MEMORANDUM 
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Distribution 

From:

F. Dylla/grn

Subject:
FEL Upgrade Project Weekly Brief  -April 17-21, 2006

Date:

April 21, 2006

Highlights:

This week was devoted to two issues that potentially affect the high power lasing at higher driver accelerator currents: (1) continued measurements of phase noise in the system as a function of current and (2) preparation and installation (today) of improved shields for light scattered outside of the aperture of the outcoupling optics.  The phase noise measurements which show increasing levels with beam current may affect the decreasing lasing efficiency which we observe as a function of beam current.  Highest power cw operation has also been limited by pressure rises in the optical cavities due to photodesorption from scattered laser light. Improved shields were designed and fabricated during the week for installation today. We took advantage of this installation period today to perform a number of maintenance activities. Details are given below.

High quality laser light was successfully delivered through the entire Optical Transport System (OTS) to Lab 6 this week. The beam position stability is significantly improved compared to the system originally installed for the 1 kW IR Demo FEL.

The contractor employed to install the civil modifications for the new Injector Test Stand successfully poured the large concrete roof structure over the beam test area.

We had two successful nanotube production runs this week. A background statement has been made available to the press on our nanotube work with NASA to coincide with a presentation by our PI, Mike Smith from NASA at this weekend’s APS meeting in Dallas. This statement is available at http://www.jlab.org/FEL/carbonnano.html.

In addition to Mike Smith’s presentation, several other JLab FEL users will be presenting at a Sunday session at the APS meeting devoted to FEL applications: M. Kelley (CWM), H. Helvajian ( Aerospace Corp.) and P. Schaaf (Univ. of Goettingen).

Two additional FEL articles appeared in the press this week: an article on the FEL fat heating experiments done by our  Harvard collaborators (See the “Richmond Times Dispatch”  http://www.timesdispatch.com/servlet/Satellite?pagename=RTD%2FMGArticle%2FRTD_Basic Article&%09s=1045855935235&c=MGArticle&cid=1137835465417&path=!health!healthology) 

and an article in the May 2006 “Popular Science” that features the JLab FEL: http://www.popsci.com/popsci/aviationspace/a4ce42fd3f98a010vgnvcm1000004eecbccdrcrd.html.

Management:

Our project financial reports for March were sent to the DOE and ONR program offices.

A report summarizing the technical accomplishments and the budget for the FEL project for the first half of FY06 was submitted to ONR.

The joint proposal to NIH to fund bioscience activities using the FEL mentioned last week was successfully submitted (ahead of the deadline!) by a consortium led by EVMS and including JLab and 7 other institutions.

On Monday April 16th, JLab began a 45 day transition from SURA to Jefferson Science Associates, LLC as the M&O contractor for the laboratory. JSA is a joint venture between SURA and CSC, Inc.  Under the new contract which begins June 1, the FEL program will operate as a new Division of the Lab.

Operations

We continued our study of power limiting effects due to the electron beam in the machine this week.  We were awaiting a shield to be modified to allow stable optimization of the optics with steering effects due to scattered light hitting mirror mounts.  That shield is being installed (today).  In the meantime we took data characterizing the response of the gun high voltage power supply under both single and double drive conditions.   That work will continue next week, too, to see if current loading effects can be leading to an increase in noise around 50 to 100 kHz, a particular sensitive range for phase variations in the FEL.  We also spent two shifts taking data on the electron beam noise as a function of current.    We acquired a substantial set of data which is still under analysis.   See further details below.   We then delivered our first high power beam all the way through the optical transport system to the end of the line in Lab 6.  We could produce a well defined stable image of the output at the full power produced by the laser with the old 1.6 micron set of mirrors in the FEL, about 700 W.   The delivered beam is to be used to study changes in optical mode size which could affect lasing efficiency, as well as beam transverse stability and temporal phase jitter. The beam appeared to be quite stable and well defined when operating at 4 MHz but significant mode hopping was observed at higher frequencies.  Whether this behavior is duplicated with the good 1.6 micron mirror set is unknown; we intend to study it next week.  We could also observe synchrotron emission from the wiggler under non-lasing conditions;  we can use this to separate electron beam effects from those due to the optical cavity.  Wednesday afternoon and Thursday morning was devoted to running for nanotube production; significant production was achieved.  We spent time Thursday debugging an automated linac phasing script which should reduce tuning time and improve reproducibility once it is implemented.  Today (Friday) is down-day devoted to training staff in the operation of the machine Personnel Safety System, a re-cesiation of the cathode and leak 

check of the gun region with neon (we believe there is a small leak or degraded pumping from the in-situ getters which is limiting our cathode life to one week on each cesiation), and measurements on our drive laser and other systems to get us prepared for resuming high power running next week.

Facility:
The roof of the Injector Test Stand, a 15" thick concrete shield was poured this week.   This should set the stage for completion of the facility in the coming month and a half and allow us to begin installation of the high current gun system this summer.

