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	Abstract 

This proposal describes a multi-year research and development program for local mechanical supports with integrated cooling for upgrades to the pixel detector system. Local supports provide the mechanical support and integrated cooling for pixel modules.
Design studies to reduce the material budget and simplify production of the local supports would be completed. 

Prototypes would be fabricated and tested for their mechanical and thermal properties. 

Different concepts for the local supports would be evaluated through design studies and prototype fabrication and testing.

The design studies and prototype fabrication/testing would include aspects related to the principal interfaces to the local supports – support structures, module attachment, services routing and cooling.
The primary emphasis of the research and development described in this proposal is for the SLHC but aspects of the work are anticipated to be applicable to the more immediate upgrade of the B-layer of the current ATLAS pixel detector system.
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1 Introduction  

The local supports are mechanical structures with integrated cooling that provide support and thermal management of pixel modules. The local supports also have direct interfaces with power and signal cabling and connections for the pixel modules, with global mechanical support structures and, in some regions, possibly the beam pipe structure. Future upgrades to ATLAS are anticipated to require a pixel detector with a total area three or more times larger than the current pixel system. Material reduction in the future detector is a critical goal to improve tracking efficiency and reduce tracing confusion. In addition, operation of pixel modules at colder temperatures (eg. by using CO2 or other coolants) than in the current pixel detector system is likely to be required. These conditions, and others, impose requirements on the local supports for upgrades that are briefly summarized here [1]. 
The local supports must satisfy layout and hermeticity requirements. Coverage by a combination of barrel and disk elements for a pseudorapidity range |(| ≤ 2.5 is required. 
The lifetime radiation dose exposure of the local supports in an upgraded SLHC pixel detector depends strongly on radius and weakly on z (the direction along the detector axis). The maximum integrated dose could be up to about 107 Gy, which is approximately 20 times more than the requirement for the current pixel detector since detection elements, and thereby local supports, will be close to the collision point in the SLHC detector. 
The thermal performance requirements for the local supports are determined by a combination of the expected power from integrated circuits, local power distribution, local data transmission and detector self-heating. The power from integrated circuits and power distribution is expected to be no more than 0.5 W/cm2, which is about 20% less than the specification for the current pixel detector. Silicon detector self-heating, from leakage currents that increase with radiation, can lead to thermal runaway. The design of the local support and the cooling is required to provide a conservative margin against thermal runaway. This requirement to prevent thermal runaway, and the need to minimize radiation damage, leads, in general, to colder operation at the SLHC compared to the current pixel system. Thus cooling with CO2 or combinations of CxFy fluids is also under active development. Careful attention to the cooling requirements and future capabilities is an essential aspect of the local support research and development.
Material reduction, whilst meeting other requirements, is also a critical goal for future developments. Material reduction may be achieved by a combination of new techniques and very careful design and prototype development to minimize all aspects of the local support design. 
The SLHC pixel detector will be significantly larger than the current pixel system. Yet the construction time is expected to be about the same or less. Thus it is essential that the new designs of local supports take into account the need to cover larger areas and to increase the rate of module placement on the local supports. The sensors for the innermost region of the upgraded pixel detector and the outer regions of the detector are likely to be different. The local support designs must allow for these differences but at the same time aim for maximum commonality to minimize the design and prototype effort.
Reliability, particularly of the cooling and thermal aspects, of the local supports is perhaps the most important requirement for any future pixel system. Reliability can only be confidently achieved through both extensive design studies, including anticipating fault conditions, and a rigorous program of prototype fabrication and test.

Finally, the mechanical requirements of the SLHC pixel system are anticipated to be similar to the existing pixel system. Stability (under operating conditions) at the level of a few microns in ( and a few 10’s of microns in z or R is required. In addition, placement and survey of pixel modules to high accuracy (better than 5 microns in the most demanding coordinate) is a requirement for the local support design and fabrication.
This proposal describes a program of work lasting about two years and one that covers all aspects of the design and prototype fabrication of local supports. A number of options for the local supports are described. It is only through the combination of design studies and prototype fabrication and testing that the best local support design can be achieved.
2 Participating Institutions  

The participating institutions and an initial list of participants at each institution is given in Table 1.
	Institution
	Participants
	Area of Interest

	University of Toronto
	W. Trischuk
	Design for use of diamond and diamond detectors

	Centre de Physique des Particules de Marseille (CPPM)
	J.-C. Clemens, G. Hallewell, M. Niclas, A. Rozanov and E. Vigeolas
	Cooling services design (connectors and tubes)

Thermal  tests and calculations with various cooling liquids (C3F8, C2F6, CO2)Structure design and prototype with metal tube option

Module attachment interface and placement robot

	Laboratoire d'Annecy-le-vieux de Physique des Particules (LAPP)
	P. Delebecque

T. Todorov
	Thermal simulation of local structures and comparison with thermal measurements  

	Laboratoire de Physique Nucléaire et de Hautes Energies (LPNHE)
	P. Schwemling

G. Daubard
	Local support design 

Material calculation tools for CAD

Thermal qualification of materials and prototypes

	Bergische Universität  Wuppertal
	K. H. Glitza, G. Lenzen, P. Mättig and B. Sanny
	Carbon fiber tube development

