MEMORANDUM 
To:
Distribution 

From:
F. Dylla

Subject:
FEL Upgrade Project Weekly Brief – January 5-9, 2004

Date:
January 9, 2004

Highlights:

After a 10 day break for the holidays and a one and half day maintenance period for the photo-electron gun power supply, we were able to bring the FEL back into operation within 45 minutes of start-up on Wednesday morning. 


To date the FEL upgrade has achieved the following: cw lasing at 10.1 microns at the kilowatt range; pulsed lasing at 10.1 microns at 2.5 kW with 3 mA of linac current.  A lasing efficiency of 1% (laser output power/electron beam input power) has been demonstrated to date, which bodes well for high power operation since at full current (10 mA) there is 800 kW in the driver accelerator in the present 2 crymodule configuration. This linac power will double when the 3rd crymodule is installed sometime in the next few months.   Our present cw output power is limited by excessive absorption in our best (and industry's best) 10 micron optics (which absorbs ~2500ppm of the incident power- a number 25 times higher than our spec.)  We plan to continue characterization of 10 micron operation until next week when we will switch operation to 6 micron optics.  At this wavelength we believe we have optics with absorbance characteristics closer to specification (this parameter can be accurately measured only during high power optical loading).  We are also continuing detailed analysis of lasing performance versus our modeling and the driver accelerator performance versus our modeling.  The measured small signal gain of the laser (~20%), is lower than our predictions unless the bunch length is significantly longer than our initial measurements. We will continue to work on these analyses as we push the system performance.  One area that needs additional measurements and analysis is our injector.  We plan to dedicate time to injector-only experiments during the upcoming installation period for the 3rd cryomodule.  Details of our present understanding are given below for the aficionados in the commissioning summary.

NOTE: HOLD THESE DATES:

The next (tri-services) semiannual project review of the FEL Upgrade will be held at Jefferson Lab on Jan. 29-30, 2004.

The 2004 FEL Users/Laser Processing Consortium Workshop will be held at Jefferson Lab on March 10-11, 2004.

Commissioning Summary (Steve Benson and Dave Douglas):

Measurements in the last week have allowed us to compare the FEL performance measurements with calculations using the measured electron beam parameters as input. 

The latest measurements of the electron beam parameters are as follows: 

emittance           
30 mm-mrad (rather uncertain but also not critical for lasing performance) 
energy spread     
0.4% rms 
charge                 
135 pC 
Betas in wiggler   
300 cm (again, rather uncertain but also not critical) 
bunch length       
700 fsec FWHM (extracted from autocorrelation assuming Gaussian pulse) 
energy                
80 MeV 

The Rayleigh range was assumed to be 300 cm but is not critical to the gain or extraction efficiency.  Note that the longitudinal emittance is a factor of three higher than we expected and a factor of four higher than the PARMELA prediction at the linac entrance.  The transverse emittance is also a factor of three higher than PARMELA.  The bunch length is the most critical parameter but we do not presently have the capability of extracting the bunch shape from the autocorrelation function so the pulse length is uncertain at the 30% level. 


When these numbers are put into the spreadsheet predicts 28% small signal gain at 10 microns.  The power output is around 500 W with 1.25 mA of beam current.  The small signal gain can be measured two ways.  Pulse propagation simulations consistently predict that the laser turns on to half of the saturated power in 23.6 e-foldings.  The turn-on time to half of saturation is easy to measure and is found to be 30 microseconds.  From this one can predict a net gain of 18% and an electronic gain of 32% assuming 11% losses.  This is in good agreement with the spreadsheet.  The gain measured by looking at the turn-on and fitting to an exponential indicates a net gain of around 10%.  With 11% losses the gain is 24%.  The only parameter that can be reasonably stretched to come close to this gain number is the bunch length.  If the pulse length is actually 1 psec, the gain is 23%.  The longitudinal emittance would then be 135 keV-psec compared to the PARMELA prediction of 22 keV-psec or 6 times as large.  The energy spread and transverse emittance assume that spot sizes are 4 sigma.  They are therefore probably upper limits.  The charge is good to a few percent.  Doubling the beta function only drops the gain by a few percent.  The wiggler should be essentially perfect according to measurements.  Aberrations in the mirrors could account for some drop in gain but it should be quite small for 10 micron operation. 


