BNL Atlas Inner Detector R&D
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1. Stave Development
A. Stave Construction Techniques
The stave R&D program until present has focused upon building a 1-D stave, ~ 6m wide stave prototype for mechanical and electrical tests. Recent input from the Module Integration Group and the Sensor Group suggests that we need to prepare to develop 2-D staves that are on the order of ~11 cm wide with 10 x 10 cm2 sensors. We will continue our current plans to build prototypes staves with the current 6 cm wide sensors from Hamamatsu as most of the lessons learned will be applicable to the more challenging wider 2-D staves. Simultaneously we look to manufacture 2-D mechanical stave cores for testing their mechanical and thermal performance and for comparison with the simulations.
At BNL we have begun to study building 11-12 cm wide stave composite sandwiches. We will initially be making Nomex honeycomb-FR4 facings with pre-preg epoxy sheets. Will we use the evacuated heated press method (as opposed to vacuum bagging) as this method adapts naturally to the geometry of the stave structure. An evacuated heated press capable of sufficient pressures and temperatures is available in the BNL Instrumentation Division.
The initial Nomex-FR4 stave structures will permit us to test our production methods as well as provide structures that will serve to help qualify our stave-sag measuring station (described later).

For the next stage we originally intended to develop carbon fiber honeycomb-carbon fiber facings sandwiches, but after some investigation decided that carbon fiber honeycomb was unnecessarily expensive for this stage. The contribution to the sag of a honeycomb composite structure depends primarily upon the honeycomb’s shear modulus, which in turn depends primarily upon the density of the honeycomb. We have identified an aluminum honeycomb that has a similar shear modulus and density to that of the Ultracore carbon fiber honeycomb proposed by our collaborators at LBNL for the final stave. As such the aluminum honeycomb should provide a reasonable approximation in terms of mechanical performance to the carbon fiber honeycomb. We are at present investigating carbon fiber facings or alternative materials that can be found for a reasonable price and can satisfy the requirements of our mechanical studies.

We are currently consulting with a composite company (AAR Corp) concerning manufacturing of stave elements as well as the barrel support structure. As we better understand construction techniques and materials we will evaluate the viability and cost of a commercial production of the stave mechanical structure.
B. Cooling
We have started preliminary searches into various types of cooling channels for the stave. Making this task difficult is the great uncertainty regarding the operating pressure. Until this is resolved, our approach is to separately consider two solutions. One is in which the tubes must hold 25 bar (as is currently the case) and which would be the requirement if much of the off-detector cooling pipes are reused. The second solution assumes CO2 cooling and that a pressure between 100 and 175 bar is necessary. Possible options for cooling tube material are carbon fiber, aluminum, titanium, or Cu-Ni as is the current SCT. We have begun preliminary searches into commercially available (rather than custom built) carbon fiber. We presume if a carbon fiber tube is used, it will be a custom design with the fibers predominately running in the circumferential direction, and with at least a thin aluminum interior sleeve to isolate the carbon fiber from moisture. Thus we expect to be able to fabricate a lower mass custom tube than one we find commercially.  Interestingly though, one commercial tube we tested, 6.8 mm in diameter, with a wall thickness of 740 um (of which the inner 175 um was aluminum) tested to the limit of our equipment of 4000 psi (260 bar). While this tube has slightly higher radiation length than we would like, it is not far from a viable solution.
We intend, in consultation with the Thermal Management Group, to continue to research cooling tube alternatives in a more focused manner. In addition, as suggested by the Thermal Manangement Group, we will research market solutions to high pressure connectors.

C. Interface to support structures
The sag of a stave strongly depends upon the support conditions. A fixed support at each end that permits no rotations results in a factor of 5 less sag (for staves mounted horizontally) than simple supports. We are designing and fabricating test station support endplates like the one shown in Fig 1. The one shown in the figure is designed to support a stave with pins of the type proposed by LBNL. We will fabricate these endplates and supporting pieces for tests both at LBNL and BNL. Other variants of interfaces that provide similar fixed support with less insertion force such as that shown in Fig. 2 may also be tested. 
This work will proceed in conjunction with barrel support design as the two are closely related. Similarly, as positioning requirements become more clear and perhaps less stringent than those we are currently assuming, we will take this into account while considering ways to reduce the mass of the interface.  
[image: image18.png]0.000 0500 1.000 ()
e
0.250 0.750




