MEMORANDUM 

To:

Distribution 

From:

F. Dylla/grn

Subject:
FEL Upgrade Project Weekly Brief  - May 22-26, 2006

Date:

May 26, 2006

Highlights:

This week was spent on the installation and checkout of a number of upgrades to diagnostics.  We commissioned a halo monitor for use in investigating beam profiles outside the central core.  We installed a new OCMMS system for the high reflector mirror.  A momentum vernier control was added on two cavities for studies of energy modulation and feedback stabilization.  We also commissioned the fast BPM software.  This effort was juggled in between recertification of the Personnel Safety System and a day long outage for preventative maintenance of the site LCW.

Management:

The Laser Bioscience Consortium started a monthly telecom meeting with participants from GWU, JLab, ECU, and EVMS this Thursday.
 

We worked with Property Control to update our lists of property custodians and verify storage locations in preparation for handover to the new Jefferson Lab contract management by Jefferson Science Associates on June 1.  

Beam Physics (WBS 3):

With a) the machine down and b) the release of documentation on MADMAN (tech note available on request from the author, who will remain nameless) we were able to turn attention to require-ments for a higher power FEL. A number of features of such a system are under review, one of which is the injection energy. A longitudinal simulation of the acceleration and energy recovery cycle suggests that injection energies as low as 2 MeV (full) may be contemplated. Injection of a ~100 keV-psec bunch into a 100 MeV 748.5 MHz linac with the usual acceleration and magnetic bunching gives a modeled rms bunch length of <200 fsec at the wiggler, with a 0.5% rms momentum spread. With "proper" handling (incomplete energy recovery, judicious positioning in nonlinear compaction trims and proper compaction trim excitation) this can be recovered back to 2 MeV while lasing at extraction efficiencies of up to around 3%. We assume an FEL exhaust energy spread of   ~ (5.5 x extraction efficiency scaled to the slice energy spread + initial beam slice energy spread) . In other words, the core of the beam is expanded by 5.5 the extraction efficiency, while the tails are unaffected; everything in between is scaled linearly.   Phase spaces at the dump are shown in Figure 1. At higher efficiencies, the bunch gets quite long and falls so far into (and beyond) the trough of the RF waveform so that an incompressible high energy tail is formed. This can be cured by recovering to higher final energy, at the expense of higher required RF power and a more robust dump. Preliminary results give acceptances that handle maybe a 4% extraction efficiency, but it nonlinear enough that the phase space gets pretty ugly. 
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                    Figure 1: Exhaust phase space at various extraction efficiencies.


At lower energies (1-1.25 MeV) it appears that bunch lengthening due to momentum-spread induced phase slip clobbers things; some effort was made to use the front (back) ends of the linac to provide bunching but this has so far proven unsuccessful. The phase space gets rather distorted (though not unduly large) at the wiggler, and it is difficult to control (presumably because of finite-velocity phase slips) energy compression during energy recovery. It’s the usual sad story - when the beam starts to subtend considerably more than 30 degrees of the RF waveform near trough, linear notions begin to break down. Mix in finite velocity effects and you'll have a frustrating afternoon.

Encouraged by this rather artificial result (caveats: very simple cavity model, no space charge, halo, collective effects, etc [i.e., all the stuff that's gonna getcha...]), we devised a couple of linac optics solutions for the accelerated beam (Figure 2). In keeping with prior experience, the strong RF focusing in the front end forces use of small transverse beam sizes (beam envelopes of 1/2 to 1 m, and a waist at or near injection). The downstream envelopes can be managed by adjusting the location of the waist. Figure 2 gives two options, one in x, one in y. One can in principle use either in either plane (the focusing is nominally azimuthally symmetric, the differences are due to choice of injection condition which presumably can be independently selected for either plane); the result is not unreasonable.
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                                    Figure 2: Linac transverse optics options.


