MEMORANDUM 

To:

Distribution 

From:

F. Dylla

Subject:
FEL Upgrade Project Weekly Brief –August 16-20, 2004

Date:

August 20, 2004

Highlights:

This was another busy week of shut-down activities for the FEL Upgrade. Highlights of our accomplishments this week include:

-we continued magnetic measurements on the new short wavelength (1-3 micron) electromagnetic (EM) wiggler that is being prepared for installation during this shut-down; as reported in detail below, we can now take full length scans and the core uniformity of the wiggler field creates acceptable trajectories up to 90% of design field (the trace is within 30 microns peak to peak). Also by including harmonic effects we were able to raise the maximum RMS value of the field which extends the wiggler range.  

-all the hardware for installation of the wiggler is in fabrication (except for some mounting plates which are next in the cue) and are on schedule to be available for the planned installation which starts at the end of the month

-a new Laser Personnel Safety System, compatible with the first phase of the Optical Transport System, was installed this week in the Optical Control room and User Labs 1 and 2; commissioning began immediately and is making rapid progress thanks to the care and thought that went into the system software ahead of time.

-we began installing the new 256 channel Analog Monitoring System (AMS) this week; this new system, which provides considerable added capacity over the original 64 channel system installed for the 1 kW IR Demo, will cover the envisioned future expansion needed for the UV upgrade and potential user lab additions.

-we completed a second test run for the cryogenically cooled mirror (reported on last week) and are in the midst of a third test run today.

We were pleased to have several important visitors to the Lab and the FEL Facility this week:

Joel Parriott and Rick Mertens from OMB,  and Pat Looney from OSTP visited on Thursday. In addition, Tony Ting from NRL, who is one of the  PI’s for the NRL laser propagation experiment planned for start later this year visited this week to discuss experimental interface issues.

Finally, we note that the international advisory committee that was chartered by the high energy physics community to make a recommendation for the accelerator technology to be used in the

design of the Next Linear Collider announced today that the technology of choice is superconducting rf technology. This is a welcome decision which will boost the world-wide funding for SRF technology development.

Management:

We revised our shut-down installation plans based on availability of the vacuum, installation and alignment crews and the hardware delivery schedule. Vacuum work for the new wiggler will begin the last week of this month, followed by removal of the existing wiggler the week of September 6th and installation of the new wiggler starting the week of September 13th. We continued to push the schedule for the final design and fabrication of the new THz chicane which will decrease the THz power loading on the outcoupler optics. 

Work on the SRF modules are also planned this shutdown when the SRF crew finishes work in the CEBAF tunnel.  A thorough leak check will be done on the warm rf window

assemblies for the injector unit and the warm windows in module 1 will be replaced with new ceramic versions.  Our entire linac was a warmed to ambient temperatures this week because of capacity problems with the CHL’s stand-by refrigerator.  This event will facilitate the leak checking and warm window changeout but may also delay the final re-start date after this shut-down.

We completed and submitted the project monthly reports for July for our JTO funded projects and submitted these reports to the DOE and JTO program offices.

On Thursday, the laboratory hosted visits by Joel Parriott and Rick Mertens who oversee the DOE-OS budget for the OMB and by Pat Looney, who is OSTP’s Assistant Director for Physical Sciences. The visits included a brief tour and briefing on the FEL program.

On Monday we were pleased to host a visit from Tony Ting from NRL. Tony and  Phil Sprangel are planning to use the FEL Upgrade for IR propagation studies. Layout of the initial experiments in User Lab 1 were discussed

We continued preparation of our papers which will presented at the International FEL Conference which is scheduled for August 29-Sept. 3rd in Trieste.

WBS 3 (Beam Physics)

 Recent beam physics activities from our Lattice Meister (DD) include:


1. Finalization of THz management chicane layout and integration of chicane and wiggler insertion region (4F) changes. Mechanical design feedback calls for a 25 cm upstream move of the downstream triplet in the upstream 4F telescope. The resulting layout appears acceptable and even allows space for future x-ray extraction. The electron beam optics design will be documented after a final fine-tune-tweak-up.

2. Lessons learned on the IR system are being applied to the UV in a final pass through the design. In particular, the THz chicanery and diagnostic/correction system experience is driving a modest rearrangement of the beam line. At present, we expect that the GW chicane upstream of the wiggler will be moved downstream. This will simplify the vacuum system upstream of the FEL (improving the impedance budget), make dispersion and compaction management from linac to wiggler more transparent (the beam will go in a straight line from the final GW of the bypass to the wiggler rather than through the chicane, making measurements of these parameters easier), and alleviate congestion in the upstream matching telescope. When downstream, the chicane will provide THz management as in the IR line. Longitudinal matching remains straightforward with the chicane in the new location: the IR compaction profile (-0.2 m upstream, + 0.2 m downstream, run 10 degrees ahead of crest & trough) is simply reversed, with the first arc and bypass leg giving +0.2 m (the "native value), the downstream giving -0.2 m (roughly the raw value for 5F + chicane ) and we run the beam 10 degrees behind crest down the linac.