The power output is 900 W during the macropulse for 1.25 mA operation.  Assuming that the extraneous losses are 1%, this means that the power output is 1 kW with 100 kW of beam power or 1% efficiency.  This is already much higher than the spreadsheet but it consistently under-predicts the power.  It is close to the 1/4N efficiency number and is reasonable with a system that is only a factor of two above threshold.  If we operate a factor of three to four above threshold one expects the efficiency to be about 1/3 higher or 1.33%.  We need an efficiency of 1.25% to get a kilowatt so this is very reassuring.  Pulse propagation simulations show much higher efficiency but also much higher gain.  We plan to do some more simulations with a gain to loss ratio of 3 to see how much efficiency we can expect. 


It is clear that we are getting significant emittance growth somewhere in the machine.  There is no energy spread growth between the first and second arcs and relativistic effects keep the bunch length from changing in this region without energy spread growth.  This means that the emittance growth has to be in the injector region.  The spot size at 0F04 and the energy spread at 0F06 seem to agree well with PARMELA.  The energy spread after the linac indicates that the bunch length is too long by  60%.  This can account for part of the longitudinal emittance growth but the bunch length comes from the energy spread, which is correct at 0F06.  One is compelled to conclude that space charge leads to energy spread growth after 0F06.  We therefore need to focus our efforts on understanding how the injector differs from PARMELA.  This effort will continue during the remainder of this month and during a dedicated period during the upcoming installation and commissioning of the 3rd cryomodule.

The attached figures show the measurements of cavity loss (Fig 1) and gain (Fig. 2)
The loss is shown with a comparison against 9%, 10% and 11% lines.  The outcoupling is nominally 10%/pass.  The gain shows two lasing pulses with a line at 19.5% small signal gain in the first curve and 19% in the second.  Each curve is bracketed by 1% higher and lower lines.  In each case we've assumed 10% loss.
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Figure 1
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Figure 2

Management:

We prepared an outline of our near term (next four months) commissioning plan for the FEL Upgrade for presentation to the project semiannual review panel at the end of this month 

(Jan. 29-30).  The outline was forwarded to the ONR program office for comments on Jan. 8th. 

Discussions were opened up among FEL  team members on the topics to be covered at the 

Jan. 29-30 review, and the most efficient means of presenting the essential information.  A draft agenda is being prepared for review by the program offices. 

On Dec. 22, a project summary for FY03 for the UV FEL Upgrade project was prepared and sent to the AFRL program office. 

On Jan. 9th, George Neil and Fred Dylla visited the NRL to give a seminar on the FEL Upgrade and to discuss potential joint projects on beam propagation, high power rf systems and photocathode physics. 

WBS 4 (Injector):

We performed the 4th recesiation on the cathode made on September 3 2003.  The cathode QE after this recesiation is 3%. Last recesiation (Dec. 15, 2003) was 3.6%.

Gun HVPH - Data was collected this week showing the oscillation between the Master and Slave drive units with a 2 drive stack configuration.  The images were forwarded to the vendor for review.  The vendor is sending 2 engineers next week to further diagnose the problem.  If they are not able to fix the problem next week, they will be back during the time when the 3rd cryomodule is installed.

WBS 6 (RF):

RF - All RF systems appear to be operating normally.  Questions have been raised concerning possible phase drift with the Buncher and the Drive Laser.  Looking into getting a vector-voltmeter setup to measure the phase signals.

Zone 3 - The 3rd cryomodule is nearly finished and will be ready for installation shortly.  A Task List has been compiled and reviewed by all concerned.  An installation and commissioning schedule is being generated with an open start date and will be reviewed early next week.  Many of the ordered items are in-house and ready for installation.

WBS 8 (Instrumentation):

More effective shielding was installed around ITV0F04 and ITV0F06 to shield the viewers from the 5G dump. Attenuators and a BV Interface box have been installed on SLM2F08. An additional RS232 patch panel was installed and terminated from the control room to the OCR in order access the I&C centers in the vault. Prepared the OC diagnostics fail-safe interlock boxes for installation.  Fabrication has a begun on 9 video switcher chassis. 
   