Figure 1. Stave Mounting Support.
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Figure 2. One Possible Stave Mounting Interface.
D. Mechanical and Thermal Studies
In order to make mechanical and thermal measurements of stave properties we are currently constructing a measurement test station at BNL. The test station will permit us to make precision sagitta and temperature measurements while cooling the staves down to -40 degrees. It will be used to evaluate stave flatness and construction techniques, performance of endplate mounting designs , cooling efficiency, etc. A conceptual drawing and a current photo of the state of construction are shown in Figures 3(a) and 3(b).
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Figure 3 (a). Model of BNL Stave Test Station.              Fig 3(b). BNL Stave Test Station under development.
E. Detectors

In FY07 BNL received 100 short strip detectors (“Atlas-Z”) that are to be used in fabricating the first complete prototype staves at LBNL. Though Hamamatsu provides comprehensive testing of the detectors, we thought it prudent to check a sample of the detectors. Colleagues at the University of Stony Brook recently re-tested 10 of the detectors and confirmed the results of Hamamatsu. They also visually inspected all 100 detectors.

The Atlas-Z detectors are approximately 6 cm wide; this was the approximate baseline detector until recently. For further prototype work a new baseline design of approximately 10 cm x 10 cm p-type detectors is proposed. These will be used by both US and non-US members of the collaboration for further development work. The next stave prototypes will use these detectors as they become available. BNL would like to participate in the procurement of approximately 100 detectors for stave prototyping and development work. As was the case for the Atlas-Z detectors, we anticipate that Stony Brook will test a subset of the detectors for quality assurance verification.

F. Electrical Testing of Staves
The development of a NewDaq system that permits parallel readout of many hybrids is proceeding well. This system is based upon National Instruments’ digital I/O modules sitting in a PXI crate. The PXI implementation allows easy scalability to a larger number of hybrids with the purchase of additional, identical digital I/O modules. A schematic and picture of the BNL development setup is shown in Fig.4
BNL in collaboration with LBNL and recently Yale are developing the software and have made significant progress. A two-chip ABCD board and LVDS fan-out board developed at BNL have been provided to Yale for use in developing the NewDaq software. To facilitate the software development at multiple institutions, BNL will host a Source Code Control Software server accessible by each of the institutions. Currently we are evaluating a product called Perforce that offers a free evaluation package. This package, along with Microsoft Visual SourceSafe, have been suggested by National Instruments because they provide more features and have been tested and integrated with LabVIEW very well. Perforce provides a free evaluation which is why we have chosen focus on evaluating this package.
We anticipate that during FY07 the system will be sufficiently developed so that studies of staves with parallel readout will be possible.  We intend to subject fully assembled staves to a variety of electronics system tests at BNL utilizing the NewDaq. We anticipate that as unexpected behavior in the staves is encountered, that additional software development will be necessary to permit studies of these behaviors.
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Figure 4. NewDaq Development Setup and Schematic
2. Power Distribution
BNL has been involved in several aspects of power conversion. One alternative under consideration is DC-DC conversion utilizing a buck regulator. A buck regulator is the most widely used DC-DC switching topology because of its simplicity; in particular it requires only one external component, an inductor. All the control circuitry and switches can be integrated on one ASIC chip. The output voltage is equal to the input voltage multiplied by the switching duty cycle. 
For application in Atlas, and unlike in most industrial applications, the inductor must be non-magnetic, i.e. it must be an air-core inductor. For a given inductance value an air-core inductor is physically large compared to inductors that use a ferrite or other magnetic material cores. Because of space and mass constraints it is desirable to make the size of the inductor as small as possible. We have shown that for module currents on the order of 1 amp, inductors that meet size and radiation length constraints can be constructed if one utilizes switching frequencies above 5 MHz.
Our approach is to investigate buck regulator circuits that we can fabricate into a small printed circuit power board that will mate to our existing ABCD board. The ABCD board was previously fabricated to facilitate the development of the new data acquisition (NewDaq) previously described. We anticipate the NewDaq will be sufficiently developed to permit noise tests in June.
One somewhat more complex offshoot of a buck regulator that we have started to consider is a half-bridge push-pull converter. This may offer significant advantages over a buck regulator in terms of lower operating frequency, higher gain, and more manageable duty cycles. The cost is a few more components, in particular an air-core transformer. 
Our collaborators at Yale have been engaged in market surveys for the viability of commercial options for buck regulators. A main concern of commercial options are their radiation hardness. 

At BNL we  are assisting by providing radiation exposures at the BNL Solid State Gamma-ray Irradiation facility. One commercial candidate that was recently tested was a buck converter (EN 5360) manufactured by Enpirion. This product switches at a frequency of 5 MHz and has a 3 to 1 ratio between input and output voltage. It is manufactured in 0.25 micron technology which is known to be radiation tolerant. The device was irradiated at BNL with 60Co gamma rays up to a total dose of 100 MRad at a dose rate of 200 krad /hour. The input and output voltages were monitored over the 20 day period of the irradiation. Generally the output voltage was stable with only a small loss in efficiency over the time of the irradiation. 

