MEMORANDUM 

To:

Distribution 

From:

F. Dylla

Subject:
FEL Upgrade Project Weekly Brief – March 8-12, 2004

Date:

March 12, 2004

Highlights:

This past week we accomplished the following with the commissioning of the FEL upgrade: 
(1) our first low loss outcoupler optics for high power lasing at 6 microns was prepared and successfully installed; (2) we continued our attempts to optimize the injector/linac performance (lots of details given below); (3) the srf commissioning of the 3rd cryomodule has proceeded very well: as of this morning 7 of the eight cavities have been powered achieving favorable Q's and gradients (12-17MV/m) above our minimum specifications.; (4) an interim solution for octupole magnets has been devised; octupoles that will work at the initial linac energies obtained with the 3rd cryomodule will be installed and aligned this weekend; (5) a successful kick-off design review for the new PM wiggler was held on Monday, March 8 with the manufacturer and the PO for the new EM wiggler was placed on the same day; (6) a successful FEL Users/Laser Processing Consortium meeting was held on March 10-11.
Commissioning Summary:

The past week did not have a lot of running due to a couple of down days.  In general however we are coming to the conclusion that the injector is behaving extremely close to design but the linac is less so.  Last Friday we ran for most of afternoon at high power to try to push the mirrors.  We were able to get well over 1 kW of power but we were still limited by trips in the dump region at high current.  We worked with the optics group to come up with some diagnostics that would allow us to more easily optimize the laser power.  The ratio of the extraction efficiency to the energy spread induced on the electron beam continues to be smaller than expected.  This is a big limit to our power since the large energy spread limits our maximum current at high power.  After deciding that more machine setup was needed, we switched to BBU studies and ran up to 3 mA CW beam for several hours while the CASA group measured the response of the system to transverse excitation of the injected beam.  They went away happy after the measurements and this served as dry run for BBU measurements when the 3rd cryomodule is introduced in the linac.
Monday was not very productive due to some (water cooling) plumbing problems.  We were down most of the day repairing leaks in the injector RF LCW system.  On Tuesday we took more data on the behavior of the Happek signal on various injector and linac parameters to try to understand why we seem to be getting an increase in the longitudinal emittance between the injector and the wiggler. Though we did find that things improved when one cavity was re-phased, there were no other smoking guns found.  After we were done with this we ran for a while with 2 mA CW beam to look for signal from our new THz diagnostic in the injector.  This system can measure the bunch length at the injection point.  This provides an independent measure of the bunch length so that we can look for problems in the linac.  Unfortunately no signal was seen during this shake-down cruise for this diagnostic 
Wednesday was a down day for  the installation of the new 6 micron mirror (and  late afternoon tour for the FEL Users’ Meeting).  Thursday was spent looking at the energy spread evolution from the injector through the linac and at the emittance in the linac.  We found that the energy spread minimum for the injector does not occur for the same buncher gradient as the peak in the Happek monitor.  This calls into question our injector setup procedure.  Interestingly we found that the injector behavior with the lower buncher gradient better matched the PARMELA behavior.  We are now getting extremely good agreement between measured spot sizes and PARMELA predictions.  Today we are working on getting the laser lasing with the new mirror using the new injector setup.
Management:

We sent in the FEL Upgrade project financial reports for the month of February to the DOE and ONR program offices. 

Our AFRL program officer attended this week's FEL User meeting.  We used this opportunity to agree on a final draft of our FY04 UV FEL activities.  The contractual documents are now in sign-off at both AFRL and JLab. 

We held a very successful FEL Users/Laser Processing Consortium meeting on March 10-11 that attracted 109 registrants from the national labs, universities and industry.  During this meeting our FEL Program Advisory Committee and Industrial Advisory Committee held concurrent meetings.  The presentations from the meeting will be posted on our web site in the near future.

WBS 4 (Injector):

The DC Photocathode Electron Gun continued to provide pulsed and cw beam for FEL ops.  The QE increased from 0.4% to 3.5% after performing a re-cesiation this week.  This is the fourth re-cesiation on the cathode made back on January 27. The QE of the new cathode then was 5.0%. We are very pleased with the reproducibility of the re-cesiation process.  Each re-cesiation recovers 90% of the previous QE value. This behavior has been consistent every time we make a new cathode.