 

Phase noise measurements #2:
   This week we have continued systematic measurements of the electron beam phase noise. We have measured the phase noise at the 4F03 BCM as a function of beam average current. We have changed the average current in the range from 0.5 mA through 4.1 mA. The measurements shown in the last weekly report were all done in the range from 10 Hz through 1 MHz. This week when doing the measurements for every given current we did measurements in three different ranges, namely: 10 Hz (1 MHz, 10 Hz (1 kHz, 1 kHz (1 MHz. There are two reasons for doing the measurement this way. First of all in the measurements we did last week we saw a strong drop of the phase noise at 4.5 mA. On the spectrum one sees that the drop is due to the less noise at low frequency, i.e., below 1 kHz. But the higher frequency components did not go down, and if they reduce the FEL efficiency it could explain why the efficiency did not go up as the RMS jitter went down at the 4.5 mA. That was one reason to separate the range of the phase noise measurements into two and also make the measurements over the whole range. The other reason is, when looking at the FEL noise data we took last Friday one sees that there is a lot of noise below ~1 kHz and much less above that. This is why we decided to separate the "low" and "higher" frequencies at 1 kHz. The measurements were done at 37.425 MHz micro-pulse frequency. The results of the measurements are shown in Fig. 1.
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Figure 1; Summary of the phase noise measurements

We also have made measurements at 1 mA average current running at 74.85 MHz micro-pulse frequency. Results of these measurements are shown on the Fig. 1 as well as the measurements from last week for comparison. It is also essential to remember that this week measurements were done when operating with a single drive of the gun high voltage power supply.

   Now we are working on the phase noise data analysis and comparison of the data with the phase noise specification of the machine.

   During the measurements we could very clearly see results of the adjustment on the EO cells and the drive laser. So our impression is that the phase noise spectrum might be another good diagnostic, which we could keep watching during operation and especially when we do the power push.

WBS 4 (Injector):
We successfully re-cesiated the cathode today in preparation for next week’s run.

WBS 6 (RF Systems)
All the rf systems behaved this week except for some tuning problems with cavity 3-1 (thankfully because our experts, Dick Walker and Tom Powers had a well deserved spring break.)

WBS 8 (Instrumentation):

   The focus of operations this week continued to be chasing down the loss of efficiency with increasing beam current. With the insightful and diligent efforts by Pavel the E/O cells on the drive laser are at least one device in the accelerator that requires additional examination. We have contacted the vendors about what measurements to take as well as discussing what options now present themselves some 10 years into the FEL game.  This continues to be work in progress. Additionally we supported 2 nanotube production runs each of them >1 hour & > 750 watts.
    In production/fabrication this week two 4-Ch Buffer Boxes were completed and tested.  The PCBs within each box have been calibrated and verified to work as was intended.  The three Halo Monitoring Beam Targets have been completely coated and bagged.  These targets now have six coats on them and the distribution of the coating is very good.  The targets are ready for installation and have been stored in the vacuum clean room so they can be installed in their respective chambers.  We are moving forward with the schematic design of the Single Board IOC.  Several details have been worked out and we should be able to go to PCB layout design once these details are corrected in the schematic.  Preparations for the 2006 Beam Instrumentation Workshop has begun this week.  Some time has been spent on developing the paper that will be submitted on the Embedded BPM development.  
    Work continues with the Lab 4 LPSS install/wiring. The door limit switches, magnetic door lock, crash switches and warning light have been tested in situ. The +12V power supply and relay switch for the card reader along with communications and power cables were installed and terminated. Additional card readers were ordered. Once the card reader is delivered we can test for functionality.    

WBS 9 (Beam Transport):



IR Machine Re-commissioning and Operations

•
I moved the camera that is able to view delamination of the GW pole tips to the third magnet of the Optical Chicane.  No delamination was seen in the second magnet.

•
We continue working on using four uninstalled GW dipoles in a quick experiment that uses laser light to look for a pseudoscalar particle that couples to photons.  The pole tip extenders for GW magnets were received.  We will add them to a GW and verify the higher field in Magnet Test next week.

•
The cover for the W55 (IR Line) Wiggler is in manufacture.

•
I continued working on the design of the permanent cover for the optical transport between the drive laser line and the entrance into the Light Box in the injector. 

