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	Purpose/Goal of the Review:

	Summary of the critical requirement form the ESD SP-391-000-61 R0:

1) The harmonic rejection mirror systems will be located in both the XPP and XCS instruments.  

2) Throughput first harmonic >80% per mirror pair

3) Rejection third harmonic >104. 

4) First mirror deflects down or is out.

5) Second mirror deflects up, down or is out.

6) Vertical aperture > 1mm. 

7) Preserve transverse coherence.

8) Life time > 10yr.

9) Degradation of mirror over time is expected. 

10) Fundamental Mode >120Hz

11) High radiation >1Krad/yr

1) The design will be utilized in more that one location. Relatively few site specific constrains were given in the presentations and those few were for XPP.

2) > 80% reflectivity at fundamental (8000eV) up to 0.2 with an uncoated Si mirror.  These good reflectivities and damage resistant make Si an appropriate choice.  There will be a thin native oxide layer on the silicon. Its effects should be checked, but it should, if anything, enhance the reflectivity at 8000eV. 

3) >104 rejection above 0.13.  The mirrors will have a fairly wide working range of 0.13-0.2.

4, 5) First mirror only needs to rotate and move in and out of the beam. It was proposed that the second mirror rotate 180+ to get both upward and downward deflections with the same mirror. Then to make both the systems the same to save on design time. The latter will probably increase fabrication costs, but as engineering costs dominate, one design is probably the way to go.

6) The mirror was proposed to have a 200 mm x 20 mm clear aperture. For the reflectivity, between 104 rejection and >80% for two mirrors, the vertical aperture would be 0.45 mm to 0.7 mm.  The clear aperture is somewhat small especially for the XCS instrument in the FEH. The design team should consider increasing the mirror aperture length to 285 mm on a blank with a minimum length of 300 mm. 

7) There were a couple of slides presented on the mirror specification. Specifying the tangential radius at >40 km is right at the limit for low energies.  Find out if there is an appreciable cost for tightening this to say 60 km?   There is a high spatial frequency spec of  ≤0.4 nm rms. Though having a very good high spatial frequency roughness reduces the scatter of the beam, it was mainly driven by the requirements at LLNL for getting reproducible B4C coatings. As these mirror are not to be B4C coated this requirement could be relaxed or eliminated without affecting the transverse coherence.  The only vender in the US for this type of optic has been taking technical exceptions to this high spatial frequency spec. It is not that they cannot meet it, it is they cannot measure it, so they will not commit to delivering it.  They did this on all the SXR optics and their proposals had to be rejected. If you want to keep the option open to have a US vender this spec should be eliminated. 

The coherence will be affected by deposition of carbon on the mirror surface. Carbon on the mirror will affect the reflectivity and introduce a phase shift. Ideally, calculations should be done on how much carbon, and gradients in carbon thickness or density, that can be tolerated to maintain the coherent properties of the beam.

 8, 9) In ESD SP-391-000-61 R0 there are two statements: 1) the system is to be designed for a >10 life, 2) Degradation of mirror over time is expected.  Are replacement mirrors acceptable? The mirrors are expensive and the time required to repolish is on the order of 4-6 months, replacement implies spare sets.

The vacuum spec of 10-7 torr raises the issue of carbon contamination.  At this pressure the mirror will have cracked carbon deposited on its surface. The rate of deposition is debatable. It depends on the amount of carbon available, the photon flux and the chemistry of the surface. To first order the carbon availability is proportional to the pressure. The effect of the photon flux is complicated. There is evidence at high power levels the carbon build up is reduced. There is very little information on the effect of high fluences for short pulses, but at some fluence in the beam footprint the carbon cracking and deposition will probably be at an optimum. At FLASH there have been problems with carbon build up, even in systems at relatively good UHV pressures.

It may be hard to estimate the rate of carbon deposition.  Mitigations have to be looked into. There are three approaches:

1) Operate the mirrors in as clean an environment as possible, i.e. UHV.

2) Move the spot on the mirror after deposition exceeds the tolerable limit. This implies replacing the mirrors periodically.

