MEMORANDUM 

To:

Distribution 

From:

F. Dylla/grn

Subject:
FEL Upgrade Project Weekly Brief  - June 19-23, 2006

Date:

June 23, 2006

Highlights:

This was a very productive week for the FEL team. We have gathered more information about the power loading on our high power optics and prepared for next week’s operations in user labs 1, 2 and 3.

Readers of last week’s installment will recall that we have been investigating apparent causes

of the limits of FEL output power. We have now tested several different cavity optic pairs at 3 different wavelengths: 2.8, 1.6 and 1.0 microns. The output power as function of driver current appears to saturate at values that decrease linearly with wavelength: 6.7 kW at 2.8 microns, 4.2 kW at 1.6 microns and 2.2 kW at 1.0 micron.  The optics team has measured the absorbed power in the optics at these limits and the values agree well with a model that Michelle and Steve proposed two years ago for the limiting behavior due to absorbed heat distorting the mirror figure and clamping the output power. (see the plots in the Optics Section below). However, this week we took measurements that indicate that a good fraction of this absorbed power (perhaps at least half) is due to absorption of THz radiation and not the laser radiation at the fundamental wavelength.  Our previous installation of a THz chicane to ameliorate this problem has been partially compensated by the fact that we now make a factor ~2 more THz radiation due to our diligent improvement of the electron beam parameters i.e., the bunch length has been shortened by a factor of two.  THz radiation incident on the outcoupling optics can be decreased in several ways: (1) move THz generating dipole magnets away from the optics (we are not going to re-design this machine but this is an option for the next incarnation); 2) we can try to absorb or scatter Thz radiation in front of the outcoupling optics, (a quartet of absorbers will be installed next Friday; and 3) we can proceed with cryocooling the sapphire substrates of the optics which will improve the thermal conductivity an order of magnitude and eliminate the problem. We hope to test this last option by the end of the summer run.

The user team from Dahlgren was here this week to set-up their experiments in Lab 2. If 

test and check-out of the Lab 2 systems are completed on schedule by Monday evening, we hope to provide the Dahlgren group with several shifts of beam time next week.

Management

We were pleased to make some real progress this week to line up two key user groups for summer runs.  Comments from the Dahlgren group are appended below. We plan to run their first tests next week with follow-on work in July. 

We are also planning for the first test run of the Aerospace Corp LMES device in User Lab 4 during the first week of August. Critical funding for this work was received last month from AFOSR and various business documents were completed today and the Aerospace team was authorized to proceed. Additional support for this work was received today from ONR and this funding will be routed to Aerospace next week after some additional (but minimal) paper swapping. We thank all who helped make these transactions possible at AFOSR, AFRL, ONR, DOE-JSO and JLab.  (Oh-how I wish I could just write a check!)

We welcome an important new member of the FEL team as of this week. Matt Poelker, who currently heads the Electron Source Group for CEBAF will be dividing his time between the Source Group and the FEL Department. Matt will be serving as our Laser Systems Manager

to oversee the optics and drive laser development. We are taking advantage of several shared interests between the two groups on the topics of advanced drive lasers and photogun drive laser development. Matt will be assisted in his oversight of the FEL Optics group by Joe Gubeli, who will serve as the Optics Engineering Manager. We are freeing up some of Michelle Shinn’s precious time so she can serve as the Department’s Chief Optical Scientist and continue her important job of designing our key optical elements and analyzing their performance. This talent is quite evident in this week’s WBS 11 report.

Gwyn Williams participated in an NIH review of Mark Chance's NIBIB P41 Center at Case Western Reserve Medical School this week.  The program involves the interaction of light with biological materials, and there was much off-line discussion about 4th generation light sources like the JLab FEL.