Diagnostic layout and specification is also under review; given the emittance required for the UV (and the apparently consistent values seen in the IR system once the ghost beam was removed from the picture), we are evaluating both the profile monitor positions, calibration, and operational procedures to ensure we will obtain good emittance resolution and robust betatron matching.

3. Operation of the machine with the 3F skew quad "reflection" was reviewed. We determined that it was possible to operate the system as a pure 4-d rotation (from mid-linac to mid-linac) using only the installed hardware. It is in fact possible that this is how the system was run, given the indeterminacy of the phase advance created by power supply induced irreproducibilities in the quadrupole excitations. Or we might have been running something else... 

In either case, reflector/rotator dynamics and operation were documented  in tech notes:
 
http://www.jlab.org/~douglas/FELupgrade/technote/JLABTN04023.doc
http://www.jlab.org/~douglas/FELupgrade/technote/JLABTN04025.doc

and are the subject of a paper at the FEL conference:

C. Tennant et al: "Suppression of Multipass, Multibunch Beam Breakup in Two Pass Recirculating Accelerators", to be presented by T. Smith at FEL2004.

WBS 4 (Injector):

Work continued this week on the preparation of the high voltage test stand chamber for testing a test tube implanted with out field emission suppression coating.

We are in the finishing touches of following papers to be presented at the 2004 FEL conference:

"Longitudinal Space Charge effects in the Jefferson Lab 10 kW Upgrade IR FEL SRF Linac" This paper will be presented as an oral presentation on Tuesday August 30 during the morning session

"Performance and Modeling of the Jefferson Lab 10 kW Upgrade IR FEL Injector" This paper will be presented as a poster in the poster session on Tuesday August 30.

WBS 5 (SRF)

  See the note in the Management Section above about the planned maintenance on the SRF linac and injector modules during the current shut-down period.

WBS 8 (Instrumentation):

The AMS System upgrade has been chugging along well this week, with three more chassis completed and ready for testing. Each board has a microprocessor for the CAN-Bus and an Altera PLD, each of which need to be programmed and tested. At this time we have all of the hardware (8 input chassis and 1 output driver chassis) assembled for the AMS system and we are programming and testing each one in Lab 5. The old AMS system hardware has been decommissioned and removed from the racks and installation of  the new system has begun. 
   In the effort to re-commission the LPSS master control chassis, we reached a point where it was necessary to re-visit the MODICON PLC programming to confirm the behavior of the system. Due to the previous work done to archive the LPSS programming in the controls database, this was wonderfully painless. 
  Pre-assembly has begun for the Beamviewer and mirror stands for the UV upgrade. They are to be stored and installation will begin as the upgrade progresses. An additional 20 viewer cameras have been repaired or fabricated and will be installed into the machine next week.  The terahertz shielding table as well as the dual level table has been designed and the order was placed with the vendor. Machine shop has cut to proper lengths the THz hutch beams and has delivered to the FEL. Assembly will begin when the remaining components arrive.   Support for the Optics group continued this week with installation of Stepper Motor Cables for the Collimator Lite region and heliax signal cables for the Streak Camera.  The streak camera cylinder was installed in the penetration of FL05-B07 and mounted in the rack. 
 Beamviewer cables were installed for shutter controls in several locations as part of the LPSS commissioning. A 64 channel Silicon Diode Temperature Sensor crate is being assembled for testing of the CAN BUS network and the DSP module.  An additional 10-Channel RTD Chassis has been assembled for the diagnostic beam dump in OCR and is in the testing phase.  Design of the Lab 3A Nanotube Table control interface panels is complete with fabrication commencing next week. 
   Researched the documentation on the Serial Protocol Specification for the HID MIFARE Reader and the iClass Reader. Ordered the needed Visual Basic tools for implementation of the LPSS software associated with user lab access using these readers, should be picked up today. 
   Coordinating with Kevin Beard and Al Grippo for potential solutions for computing beam profile measurements on small spot sizes. Several options are being addressed with high likelyhood of a solution. A work-around for the Sun Microsystems Solaris server issue with a nfs linux client is going to be tested. The nfs server disconnects are not reproducible so this will take time to prove effectiveness.

WBS 9 (Beam Transport):
Wiggler

Electromagnetic Wiggler for 2.8µ

•
We found the fields are not quite sinusoidal, but rather have a square wave component that increases the RMS field, the field level that determines the lasing wavelength.  This increase, along with a miss-communication of the field required for 2.8 µ lasing lowers the required design field by 6.7%.  We have run a preliminary run with extrapolated trim coil settings to look for a good trajectory at this field.

