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introduction

The committee thanks Simon Kwan and all the other speakers for providing a very informative and thoughtful overview of the mechanical design of the pixel tracking system. The project is very challenging, however much progress was achieved in several key areas. It is important to identify key areas to focus on in the next several months to achieve a design that meets all the challenges of a Lehman review. The following discussion will concentrate on some key elements of this system that deserve further attention to implement a design that can withstand this thorough review. 

The key specifications affecting the mechanical design of the BTeV pixel tracker are: 

1. The pixel planes must reside in a secondary vacuum, separated from the main beam vacuum by a thin Al RF shield. 

2. They need to be positioned accurately and in a reproducible fashion, as during injection they need to be retracted away from the beam to prolong the lifetime of the devices.

3. They reside in a 1.6T magnetic field. The implication of operating in a magnetic field will be discussed below. 

4. It is very important to keep the material budget at the baseline design included in the BTeV proposal to insure the achievement of the desired physics performance. 

5. The specifications on the operating temperature deserve some discussion. The most commonly referred to specification is an operating temperature of  -5(C to -10(C to improve the performance of the radiation-damaged silicon. The vacuum system discussion included hints that much lower temperatures (about –143 (C) could be desirable. On the other hand, the substrate choice could profit from a higher operating temperature that would ease concerns due to CTE mismatch between different materials. 

In the following document we will comment on the components that were extensively discussed in the presentations that we heard on Nov. 20th. We would like to note that there are two aspects of the mechanical design that we were not able to comment upon but are necessary for a complete technical review: a thorough discussion of the alignment system and an outline of the assembly procedure. 

In order to achieve the performance expected on the basis of the pixel hit resolution, it is important to know the position and orientation of the pixel devices with better accuracy. While a few alignment parameters can be determined with a software calibration to be performed at the beginning of each spill, it is important to have a hardware alignment system that allows BTeV to know fairly accurately where individual pixels are. It is strongly advised to perform a thorough analysis of the “alignment budget,” examining individual sources of error to make sure that ultimately the pixel positions will be known as well as needed. 

The assembly procedure influences the success on several fronts: good vacuum, good initial positioning, component integrity, system reliability, and future access to individual planes.  We expect this aspect to be reviewed thoroughly elsewhere, prior to design completion.

This system needs to operate below room temperature to improve the performance of the sensor after it withstands considerable amount of radiation. However the exact temperature needed is not uniformly defined. The most broadly used convention was to aspire to operation between –5(C and  -10(C.

Finally, we would like to make a general comment on the specifications: it is important to include guarantees of structural integrity of the system against a variety of failure modes. An example that we discussed at length was a possible loss of vacuum either in the Tevatron or in the BTeV vacuum box. Protection mechanisms against dramatic adverse effects on other experiments or destructive failures in critical BTeV items should be addressed.

The timeline for the completion of the technical design report is likely to be challenging. It is important to develop a timeline and judicious manpower allocation to address the key issues. Below we list the issues that were noted by the members of this review panel.  

Pixel Substrates

This component of the mechanical design has received the more extensive scrutiny, as demonstrated also by the individual comments appended below. Two designs were presented: “fuzzy carbon” substrate with embedded glassy carbon cooling tubes (baseline) and Be substrate (back-up). 

The “fuzzy carbon”, preferred from the point of view of the physics (less radiation length) has a CTE better matched to Si. Thus it seems better suited to assembly at room temperature with subsequent cooling. However this option raised several concerns:

1. It involves several cooling tubes that need to be joined to a common manifold. The reliability of these joints is a crucial item that needs to be thoroughly tested. It is advised to prototype a whole section of the cooling system to demonstrate that all the manifolds involved work reliably and do not pose risk of leaks.

2. It is available through a single vendor. If this path is chosen, the whole timeline for the development should be included in the technical design report as well as back-up documentation on the company (other major projects, previous records of timely completions, experience of other groups working with them…) to ease future committees concerns. 

3. A full size prototype, assembled with dummy devices, should be completed prior to finalizing this as the default choice. This exercise will insure that the gluing is not a problematic step. Issues raised included the possibility of glue leaking though the voids in the fuzzy carbon and not coupling adequately the hybrid detector to the substrate.  In addition, it will address the concern of difficulties in handling the brittle coupons.