Fabrication and assembly of the first Flipper chassis has been completed and is in the final testing stage: (http://www.newfocus.com/product/modelgroup.cfm?productlineid=4&modelgroupid=1110).   The flipper cables for the existing motors have been terminated, tested, and verified that they are functioning properly.  Final testing of the CAN-BUS interface for the Flipper chassis is continuing simultaneously with the testing of the chassis.  Once testing of the system is completed the device names for the existing channels will be labeled in EPICS and future channels will be added and labeled as needed. 
   

Work has continued on the design and documentation of the new SF6 pump system. Measurements were taken of the area where a large portion of the system will be located.  The old system did not meet OSHA standards of safety, so the new system will incorporate a SF6 filter purifier.  The equipment to accomplish this task has been located, and is under review to determine if it best fits this projects specifications. 
   

The SRF diode readout system is progressing well.  There are 5 (first run) boards due the first of next week.  Once these are tested and function correctly we'll order 50 more.  That is sufficient for three complete crates (192 channels); one for the upgrade module, one for the injector and the first module and one for optical diagnostics. These cards accept either a diode thermometer or and RTD thermometer.  Each crate contains one of our new DSP with CAN interface. The crate will have a backplane which will eliminate nearly all of the interconnection wiring. This backplane is being laid out now and should be done late next week.  Heliax cable and connectors have been ordered to bring the upgrade module's Higher Order Mode (HOM) power upstairs (where it will be terminated in 50 ohm). A design is also being worked on to drive the new module's piezo tuners. These will be used to maintain a force equal to the Lorenz detuning regardless of gradient. The current design fits in a 3U crate with our new DSP (& CAN interface of course). 
   

Drive Laser Pulse Control System (DLPC) - We fixed the timer board in iocfel10 that coordinates the FEL macropulse width, the mechanical shutter, beam sync and the pre-trigger for systems like the Happek. 
   

Two new video servers are being added to our system to assist us in the remote viewing of our systems. When finished, we will have 12 video channels available online. One is connected to the video switcher so any of the 192 video channel in the FEL can be connected for remote diagnostics, the second has four fixed channels which relate to machine operations, and the remaining 4 channels are for the optics groups use. The first two can be found from http://laser.jlab.org or directly online at: 
video server #1 : [ http://129.57.20.54:1497 ] 
video server #2 : [ http://129.57.20.46:1497 ] 
   

Framegrabber's masking is now sufficient for usability.  Tests showed favorable results when using the masking capabilities. Testing along the 3F region proved to fit the model provided by David Douglas.  Framegrabber is now on iocfel4 ready for operational use.  The ioc was rebooted and had successful testing.  On the development side, ioct2 and iocfelt2 are still suited for offline development using CA on the other system. 
   

FTIR2 was found to have a bad power supply fan.  Fan was replaced and the system was tested with a successful connection from FEL-SALLY.  After the system was reinstalled down stairs, it worked properly once and froze.  System has been sporadic ever since. 
   

A lot of time has been spent this week on part procurement for new chassis being built.  The front panels and circuit boards for the Flipper Motor Control Chassis have been received and the chassis is currently being tested.  Drawings for the Can Bus Interface Board are being finalized in EECAD, and parts are being ordered to get the rest of the boards we have populated.  A new Silicon Diode Thermometer board is being fabricated, drawings for the board are complete and parts are being ordered to populate these boards as well. 
   

The Electronic Documentation configuration control database has been updated to provide each 
object with a dedicated folder and the there is no longer any requirements on file names or any 
limit on the number of file that can be included with an object.  A new procedure for Charge/ Dump Current Monitor Calibration is being drafted and is about 15% complete. 
   