WBS 6 (RF)

All RF systems are operating normally.  Replaced a 2.5" hose that provides LCW to the klystron cart for Quarter cavity 3.  It had sprung a small leak.  The other hoses were checked for aging and several had started to crack.  All 2" and 2.5" will be replaced at the next down.  I have spares for the 2.5" hoses on the high pressure supply side.

The SRF commissioning has completed cavities 1 - 6 and is presently working on cavities 7 and 8.  They expect to be finished next Monday.  To date, the highest gradient cavity was 17 MV/m and the lowest was 12 MV/m.  When the cryomodule is installed on the beam line, the machine energy will jump to approximately 150 MeV.

WBS 8 (Instrumentation):

The two Danfysik 896 Bipolar supplies for the 5F Region Octupoles were installed and implemented.  The Fiber communication has been established and local load testing of each supply was performed. The cable for these magnets has been installed and connections will be made once the magnet installation and alignment is completed. The two 896's that were sent out for repair are due back next week, just in time for spares. 
   Beam viewer cameras at ITV0F06 and ITV5F07 were replaced due to radiation damage.  The RS-232 communication cables for several Power Meters was installed and tested.  The inlet and outlet RTD's for the Optical Dump water temperatures was configured and tested to get precision read-backs into EPICS for optimal measurements.  Three test fixtures for vacuum diagnostics were completed and tested along with several test cables.  Further design for the 1G Dump chain hoist to remove the green SEG blocks is in progress. Clearances measurements were examined for conflicts between the I-Beam, cable tray, and water lines. Pictures of the area were taken and given to David Waldman for further inspection. 
   The design phase for the Pre-Amp chassis is continuing. EECAD has completed the schematic layout and is in the process of the PCB layout.  The front and rear panels are currently being reviewed and will be sent out for fabrication once the design is finalized. Fabrication of the chassis has begun. The first of these will be used on the bunch length monitors (both the Happek interferometer and the M55/M56 cavity based system) 
   Several things were tried on the frame grabber software to allow a clean recompile of the Scion driver on the new ops machine.  Same problem stands.  Testing proved that for small beam sizes a very loose mask helps the fit locate the narrow peak.  Without a mask the fit is pulling down due to the large quantity of noise, not intensity, with relation to the narrow beam peak.  Many runs were taken yesterday accompanied by David Douglas.  He viewed all fits and they were all to his satisfaction.  A meeting with him and probably Steve Benson to make sure that the three of us are on the same page about how and what calculations are being performed.  Currently there seems to be a constant multiplier difference. 
   We are continuing to organize the lab 5 stock/supplies for easier access and location of tools and equipment.  On a very special note our fearless leader and chief flogger received his very own toolbox and lock today, complete with a monogrammed 1/4" wrench! This will no doubt raise the efficacy of the entire team - congratulations George! (note from the chief editor/publisher of this note-Fred wants one too!- if this fits within the budget allocation of WBS 8).

WBS 9 (Beam Transport):

Sextupole (SF) 

•
Robin Wines is heading up an effort to install 50 % more turns on the Sextupole Lites.  This


is an easy fix and will provide enough field (with 25% headroom) for 150 MeV and


individual sextupoles in all 8 slots. 
Octupole (OT) 
•
The magnet test group assembled both magnets, tested them such that they qualify for


insertion in the machine. We are planning a weekend installation and alignment. 
Wiggler 
Electromagnetic Wiggler for 2.8µ 
•
We placed the contract for manufacture and assembly of the cores and coil packs of the


EM Wiggler with Process Equipment Company (PECo) of the Dayton Ohio area. They have


extensive experience in making and assembling our magnets, having made the cores and


assembled about 400 CEBAF dipoles. They also made the wiggler cores of the Optical


Klystron. They have good local subcontractors for brazing of the cooling plates to their tubes


and for water jet cutting of the coil pack components. Their delivery goal is 7 to 9 weeks


ARO. 


•
We detailed and signed off the ancillary parts for the EM Wiggler (cooling water manifolds,


Coil pack holding brackets, trim coils, mirror plates and mounting stands). Our plan is to


Have those parts made by either the Jlab Shop or the local shops with which we have fast


turn around agreements.  This will allow PECo to concentrate on the major parts for which


they have a unique capability. 
•
The new beam chamber for the 2.8 Micron Wigglers continues fabrication in the JLab shop. 
Scraper Outcoupler 
•
Parts are on order and in fabrication. 
Sextupole (SF) (final configuration)
•
Procurement on hold pending 10 kW efforts.

