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Subject:
FEL Upgrade Project Weekly Brief  -  August 28-September 1, 2006

Date:

September 1, 2006

Highlights:

This week's report is late and shorter than usual due to the lab closing as a result of Tropical Storm Ernesto.  We are pleased to report that JLab and the FEL sustained no damage during the storm.

We congratulate our PI from NASA Langley, Mike Smith, who received a “Creativity and Innovation Award” ($250K) renewed for fiscal ’07 to explore synthesis of BN nanotubes.

We had an extremely productive week of machine studies.  These included a successful demonstration of low energy injection, which is of high significance for saving power and space on transportable FEL's; the resolution of some critical issues with diagnostics; and a deep investigation into reducing a mysterious beam momentum spread. 

The installation of the major components for the dark matter (axion) search was completed.  Specifically the large magnets that are designed to investigate the production of axions, and subsequent re-creation of the photons from which they originated were installed in Lab 1, see photo with George Biallas who designed the system.  The optical system is to the left behind George.
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Management

Several of our staff attended the LINAC and FEL conferences this week in Knoxville and Berlin respectively. 

On Friday we hosted Barbara Erazmus of CNRS (an experimental relativistic heavy ion physicist who is in charge of hadronic physics at CNRS), and was able to give her a tour of the vault due to the storm related shutdown.

Operations/Beam Physics:

This week's machine operations were intended to provide information on a number of questions of recent interest: 

1. How do we phase the front end of the machine? 
2. How low can we go (in injection energy, that is) 
3. What is causing misbehavior in the machine focusing?
4. Why do we now get an enormous energy spread in the second arc when the bunch is compressed at the wiggler? 

Monday the machine was brought up for injector phasing by Wes Moore and Carlos Hernandez-Garcia. They generated two injector configurations - one with the traditional interpretation of buncher phasing relative to the drive laser ("the buncher is properly phased when the injector energy is insensitive to variations in buncher gradiant"), the other in a PARMELA-based evaluation of buncher zero-crossing ("the buncher is at zero crossing when phased 7 degrees off the traditional value"). We then attempted to evaluate the implications of each of these setups, but efforts were wasted because of a diagnostic blunder (a synchrotron light viewer was partially blocked by a streak camera mirror). With the puzzles attendant this problem this under consideration (we misinterpreted the results, thinking we had an injector setup problem, but we were wrong because we turned out to be right - about the injector, at least), we turned to the second of our questions: low limits of injection energy. 

We were able to inject a well-defined beam at 4.75 MeV/c and accelerate it to around 100 MeV, roughly phase the linac, and transport the beam into the recirculator backleg. This required a couple adjustments of the usual setup - the front end gradients of the linac had to be reduced to avoid overfocusing the beam, and the linac phase profile was shifted because of phase slip. In the available time, we were unable to fully recirculate, as the wiggler-region transport was set up for higher energy, and beam quality was poor enough that a rematch was required at the available energy. We were, however, able to make a fairly clean beam out of the injector and into/down the linac, indicating potential for further improvement of this machine configuration. 

On Tuesday, the third question was addressed: difference orbits were used to characterize the machine focusing. We quickly determined that a) the rotator functions as expected, b) the quads do not run at their stated field set points; instead at least some run a bit weak, leading to underfocusing and phase advance errors, and c) something was seriously awry with the beam steering and focusing by the time we got to the optical cavity chicane. Upon further investigation of the last, we discovered that the beam was very poorly steered into and out of the first arc of the machine. This missteering coupled to lattice aberrations to produce spurious dispersive effects, corrupting the beam phase space and rendering the system hypersensitive to steering variations. This conclusively demonstrated that the BPMs were providing an unreliable characterization of beam position. Specifically, when referenced to a saved orbit several days old, they stated that the beam was well centered in the quads up- and downstream of the arc, while beam-based checks of quad centering showed this was manifestly not the case. We are thus subject - over the course of several days - to BPM drifts that render "saved" orbits unreliable; when restoring orbits we will therefore check critical steering points to ensure that we are appropriately configured. 

