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Statement of Work II – Full LCLS Injector Drive Laser System 

Introduction and Background


The Linac Coherent Light Source (LCLS), an xray FEL project of the Stanford Linear Accelerator Center (SLAC) of Stanford University invites proposals to develop the full laser system that will drive the RF photoinjector of LCLS. The final uv wavelength pulses can be produced via third harmonic generation from the fundamental ir wavelengths. They will irradiate a photocathode to generate nominal microbunch electron charge levels of one nanoCoulomb. Further information about LCLS can be found at the following website:



http://www-ssrl.slac.stanford.edu/lcls/
We anticipate awarding the contract for this drive laser development to a vendor in October’04 (i.e. early in FY’05). The detailed ir and uv specifications are listed in Tables I and II respectively. The chosen vendor is to provide the site for full integration and final integrated testing of the drive laser system before shipment to SLAC. 

We anticipate that the ir portion of the laser system will be of the MOPA (master oscillator power amplifier) type using a standard CPA (chirped pulse amplification) scheme where the oscillator source is synchronized (phase-locked) to an external (SLAC supplied) RF source. The final high energy ir pulses will be produced via high gain, broadband amplification of phase-locked oscillator pulses through an amplifier chain of the vendor design. The laser system architecture is to be determined by the vendor and must incorporate the required temporal and transverse spatial pulse shaping specified in Tables I and II. Final ir pulses can be converted to uv pulses via third harmonic generation in appropriately selected material(s). Implemented pulse shaping techniques (temporal and transverse spatial) and harmonic generation techniques, as needed to comply with specifications, will be determined by the vendor. We anticipate that the commercial state-of-the-technology for such laser systems will continue to advance such that new developments and improvements are likely to be available within relatively short timescales (one – few years). For this reason the facilitation of future upgrades and improvements in the proposed system designs is important.  
Specifications and Discussion


Table I lists the detailed requirements for the fundamental ir portion of the drive laser system. The ‘minimum’ ir bandwidth is defined to be the that required to meet all the tabulated specifications. Additional ir bandwidth beyond this minimum value is referred to in this document as ‘excess’ bandwidth. The total bandwidth is then the sum of the minimum and excess bandwidths for the ir and uv wavelengths. 

need to decide here how to handle this since we know that 20 nm bandwidths or 
more can be required for some diagnostics and this may be needed at some stage 
(for example, preamplifier pulse energy levels)for diagnostics.


Table 1 - IR Pulse Specifications and Tolerances

Oscillator:


spectral bandwidth >= 10 nm





average output power >= 10 W






repetition rate = 119 MHz 





 (phase-locked to external, RF source)


Energy Related:

central wavelength - 765 nm (+10nm / -5 nm)






minimum ir bandwidth - as required to meet 






all listed specifications






pulse energy – >= 25 mJ  





(with < 1% rms variation)

Temporally Related:

repetition rate – >=120 Hz  (final amplifier output)





power profile – nominally uniform (i.e. flattop)





(adjustable plateau slope with < 3% rms variation 





 within flattop plateau)





full width at half of maximum value (FWHM) - 






10 psec (with < 2% rms variation and extendable 





 to 20 psec)





rise and fall time (10% - 90%) – 1.5 picoseconds





timing jitter – 0 picoseconds (nominal with < 0.5 






picoseconds peak-to-peak) 


Transverse Spatially Related:
fluence profile - nominally uniform (i.e. flattop) 






(adjustable with < 10% peak-to-peak variation 





 within flattop plateau for any single pulse)

The adjustable slope of the nominally flattop temporal plateau region of a single ir pulse is required to facilitate compliance with the equivalent uv pulse specification and more critically to enable adaptive control of the electron microbunch temporal profile used for optimum LCLS operation. Similarly, the adjustable slope of the nominally flattop transverse spatial profile is required to facilitate compliance with the equivalent uv pulse specification.

Our specified tolerance requirement for timing jitter with respect to an external RF source is considered to be much larger than the limit of what is now commercially available. We anticipate that phase synchronization of the oscillator (relative to a SLAC supplied , external, RF source) to the 50 femtosecond level is now obtainable and therefore that best effort on the part of the vendor can significantly exceed our 500 femtosecond requirement.

Table II list specifications for the uv pulses that irradiate the photocathode of the electron injector.