The main concern on the Be option, that makes it fall short of being an acceptable back-up solution, is the CTE mismatch between Be and Si. Besides possible failures of bump bonds and wire bonds due to mechanical stresses imposed by the CTE mismatch, the possibility of not being able to determine accurately where individual sensing elements are was raised. In order to make this solution a viable alternative, the CTE mismatch needs to be satisfactorily addressed. Even if the mechanical stresses may not produce irreparable damage, it may be very difficult to know where the detector is. This issue is critical to the success of the experiment and must be addressed at any stage of the design.

Some hints that an alternative solution is available, based on “pocofoam substrates” looks like an attractive alternative as a fallback solution. There are 2 vendors and it is possible to machine them in house. While we do not have enough information to evaluate this option, it bears enough promise to be pursued in greater depth.  In particular, it looks a much more promising back-up plan than beryllium.

One of the major thermal transitions is the joint between the readout chip (ROC) and the sensor plane. An in-depth analysis of the temperature difference across the bump bond and the thermal stresses across it is important, as well as establishing whether there are creep or fatigue issues at this joint.

Lastly, the glue layer joining the ROC’s to the substrate needs to be carefully considered both in terms of possible temperature gradients on them and radiation length. 

Global Mechanical Support and Vacuum Box

The overall mechanical support structure does not pose serious mechanical challenges. However the assembly procedure of this system in the tight space constraint required to fit inside the magnet is very challenging and the integration issue, in particular the assembly procedure, should be always a key design component. In this connection, the effort put in mechanical mock-ups of the overall system is very judicious. 

The item most thoroughly discussed was the G10 board that is one of the key of the vacuum box. Although the level of concern was not uniform, a demonstration that no leak occurs through the cut surface and the method to seal the large number of slots is important. The tradeoff between the implementation with a single board and several boards glued together should be carefully assessed. The latter option includes a wider number of vendor available, better yields and easier testability. Note that sealed chambers having 1 surface being made up of 4 G10 boards sealed together have been built successfully in the CLEO III Ring Imaging Cherenkov Detector. The “glued panel” was also made flat. The expertise to do this is available within the BTeV collaboration.

It would be desirable to see a table with the design loads, including the ones imposed by thermal gradients and by the cable plant. 

Finally all the hardware in the detector should be designed with vacuum integrity in mind. 

RF shield

This item was discussed at length and was identified by several members of the committee as a critical path item in this design. The fabrication is believed to be difficult, as well as its handling. It was thus agreed upon that this item should be the focus of an aggressive prototyping effort to demonstrate the viability of this design from the manufacture and handling point of view.

The RF shield performs several key functions. Besides completing the vacuum seal, it shields the detector from high frequency pick-up and suppresses beam wake fields. Close communications between accelerator physicists, electrical engineers and mechanical engineers addressing these various concerns should be maintained throughout the design and completion of the project.

Finally it is highly recommended that the shield integrity analysis be extended to address faulted condition scenarios and not simply steady-state operation. 

Position Control System

Considerable progress in this design has been made and it was demonstrated by the nice prototype shown at the meeting. A key concern that was not completely unraveled during this review was the operation in a magnetic field. The committee did not have a unanimous recommendation concerning the use of purely non-magnetic material in this system. Several members have a strong feeling that a totally non-magnetic system is required, while others are leaning towards accepting selected magnetic components, believed to deliver better performance and lower the cost of this item.  We urge the group to identify early the non-replaceable magnetic components in the present design, and evaluate all the implications of using them in presence of a strong magnetic field, both from the point of view of safety, and from the point of view of mechanical stresses to the apparatus that may prevent a correct positioning of the sensors or induce other problems in the apparatus. Finally all the electric components of this apparatus (alignment potentiometers and capacitor) should be tested in 1.6 T field.

Cooling

The default solution was seen as satisfactory. Some members of the committee raised concerns on the number of alternative options presented. Specific comments on the alternative solutions will be discussed by individual members of the committee in the individual statements included as appendices. 

Vacuum System

The vacuum system is identified as one of the most challenging aspects of this detector design. The engineers addressing these issues have themselves identified it as a serious challenge, given in light of outgas rates that may be higher than original projections. They hinted that their thoughts start focusing on a cryogenic solution for this system.  This option would have profound implications for all the other aspects of the pixel system design and needs to be thoroughly scrutinized by all the participants in this effort (sensor developers, VLSI designers, cable producers and all the other teams addressing different mechanical issues). 