•
Our measurements show that there is no observable field variation in the transverse direction within ± 1 cm of the center of the poles throughout the length of the wiggler. In addition to meaning this will not be a problem for this wiggler, it means the C-clamp system is working. This system dials out the spreading of the gap after we removed the top gage blocks.  These blocks and the bolts that forced the top edges of the poles against them, were removed in order to do continuous sweeps of the magnetic probe from end to end of the magnet.  This enabled us to do measurements that didn’t require the earlier tedious stitching of discontinuous measurement sets.   

•
We have preliminary qualification of the wiggler at 73% and 85% of the new design field with the center of the trajectory staying within a 30 µm boundary.  Measurements at 107% of the design field show a saturation effect where a small, superposed saw tooth field, starting negative and ending positive along the length of the wiggler, introduces an unusable “S” shape to the trajectory. To date, trials of parametric changes to the trim coils have not cancelled this out. 

(See additional comments in the WBS 10 section below).

Installing the EM Wiggler and Decompression Chicane to Reduce Downstream THz 

•   
We met to discuss the DIMAD and decided on a 25 cm upstream shift of the quads upstream of the wiggler would allow a simple transfer of the hardware to the new positions without modification.  

•
We also had a planning session with the mechanical, vacuum and alignment folks to schedule the change-out.  The vacuum folks will start their effort on August 26.

•
The vacuum chamber for the dipole chicane was released for construction and materials ordered.  We decided to do a fast track method of construction, eliminating a small step in the edge and cutting the chamber pieces to size using laser cutting.  We will do the corner chamfering after welding using a bulk hand grinder. 

Sextupole (SF)

•     Procurement of the full energy sextupoles needed to optimize high power operation at 1 micron is now authorized.  We are putting the procurement package together

UV Branch Line 

•     We had another cycle of refining the project management inputs for the UV upgrade chicane. 

Daresbury Collaboration

•     We are working on our plan for the extracting the items for loan to the 4GLS project from their various locations at Jlab.

WBS 10 (Wiggler): 

 
We analyzed a great deal of magnetic scans for the new EM wiggler this week.  We are now capable of scanning the whole wiggler in one scan and can use this to get a better idea of global changes to the wiggler.  Vertical scans were done at two excitations and showed excellent uniformity of the fields in the main part of the wiggler.  The end fields at one end showed some variation.  This needs to be looked at to determine the cause.  It was also found that the field has a 2.5% third harmonic component that reduces the peak field for a given rms field.  This means that the maximum wiggler K we can reach is higher than we thought.  The new peak field for an rms K of one is 1850 Gauss.  We tried out a scheme to cancel out a sawtooth field present in the wiggler at high fields.  It did not work.   We will be exploring another approach today and Monday.  The trajectory for a full run with the design rms K of 1.0 is attached.  The S-shape is due to the sawtooth field, which we are working to eliminate.  The offset and entry angle are quite small and the trajectory is already straight to 50 microns peak to peak. 
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WBS 11 (Optics)

 

Progress occurred in the following areas:
Cryomirror:
We conducted one more full dress rehearsals of a cryogenically-cooled ZnSe mirror in the optical cavity, and as this report was being written, are doing another test.  The first run showed excessive motion when we applied 30W of heat to the rear of the sample.  We've determined this was due to a reduced flow rate of liquid.  The test in process has us back at the higher flow rate, but we are seeing signs that the backplane heater is peeling away from the mirror, so we are stopping.  We did show that we can flow liquid at high rates (> 1 L/min) without signs of flow-induced vibration.  Next week we'll add a scale to weigh the supply dewar to get a better idea of the flow rate.
2.8 and 1.06 micron mirrors:  
We are tracking progress on refurbishment of optics.  A contract to have them coated with a vendor of known, lower loss coatings is in place.  We have received witness samples of 1.06 um coatings from on vendor, and are receiving more from another.  We will begin calorimetry measurements next week, once the lab laser safety system (LPSS) is recommissioned.
Scraper outcoupler: 
Contracts for new substrates and a coating contract have been in place for some time.  A short paper, to be presented at the International FEL Conference, is in preparation.
Other activities:
We received the majority of the hardware for the insertable mirror that directs beam into the laser beam dump.  The majority of the Optical Transport Lite parts are arriving the middle of next week.  Assembly then installation will begin in earnest.

We hosted a visit from Tony Ting, NRL, to kick off our collaboration to provide beam for his and Phil Sprangel’s propagation studies of the FEL beam.

Terahertz Project:

This week we continued measurements on materials for windows for the beamline and personnel safety enclosure, as well as for a power meter. The measurements were performed at Brookhaven Lab.  Materials of interest to the Army were also measured.  Mirrors M2, M3 and M4 were shipped out this week for re-polishing, and meanwhile the modified mounts with stronger springs were worked on using a test fixture in place of the real mirrors.