WBS 10 (One micron wiggler):
On Monday we met with representatives from STI Optronics for the magnetic design review and the mechanical conceptual design review.  We were very impressed with the progress STI Optronics has made so far.  The magnet blocks and poles are ordered.  Later in the week they ordered the magbase, which is the closest thing to the magnet blocks to being a critical path.  There were no problems with the magnetic design.  They are trying a new, more predictable, design for the end correction.  This should save tuning time.  The critical path is now magnet delivery.  If it is on time and we are lucky we may be able to get delivery a week earlier than the contract.  Several action items were identified during the review.  Most of these have been addressed already.  The final end design is almost done and needs to be checked.  We do not expect any problems with it.  The mechanical design is progressing well.  Most parts are already ordered. 

WBS 11 (Optics):

Plan A is to obtain low loss 6 um optics.
  

A recoated ZnSe outcoupler mirror had its edge sputter coated on Monday, and was indium brazed into a holder that afternoon.  The results appear to be excellent, with minimal change to either ROC or mirror figure.  It was installed on Wednesday.  The mirror was aligned late Thursday evening and the retroreflection shows that the good mirror figure was retained.  We will attempt to use it to lase at high power at the earliest opportunity.  

3 figured Si mirrors that will be used for HRs were QC'ed and all met spec.  Two will be sent to the vendor that produced a very low (200 ppm) HR coating.  The PR was issued, and should be awarded today or early next week.

More OC mirror substrates, using the lowest loss material available, are at the vendor for fabrication.

 

Our three Plan B's had the following progress:

 

Scraper outcoupler:  Late Friday we realized we wanted more space between the cooling tubes for the optical mode when the scraper is withdrawn.  We came up with 3 solutions and chose the simplest one.  Brazing and polishing are now planned for next week.

 

Cryomirror:

Meetings were held with I&C to produce a P&I (process and instrumentation) diagram.  We are working to implement the additional internal (to the vacuum vessel) wiring for Si diodes.

 

George Biallas had this report:

The major parts for the flexible mirror mount are in fabrication. The tubing and assembly fixture parts are being signed off today. We received the flex tubes for introducing the cryogenic fluids into the cans. 
•
The membrane-like .015 thick tube that is the heart of the this flexible mirror mount will be

made by wire Electro Discharge Machining by Monday. In addition, in case this

molybdenum part is too brittle, we are still planning to make it by other methods. One is to 

make a band by a brazed lap seam and two others change material to niobium (0.005" wall)

and form the piece by e-beam welding a seam in a band and the second is to make it by deep


drawing. One system should work.
•
The work on the cryo cooling pumping system, to supply liquid rather than gas, took on


greater momentum as Bill Chronis was brought in for more calculations and advice. Two

methods are being pursued in parallel. The simplest is to pressurize a Dewar of liquid nitrogen to supply fluid through the circuit whose throttle valve allows pressurization of the fluid in the mirror mount to prevent boiling. The fluid is vaporized externally and vented. The second system has a circulation pump that pressurizes the liquid nitrogen in a local loop as above. The pump is immersed in and receives and dumps its fluid using a wide mouth Dewar with automatic liquid control. Valves and a pump are being ordered. The remainder of the parts are on hand.


2.8 micron mirrors:  In fabrication.  We expect mirror holders from the vendor in two weeks or sooner.

Other activities:  When we installed the new outcoupler, we also took the time to install a new version of the diagnostic beam dump.  This version has less mass than the one we've been using, so it should respond to power changes more quickly.  To assist in tuning up the FEL power, we removed one water-cooled mirror, normally used to divert beam to a power meter, and replaced it with a calcium fluoride window.

Thanks to I&C for installing more interface cables so we can communicate with the ever-growing number of power meters, and the RGA.

Terahertz Project:

Shipments of beam line material continued to arrive.  Minor problems with the original supplier of the material for the long chamber were resolved.  Parts of the M1 and M2 supports were shipped to AES for modification.  The beam line supports were delivered.  At this point a substantial portion of the beam line is now in lab 4 ready for assembly. 