Another issue that was discussed at length is the challenge posed by maintaining the vacuum integrity in a variety of failure modes. It was pointed out that the goal of maintaining the integrity of the Tevatron vacuum is extremely important. As it is very difficult to access the pixel system it is highly desirable to protect this system also from possible internal damage induced by individual component failures.

As the vacuum system affects both BTeV and the accelerator, R&D towards an effective and reliable implementation should be one of the high priority items for the management.

Concluding remarks

In order to optimize the manpower allocation and chart the progress in achieving a robust design that meets all the requirements to withstand the scrutiny of a Lehman’s review, the project manager is strongly urged to develop a table with timeline, resource allocation and milestones, to establish priorities in R&D efforts and to be used as a reference to map the progress of the project.

It is important also to add details to the specifications to clearly identify all the requirements involved in this project. In particular, the heat load should be clarified. For examples, it should be clarified whether the electronics is turned off during injection. In addition, possible failure modes of individual components should be examined and solutions to limit the system damage should be identified.

Two key issues that we did not have the opportunity to review, but are key elements of a complete design are the alignment of this system and the assembly and fixturing.  A detailed understanding of the components affecting the positioning of the pixel sensors is a key element to insure the success of BTeV. The detached vertex trigger requires a quick and effective software alignment. The hardware must be able to position the devices accurately and to monitor the actual position of the sensors effectively. 

Finally we urge the group again to consider all the implications of the cryogenic option before adopting it as a default solution. This is a major change from the baseline design and should be addressed accordingly.

Note that Appendix IV includes comments and questions from Jeff Cherwinka, who was unfortunately unable to join us on Nov. 20th, but reviewed the documentation that was discussed at our meeting. 
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Marina Artuso, Syracuse Univ.

From:

Greg Derylo, PPD/MD/SiDet

Subject:
Comments on the 20 Nov. 2001 BTeV Pixel 

Mechanics Internal Review

Thank you for inviting me to participate in your internal review of the BTeV pixel mechanics.  Your group has clearly done a lot of work to prepare for this presentation and it is encouraging to see progress being made in several areas.

As a member of the review committee, I would like to provide the following feedback on various aspects of your project.  I believe that much of these views were widely shared by the other members of the committee.

Pixel Substrates

This item was identified to be one of the most critical challenges to the project.  It was recognized that the “fuzzy-carbon” design was the preferred technology for physics and CTE reasons, and it was reported that recent advances in this area have been made.  However, the choice of fuzzy carbon involves accepting certain risks to the project’s success, including

· a single vendor capable of fabricating the parts,

· serious handling concerns due to the extreme brittleness of the coupons, and

· the addition of over a thousand epoxied plumbing joints into the vacuum volume.

R&D resources investigating this technology should continue to consider the concerns associated with this path.  This substrate work should be a primary focus for the project management.

Substrate design is further complicated by the lack of an obvious backup technology.  Although a beryllium design was reported to be the backup choice, certain design issues, primarily CTE mismatch, have not been addressed to the extent necessary to make this a truly viable alternative.  It was the belief of the committee that the CTE issue should be the main focus of establishing beryllium as a backup alternative, with other details, such and heat transfer and structural mechanics, being mostly deferred until the CTE issue can be satisfactorily addressed.

It was also noted that the process of attachment of pixel modules to the coupon was not presented.  Although this detail of the project might be considered relatively straightforward by the project management when compared to other design challenges, it would be good to have a clear enough understanding of the general assembly process such that any requirements that impact the design of the substrates can be defined.

Global Mechanical Support

There have been significant advances in the design of the support cylinders/brackets and vacuum box, and development in this area should continue.  From a technical standpoint, the vacuum box structure appears to be relatively straightforward, and structural issues can likely be addressed with thicker materials, more support ribs, etc.  The design of all this hardware with an eye towards integration, however, is important to assembly success.  Assembly sequences should continue to be considered, and it is encouraging to see a strong emphasis on constructing mockups to better understand such issues.  

With regard to the pass-through PC board, the committee had several comments and recommendations:

· The seal design should be mocked up and tested to verify the feasibility of this clever concept,

· The potential for in-plane vacuum leakage within the G-10 was raised, as well as the possibility of reducing this leakage by encapsulating cut edges,

· The cable installation and overall assembly processes should be understood, and

· Due to both X and Y motions of the detector barrels, cable cycling tests should include motion in both directions, not just X.  The effect on connector seating, not just cable integrity, should be considered.  Also, cable cycling at cryogenic temperatures should also be assessed if such cooling is pursued.

