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Members:

Joe Frisch – SLAC

Larry Doolittle – LBL

Patrick Krejcik – SLAC

Mike Browne – SLAC

Bob Dalesio – SLAC (Chair)
Summary:

Dayle and Ron did a very good job in providing information required for the Final Design Review. They had addressed all issues from the previous review. There are no items that prohibit the project from proceeding. Several issues that require attention at this point in the project moving forward have been cited.
Show-stopper issues: Items which must be addressed before we can continue:

NONE

Significant Performance or Reliability issues / Issues Important to Address: Items which may allow initial turn-on, but should be corrected before the machine reaches full performance.

RF gun temperature control: This system seems problematic. The calculated recovery time from a RF power trip is several minutes, that based on a simplified simulation. Suggest an independent review of this system, and some suggestions for new ideas (e.g. RF power based temperature control).  The gun temperature control is probably sufficient for turn-on. (Joe)
Definitely under-intellectualized.  Unconvincing rationale, second-rate results.  Joe Frisch brought up using RF pulse width as the heater. .(Larry)

The interaction of the LLRF and the temperature stabilization of the gun should be revisited. Simulations showed that it would take 100 seconds after an RF trip for the temperature to come back in range for the RF to be turned on again and a further 100 seconds for the phase to be stable for the electron beam. The importance of this will depend on the frequency of trips during commissioning of the gun and processing time after a cathode has been changed. The capability of the LLRF PAC to shift the frequency of the gun could reduce this time considerably. The pulse width of the RF gun could also be varied to regulate the temperature of the gun. The LLRF controls group should meet with the conventional facilities group to discuss the interaction between the gun water cooling and the LLRF. (This has since occurred.) The protection system for the gun RF needs to be better documented. The klystron has self-contained interlocks for vacuum and reflected power. The gun physicists need to specify the level of reflected power tolerable before damage occurs and how the signal should be processed to avoid false trips. Are gun water flow interlocks incorporated in the gun RF interlocks? These items are not covered by the LCLS MPS which only acts to turn off the electron beam via the injector laser. (Patrick)
All committee members concur that the operation of the temperature control in conjunction with the start, interruption, and restart of the RF needed a more comprehensive solution. The water-only solution took 100 seconds to stabilize the temperature at the operational point and presumably another 100 seconds to stabilize when the RF comes back on. Some combination of controlling the RF pulse length and water temperature control could be used to optimize this. The system needs to be engineered with the RF, facility and RF gun people together. (All)

Gun Cavity Phase: Gun:  My main worry here is that is that pulse-to-pulse control of the gun cavity phase will not be sufficient guarantee the required bunch amplitude and length stability. In this case some type of feedback during the RF pulse may be required. The current physical layout may preclude this from being accomplished. The long, lossy waveguide is good for isolating the Klystron from the cavity but at the same time greatly increases the group delay.  (Mike)

Commissioning Time: The LLRF distribution and controls is a mature design that has been reviewed extensively in the past. The critical step for successful implementation is that the activities for testing and commissioning are adequately incorporated in the broader LCLS commissioning plan. (Patrick)

Minor Performance or Reliability issues: Items which individually are acceptable for machine operation, but slightly degrade the overall performance or reliability. Plans to correct these issues should be considered, and implemented if practical on a case by case basis. (Joe)
Missing trigger detection: It would assist with debugging if the PAD and PAC could report missing triggers. (Joe)
The IOC gets readings from several PADs. If one of them does not respond is this set in the IOC and handled in the feedback calculations?

(Bob)

Gross timing fault detect

Crudely in there now, could be greatly refined in software/firmware. .(Larry)
Absolute power: The LLRF system is expected to report power with ~1dB absolute accuracy. This is sufficient for any physics questions, but may cause operator confusion. For example if a 50MW kystron is reported as delivering 60MW. Possibly outputs should be calibrated in “percent”, or calibrated to a known maximum device output power? (Joe)
Trigger race detection: If the digitizer trigger arrives at nearly the same time a the 102MHz clock, occasional phase jumps will be observed. These jumps could upset feedback systems, and possibly cause trips. The PAD and PAC boards should provide diagnostics that they are operating at near race condition timing. (Joe)
Does this eliminate the need for triggers that are accurate to 2 nsecs? It would be better to detect/correct in hardware than to count on the cable length remaining through years of operation (Bob)
PAD RF front end:  The PAD front end design should be studied for nonlinearity, possibly resulting in changes in input RF levels, and IF amplifier designs. Although there is not directly requirement for high linearity on the RF system, non-linearities can produce unpredicted and undesirable side effects. (Joe)
Unknowns – Critical: Questions where the “bad” answer could lead to substantial project delays or performance problems. (Joe)
Laser phase response: The laser system phase must follow the ~1ps phase shifts that occur at 120Hz due to re-synchronizing of the LCLS oscillator to the SLAC drive line. If the laser phase response is too slow, it will not be possible to close the feedback loop. LOW PROBABLITY, HIGH COST RISK. (Joe)
Laser phase measurement – pulsed: This is mostly outside the scope of this review. The LCLS laser system uses chirped pulse amplification. Several effects (gain change during the pulse, frequency shifts, etc) could cause the output pulse to jitter relative to the mode-locked pulse. The relative stability of the mode-locked and output pulses has not been measured, although it is expected to be low.  If it existed, shot to shot jitter could be very difficult to correct. Drift correction would require a single shot measurement of (UV) laser pulse vs. RF phase at the << 1ps level. The single shot measurement system would need to be designed.  LOW PROBABILITY,  HIGH COST RISK. (Joe)
MPS issues: It is not believed that nay failure of the LLRF system can cause machine damage (due to excessive RF power for example). This should be checked before turnon. If it is possible to cause damage by improper phase or amplitude outputs, (possibly complex) interlocks will be required. (Joe)
Unknowns – Minor: Questions where the result could change system designs, but are unlikely to result in significant delays or performance problems. (Joe)
Laser phase measurement mode-locked: The laser system will presumably provide a RF signal, possibly broadband, from a photodetector on the mode-locked laser. It is straightforward to measure the phase of this signal using the LLRF system.  It is slightly outside of the scope of this review, but the conversion from optical to electronic is not trivial – the detection system must have low amplitude to phase conversion.  (Joe)
Cable drift measurements: The cable drifts have been calculated but should be measured.  (Joe)
Concern about temperature fluctuations in environment, especially long cable run to gun (put it in a styrofoam box?) and the penetrations (in the presence of high power waveguide, even if that is water cooled). .(Larry)
Requirement for Slew Rate on Slow Drift Tolerance: The requirements for the LLRF have been separated into pulse-to-pulse jitter stability requirements and a long-term drift stability requirement. The latter can be compensated by beam based feedback. However, it would be good to specify the slew rate on Slow Drift Tolerance Limits. (Patrick)
LLRF distribution:  Needs a test plan for measuring and characterizing the noise and drift of the actual system. This is necessary to characterize the demands on the feedback systems.
The LLRF distribution needs a test plan for measuring and characterizing the noise and drift of the actual system. This is necessary to characterize the demands on the feedback systems.
(Patrick)