Operations:
   The week started out with some measurements of the effects of the  wiggler chamber heating discovered last week.  We had removed the X- ray cross and wanted to see if it had much effect on the heating.   The answer was no, it did not.  The wiggler chamber itself heated up by up to 85 degrees C and moved the upstream OCMMS (optical cavity mirror metrology system) cross by 1.8 mm as measured with a dial indicator.  The lower OCMMS assembly only moved by 1/3 of this so the mirror assembly tilted by about 1 mrad.  This is the cause of the OCMMS wander.  The movement in the OCMMS assembly was also not smooth but in jumps with some hysteresis.  This was also seen in the optical alignment data from last week.  We used the information from these measurements to specify the design of a replacement wiggler chamber. 
   Last Friday the optics group installed a pasted 1.6 micron 20% output coupler (OC).  The efficiency from this OC was expected to be less than the 11% OC but higher than the previous 20% OC, which had about 2% astigmatism.  The previous 20% OC achieved an efficiency of just over 1 kW/mA.  The new OC achieved almost 1.3 kW/mA at low current.   Running at 2.5 mA we achieved 2.75 mW or 1.1 kW/mA.  At 5 mA, where the previous OC had achieved 4.2 kW, the new OC achieved---drum roll-- 4.2 kW.  We have now tested three quite different output couplers at 1.6 microns and found that all three were pinned at 4.2 kW.  This is both frustrating and intriguing.  One theory is that the THz radiation, though reduced in strength, somehow still strongly influences the lasing.  Dave Douglas spent some time on Tuesday  deriving a machine setup with the THz suppression chicane turned  off.  We were able to lase strongly with this configuration and achieve the same low current efficiency we had with the chicane on.   When we increased the current to 2.5 mA we also got the same efficiency as with the chicane on.  This is also very intriguing.   The power absorbed by the mirror was enormous--24 W at 2.7 kW.  One conclusion one might come to from this is that the distribution of the spontaneous radiation with the THz suppression chicane on is more  harmful to the laser than the distribution with the chicane off.   To study the problem more we tried two approaches.  First, we installed the FLIR camera on the output coupler chamber window so that we could directly measure the temperature rise in the mirror vs. position on  the mirrors.  An example is shown in figure 1.  We could see temperature differentials of up to 5 degrees C on the mirror when exposed to just THz light. 
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Figure 1. FLIR image of 20% output coupler with 5 mA beam, with the  THz suppression on and maximal THz emission. 


We also could see light on the heat shield that was not THz but depended strongly on the electron beam bunching.  This light is very mysterious since it is much shorter in wavelength than one might expect for any coherent enhancement.  The FLIR can only see radiation from 7 to 13 um.  The radiation is shown on the heat shield in the middle of a mirror move in figure 2.  The image flickers at video rates, which implies that it is not heating but scattered radiation. 
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Figure 2.  FLIR image of the heat shield while running 5 mA CW.  The  vertical stripe was very sensitive to the electron beam bunching. 


   The second method used to study the THz heating was to use long pulses of high current beam and look at the response of the OCMMS return spot.  This specifically looks at the mirror figure changes due to absorbed THz.  We found that the change in mirror figure was quite large when we ran 4 mA beam for 2 seconds at a 10% duty cycle.   The return spot changed by 20% over about 1 second and then stabilized.  This was with the THz chicane off and the bunching set to maximize THz.  When the bunching was set to optimize the FEL and the THz chicane was on we could see almost no change in the OCMMS  return spot.  It was possible to get quite a large change in the ROC of the OC even if the THz suppression chicane was on if the bunching was set properly.  It is quite possible to have the THz chicane actually be a final buncher for the electron beam and produce a very short bunch at its exit.  We need to take more quantitative measurements using this setup. 
   Finally, another change to the FEL involved replacing the clips on the 1 micron mirror with gold coated clips.  These reduced the drift in the OC angle and proved to be very effective.  The laser can now lase using the 1 micron output coupler at over 500W with very little drift.  The drift was reduced by at least an order of magnitude from last week's configuration.  This will be very useful when we operate for the Aerospace group in User Lab 4. 
   We spent some time re-certifying User Lab 3 after a problem with the LPSS was found and corrected.  We also certified the optical control room LPSS and hope to certify the LPSS for User Labs 1 and 2 today.   This is in preparation for experiments next week. 
   Yesterday and today we are cleaning up the match around the machine and re-optimizing the laser.
Report from Dahlgren User Group:

NSWC  Dahlgren staff arrived on Monday to re-establish their experimental setup.  The optical path to the Dahlgren Sample changer has been modified to accommodate the current FEL Beam path in Lab 2.  The wind tunnel, sample changer and instrumentation have been installed and tested.  Dahlgren Users have completed the JLAB training required to work in the FEL.  The LOP and ESAF have been turned into the JLAB staff, though some clarifica-tion is still needed on the ESAF.  Completion of the last hurdle will position Dahlgren to be ready to receive beam next week.  Dahlgren would like to thank the FEL staff for being very accommodating during this week of setup, and looks forward to productive beam time and good data next week.