In addition, all hardware in the detector should be designed with vacuum integrity in mind.  This includes the need for bleed holes or equivalent in enclosed composite shells.

RF Shield

This item, along with the pixel substrates, was believed to be among the most serious hardware-related challenges to the project.  Fabrication is believed to be extremely difficult, and handling issues are also a serious concern.  It was therefore recommended that shield R&D, with an emphasis on prototyping, should be a primary focus for the project management.  Communication with other groups is important to establish design guidelines such as vacuum conductivity, RF requirements, etc.

Although some initial analysis work has been done to study shield integrity, the committee believed that the design should be based more on faulted condition scenarios rather than steady state operation.  Specifically, it was proposed that the shield should handle atmospheric pressure on either side long enough to equalize pressures without “exploding”.  

Position Control System

Progress has been made in this area and development work continues.  The committee made particular note of the potential for use of some magnetic materials within the actuators.  Although constructing the actuators from entirely non-magnetic materials might be possible, such an approach requires additional costs and resources and might sacrifice performance.  It was believed that any blanket prohibition of all magnetic materials should be justified by magnetic field analysis in order to prevent any unnecessary restrictions on the design.

Cooling

The cooling system presentation indicated that a water / ethylene glycol mixture was the baseline coolant choice.  Several alternatives, including single-phase hydrocarbons, two-phase systems, and heat pipes and other flowless systems were also presented.  Also of particular note were conflicting statements regarding target operating conditions – temperatures were to be maintained somewhere around -5 or -10(C, but there were also statements made that warmer operation would aid CTE concerns and that cryogenic temperatures may be desirable.  

There were therefore so many perspectives reported that it is believed that some focusing of this effort should be exercised.  Re-evaluation of the operating temperature guidelines provided to the cooling group may be called for given the apparent uncertainty.  Comments on elements of system design options are included below:

· Single-Phase Systems

A single-phase water / ethylene glycol system is relatively straightforward.  This coolant is in use by both CDF and D0, so the laboratory already has significant experience with such systems, including those that contain beryllium.  Pursuit of an alternative single-phase coolant is not the most efficient use of project resources.

· Two-Phase Systems

Two-phase systems can have significant performance advantages over single-phase system, especially in their ability to provide uniform temperatures and their low effective radiation length.  However, the design of a good two-phase system is an order of magnitude more difficult than that of a single-phase system and would require more complex controls, which is a greater reliability risk.  Pursuit of a two-phase system is believed to be a reasonable alternative to the single-phase water / ethylene glycol system.

· Flowless Systems

Although having obvious conceptual benefits when considered simplistically, use of these technologies to achieve the stated design goals is not realistic and is therefore not an effective use of project resources.

· Cryogenic Systems

Although repeated references were made to the recent idea of using liquid nitrogen cooling in order to improve vacuum performance, this approach is not assessed here due to the very preliminary status of this concept except to state the obvious fact that such a decision has very wide-ranging implications and should be fully considered by all impacted areas.

In addition, the large amount of plumbing parallelism was raised as a potential concern.  The potential for flow imbalances is obviously an issue for consideration.  Also, it was believed that maintaining system pressures below atmospheric pressure, while not of considerable benefit within the vacuum box itself, would be a desirable design goal for the other plumbing areas.  Other systems at the lab have experienced leaks whose severity is limited due to the entrainment of air rather than the spilling of liquid.

Vacuum System

Vacuum integrity is obviously a serious challenge to the detector design and one that is a concern to the accelerator and to other laboratory experiments.  It was observed that a problem within the pixel detector that prevents its own operation (such as beam/gas interactions at C0) is a different level of concern than a failure that causes a shutdown of the entire Tevatron (such as a plumbing system breach).

Vacuum integrity is an area that requires continued R&D effort and should be a primary focus of the project management.  Since this is an area that impacts heavily on nearly every aspect of the pixel detector design as well as the accelerator, communication between groups is of great importance.

Thank you for the opportunity to participate on this committee.  I hope you will find this feedback useful.  Please let me know if you have any further questions.










Sincerely,










Greg Derylo
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Mechanics Internal Review

Thank you for the opportunity to serve as a member of the BTeV pixel mechanical review committee.

This letter contains my personal comments and concerns, although the other committee members share many.  They are sorted, somewhat, by importance.  The emphasis is on the problem areas, but I wish to comment that many aspects seem to be well in hand, including but not limited to the overall vacuum box, the pixel plane support structure, the motion control system, and prototyping efforts.