During the course of these orbit investigations further insight was gained regarding the diagnostic problem encountered Monday. It became apparent that one of the critical synchrotron light monitors had a field of view problem, and that our conjectures about the injector being wrong were, in fact, wrong. Sometimes two wrongs do make a right! We ended the day with an access to investigate this problem; this activity continued Wednesday morning, when it was found that a streak camera mirror had been partially blocking the field of view. When retracted, the monitor behaved normally, and we returned to the regularly scheduled programming. A quick investigation of Monday's questions on injector setup seemed to indicate that the injector setup was in fact (and contrary to Monday's thinking) quite good - with symmetrical modest (~2%) momentum spread around linac crest showing good control of LSC and giving a reasonably short bunch at the wiggler. A look at the longitudinal emittance gave preliminary indications that the "traditional" buncher phasing produces a brighter longitudinal phase space. With the phase-offset predicted by PARMELA, we had found the full energy beam had about 10% large energy spread (2% vs order 1.8%) and a bit under 10% longer bunch (360 fsec FWHM vs. 340 fsec FWHM). So, the "PARMELAed" configuration did not appear, at least in a first cut, to perform quite as well as the traditional approach. We also found the Happek device's Golay cell reading was very much higher (30% - 1.75 V vs 1.25 V) with the "traditional" phasing. We intend to repeat these measurements with more care. 

Wednesday we also provided a tour of the machine to David Smithe, Peter Stoltz, and Ammar Hakim of Tech-X Corporation. Tech-X is engaged in the development of numerous simulation and modeling codes and various beam dynamics investigations. Of particular interest to us is their next-generation BBU code, which will model both the beam and the RF field response from first principles (i.e., from the "metal walls of the cavity") in a self-consistent manner. Such a tool will be critical to the MADMAN design effort. 

Thursday was spent investigating question number 4. For the past 2 or 3 weeks, rather than encountering our typical 1.5-2x momentum spread enhancement during bunch compression, we have been observing 3-5x momentum spread blowup in the second arc when the bunch is fully compressed. We took a bit over half the day to try to localize the source of the change. We successfully compressed the bunch before the optical cavity chicane and observed no blowup. We found that the blowup occurred whether or not the decompression chicane was on. Given that (M51 and M52 coupling to finite emittance) we cannot make a short bunch within the optical cavity chicane, this localizes the source of the blowup to something between the end of the optical cavity chicane and the start of the decompression chicane. 

We established, further, that it is a single bunch effect: the exhaust momentum spread is independent of average current (we see unchanged over a broad range of beam time structures with macropulse rep rates from 2 Hz up to CW, from pulse lengths of 10 microseconds to CW, and from micropulse rep rates from 1 to 9 MHz), but is extremely sensitive to bunch charge, falling off rapidly as the charge is reduced. At worst, the 

135 pC exhaust momentum spread exceeds 10%, and may reach 12%. When the charge is dropped to 80 or 90 pC, the momentum spread falls significantly, probably by a factor of 2. 

More speculatively, but also more interestingly, we were to some extent able to (fantasize that we could) further localize the effect. We (claim to) have excellent bunch length control in the machine, and found that the blow-up turned off and on with just a few gauss change in compaction trim quad gradient integral. We also know more or less where the bunch gets compressed for specific trim quad settings. Under the assumption that maximum Golay cell response occurs for minimum bunch length (maybe a stretch, but it makes for a good story...) we can then minimize the bunch length at the Happek device upstream of the wiggler. We then find that the worst momentum spread occurs for slightly more negative trim quad settings -  about 3 g. worth. This corresponds, very, very, very roughly, to order of 1 mm change in M56 - sort of very vaguely the magnitude (well, strictly, within less than a couple orders of magnitude) needed to offset the additional compaction associated with ballistic bunching of a 100 MeV-ish beam as it drifts from the Happek to the wiggler. The sign is certainly right; making the quads more negative causes additional positive compaction in the first arc - leading to slight undercompression of the bunch (the compaction isn't "negative enough" any more). The ballistic bunching lets the high energy stuff (which is later) catch up and the low energy stuff fall behind, leading to full compression downstream of the Happek. The sensitivity to the trim quads (or to beam energy as you move around in sextupoles) indicates the source of the blowup is extremely localized; the sign and magnitude of the shift suggests that it is downstream of the Happek. We know it is upstream of the decompression chicane. We therefore conjecture that it is the OCMMS crosses or the wiggler chamber. The latter is deemed unlikely as it is already known to heat from resistive wall effects and behaves in a broader-band manner - but the former remains suspect as it has been modeled and found to be an RF-active object at frequencies around the RF fundamental. We further suspect that "something" might be "intruding", having "fallen" in the past few weeks, creating an even larger impedance burden. 