Table II - UV Pulse Specifications and Tolerances 

Energy Related:

central wavelength – 255 nm (+3.3nm / -1.7 nm)





minimum uv bandwidth – as required to meet 





all listed specifications






pulse energy - >= 2.5 mJ 





(with < 2% rms variation)

Temporally Related:

repetition rate – >= 120 Hz





power profile – nominally uniform (i.e. flattop)






(adjustable plateau slope with < 5% rms variation 





 within flattop plateau)






full width at half of maximum value (FWHM) - 






10 psec (with < 2% rms variation and extendable 





 to 20 psec)






rise and fall time (10% - 90%) – 1.0 picoseconds





timing jitter – 0 picoseconds (nominal with < 0.5 






picoseconds peak-to-peak)

Transverse Spatially Related: fluence profile – nominally uniform (i.e. flattop)





(adjustable with < 20% peak-to-peak variation 





 within flattop plateau for any single pulse)


I am in the process of confirming/clarifying the photocathode uv pulse energy requirement with Schmerge (John had mentioned that only 40 microjoules was really needed at 255 nm and this will be clarified). So, at this central wavelength we will likely need much less than the discussed/assumed 200 microjoules at the cathode. We should therefore request uv pulse energies that provide (i) an adequate safety margin (at least a factor of two for example) but also (ii) are as doable as possible from the vendors point of view. This is a critical part of the overall laser system pulse requirements.

Because the uv pulse are to be generated by third harmonic generation, the uv central wavelength and its upper/lower limits are linearly scaled (by a factor of 3) from the ir requirements. The adjustable slope of the nominally flattop temporal plateau of a single uv pulse is required to enable adaptive control. It is assumed that such adjustments will be implemented at the ir wavelength (i.e. ir pulse slope adjustments). The adjustable slope of the nominally flattop transverse spatial profile can be implemented at the ir and/or uv wavelengths and will also enable adaptive control.

Table III lists areas of other technical preference. It lists those technical performance characteristics that the vendor is encouraged to meet but they do not represent rigid specifications.  




Table III –  Other Technical Preferences
Oscillator

average output power   >   10 W  




spectral bandwidth       >   10 nm



timing jitter

 <= 50 fsec  (w.r.t an external RF source)
Preamplifier

repetition rate 

>= 240 Hz 

Other applications of the drive laser system (or part of it) may require allowance for some excess bandwidth. This can be better known once the minimal bandwidth is determined by the vendor.  In this case the seed pulse spectrum for the amplifier chain may be filtered if necessary. Similarly, an average oscillator output power above 10 W and a preamplifier repetition rate of 1 KHz are also encouraged. As stated above, best efforts to minimize timing jitter are encouraged.
Proposal Requirements


The LCLS injector drive laser system is to be fully integrated and tested as such at the vendor site prior to shipment. The vendor proposal must include an outline of the integrated tests to be performed. Following installation at the SLAC site, the fully integrated system is to be retested using the same diagnostics where possible. 

The vendor proposal must provide development milestones that are also part of a partial payment plan. Partial payments to the vendor will be made as each milestone is met. The proposal must also include a recommended critical spare parts list. Such spare components are to be those essential for sustaining the anticipated high duty factor operation of the injector drive laser. These spares are to be stored and available for ready use as needed. The customer also requests a recommended test routine/schedule for such spares if they are to be stored at SLAC. We anticipate that the availability of tested spares
will be most critical during the first year of drive laser operation at SLAC.


The vendor proposal must also include a list of former customers/users of relevant systems and/or system components as a reference for the customer.  
Other Proposal Details



The selected vendor is permitted to subcontract components of the laser system development and fabrication to other vendors as needed. The vendor is nonetheless required to provide the site for full system integration and integrated testing prior to shipment.


The vendor’s proposal may take the form, if necessary, of two phases. A first phase (Phase I) would outline proposed, targeted research and development of components as needed to verify performance and guarantee compliance (in the second phase, Phase II) with the Table I and II specifications. First phase R&D can also include vendor incorporation of existing data obtained by ’nonvendor’ (i.e. external) researchers and laboratories to a vendor determined extent. In the event of any technical inconsistency between the ir and uv pulse specifications (according to the vendor), the uv requirements supercede those of the ir, unless explicitly stated otherwise by the customer, SLAC. The second phase therefore would contain the main proposal to develop the full injector drive laser system.

Concerns over compliance with specifications, recommended compromises of specifications, or other important technical issues that arise in the course of executing the proposed plans (Phase I and II) are to be addressed promptly with the customer before proceeding with the proposed work. Unless stated otherwise by the customer, in the course of addressing such concerns, the uv pulse specifications will be given preference over those of the ir pulses. 
Warranties and Service Contracts


The vendor will provide their standard warranty for the full system. In addition the vendor must provide a technical service contract for a period of at least one year following the laser system installation at SLAC. It is also to be renewable beyond the one year period. Response time ,regularity,..
Schedule


Vendors are asked to submit a proposal in response to this request by Friday , September 3, 2004. Opportunity will be given to selected vendors to verbally present their proposals at SLAC. Based on the submitted written and verbal proposal information, a final vendor choice will be made by SLAC committee following these presentations and in the month of October, 2004.
Suggested Vendors

Coherent, 

Continuum, 

TimeBandwidth Products, 

Femtolasers, 

Amplitude Technolgies, 

KMLabs

Spectra Physics

I can fill in this vendor contact info later