High priority

The substrate situation is tenuous.  My feeling based on the presentations and my observations of the work going on at SiDet is that there are three concepts, none of which is without significant risk of failure, either from a technical standpoint or due to procurement issues (schedule and cost).  

· Fuzzy carbon.  This solution, while attractive from a materials standpoint, has significant risks due to a lack of robustness, particularly concerning cooling connections between the glassy carbon tubes and manifolds.  The major effort on this solution should be turned toward finding a robust solution to the cooling connection problems, both internal to the substrate and to the external manifolds.  A secondary concern is the single vendor issue.  While it appears that this vendor is not likely to disappear, I have concerns about the schedule dragging out due to fabrication difficulties, poor yield or other similar problems.

· Beryllium substrates.  Here the issue is the CTE mismatch to the sensors.  I do not see any reason to devote resources to any aspect of this solution other than testing the real impact of the CTE mismatch on the glue joints, bump bonds and dimensional stability.  This is going to be a difficult undertaking.  These studies should be possible using steel in place of Be.

· Pocofoam substrates.  This effort is clearly new, but has some attractive features as a “drop in replacement” for the fuzzy carbon.  There are two vendors producing similar high thermal conductivity carbon foams.  These are easily machined in-house or by third party vendors.  Prototyping cycle times can be kept short with this added control over the fabrication.  The obvious disadvantage is that the coupling between the foam material and the cooling pipes will have a greater thermal resistance, but this can be accommodated by depressing the inlet coolant temperature and should not affect the thermal uniformity in the sensors adversely.  This option also provides some flexibility in the cooling tube materials that could offer a sufficiently robust solution for the joints to the manifolds.  I encourage significant effort to try to establish this as a viable solution.  It is, in my opinion, the most promising solution at this time.

The vacuum situation is also of paramount importance.  The critical element here is clearly the RF shield between the pixel vacuum and the Tevatron vacuum.  Here the priorities are

· Understanding the realistic gas loads and pumping rates.

· Clearly defining the most dangerous failure modes and how these would affect both the operation of the experiment and that of the Tevatron (including rough estimates of the down time required to get the Tevatron operational).

If the conclusion is that cryogenic operation is the only viable solution then the entire project needs a thorough review to understand the implications of this on all aspects – alignment, cooling system, electrical performance, vacuum seals, CTE mismatch between the vacuum box and the pixel cylinder and so forth.  If a failure mode exists that renders the Tevatron inoperable for an extended period then the political difficulties of approval may become daunting.

Of moderate priority are:

· Checking vacuum leaks through the vacuum feed through boards with the many slots cut in them in the vacuum region.  A related task is to prototype the O-ring seals to ensure that they are reliable.

· Understanding how to control adhesive while bonding sensor modules to either fuzzy carbon or carbon foam substrates.  This could have significant impact on either the total mass of the system or the heat transfer properties.  I would consider this the next highest priority for the substrate development after the cooling line issues are addressed.

· Understanding external heat loads and how they may effect the overall cooling system requirements.  For example, at 10-4 torr there is still convective heat transfer from the vacuum box walls to the pixel planes.  Fluid heating between the chiller and pixel box should be looked at.

· Starting to identify non-magnetic options for all of the components inside the field.  This is primarily a concern for the motion control system.  While this is unlikely to be a showstopper, it may have significant cost and/or schedule implications.

· Understanding failure modes in the motion control system and how they will affect the system.  In particular I have some concern about the cables and cooling lines during certain failure modes.

· Confirming that the overall pixel vacuum enclosure has sufficiently low Q to not cause beam instabilities (e.g. head-tail instabilities or wake field effects on the following bunch).

· Specification of assembly tolerances and where these are allocated through the production.  This includes both real positioning tolerances and knowledge of location.  Clearly people will work hard to make the system as precisely as possible, but it is important to understand what defines an unacceptable module, plane etc.

· Development of the production scenario to ensure that tooling can be made to do each operation and that no operation is being made excessively difficult or risky.  Some areas of interest are ensuring adequate access to alignment features for survey at all stages, handling of cables during installation of pixel planes, making up final cooling connections to the planes and installation/connection of the vacuum feed-through boards.

Sincerely, 

                               Jim Fast

appendix III

comments by kurt krempetz

Hi,
     Below is a summary and some of my personal comments from the BTev
Mechanical Review I participate in on November 20,2001.