Structure design and prototype

Test of materials

Thermal and mechanical qualification

Support structure design interface

	INFN Genoa
	G. Darbo, G. Gariano, A Rovani and E. Ruscino
	Module attachment interface

	INFN Milano
	S. Coelli, D. Giugni, C. Meroni and M. Monti
	Carbon fiber tube development

Structure design and prototype

	Lawrence Berkeley National Laboratory (LBNL)
	E. Anderssen, S. Dardin, M. Garcia-Sciveres, M. Gilchriese and N. Hartman
	Thermally conducting foam development

Structure design and prototypes

Thermal performance measurements and calculations

Support structure design interface

Module attachment interface

	Ohio State University
	H. Kagan and S. Smith
	Design for use of diamond and diamond detectors

	Stanford Linear Accelerator Center (SLAC)
	M. Oriunno and D. Su
	Cooling system, piping

CO2 development and testing

	University of Washington
	C. Dally, H. Lubatti and T. Zhao
	Thermally conducting foam development

Structure design and prototype development


Table 1 Participating institutions, preliminary list of participants and a summary of areas of interest.
In addition, there will be strong participation from partner technical institutions and a few companies with particular expertise in fabrication of carbon composite structures. These are listed in Table 2.
	Affiliated members
	Contribution

	IVW : Institut für Verbundwerkstoffe GmbH  Kaiserslautern
	Carbon fiber tube development and local and                                                                                                       global support structures

	IFB :Institut für Flugzeugbau Universität Stuttgart 
	Carbon fiber tube development 

	BERCELLA Carbon Fiber  
	Carbon fiber structures

	Allcomp, Inc
	Carbon foam development and prototype development


Table 2 Affiliated technical institutions and companies.

3 Topics and goals of the R&D proposal 

In this section we describe the principal R&D topics and the goals for this proposal. In general, the topics may be divided into general concepts for barrel or disk local supports that integrate different R&D components and R&D on specific components that may be applicable to a number of concepts. We start with an overview of the concepts currently being explored for silicon detectors and then describe design and prototype studies (eg. thermal performance) that are applicable to all such concepts and finally the component-level R&D. Research and development related to the local supports for diamond detectors, which have significantly different thermal requirements than silicon detectors, are described at the end of this section.
3.1 Barrel stave concepts

Introductory paragraph, need to cover different radial regions
3.1.1 ***Carbon tube.....

3.1.2 ***Low density carbon foam.....

3.1.3 ***Other for silicon
3.2 Disk concepts

Is there more than one?

3.3 Cooling Concepts
In this section we briefly summarize the cooling concepts under consideration for the SLHC upgrade and the connection with research and development on local supports. Clearly the type of coolant anticipated for the SLHC is a major design driver for the local supports. The thermal performance of the local supports is determined both by the coolant choice ie. operating temperature and the specific design of the local support. The choice of coolant also determines the properties of the coolant tube/pipe that is integrated into the local supports. 

****More here**** 

3.4 Design and Prototype Studies of Thermal Performance

***Describe the FEA process and what will be done. Validation through measurements of prototypes both at room T and with anticipated coolant eg. CO2 or other***** Lead up to common evaluation of different concepts. 
3.5 Design and Prototype Studies of Mechanical Performance

Describe the studies needed for mechanical performance. Include module mounting and survey in this section.

3.5.1 Mechanical Performance

3.5.2 Module Attachment

3.6 Irradiation Testing

Brief description of the irradiation qualification program
3.7 Local Support Components

3.7.1 Coolant Tubes and Connections

Describes both tube qualification, options and also options for local connections but does not get into general discussion of cooling system
3.7.1.1 Carbon-fiber tube development

3.7.1.2 Metallic tube options

3.7.2 Carbon or other Foam Development

This includes both low density and POCO/Koppers. Perhaps other foams?
3.7.3 Carbon Composite Structure Development

This includes facings, local structures and testing of same. What are the options.

3.7.4 Adhesives

R&D on adhesive choices....this is a tough topic but critical

3.8 Prototype Fabrication and Testing Program

Summarize here in outline way what significant prototypes should be built and why. Prototypes being items that look like sections of staves/disks or full-size prototypes.

3.9 Connection to B-Layer Replacement

Describe here the connection of some aspects of the R&D to possible B-layer replacement options and plans.
4 Relation to existing efforts 

***to be written** Believe should mention diamond R&D, various sensor R&D proposals (as input to requirements). IC development and whatever else. But this should be very short.
5 Schedule 

This section should describe the foreseen schedule for the R&D activities. It should be made clear which are the intermediate steps towards achieving the final goal. *****Schedule should be for roughly two years and integrate TDR and other milestones*****
6 Resources 

The anticipated resources from each institution are described briefly below.  The affiliation with technical institutions or companies is also described in conjugation with the applicable ATLAS institution.
6.1 University of Toronto
6.2 Centre de Physique des Particules de Marseille (CPPM)
6.3 Laboratoire d'Annecy-le-vieux de Physique des Particules (LAPP)
6.4 Laboratoire de Physique Nucléaire et de Hautes Energies (LPNHE)
6.5 Bergische Universität Wuppertal
6.6 INFN Genoa
6.7 INFN Milano
6.8 Lawrence Berkeley National Laboratory (LBNL)
6.9 Ohio State University
6.10 Stanford Linear Accelerator Center (SLAC)
6.11 University of Washington
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