•
We ordered all the parts for the helium system for the lower portion of the waveguides for the Cryomodule in Zone 3.
WBS 11 (Optics): 

FEL mirrors
This week we concentrated on tests that might reveal the cause of loss of lasing efficiency at high current.  Two tests that had Optics Group involvement were 1) an attempt to measure the frequency components of the amplitude noise of the wiggler radiation and 2) observation of the transmitted mode to see if there were any changes as a function of output power.  We didn't see any results from task (1), and decided it was far better to do a phase noise measurement of the wiggler radiation.  We are preparing for that.  As for task (2), since we wanted to run high average power greater than 1 kW, we swapped out the calcium fluoride Brewster window assembly for a version with a fused silica window.  Although we only operated to a maximum power output of 750 W, we saw at most a hint of a diffraction ring appear.  We could vary the amount of collimation in the optical transport system to change the spot size at the end-of-line from a somewhat elliptical spot with a major axis of ~ 25 mm, to circular spot with a diameter of 14 mm.  There is essentially no jitter and very little drift.  We did see evidence that the Brewster window flange was heating due to some combination of scattered light from the fundamental and harmonics.  To mitigate that we installed in-vacuo and external apertures.  We also opened the OC assembly to install gold-coated fixed mirror clips and electroblack-coated scattered light shields that totally cover the clips.  This should greatly reduce the problems we had operating at high power.  We thank L. Phillips of the SRF PRM group for coating the clips.  We signed off on the coating design for the new 1.6 micron outcouplers but asked that the 1.06 micron design be modified to give us a bit more reflectivity at either the red or green HeNe wavelengths.  The design that was offered was essentially an AR coating at these two wavelengths, and we would be unable to align the mirror once we got it.  The vendor begins coating the 1.6 micron mirrors at the start of next week.  Our collaborators at Colo. State Univ. sent us a batch of witness samples with a HR coating at 1.064 microns, which we will evaluate.

Other Activities
Besides participating in the tests described above, we also prepared hardware to do a phase noise measurement of the wiggler radiation.  This requires a modicum of remote control of the detector position.  It should be complete by the end of the day today.  We operated the drive laser at its operational limit of 6W of green (we can go higher, but don't to reduce the risk of optical damage on downstream components) in order to compensate for the falloff in photocathode QE.  We also worked with Rich Evans from the I&C group to plan the high PRF throughput measurements on the electro-optic (EO) cells.  We are seeing a drop in throughput when we run at high PRFs, especially in our new "vernier mode" and we want to solve them.  Rich has also been working with the vendor on other solutions to this problem.  They propose we try a new version of their index-matching fluid-filled EO cells.  We are obtaining a loaner to evaluate.  A 3" OC mirror frame that failed leak check several weeks ago was rebrazed and passed.  It now goes to the Machine Shop to have some of the excess braze removed.  We hope this doesn't reopen any leaks.  Progress was made on getting parts for the advanced drive laser, and for the cryocooled mirror.  The transfer line nears completion, and the Cryo Group is now working with us as to when to schedule an opening to install it.  The OCMMS parts are being inventoried.  We should be able to begin fit up next week.

Terahertz:

In preparation for the THz Systems Conference to be held in Washington, DC, May 15-16, 2006, where Gwyn and I have been invited to speak, presentation slides were completed and submitted to the conference organizers.  This is an important conference as a forum to present our accomplishments and capabilities to scientists and engineers interested in developing THz technologies and new research programs.  The Jefferson Lab – FEL is a premier THz source and there will be many in attendance eager to learn about our progress. 

Imaging tests this week were limited to a short run of CW operations during the nanotube production on Wednesday evening.  These tests were used to work on the beam collimation in the Lab 3 hutch, but there still seem to be some sort of aberration which causes the beam to focus differently in the horizontal and vertical directions.  Studies on this will continue as CW beam operations are available.  Plans for imaging tests on Thursday were changed to diagnose problems with the signal on the new FTIR spectrometer.  One issue was that the data sample clock derived from the new spectrometer differed from the previous system in that it was only sampling data at half the rate expected by the DAQ software.  This problem has been corrected by changing the sample clock frequency in the bench setup and has been saved as the default setting.  There were also sometimes problems with the DAQ program not triggering correctly due to an inconsistency in the number of data points being collected from scan to scan.  The DAQ program has been modified to address this and the problem should be corrected now.  Another problem is that the detector output does not have the characteristic autocorrelation signature that is expected and necessary for the proper Fourier transform of the data.  We ran out of time during CW operations to resolve this and will look at it again next week. 

During pulsed beam operations on Thursday, I made some progress towards adapting the new FTIR to function in pulsed mode operation.  The two main difficulties are (1) extracting the data synchronous with the pulsed beam and correctly mapping each data point to the proper position in the scan, and (2) Fourier transforming the data which in pulsed mode will be comprised of discrete data points that are not uniformly distributed (in CW mode, the data points are uniformly distributed and the Fourier transform can be performed directly).  Most of the work was done to address issue (1) and the main difficulty is that the beam sync pulses are too short to be resolved by the DAQ software without taking a prohibitively excessive number of data points.  Doing this slows the process down too much and requires too much computer CPU and memory. Instead, it will be better to either determine a better way of detecting the beam sync trigger, or devising a software peak detection method to extract the correct data points.  Addressing issue (2) will likely require an interpolation scheme to create a uniform data set, but cannot be fully addressed until a reliable solution to (1) is completed. 

To end the week, an ND filter assembly is being installed onto the THz viewer on SLM4F00 to enable attenuation of the visible synchrotron light during high current and CW operations.  Details on the location of the control of this will be posted in the FLOG when completed today.