Summary of Closeout
1)  Define a clear set of Detector Design Parameters.
2)  Carbon glass cooling tube connections need a more robust solution.  With
the number
    of joints their reliability is very important.
3)  Fuzzy Carbon availability is a concern.  Only having one known vendor
can be a problem.
4)  RF Shield robustness is a concern.
5)  Circuit Board vacuum seals are not trivial to solve.
6)  Electronics cycling/Thermal cycling of the detector should be thought
out and understood.
7)  Alignment Budget needs to be understood.
8)  Magnetic Materials in the bore of the magnet should be avoided.
9)  Vacuum Issues are a concern.  The proposed solution using cryogenic
pumps need to be
    thought through completely.
10) Assembly Issues need to be thought out.


My personal comments:
1)  There is a good technical group of people working on this project and
they are making
    good progress.
2)  The Pixel Detector is a very technically challenging project.  I believe
the BTev organization
    is capable of designing and building this detector.  I am concerned that
in the present
    environment with fixed time schedules and fixed/limited budgets these
constraints might
    limit the success of this project.

To answer the questions charged to the committee(at the end of Simon's
presentation):
1)  The proposed design is technically feasible.
2)   I didn't see any obvious design flaws, or problems that you are not
aware of.  I am sure
     we have overlooked something, but I don't think these items will be
discovered until the
     details of the design are completed.  More thought needs to be put into
operation and
     maintenance of the detector.  Also, likely failure modes should be
addressed which could
     modify the design.
3)  It appears more thought needs to be put into the proposed construction
and assembly of this
    detector. I didn't hear much information about this issue.
4)  The R&D is underway and progress is being made.  Just from the nature of
R&D it is just a
    guess whether this work will yield a final detector on the required time
scale.  There is a
    very good chance the schedule will slip.
5)  The mechanical properties of putting known "bad things" in a high vacuum
is know and a good
    solution to this problem is needed.  I don't believe the current design
will reach the
    desired vacuum level and could affect the overall performance of the
Detector.
6)  All the risks are not identified but I believe a good effort has been
made to uncover them.
    Fall back plans have been considered but more work is need to make them
viable solutions.
7)  The above the closeout session summary are the areas I believe you
should concentrate your
    efforts.
8)  The potential roadblocks to causing cost and schedule problems usually
involve vendors.  When
    there are only one or two known vendors to do a particular job this is a
definite potential
    roadblock.  The discussion I hear during the review suggested that this
project has many
    potential roadblocks.  I believe this is a solvable problem but takes
someone almost
    full time watching over the company's progress.


Hope this helps,

Good Luck and keep up the good work.

Kurt





appendix iV

To:
BTeV Pixel Detector Group

From:
Jeff Cherwinka

Subject:
Internal (and off site) Review of Pixel Detector Mechanical, Cooling, and Vacuum system Design

Date:
Nov 26, 2001

Simon Kwan invited me to participate in the review held Nov 20th, but I was unable to attend.  I was able to download and review the documents that were posted on the web site.  This memo contains some comments and questions.  

Pixel substrate

The fuzzy carbon looks very neat.  The matched CTE and low radiation thickness are great.  The brittleness of the joints is the main concern.  While resin reinforced joints are an improvement, it still makes me nervous.  Is there enough room to have a metal, epoxy filled tube over the joint?  If not metal, how about a C tube over sleeve?  Starmet (www.starmet.com), formerly nuclear metals makes seamless Be tubing.  I do not know if they make it small enough to be useful.  Have you measured the permeability of the C tube?  High permeability could result in a significant additional gas load, or not being able to achieve the desired pressure at all.  Permeability to He could make leak checking of the assembly more difficult.  Has the outgassing been measured?  The slides say it is low outgassing, but it looks like it should have an incredible surface area.

The difference in the CTE between the Be and the Si is a major concern.  If  I am reading the plots correctly the FEA predicts as much as 71 microns out of plane deflection.  That is a great deal if you want to know locations to a few microns.  Deviations in temperature will result in substantial movement of the detectors.  The high levels of stress are also a concern.  The 17 ksi thermally induced stress in the Be combined with the stress concentrations produced by the sharp corners in the design are a concern for a low ductility material like Be.  The 5 ksi stress in the epoxy is a lot to ask for short-term performance.  At these stress levels, creep is certainly a major issue that could result in the detectors moving over time.  While the direct stress from pressure in the cavity on the cavity joint is not bad, the shear stress in that joint due to the thermally induce bending should also be considered.     