Welcome Chica Opka to the I&C group.  She is an EE major at ODU and will be a welcome addition.    
WBS 9 (Transport):

Sextupole (SF) 
• Drawing set back-checks were checked and the few items that still need correction are being worked on. 
Octupole (OT) 
• New England Technicoil did not make good on their promise of success before Christmas break and arrival of the completed cores on January 5. instead, the parts are still in machining and we have not received the coordinate measuring machine date they promised. 
Operations 
• We fixed a short of the first quadrupole in the dump line to its stand. (The stand was electrically isolated so that the short was not affecting operations). 
• We are still working with the screen programmers to fix the hysteresis controls for the Injector and Extractor dipole strings on the Box Supply Master Control Screen. They don’t perform the same hysteresis cycle as the expert control screens. They are also upgrading the “Cycle all magnets” script to the FEL Upgrade version. 
• They did fix a problem with settings saving utility (BURT) that is not capturing the vertical arc corrector (GC) field values. 
• I am continuing work on the database for the Beam Transport System that will interface with the new Configuration Control Data Base System that Rich Evans of I&C initiated. 
• The strength of the QJ and QI quadrupoles of the Injector and dump line (respectively) came into question when a “by hand” reading indicated over a factor of 2 low. Tom Hiatt is putting a duplicate quadrupole on the test stand today and will be able to get validating data next week.

WBS 11 (Optics):

This report will combine work performed the half-week before the holiday began, and this week.  Before the holiday began, we made measurements of net gain and loss while lasing at ~ 10.1 um.  While lasing at sufficiently high outputs (100 - 500 W), measurements were also made on the temperature rise in the cooling water of both mirrors as a cross-calibration on the laser calorimetry done on the optics before they were installed.  The gain measurement was repeated with higher accuracy this week, and is discussed in the Commissioning section of the report.  The overall loss is dominated by the outcoupling, and there were no surprises; the loss is ~ 10%, the outcoupling fraction.  Absorption in the HR mirror was determined to be about 2000 ppm from the lasing experiments, lower than but of the same order as the laser calorimetry value of 3500 ppm.  Absorption in the OC mirror, as determined from laser calorimetry, is about the same as the HR at 4000 ppm.  Both values are about a factor of 2-3 higher than what is considered to be the lowest loss available for this wavelength range, so we are getting quotes from coating vendors who believe they can produce these coatings.  It should be noted that even these best coatings have losses ~ 10x higher than our spec, so the outlook for very high average power in the 10.6 um region is not good. Thus our attention has moved to the 6 um wavelength range, where we have had lower loss (based on IR Demo performance) optics.  To date we are stymied in our attempts to lase because (we believe) the OC mirror's aberration is too high.  Realizing this last month, we began developing a plan before the holiday to eliminate the distortion by replacing it with our new style cooled mount, and two were fabricated during the shutdown.  This week we (including folks from the Mech. Eng. Group and our braze guru from SRF Infrastructure Group) have had a full court press to get these mounts ready so the optics can be installed in them.  We also designed new cooling loop lines to reduce excessive torques on the optics and will try out this design, as well as other concepts, on a two mirror test stand we've assembled.  These activities, assuming no manufacturing delays, currently has us installing two new 6 um outcouplers next Wednesday or Thursday.  
Our work on the drive laser continued, and we have improved the phase noise over what we've had for some time.  The fix so far has been to find the best position of the modelocker crystal, then set up the loop to create the strongest acoustic wave in the crystal.  However, we still see excessive phase noise at the peak of the detuning curve, something that we had not had a year ago.  Hence more work remains, but it's not the near showstopper it was.  This problem somewhat set aside, today we are seeing some slow drifts in phase, and will work to determine the cause and fix it. 

Terahertz Project:

Following the review, the final drawings were made of the mirrors with their elliptical blanks, and ellipsoidal figures, apart from M3 which is planar.  These drawings had to take account of the tilt requirements of +- 5 degrees that the 12 mm stroke of the phytron gives on the 75 mm base.  The mirrors are now in procurement.  Work continued to complete the detailing of the support structures for the beamline, and the drawings were signed off ready for manufacture this week for an estimated manufacturing cost of $2000.  Some final adjustments were made to drawings of the M2 spool, of the spool preceding focus F1 and of the spool preceding focus F3.  Also it was decided to mount the diamond windows on 2 3/4" titanium flanges rather than 6" flanges (for cost saving reasons).  This is now possible since the windows have a clear aperture of only 20mm.  This necessitated small changes in the mounting arrangements.  Following these final minor modifications, procurement of the beamline vacuum components commenced.
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