3) In situ cleaning of the mirror.  Which may be useful with either of the above.

The best approach is to maintain the optics in as good a vacuum as possible, ≤ 5x10-9 torr is recommended.  To move the mirrors to new spots as they are contaminated is a very risky proposal.  At 10-7 torr carbon deposition will occur and may even be rapid. It was felt that considering the cost of the mirrors that if replacement of the mirrors is expected to be more frequent than once every two years a more aggressive vacuum specification should be implemented. In situ cleaning has worked best with cleaning the few monolayers of carbon that can effect reflectivity and cause absorption at the carbon edge in VUV and soft x-ray systems.  We do not know its effectiveness for thicker carbon build ups that effect x-ray optics.

Specific design proposal:

The basic design concept is to have all the stages in-vacuum: horizontal and vertical and rotational stages.  This is very hard to do in a UHV system.

There were miCos stages, shown in the presentation, and miCos has models that are advertized as 10-9 mbar. It is not clear from the catalog just what they are claiming. This can be checked out. If in-vacuum stages are to be used we recommend ordering one rotary and one linear stage as soon as possible and vacuum test them before proceeding with a build up of the full systems. 

In-vacuum micro-stepping motors are always problematic in that they have to have current running through them to hold their position.  See if full step motors can be used and if the power can be shut off once in position, i.e. the magnetic detent has enough force to hold the system in place. Harmonic gear reduction may be useful in this case.  If micro-steppers have to be used, the motors will need to be cooled. This is for stability of the system, vacuum quality and longevity of the motors.  The heat dissipated during running and holding will determine just how aggressive the cooling will have to be.

From the vacuum standpoint it is better to move motions out of vacuum.  The linear motions can easily be moved out.  The down side is the increased mass of the vacuum system on the stages, but it also allows less expensive and more stable stages to be used.  Rotary motions can be moved out as well, with differential of ferofluid seals. For example ferofluid seals are used on the SSRL LN vacuum crystal monochromators for rotations of over 180. An alternate approach is to put the rotary stage in a high vacuum volume with a very low conduction, non-contact, barrier around the rotary shaft to the UHV volume. 

The pump should be properly sized for what ever the final vacuum spec is.  Surface area and out gassing should be modeled, including heating of in-vacuum motors, if appropriate.

The mirror mounting method should be evaluated. The wedge sided mirror may be problematic for venders to polish. The concern is wedges may tend to push slurry under the mirror.  This form should be run past all the potential optical venders before proceeding.

The mount shown is not a true kinematic system.  There is the potential for moments to couple into the mirror, negatively affecting the figure.  The mounting system should allow for optical metrology of the mirror figure after loading the mirror in the holder and before mounting the holder in the tank.  The metrology method should be defined and the holder designed to accommodate it.  In situ metrology should be considered and the potential laser ports included in the chamber design.

Static deflections were shown and this should be done with the final design. It is also important to look at the dynamic response; flipping the second mirror and the vibrational modes. The specification of the fundamental mode > 120 Hz will be hard to achieve. 

Under safety issues it was noted that the system has to meet the SLAC pressure vessel requirements. Chapter 14 of the ES&H Safety Manual gives the ways to meet their requirements.  See appendix on Pressure, Vacuum, and Cryogenic Systems: Vacuum System Requirements, SLAC-I-730-0A21S-037-R000. in this new and modified system at SLAC are defined by category. The mirror system if appropriately design should qualify as category II:

Category II vacuum vessels include all vessels that can be protected from pressurization exceeding 15 psi through such engineering controls as pressure relief devices. Systems in this category have an operational or credible accident scenario in which they could be pressurized above 15 psig. To qualify as inherently safe, such systems are subject to a limited review in which it is shown that the engineering control is appropriate and in place. 

The appropriate engineered control is pressure limits on all gas sources or approved burst disk.  Also note all viewports have to be protected by a non-brittle shield or PPE is required for viewing through an unshielded viewport. 