WBS 4 (Injector):

Given this week’s intense activity and next week’s schedule, we are planning to recesiate on Monday morning. We were pleased to have Charlie Sinclair visit the lab this week. He gave us an update on his important project at Cornell to design, build and test a 100 mA, 750 kV dc photogun for the Cornell ERL project.

WBS 6 (RF Systems)
 We are pleased to report that both the RF and SRF systems behaved all week.

WBS 8 (Instrumentation):

   The primary focus of this weeks planned efforts continues to be the investigation of loss of efficiency with increasing electron beam power. Additionally there has been a considerable effort to restore and upgrade the I&C systems for the user labs. Specifically, we have brought online Lab 2 Dahlgren Hutch, the control room wall status indicators for the OCR LPSS status, and we have started upgrading the user lab status boxes. We have also added two new area cameras in the user labs and we have improved our use of the Picture-In-Picture (PiP) hardware for the User Labs which are monitored in the control room. The OCR LPSS status indicators that are now visible in the control room are: the OCR "Laser Permit" status, the "FEL Shutter IN" status and an indicator for "Alignment Mode OK". The two cameras that have been added to the user labs are in Lab 2 and Lab 3. In Lab 2 we added the camera that monitors the inside of the hutch and in Lab 3 we added the camera that monitors the area outside of the hutch. Both of these new signals have been wired into the video system such that they are permanently connected to the PiP hardware and are also available in the video switcher. We have implemented the PiP hardware such that, from one video monitor, we can see all activity in the user labs. The User Lab FEL status boxes are being upgraded to provide external contacts which will allow users to interface data acquisition systems with the FEL status bits such as "FEL ON" or "Alignment Mode ON".
   This week was not without its fair share of unplanned activities as well. These included; replacing a failed video switcher chassis during operations, upgrading the MPS firmware to further protect the Optical Transport System, debugging the LPSS Harmonic Blocking Filter Interlock system and trouble-shooting the User Lab Alignment Mode. As well as a failed area radiation monitor which dropped the machine twice to power permit. This was chased down.  The failed video chassis was replaced with a spare that we had on the shelf and ready. The failed chassis was fixed on the bench and is now ready to be used as our next spare. The MPS update was to protect VBV1V01 from full power FEL light. We modified the Beam Mode Definition for this valve from 7 down to 2. This change is for Machine Mode 3 only. Mid-week, while certifying the LPSS, we had trouble getting the LPSS bit in the MPS to clear. The LPSS 12 channel harmonic blocking filter chassis has been installed and is operational. 
   We had an excellent brainstorming session this week on the next version of BPM/embedded IOC electronics. The FEL requirements differ from CEBAF in two main areas; the FEL beam/detectors produce ~40dB more signal and are subjected to a much lower current dynamic range. The key action items that resulted from the meeting are that in addition to the providing position information the electronics should be able to calculate and monitor motion spectrum > 10’s for KHz with an internal alarm that would report to EPICS when given spectral lines (motion) are above a given set point. Another action item is to determine what is the best choice of clock frequency and how do we generate it. The current thought is the 10240th sub-harmonic or the beam or ~146 KHz. This board is nearly complete but the order was suspended to some conflicts with the PCB manufacturer, these discrepancies are being worked out so the order can continue with forward progress.  This prototype has both the Cold Fire and FPGA resources to accomplish these requirements. We've also designated some time to the Beam Viewer Crate upgrade, by straightening up the schematic and arranging components in a logical placement.  The schematic for the control card is also making some forward progress as time permits. 
   The three-dimensional model of the ITS that will be used for arranging components is complete, and now exists as a 2-floor model rather than two separate models of each floor. Cable trays and rack positions have been added to the models as well. Further progress will include the installation of a wall on the second floor to separate the control room from the rest of the ITS. Racks that use to sit inside of the tent at the back of the FEL have been moved upstairs to the ITS. 
   We have received new DAQ PXI cards, which are to be used for the fast BPM measurements in the disperse locations. These DAQ cards will replace the other card, which is dedicated for the bunch length measurements with the help of the Michelson interferometer in the user Lab 3. Thus we have worked this week to adopt previously made software to the new DAQ hardware. This work is near completion.
   We have improved our instrumentation, particularly software, used for noise measurements of the FEL power. Now we can do the measurements on line and having many different spectra on screen for comparison. During the tests we have measured the actual noise spectrum and found that it might be changing a lot during the FEL optimization. The figure below shows examples of the measured FEL noise spectra during the optimization. A systematic study will follow to determine the cause of the various spectral peaks.
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   The THz spectrometer installer in the "THz chicane" has been repaired and is scanning again. The repair went as fast as it was mainly due to experience, which Gwyn Williams has with this device. We are looking forward to re-commissioning and use of the interferometer next week. That might become very useful when we investigate the mirror heating by THz. 
    Some support has been given to the Optics team as the temperature controller for the water outlet monitor was rescaled and the recommissioning of the Calorimeter has begun.  The cables for the Calorimeter have all been located and the connections are established in the tunnel.  Some time will be required to check out the RTD read-backs in EPICS but that should have a minimal effect on operations.
   And last but not least congratulations to Slim (Jim Kortze) for passing his Summer Course (ECE Signals & Systems) this week.