Once the measurements were made and the theories framed, we set the machine up for kW level lasing and Kevin Jordan, Wes Moore, and Mike Smith ran nanotubes. 

Friday we closed for Ernesto. However, in the process of the shutdown, David Hardy, armed with the impendence theory du jour, surveyed the vault carefully for the transition to restricted access for the shutdown. With careful attention to detail, Dave established the hottest point of the machine was..... drumroll...... 

the upstream OCMMS (rimshot), 

where the localized activation was a nearly Gaussian distribution along the beam line with a 2 mR/h dose on contact. The downstream OCMMS - nominally subject to virtually the same core beam conditions - exhibited 10x less activation. We note that during CW setup for nanotubes, we observed, and worked to correct, an elevated dose rate going into the wiggler (FLOG entry 1336324). Dave's survey data suggest, together with the collective observations, suggest that something has let loose in the upstream OCMMS, is hanging toward the beam, and creating impedance or beam hits. 

Now, at the height of the storm, we sign off!!!

WBS 4 (Injector):
The photocathode gun delivered 11 Coulombs and 20 hours of beam time for FEL ops during the week. We continued testing the flat electrode coated with the 'graded' field emission suppression film by Nimel Theodore from the College of W&M. It has been tested up to 20 MV/m with no indication of field emission, although the pressure starts to rise very consistently at 80 kV. We will continue with the tests. The new gun vacuum chamber was cleaned up after being electropolished in preparation for welding the end flanges and tubing for a variety of ports.  D. Bullard continued to make good progress assembling the internals of the new gun ball cathode. He has also assembled the support tube. These electrodes were coated with the field emission suppression film developed by W&M.

WBS 9 (Beam Transport):



IR Machine Operations
• 
In work for the New Gun and injector Test Stand, the stalk retraction system remains on order. The representative from Riggins Co. will give us an estimate next week on modifications to the tank for the high Voltage Power Supply. 
•
We measured the second wiggler chamber, finding some small bends that take it beyond the wiggler’s narrowest envelope.  The shop applied some controlled strains and already removed one bend.  
•
No work on fixing the problems associated with any heating of the Wiggler Chamber and associated movement of the OCCMs. 
•
Magnet Test is continuing SF sextupole measurement. The reversed hysteresis loop and reduced hysteresis loop tests were run with newly adjusted probe. 
•
The parts necessary to add an additional corrector pair in front of the Debunching Chicane are still in fabrication.  The FEList installation procedure was composed and sent out for comment.  The change over will be able to be done without breaking vacuum. 
•
The brackets that will aid us in adjusting the waveguides leading to zone 3’s cryomodule remain were completed.  We will meet next week to iron out the details of the successful installation.  
•
Facilities Management continues working on raising the capacity of that Drive Laser Room’s cooling unit.
• 
A safety problem involving lifting items over the beam line while crossing over the line was resolved by agreement to place a non-magnetic transfer table over the beam line.  
Experimental program
Experiment to see a pseudoscalar particle that couples to photons   
•
The magnets were aligned in Lab 1.  The details of how to mount the CCD and make it into a camera still require part drawings. 
Terahertz:

With operations dedicated to beam studies for the week, we shifted our attention to plans and preparations for the magneto-optical tests to be performed initially at the NSLS.  Larry Carr, at the NSLS has performed some preliminary tests on a similar magnet system which gave some very promising results.

Also, Frank Lattanzio is continuing his analysis of the THz and UV exposed jellyfish samples.  The UV exposures done early this week showed very different results from the THz exposures and we are working to understand and analyze the results.  We will likely schedule another set of exposures soon.
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