3.  Mechanical Support Structure 

We have been engaged in studies of a barrel support structure for the stave approach. Our first approach to this problem involves a non-rigid 10 point contact open frame structure shown in Fig 5 (a).
The main elements of this approach involve separate sub-structures for the pixel, short strips, and long strips. Flange disks support the staves with connection between the flanges maintained with hollow rods as shown in the figure. Simulations demonstrated that the flanges have sufficient modulus and strength to resist deformation and rupture to support loads well in excess of what is anticipated for the upgrade.
It’s been recognized however that within the collaboration there exists a strong preference for a stiff structure with three or four point contact. We have begun initial simulations of a closed frame approach that utilizes cylinders that replace the rods of the open frame approach. Geometric model comparisons of the two are shown in Fig. 5.

[image: image5]   
Figure 5 (a). Open frame barrel support structure.       Figure 5 (b).  Closed frame barrel support struture
Early frequency analysis illustrated in Fig. 6 demonstrated only some improvement with the closed frame approach. The primary advantage, in terms of structural analysis, appears to be the closed frame’s much greater torsional stiffness. The importance of this is unclear, although as mentioned early, a stiffer approach is favored in the collaboration.

[image: image6]
Figure 6 (a). Frequency response simulation of open frame.   Figure 6 (b).  Freq. response simulation of closed                                                                                                          frame.
Recent developments have converged on 10 cm wide silicon detectors for the baseline. A newer closed frame model shown in Fig 7 (a) incorporates 11.3 cm wide staves. Two versions of the model exist, one with solid flanges, and one with composite flange structures as shown in Fig. 7 (b). While the closed frame structure exhibits good deformation and torsional properties, it is relatively weak with regards to forces exhibited in the Z direction. A composite structure for the flange as shown in Fig 7 (b) has been demonstrated to provide better stiffness in Z for similar mass than a solid (or earlier rimmed) flange.

[image: image7]
Figure 7 (a). Detailed closed frame model with 11.3 cm wide staves. (b), composite flange construction. (c). Z forces of stave deformation
As the Z forces to which the detector will be subjected is difficult to estimate, we have begun to consider a third option with inherently more Z stiffness as shown in Figure 7(a). This approach, not unlike the present SCT approach, utilizes a single cylinder for each barrel layer. Unlike the 
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Figure 7.  (a). Cut-out cylindrical option.                       (b) conceptual stave mounting onto cut-out cylinder
current SCT, the stave mounting scheme, conceptually shown in Figure 7 (b), permits cut-outs in the cylinder to minimize radiation length at a modest cost in stiffness. Furthermore, as the staves may be supported in a few more points in z then the open and closed space frame approach, stiffness requirements on the staves may be relaxed. This may permit some savings in terms of radiation length. An early simulation of the deformation of the frame to 40 kg of force in the Z direction is shown in Figure 9.
[image: image9.wmf] 

CYLINDER WITH OPENINGS

2000mm LONG, SUPPORTED AT 4 POINTS ON THE ENDS 

DEFORMATION FROM 40 kg “Z” FORCES

MAX. DEFORMATION 0.013 mm


Figure 9. Z-deformation analysis for cut-out cylinder. 
We intend to further refine these concepts, and to consider how the various approaches ultimately affect track resolution. A difficulty remains the lack of clear guidance on the requirements in positioning of the detectors demanded by the alignment procedure. Tracking and alignment simulations would be of great benefit.
We are also continuing to consider alternative schemes, whether developed by our group or proposed by others, to those shown here. We have begun and will continue to consult with the CERN team that developed the current cylinder support structure. 
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Figure 10. One possible assembly sequence.
In connection with the barrel mechanical studies, we are continuing to study assembly sequences as illustrated in Figure 10, and installation studies as illustrated in Figure 11. Over the next year we plan to further model services and their effects on the assembly and installation as details of the kind, volume, and quantity of the services are better understood.
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Figure 11. Clearance of the Inner Detector (ID) during installation.
4. Short Strip Studies
BNL has been engaged in the design, fabrication, and testing of stripixel detectors for possible use in the short strip region. While the stripixel design now appears an unlikely candidate, we anticipate we will use the electronics infrastructure to measure capacitance and leakage current on a per strip basis, both before and after irradiation of prototype short strip detectors. BNL will also provide irradiation tests at its 60Co test facility.
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