WBS 9 (Beam Transport):



IR Machine Operations
• The Shop will finish four THz absorbers rings for the beam tube after the Debunching Chicane today. (See photo)  The rings are designed to act as a black body for THz radiation from the Debunching chicane.  If the experiments this week show that the radiation is the source of our decrease in efficiency, we will place them at four positions in the region.

•
On work for the stalk retraction system for the new electron gun going into the Injector Test Stand, we added to the design, a method of retracting the stalk and cesiating the cathode without having to remove the SF6 Gas from the tanks.  The addition of a simple apparatus would save a great deal of beam running time. Layout is then continuing, adding the high voltage power supply tank and conditioning resistor transit region between gun and tank.

•
We started the process of responding to high temperatures in the Wiggler chamber. After installing dial gauges, we saw the chamber grow by .07 inches on the upstream end after reaching and reach 108 C with a current at 5 mA. The OCMM Chamber didn’t keep up, moving at half the amount.  We are working on a fix that includes cooling the chamber with water and plating it so that the resistance to image currents is not as high.    
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THz absorbers rings
WBS 11 (Optics): 

FEL mirrors
As a reminder to our readers, Operations at the end of last week showed that despite lower intracavity power for the higher outcoupling mirrors, our maximum power limits remained about the same.  In last week's report, we commented that absorption data taken over the last 2 months would be analyzed with an emphasis on the role bulk heating (from THz or RF) might play.  This was done and shown in Fig. 1.  With the notable exception of the 1.6 micron laser results with high outcoupling, the absorbed power is linear as a function of wavelength.  This was predicted in a tech note published in 2002 by Steve Benson.  For a particular set of published values on thermomechanical data for sapphire, the limit is 13.3 W/micron.  This is plotted in Fig. 2.  One can see that our values are somewhat below that, but that the behavior is correctly predicted.  This analysis suggests that we need to further reduce our far IR power loading, or place the HR downstream of the wiggler, so long as it has a sufficiently thick metal layer between the substrate and dielectric coating to reflect the far IR radiation, or by changing the properties of sapphire through cryocooling.  Our 1.06 and 2.8 micron HR mirrors already have this coating, and we are working on our cryocooling hardware.  In the meantime, we are doing additional experiments to see just how much this far IR loading is affecting us, and why is the data for the 1.6 micron, 20% outcouplers so different than the rest.  So far, we are doing this by doing thermographic imaging of the outcoupler with a commercial infrared camera, and by looking at the change in radius of curvature (ROC) using the OCMMS when running high current with and without lasing.  The strong heating of the wiggler chamber causes a rotation of the OCMMS hardware that precludes CW operation, but we can learn much by running the machine with long (1-2 sec), low duty factor pulses.  We hope to have further results by next week.
Operation this week at 1.06 microns showed that the gold-coated fixed clips greatly ameliorated the strong steering Ops encountered earlier.  We are also looking at installing a shield for the 2" mirror to further lower stray light hitting them.  We have also opened discussions with our coating vendor for producing a 1.6 micron HR with a metal underlayer.  We could receive those coatings in about 3 weeks.
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Fig. 1  Absorbed Power at Max Laser Output vs wavelength
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Fig. 2 The ratio of absorbed power per wavelength vs wavelength

Other Optics Activities:

This week’s major efforts were concentrated on preparing User Lab 2 for the Dahlgren experiment next week. Diagnostics were added to the Brewster window and cooling water and instrument air was plumbed into the Dahlgren Hutch. We vented the Optical Transport System (OTS) to repair the Lab 2 Mirror Cassette stepper motor. The problem was found to be a crimp connection that had intermittent contact. The OTS is pumping down and will be ready for certification later today or Monday. We finalized the phase noise measurement setup and written procedure. We added a remote control servo to facilitate this experiment. Both the HR and OC Optical Cavity Mirror Metrology System (OCMMS) where realigned to observe ROC change as a function of beam current and THz mitigation chicane settings. We supported installation and testing of the THz interferometer near the THz chicane. We worked with vendors on an improved EO cell to test on the Drive Laser. We continued work on integrating an EO cell in the Advanced Drive Laser (ADL). We also received a SHG oven for test on the ADL. Several modifications to the OC Mirror Frame were sent to the machine shop for fabrication. These modifications are in an effort to improve our mirror to frame brazing techniques.
Terahertz:

After setting up the optics and aligning the old spectrometer to the port at the center of the chicane downstream of the wiggler, we encountered a new problem.  The interferometer would not scan because of a broken connection to the reference detector board.  I was away doing some work at Brookhaven National Lab (BNL) so Pavel Evtushenko stepped in to repair the broken connection and now the bench is scanning again.  Unfortunately, I had the detector with me at BNL for doing measurements at the National Synchrotron Light Source (NSLS), so we have not been able to perform any test measurements with the internal source to verify that all systems are working properly.  Those tests can be completed when the vault is in restricted access.  We will also need to do some tests when the accelerator is off to determine the correct position for the insertable mirror.  Also this week, Shukui completed work to put the flip screens for viewing the visible synchrotron light that will be roughly coincident with the THz emission.

For most of this week, I was working at the NSLS in preparation for some preliminary magneto-optical experiments that have been proposed for the JLab – FEL THz source.  The initial tests will be performed on the U12IR beamline at the NSLS using a 10T superconducting magnet there.  Part of my time there was to complete measurements and work on the optical and vacuum design for interfacing the magnet to the beamline and a detector.  While I was there, I also tested a new laptop based portable electronic signal spectrum analyzer that I have built.  This portable system can be taken to different light sources for determining the real signal to noise factor of different light sources for properly comparing different source technologies.  The initial tests of the spectrum analyzer itself looked good, but it is not yet clear if the small pyroelectric detector will be sensitive enough for the much lower irradiance provided by the NSLS and other sources.  More tests will be necessary using the JLab – FEL THz source, where we have more than enough power to use this pyroelectric detector.
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Data

		Analysis of absorbed power at max output, vs calc absorbed power limit.

		Michelle Shinn												Uncertainty in P abs(W)		0.78		TN 02-014 predicts 13.3 W/um

		Date		lambda (um)		Max output (kW)		P abs (W)		Current(mA)		Pmax (Bulk abs 0.1 wave limit)		Pmax (Surf limit) (W)		Pmax (Shift limit) (W)		P abs/lambda		Outcoupling

		4/11/06		1.6		3.8		19.7				5.5						12.3125		11%		pasted

		4/11/06		1.6		3.4		19		4.6		5.5						11.875		11%

		4/14/06		2.8		5.2		34.5				9.9						12.3214285714		8.00%		brazed

		4/27/06		1.6				18.5		4.35								11.5625		11%

		4/28/06		2.8		3.85		30.8		3.4								11		8%		brazed

		6/8/06		1.6		3.7		13										8.125		21%		2% astig brazed

		6/15/06		1.06		1.6		12.9		4.9								12.1698113208		15%		pasted

		6/19/06		1.6		3.8		11.7		4.85								7.3125		21%		pasted
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Data

		Analysis of absorbed power at max output, vs calc absorbed power limit.

		Michelle Shinn												Uncertainty in P abs(W)		0.78		TN 02-014 predicts 13.3 W/um

		Date		lambda (um)		Max output (kW)		P abs (W)		Current(mA)		Pmax (Bulk abs 0.1 wave limit)		Pmax (Surf limit) (W)		Pmax (Shift limit) (W)		P abs/lambda		Outcoupling

		4/11/06		1.6		3.8		19.7				5.5						12.3125		11%		pasted

		4/11/06		1.6		3.4		19		4.6		5.5						11.875		11%

		4/14/06		2.8		5.2		34.5				9.9						12.3214285714		8.00%		brazed
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