The pocofaom look like a better back up option to me than the Be.  The overall radiation length is less, and the CTE is a better match.  The glassy tubes sound brittle.  Are they?  Does this design have the same joint issues?  Could Be tubes be used here?  

All of these systems look like they will be dependant on a single vendor.  Is that true?  Has any work been done to establish the reliability of the vendors?  Can these materials be made in sufficient volume in a timely manor?  

One of the major thermal transitions is the joint between he Read Out Chip (ROC) and the detector.  I did not see any discussion of this issue.  What is the DeltaT across the bump bonds?  What is the stress in the bump bond joint cause by it’s temp being higher than the detector temp?  Are there a creep or fatigue issues at this joint?  Another important thermal interface is between the detector and the substrate.  Is this thermally conductive epoxy (I assume that since there is a table of epoxies included).  These thermal gradients need to be measured carefully since these joints are extremely hard to model accurately.  Check the radiation length of the epoxies, as some of the fillers can be high Z.

Vacuum system

I did not review the gas loads or the pumping, since these are not my areas.  Hopefully someone else has looked carefully at these since they are very important.  One of the issues in this calculation will certainly be how clean the detector is.  Issue of epoxy stoichiometry, fingerprints, water absorption on surfaces, and general cleanliness will be important.  Is there any gas load due to the particles from the collisions interacting with the detector?  

Cryopumping is a great way to quickly reduce pressure, but it only stores the problem for later release.  What would happen if there were a failure in the cryogenic system?  The stored gas would rapidly become mobile and the pressure spike would be catastrophic.  Radiative heat transfer between the cryo-plates and the detector could create thermal gradients in the detector and cooling system.  This would be hard to model and fix.  Any cold spots would accumulate gas.  How would a system like this be regenerated?  What would be done during testing and maintenance to remove the stored gas load?

An alternative to get the same kind of pumping speeds would be to use a gettering system.  This would only work if you could shield the detector while gettering the collection surface.  Perhaps a shutter system could be devised to do that.  

The very thin RF/vacuum membrane will not take much pressure.  It will be very important to coordinate the pump down of the two sides of this membrane.  Is there a way to temporarily connect the two systems during initial pump down to guarantee matched pressure, and then shut this connection for operation.   The same issue exists during let up.  Is any sort of over pressure protection possible?

Has any thought been given to how this system will be leak tested?  How could a small leak in the RF/vacuum shield be localized?  Can the cooling system be leak tested after final assembly?     

Mechanical Design

The overall mechanical structure looks good.  Is there a table of design loads?   Will loads be transmitted from the beam pipe to the detector?  How will these loads be carried?  How will the detector be handled during installation and assembly?  How will these loads be carried?  Are there thermal gradients that will impose loads on the structure (temperature changes in the cooling manifolds)?  Loads from cable plant will be significant and should be considered.  There should be provisions for adjustment of the mounts between he cooling manifold and the half cylinder and between the cable heat sink and the half cylinder or imperfections in these will create substantial loads.      

The details of the installation of the half planes look very important.  While the support brackets look rigid, the expected tolerances are extreme.  There will be loads from the manifold connection.  These loads could be significant and vary with the thermal conditions of the detector.  I do not see a bellows or another way to mechanically isolate the module from differential thermal expansion of the manifold and the carbon fiber support cylinder.  How are the “red elbows” installed?  Could they incorporate a bellows?  The cables from the half plane pose a similar problem.  They will have a significant load.  This load will depend on how the cables are dressed, and will vary from half plane to half plane.  The loads caused by installation of the cables will not be an issue for location, but the half plane must survive these loads safely.  Is there any possibility to rework the glue joints if a half plane needs to be moved?  For example, a final survey could show a half plane is out of position by more than is allowable.  

Another possible fabrication method for the RF/vacuum shield is electroforming.  A form with the full detail would need to be machined and then plated.  If the mold is plastic it could be removed chemically or by heating. A http://www.provmet.com/company that electroplates aluminum.is AlumiPlate,Inc  They say they can plate from 0.0005 to 0.015 thick.  I think this is a fairly unique capability.