Very low energy injection therefore doesn't appear quite as outlandish as say, relying on astral projection of the beam from the source to the wiggler, but more careful analysis - including relevant effects such as space charge, halo, and environmental impedances - would be prudent. Steve Benson points out that empirical investigation of the relevant energy recovery manipulations (to produce fixed output energy: E_injection = E_extraction) is possible on the IR Upgrade driver, and can profitably be scheduled during a move to 15 degree off-crest operation intended to balance the RF phasors during acceleration and energy recovery.

Energy modulation measurements calibration

It was pointed out earlier that for the energy modulation measurements, which we did about two weeks ago, it is very important to make sure that the BPM electronics works properly. Last week and in the beginning of this week we did a series of tests to characterize the log-amp BPM electronics in terms of small modulation detection. We have had calculations of the BPM signal dependence from the beam position, which we confirmed by measurements with a spectrum analyzer a long time ago. Thus we know how many dB change in the BPM signal corresponds to let’s say 100 (m beam displacement. Adjusting the depth of AM modulation of an RF signal one can achieve the same peak change in the RF signal value as the same 100 (m beam displacement. We used two frequency locked RF generators to drive two opposite channels (X+ and X-) of the BPM electronics. The two generators were AM modulated with the same frequency and with the phase difference of 180 deg, thus simulating a beam motion at the AM frequency. Our calculations show that 1 % of such AM modulation is equivalent to 134 (m peak beam displacement or ~ 95 (m RMS beam displacement if the waveform of the modulation is a sine function. Simulating the modulated BPM signals as described above we measure ~ 97 (m RMS beam displacement, which is only by 2 % different from our calculations. Figure 1 shows an example of such a measurements with the frequency of the AM equal to 20 kHz. The whole vertical scale in Fig. 1 is 100 (m. It is also worth mentioning that in the measurements the system noise floor corresponds to ~ 0.5 (m of beam motion, which is quite remarkable. We did the measurements changing the AM frequency in the range from 10 kHz through 100 kHz. The measurements show slight dependence of the measured RMS beam motion as a function of the AM frequency, which for our purpose is not a concern and also might be explained by small change in the AM modulation depth when AM frequency is changed. Thus our confidence in the fast energy modulations measurements made two weeks ago is very strong now. We are also planning on making one more crosscheck measurement by actually modulating the beam energy by a known amount and measuring it with the BPMs in the dispersed locations as we did before.
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Figure 1. Measurements of the simulated beam position modulation at 20 kHz.
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Figure 2. Noise floor in the fast beam position measurements is ~ 0.5 (m.
WBS 4 (Injector):
The ball cathode for the 500kV gun was coated with the field emission suppression film in W&M's plasma chamber. The ball was removed from the plasma chamber and replaced with a 6 inch diameter, flat electrode. This test electrode will be coated with a 'graded' film for later HV testing. Don Bullard is polishing a second flat test electrode. 

We prepared a list of specifications for the load-lock gun bellows and submitted to the manufacturer. Dimensional and mechanical analysis for the SF6 tank design to accommodate the load-lock are in progress.

Joe Gubeli from the Optics Group re-aligned the cathode scanner. The QE is about 1.5%.
WBS 6 (RF Systems)
Early in the week the RF systems were taken into high voltage to uncover any problems that may have been introduced during the preventative maintenance.  A few minor problems where found and fixed during the week.  Additionally, the cavity gradient vernier controls were configured such that we can characterize the effects of energy modulation on lazing efficiency.  The SRF cavities were manually tuned in preparation for bringing up the RF.  At the end of the week the machine was locked up and the RF was brought up in order to do a hot checkout. 

An accelerometer was added to the HR coupler can and a data acquisition system was configured in the hunt for vibrations in that region of the machine.