	Introduction and outcome summary of the review:

	The vacuum specification is not appropriate for an optical system that has to stay clean to maintain the coherence requirements of the beam.  Either the vacuum specification should be tightened, or estimates made of tolerable carbon contamination levels and rates to support operating at higher pressures.  A higher vacuum specification could, but not necessarily must,  change the design approach.

	Findings/Action Items:

	Action Items:

1) The vacuum specification is not appropriate for an optical system that has to stay clean to maintain the coherence requirements of the beam.  How much carbon, and gradients in carbon thickness or density, that can be tolerated to maintain the coherent properties of the beam should be calculated.  Then an estimate of the rate of carbon deposition has to be made. Only then can a method for mitigation can be selected.  A good UHV vacuum of ≤5x10-9 torr is recommended due to the uncertainties outlined above.  This has implications for the system design.  A “consumable” attitude is reasonable for the mirrors only if they can accommodate multiple contaminated areas and replacement is not at too high a cost.

2) The length of the mirror is not adequate to meet the 1mm vertical aperture specification.  The length of the mirror should be increased, or a change in the vertical aperture justified.

3) The details of the optical specification should be re-evaluated. The tangential radius spec could be tightened. The high spatial frequency spec should be eliminated to allow a valid bid by the US vender.  

4) The heat dissipation from any in-vacuum motors should be evaluated and cooled as needed.


5) Appropriate engineering controls should be designed into the system so it can meet the requirements of a category II vacuum system as defined in ES&H Manual, chapter 14.

6) The shape of the mirrors should be reconsidered in concert with the vender's polishing process.  A 90 degree edge might both accommodate kinematic mounting as well as allow better polishing technique and more lateral clear aperture.  Note that increasing the lateral clear aperture would increase the available area for avoiding the accumulated carbon buildup.



	Concerns:

	1)  The mounting method should reassessed to make sure it does not apply moments to the mirror that could change the figure.
2) Metrology should be done on the mirrors for figure after mounting in their holders.



	Observations:

	1) The preferred orientation for polishing Si mirrors is with the optic surface normal to <111> direction.
2) The mirror system when done will most likely weigh over 400 bl. Will this system have a separate seismic analysis or will it be included in a larger system? It should be stated in the ESD how this will be done.
3) Mirror spec presented and ESD mirror spec are not the same.

RESPONSES TO FINDINGS AND ACTION ITEMS

Action Items:

1) The vacuum specification is not appropriate for an optical system that has to stay clean to maintain the coherence requirements of the beam.  How much carbon, and gradients in carbon thickness or density, that can be tolerated to maintain the coherent properties of the beam should be calculated.  Then an estimate of the rate of carbon deposition has to be made. Only then can a method for mitigation can be selected.  A good UHV vacuum of ≤5x10-9 torr is recommended due to the uncertainties outlined above.  This has implications for the system design.  A “consumable” attitude is reasonable for the mirrors only if they can accommodate multiple contaminated areas and replacement is not at too high a cost.

The vacuum specifications will be re-visited.  The rate of carbon deposition will only be known after operation starts, but the time that beam is on the mirror is much less than at a synchrotron.  The feeling is that the mirror life will be adequate.

2) The length of the mirror is not adequate to meet the 1mm vertical aperture specification.  The length of the mirror should be increased, or a change in the vertical aperture justified.

This will be re-checked during final design.

3) The details of the optical specification should be re-evaluated. The tangential radius spec could be tightened. The high spatial frequency spec should be eliminated to allow a valid bid by the US vender.  

This will be re-evaluated during final design.

4) The heat dissipation from any in-vacuum motors should be evaluated and cooled as needed.


5) Appropriate engineering controls should be designed into the system so it can meet the requirements of a category II vacuum system as defined in ES&H Manual, chapter 14.

Appropriate vacuum and pressure controls will be included in the design.

6) The shape of the mirrors should be reconsidered in concert with the vender's polishing process.  A 90 degree edge might both accommodate kinematic mounting as well as allow better polishing technique and more lateral clear aperture.  Note that increasing the lateral clear aperture would increase the available area for avoiding the accumulated carbon buildup.

This will be re-evaluated during final design.
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