AlumiPlate, Inc.
8960 Springbrook Dr.
Minneapolis, MN 55433-5874 USA
Phone 612.786.3788
[1.888.258.6475]  1.888.ALUMIPLATE
Fax 612.786.8518
E-mail:  sales@alumiplate.com
Website:  www.alumiplate.com

Many companies can do physical vapor deposition of aluminum (PVD)
this is typically a thin coating and can be porous.  It may be
possible to adjust parameters or to do post plating consolidation with
hot isostatic pressing (HIP) or some other technique.  One company
that does this is:

Providence Metallizing
51 Fairlawn Avenue
Pawtucket, R.I. 02860-2591, USA
Tel: 401-722-5300
Fax: 401-724-3410
Email: provmet@aol.com
Website:  www.provmet.com
I think this company used an electro process to plate Al http://www.alumiplate.com.  This method would give a seamless low stress skin.  HIP could be used to consolidate the coating before removal from the form.

Have magnetic forces caused by a quench been considered?  What are the magnetic permeability requirements for the vacuum canister?  It is difficult but not impossible to get a large piece of heavily machined S.S. to be non-magnetic.  Were other materials considered?

The FEA results and the analysis did not agree very well.  Were the deflections of the support points measured and subtracted from the deflection at the monitored points?  This might be significant source of error.  It is very important to understand the reason for this discrepancy since it cast significant doubt on the analysis.

It might be a good idea to include one or two extra circuit paths with connectors in the PC board.  If a trace or connector on the board goes bad a jumper could be used to the spare trace so that portion of the detector could still be read out without rebuilding the entire detector.  

Has anyone looked at trapped RF modes?  Will there be an RF “seal” between the two halves of the detector when it is closed?  

Would it be worthwhile to consider a Be window for the ends instead of the Al window?  Brushwellman made a pretty big sphere for some Italian experiment.  They might even have a spare to sell you.  

Will this be installed with all it’s cables attached?  If so, what kind of load do they impose?  How will this be held during rigging (lift points?)?  Will the pumps be attached afterwards or rigged with it?

Alignment

There is a significant amount of material in the alignment system that is most likely magnetic.  I am concerned that this will distort the measurement field.  What are the specs for this?  A further concern is that the loads from the magnetic field might affect the operation of the system.  While some of the components may be easily replaced with non-magnetic components, other, like cross roller bearings are simply magnetic (if you know of a non-magnetic one, let me know).  Will the position sensors (linear potentiometers & capacitance) operate in a very strong magnetic field?  Pneumatic systems require seals and lubrication.  I would be concerned about this in the high radiation environment of the detector.  What is the expected dose at the seals?  Will they survive?

The stiffness’ reported seem marginal.  My general rule is that static deflections should be limited to 10 times stability or positioning requirements.  If we were shooting for 1 micron then I would design for a static deflection of 0.010 mm.  Where the loads uses in the stiffness test the actual loads?

The position of a pneumatic system can be expected to change with temperature since the trapped gas will expand and contract.  What is the movement associated with a 1 C change in temp?   How will a change in the atmospheric pressure move things?

What happens if there is a loss of pressure?

Vibrations can be caused by turbulence in the cooling system, vibration transmitted from the beam pipe, or oscillation of the whole detector.  What are the resonance frequencies of the detector structure?  What is the resonance frequency to the detector mass on the pneumatic spring system?

The AMS (Antimatter Spectrometer) detector makes use of an IR laser to insure the alignment of 6 layers of silicon relative to each other.  Could this be used here in place or during fabrication and test to verify alignment?   Laser holes would need to be designed into the supporting structure.  Metallization in the detectors may prevent this from being useful.  See http://www.copernicus.org/icrc/papers/icc1574_p.pdf
Cooling system

Water and glycol are a really good solution to heat transfer.  Simple, safe, effective.  Even if another system is chosen for reduced radiation length, it would be great if the system could be designed so water and glycol would still work as a backup.

To remove heat with a conventional cooling system, the coolant temp will need to be different at the input and the output.  What level of mechanical motion and/or stress will this thermal gradient introduce in the structure?

Flowing fluid is a source for vibration.  Boiling produces even more substantial vibration.  Could this be an issue for the two phase cooling?  

It may be desirable to break the cooling into more external circuits so that parts of the detector cooling could be turned off if a leak develops to the vacuum system.  The concept of a negative pressure cooling system protects only those parts of the detector at atmospheric pressure.  The inside of the detector would be toast if there were a leak.  Consider the trade off between more vacuum  penetrations and better segmentation.

Hope these comments are helpful.

Keep Smiling, Jeff Cherwinka
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