WBS 8 (Instrumentation):

    Majority of the time this week was spent completing the remaining items in the vault.  We also began some hot checkout this week to verify that systems are operational and ready for beam operations.  With the hot checkout on going this week we also managed to fully test and verified that the new Halo monitor in the 5F is ready for use when the machine comes back on.  We also had both of the two new viewers at 4F05 and 4F07, including the multiple camera stack, completed and aligned.  However to support the OCMMS work and to aid the vacuum group we have disassembled these two viewers until all work in this area is completed.  We intend for these to be reinstalled before Tuesday morning when we resume Beam OPs.  Other systems that were checked out this week were the BLMs, Beam Viewers, BPMs, Magnets, and several other minor systems.  We also spent Tuesday afternoon successfully completing PSS (Personal Safety System) Certifications.
    Some of the other work that took place this week includes temperature stabilizing the power splitters that are used for the 0F06 BPM.  With this being a crucial diagnostic tool, the stabilization will improve the reliability and repeatability of the splitters since they are used for both the mini-phase and for phase and energy measurements.  The temperature plate that was constructed and installed utilizes LCW to provide a base temperature for the splitters.  The plate is also wrapped in foam to alleviate any air flow induced fluctuations.  This installation tested our plumbing skills as we installed water lines and tapped into the appropriate water manifolds.  In order to also provide more information about the energy and phase of the beam the fast SEE beam position monitor software was repaired and tested using the calibration oscillators.  The system will provide us with both time and frequency domain information with 60 kHz bandwidth for 12 of the BPMs which are distributed throughout the machine.

  

  Part of the Hot Checkout procedure was to test and look over all of the magnets.  This has also taken place this week. The power supplies for 2F06 and 2F09 have been switched with 5F01 and 5F03 respectively.  The power supply that was previously on 2F06 seems to still be problematic with its location, so that power supply will be replaced today with a "spare."  With the Horizontal and Vertical Raster Magnets hooked into the MPS now, it was found that the trip limits were not quite set correctly.  Once this was found the proper adjustments were made and all is well with these two MPS bits.  The Zone 3 waveguide helium pressure monitor was installed this week.  During calibration, it was discovered that the pressure of the helium bottles exceeds the operational range of the pressure switch allocated for it, so an appropriate pressure switch is being acquired for the system.  The Energy Vernier mode cables for the buncher and 1/4 cryounit were also installed this week.
    Development of the FPGA code for the Single Board IOC is ongoing.  Several series of simulations with Quartus II software have been run.  Also Jianxun Yan attended a training class from Altera about using ModelSim to do simulation with VHDL code.  The PCAD proficiency continues to improve as quite a bit of time has been spent this week learning how to PCB layouts.  With these skills improving we continue to make progress on the Single Board IOC project.  As with any design there are modifications that continue to take place as things come together.  Much progress is being made on this board and this will provide us with tool that we can deploy in various systems for digital control and an EPICS interface.

WBS 9 (Beam Transport):



IR Machine Re-commissioning and Operations

•
A flange had to be substituted on a spool tube in the Halo Measuring System because of a vacuum leak caused by damage in the original flange’s knife-edge.  The unit pumped down successfully and the stepper motors and control pages were successfully commissioned.  The fork-like flags stop at any one of six apertures in both horizontal and vertical orientations. 
•
The Gap Cam to look at the upper pole of the first GW of the chicane showed no change during cycling.  I will start looking at the anti THz Chicane GWs by installing the camera when we go to controlled access later in the day.

•
In news about the a quick experiment that uses laser light to look for a pseudoscalar particle that couples to photons, the physics folk preferred a field profile with less droop at the ends. The calculated figure of merit for field strength in this experiment increases with the 4th power of the field strength.  I designed some pole tip additions for installation on either side of the beam tube in the cantilevered portion of the pole tip extenders that will hopefully raise the strength of the field in these regions to that of the central field.  The shop is making the parts for a test scheduled next week. 

•
The permanent cover for the optical transport between the drive laser line and the entrance into the Light Box in the injector is in fabrication.  

•
There is some thought that the FEL’s decrease in efficiency as we attempt to get to higher powers at lower wavelengths may be from mirror distortion caused by THz light emanating from the first magnet of the Anti THz Chicane.  If the OCMMs we installed this week show this distortion, we will want an immediate fix.  I simplified the concept for THz light absorbers to be inserted after the Anti THz Chicane and before the out-coupling mirror. The Shop is making 5 units and we can install them in any of the bellows-Conflat spools in the affected beam tube.  If needed, they will be ready. 

