode #

10, Initial

Cesiation

Wafer # 2,

Cathode # 1,

Initial

Cesiation

Wafer # 2,

Cathode # 1,

Recesiation #

1

Wafer # 2,

Cathode # 1,

Recesiation #

2

Wafer # 2,

Cathode # 1,

Recesiation #

3

%

0

50

100

150

200

250

Coulombs

Delta QE %

Delivered charge C


We have installed two wafers in the photocathode gun since its commissioning in May 2003. An initial Cesiation means that the GaAs wafer is heat-cleaned, then activated into a new cathode by Cesium deposition and surface oxidation. To replenish the QE on an already activated cathode, a fresh layer of Cesium is deposited during a re-cesiation.

WBS 8 (Instrumentation):

   Another hard week of running, long days and lots of power but not 5 digits. We are moving from repairs and maintenance to system enhancements. In particular we are focusing on being able to rapidly storing all of the beam viewer spot size data and with a single button being able to compare to previous saved settings. 
   Documentation is in progress for the I&C Pre-Amp Chassis.  The schematic and fabrication drawings are under review and soon to be finalized.  Modifications to the Charge Dump Totalizer PCB have been made and are also under review.  The first draft of the assembly procedure for the beamviewers has been completed.  Modifications were made to several drawings in the AutoCAD library created for the FEL. These drawings were added to the SLM manual. In addition, chimney manual was updated and will continue to be revised. Started documentation on modified beamviewer mirror box cover.  Progress was made on user lab PLC specs for the LPSS Statement of Work.  Specs on master PLC are still being developed. A sample MIFARE card reader has been ordered and is currently being evaluated for compatibility.  
    Production continues on all of the AMS chassis required to upgrade the AMS system in Aug. We are currently delayed in 'testing' until we are able to program the embedded microprocessors. The programming system has not been available this week.    
    Time is being invested into organizing our local stock of electronic components. All drawers have been labeled their contents are being listed in the database. This will allow us to very effectively keep track of the multiple vendors and vendor part numbers for identical parts and will give us a point of reference for the location of parts as well as the ability to indicate the need for re-order. Additionally, we are developing an aspect of the database that will incorporate a 'Bill of Materials' function that will link projects with the parts used conversely, parts with all the projects that they have been used in.  

Our 1st diskless PC-IOC has been booted, efforts continue to properly load the drivers and understand the system as it will be the reference boot-image for each additional PC-IOC.
    Finished the design of the Coulomb Archiver software. Implementation of the archiver is almost complete. Testing on each of the archiver's pieces is complete. The interface is in the design stage. Starting planning for a beam spot archiver and compare system, allowing a user to compare spot sizes from different areas of the machine to the sizes taken on previous days.

WBS 9 (Beam Transport):
Wiggler 

Electromagnetic Wiggler for 2.8µ 

• 
We are planning magnetic measurements starting July 19. 

Decompression Chicane to Reduce Downstream THz 

•   At the moment we are assuming a chicane with 12° branch angle vertically down in order to fit within the allotted space and not perturb the beam. Dave Douglas is still working towards a solution 

• 
Robin Wines has magnetically modeling the new EW dipole and is working toward a Purcell gap or current density in the central coils that has a wide enough good field region.

•   Magnet Enterprises International of Oakland is working on the extra central coils needed for the EW. 

• 
We got a bid on the cooling plates for the extra coils that was high. We have tapped into a local vendor for another bid. 

• 
The shop is about to start revamp of the DW dipoles into the EWs.

•
The Mechanical Design Group put Michael Snyder back on the task of the design of the revamping of the wiggler/ decompression chicane. He is working on a strong back to support the 2.8µ EM Wiggler. 

• 
We worked on a sketch that a vendor could bid on for the stand needed for the electromagnetic wiggler. 

Sextupole (SF) 

•
Procurement on hold, pending 10 kW efforts 

UV Branch Line 

•
We are working on a WBS costing of the remainder of the UV activity. This is to act as a pilot for the 12 GeV upgrade.

WBS 11 (Optics): 

Plan A is to obtain low loss 6 um optics.  
No change since last week's report. 

 

Our three Plan B's had the following progress:
Cryomirror:
Our braze expert had a good indium annulus in the holder but found the fixturing designed to retain it during the mirror mounting process did not work.  However, we had a relatively successful cooling of a sapphire optic mounted in a conventional mount, and will pursue this approach as well.

2.8 micron mirrors:  
We are awaiting the opportunity to do calorimetry on our witness samples to assess coating vendor performance.

Scraper outcoupler: 
No progress since the last report.  .  

 

Other activities:
We tried aligning through the OCMMS viewport screens, but were still stymied.  Frame integrating cameras were purchased to assist in finding the launch and retro reflections, and we'll try them this Sunday.  We tried cryocooling a deformable mirror assembly, but saw very large aberrations once we cooled below 0 deg C.  We did cool as far as 220 K, and warmed back up with no ill effects.  We now have the PbS array (which communicates via USB to a LabView program) into EPICS.  We made good progress in getting the synchrotron light to the input of the streak camera.

Terahertz Project:

This week M2 and M4 arrived on site this week and on visual inspection both look good.  They both have ellipsoidal figures, with F1= 705mm and F2 = 2426mm.  The mounts for M2 and M3 were assembled.  M2 was mounted and it was found necessary to increase the strengths of the springs in the mirror manipulators.  M2 and M4 were then sent to Brookhaven for metrology tests.  Discussions took place regarding the optical layout on the bench in Lab 3a. 
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