Data processing time: The time to acquire and process data has been estimated, but a careful test should be done to ensure that the LLRF feedback can operate at the 120MHz machine rate. (Joe)
Want to see a data flow diagram within 8.3 ms inter-pulse time, showing data transfer, computation, packet flow, etc.  Top level view before showing measurents and strategies for individual components. .(Larry)
It was stated that the round trip time to read a PAD into the VME IOC, compute a change in the VME database, and send it to a PAC is 3.5 msecs. In the timing budget for closing the loop, how much time does it take to read all 4 channels from all PADs required for the worst case VME, compute the change, send it to the PAC and have the LLRF settle in time for the next beam pulse? It would be good to measure each of the portions of this. Also, is it possible to send the waveform for the RF as well? Is this only done in an offline mode? Can we capture one waveform and send over pieces at a time until it is all in the VME IOC, without slowing down the feedback? (Bob)

Feedback:  Design and/or document the possibility of smooth transitions between local and global feedback.  Include provisions for low-pass filtering of a noisy beam-based measurement, or not.  Include provisions for modulation-based slow beam measurements. .(Larry)
RF Waveguide Temperature stability: Temperature stability in the RF waveguide was cited as a reason that there would be little drift in the RF distribution, can it be verified that there is only 10 dgf temperature drift over 400’ of waveguide? On turn on/off, is there time needed to have this temperature stabilize? (Larry?)
Work still to be done: These are items which are planned, but not yet demonstrated. 
Data to Commissioning Team: The controls software for the PAD and PAC are well in hand. A list of PVs and triggers should be made available for applications physicists so they can begin writing applications. I believe this has since been done. (Patrick)

2830MHz resync: Software is required to detect phase jumps in the 25/102/2830 MHz system and rotate the phase of the 476MHz to correct. Software needs to be integrated and tested. (Joe)
PAD / PAC calibration software: This is designed in concept, but need to be implemented. It is not clear how the calibration numbers are associated with the physical hardware, and how changes are implemented in the database. (For example, if a gain calibration changes, does the reported physical parameter (power, phase) appear to jump in the history? (Joe)
Want real measurements, especially the PAD with the active element (Sirenza SBW-5089) in the LO path.  Temperature coefficient, microphonics, power supply sensitivity, aging, 1/f noise -- all kind of merge into one. (Larry)
Safety: Double check that there are no MPS concerns with arbitrary IQ waveforms,  so untested software can be run without fear of breaking anything. Cover 3 dB of clip amplitude variability with phase, plus potential off-carrier frequency generation.(Larry)

Test Stand:  What plans for short or long term test stand to support hardware/software integration? Must have a way to check out the overall system without high power RF or beam. (Larry)
PAC waveform generation: There is lots of flexibility in where the phase, amplitude, offset control  is performed.  No slides describing where is currently planned.Could do it all in the FPGA (wasn't part of the spec given to the  FPGA code designer). .(Larry)

PAD Triggers:If the PAC generates the triggers for the PAD units, these triggers are directly under the control of LLRF PAC software and thus cannot be arbitrarily moved. (Mike)
(Is there an action suggested here?)
(How critical is this item?)

Test Plan: A test plan is needed for the PAD. This should include measurement of cross-talk between the 4 channels and a measurement of the linearity (e.g. with a two tone test).

A procedure for setting the correct timing for the PADs needs to be documented so that it can be incorporated in the commissioning schedule. The 8.4 ns timing resolution of the EVRs will produce artifacts of 90 degree phase shifts in the measured phase so a procedure is needed to shift the timing in multiples of 14 ticks to remain synchronized with the 25 MHz IF once the middle of the timing range has been found. (Patrick)
A test plan is needed for the PAC. This should include measurement and compensation of the offset in the PAC (e.g. by SSB modulation).

(Patrick)
Calibration data management: What hardware support is planned?  Silicon serial number (to index cal data kept on server), or NVRAM (to keep cal data with the board)?  Or both, to hedge bets?  Assertion that NVRAM is on board and supported. .(Larry)
Clerical

Typo: 2856/8 = 357, not 358 MHz             (Larry)