WBS 11 (Optics): 

FEL mirrors
This week the Optics group was primarily involved in the installation of the HR optical cavity mirror metrology (OCMMS.)  We reviewed the data compiled to date on the 2" mirror substrates by one of our students, and suggested some refinements.  The move of the advanced drive laser to User Lab 1 halts any further testing until we bring it back on line, so this will be a primary task for part of the group over the next couple of weeks.
Other Activities
 Programmatically, we decided that installing the HR OCMMS should advance to the point of being a primary goal for the down.  We installed the so-called lower vacuum assembly on Wednesday, and immediately ran into difficulties with the beam path.  We traced this to incomplete installation of the upper OCMMS mirror assembly.  Only one of 4 bolts was tight.  Tightening all appeared to fix the problem, but when we started alignment again Thursday we ran into more problems with the upper mirror assembly alignment.  We are planning to complete this work sometime today.  In a related topic, a breakout cable was made that allows us to easily plug the output of the OCMMS position sensitive detectors (PSD) into an oscilloscope for quick checkout.  Plans are underway to put the X & Y outputs through ADCs and have the position in EPICS.  Meanwhile, the feedback circuit, which works in the digital domain is being modeled using Proteus software.  The flow rate to the OCMMS THz and stray light dumps was reduced slightly, to 0.5 gpm, in an effort to get a measurable reading.

   In addition to the OCMMS task, we also tested a 1um EO cell on loan from the manufacturer, after resolving the drive laser's mode-locker problem.  No optical distortion was observed as on the other model for 0.527um which was tested last week. This test is important for us to decide if it can be used for the advanced drive laser.  In order to improve the triggering stability to the streak camera, a detector was set up to get a signal directly from the drive laser and propagate it electrically over Heliax cabling to the streak camera end location. The phase noise measurement shows that the signal timing jitter can be as low as before propagation  (about 300fs) with a low noise amplifier. Another amplifier shows higher gain but large timing jitter as well.  The current triggering signal shows over a couple of picoseconds jitter, largely due to a frequency converter.  Given the streak camera's usefulness in the first arc, we want to resurrect plans to build a transport from the second arc upstairs.  We reinstalled the CCD camera for the future investigation of bunch measurement by OTR from the injector.
We helped certify the lasers in User Lab 6 and tried to fix a problem found with an amplifier power supply.  Also, we are assisting in the optical needs for the new injector test stand. 

Terahertz:

This was a somewhat uneventful week for the THz lab.  There were no significant tasks to be performed during the shutdown.  The only work during the shutdown that affected the THz beamline was the venting of the 4F region.  This required venting of the beamline to ensure that the 1st diamond window was not unduly stressed by a pressure gradient in the wrong direction across the flange seal.  Also, with the installation of a new viewer at SLM4F00, the THz viewer assembly that had previously used that input required a new cable run to the video switcher and was reassigned in EPICS to “THz_Shutter-2”.  Thanks to Wade Brock and Jim Coleman for their help on this while I was out of town. 



During the shutdown, we have made progress on several pending and ongoing projects.  The proposed tests for measuring phase jitter on the accelerator using the THz pulses have been finalized with Jeffrey Hesler at Virginia Diodes.  He will bring a 560 GHz detector and calibration source to work with us to make the proposed measurements.  This has been scheduled tentatively for the end of next week, depending on when FEL beam operations are ready to perform these measurements.  I have also investigated several DAQ systems for making a portable laptop based signal spectrum analyzer that we will be able to use for making good quantitative noise measurements at other facilities.  The new system will improve our noise measurement capabilities over our current system and will incorporate a portable setup for beam filtering, modulation, and detection.  This will allow us to make measurements at different facilities with as little variability as possible.  Also, after a great deal of searching, we were able to find the electronics for feeding the signal from an external detector into the Nicolet electronics and were able to successfully input a dummy signal from a function generator to test the cabling and software setup.












