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Project Overview 
 
We are requesting funding to work with Fermilab Si-detector group (Bill Cooper, Marcel 
Demarteau, et. al.) on the design and analysis of mechanical support structures for an ILC 
Vertex Detector and contribute to their evaluation of a beam pipe consistent with vertex 
detector and machine-detector interface requirements. We are an interdisciplinary group 
consisting of members of the Physics Department (H. Lubatti and T. Zhao) and 
Mechanical Engineering Department (C. Daly and M. Tuttle) who have worked together 
on many detector design projects. 
 
This proposed work will continue a long and productive history of collaboration between 
our group at the University of Washington and the D0 Si-Det group with whom we 
collaborated on designs and FEA analysis of carbon fiber support structures for the D0 
Run 2b silicon vertex detector and subsequently, when Run 2b project was cancelled, the 
design, analysis and fabrication of the D0 vertex detector Layer 0 support structure and 
cooling system. We also designed and fabricated a substantial portion of the installation 
tooling for this new Layer0 structure. We have available the UNIGRAPHICS CAD-CAM 



system which was used to make all solid models and fabrication drawings for mandrels 
and tooling needed for carbon-fiber lay-up and assembly of C-F parts. We will continue 
to work with our Fermilab colleagues to install the new Layer0 during the next collider 
shut-down. The proposed work would continue our very productive collaboration with 
Bill Cooper and colleagues. 
 
The proposed vertex detector will require a support structure that will hold and maintain 
the position of the sensors, both within a sensor and among the full array of sensors, to a 
reproducible precision of better than 5 µm from one cool-down to the next. When the 
vertex detector is at operating temperature, variations in sensor geometry should be 
negligible during any period of less than a month. 
 
Vertex detector sensors are expected to be arrayed in ladders within barrel sub-assemblies 
and wedges within disk sub-assemblies. For any ladder or wedge, the number of radiation 
lengths represented by material other than silicon and its readout should be less than 
0.5% at normal incidence to the silicon surface. Over the range of possible incidence 
angles, additional support material to combine ladders into a barrel or wedges into a disk 
should add not more than 2% of a radiation length. Structures to support the combined 
assembly of one five-layer barrel and seven single-layer disks (per barrel end) should 
total not more than 1% of a radiation length at normal incidence and not more than 1.5% 
of a radiation length at the worst angle of incidence. 
 
The work proposed here will be carried out in close collaboration with personnel at 
Fermilab (Bill Cooper and colleagues). The Fermilab Group is the lead group for the 
work proposed here. UW team will concentrate on those aspects related to their proven 
competence in finite element analysis and design and fabrication of advanced carbon 
fiber/epoxy structures. 
 
Broader Impact 
 
In addition to the impact this work will have on the development of a precise and 
effective vertex detector for the ILC, it has the potential for impacts that go beyond the 
ILC experiment. Development of new techniques for fabricating low Z compact vertex 
detectors will certainly have an impact on the broader field of collider physics, both for 
high and intermediate energy experiments. Developing new ways to assemble 
geometrically complex carbon fiber structures could have an impact, and be useful, to our 
engineering colleagues who are developing high performance carbon fiber structures. 
This work will also have an impact on undergraduate education because we plan to 
engage undergraduate physics and engineering majors in this work, both as independent 
research students and as hourly workers. We have a tradition of involving undergraduates 
in all of our research efforts and believe that this is our most effective way of having a 
broader impact that touches the greatest number of people. 



 
Results of Prior Support 
 
Since 1990, the University of Washington group (a collaboration of the Physics and 
Mechanical Engineering Departments) has been involved in the design and fabrication of 
several particle detector subsystems. These have included the muon subsystems for the 
SDC detector at the SSC, the end cap muon subsystem for ATLAS at the LHC and the 
Run2b upgrade to the innermost two layers of the silicon detector system at D0. The 
latter was de-scoped to be just the addition of a new layer0 (Figures 1 and 2) to the Run2a 
system and this device has been completed and awaits installation during the next 
Tevatron shutdown. All of the D0 work has involved the design, FEA analysis (Figure 3) 
and fabrication of very lightweight, stiff and precise carbon fiber/epoxy structures. As a 
result, the UW group has developed a major core competence in this area. Another new 
major resource is the FAA Centre for Excellence for Advanced Materials in Transport 
Aircraft Structures that has been established at the University. The major thrust of this 
center is R&D on advanced composite structures. 
 
Publications from prior support 
 
“Electrical properties of carbon fiber support systems”, W. Cooper, et. al., Nuclear 
Instruments and Methods, A 550 (2005), 127-138. 
“ATLAS Drift Tube Production in Seattle”, IEEE Trans. Nucl. Sci., Vol. 51, p 1568-
1574, Aug. 2004, T. Zhao, H.J. Lubatti, W. Kuykendall, R. Davisson, et.al. 
 
Facilities, Equipment and Other Resources 
 
The University of Washington Physics Department machine shop is one of the largest 
physics department machine shops in the United States. We have available four CNC 
mills, one of which has a travel of 72” x 32” x 32”. We also have two CNC lathes 
(turning centers), a wire EDM machine, a die-sinker, five conventional lathes and five 
conventional mills, all with digital readout. In addition, we have clean-room facilities 
with temperature control available, a Brown and Sharp Coordinate Measurement System 
(resolution 204 µm) and a Smart Scope (magnification x250, resolution 1µm) for 
precision measurements. The machine shop is staffed with six experienced machinists 
and tool & die makers. The joint work with Mechanical Engineering gives us access to 
that Department’s composite materials laboratory, which has available for our use a hot 
press and oven. That laboratory also has a large universal tension/compression testing 
machine that will be used to study the mechanical behavior of candidate materials and 
structures. For example, we are able to measure the orthotropic properties of various 
carbon fiber lay-ups. We also have access to a larger oven in the Department of Material 
Sciences, which we used for fabrication of the D0 silicon vertex detector layer 0 
installation tooling. We estimate, in this project, approximately 100 hours of machine 
shop time per year, with the Physics Department contributing two-thirds of the cost on a 
cost-share basis. We have high performance PC workstations with the required 
CAD/CAM (Unigraphics) and FEA (Ansys) software and personnel with long experience 
with these systems. 



 
FY2006 Project Activities and Deliverables 
 
During the first year of R&D, designs, materials, and procedures for fabricating ladders 
and wedges will be evaluated and tested, as will be those for fabricating, assembling, and 
supporting a barrel and a disk. 3-d CAD and FEA models will be created for ladders and 
disks and the support structures. These will be used to evaluate candidate designs and 
used to iterate towards a final design concept. This work will be done in very close 
collaboration with FNAL personnel. FEA analysis on the beam pipe will also be done to 
assist in the design of the pipe and to understand its mechanical interaction with the 
vertex detector.  
 
Deliverables at the end of the first year will consist of the following: 
 

1. at least one prototype ladder 
2. at least one prototype wedge 
3. a design for the support structure of at least one disk 
4. a design for the support structure of a barrel 
5. analysis of deflections under gravity of an assembled barrel 
6. analysis of deflections under gravity of an assembled disk 
7. analysis of expected thermal distortions between room temperature 

and operating temperature for a ladder, a wedge, a barrel, and a disk 
8. analysis of beam pipe deflections and stresses 

 
FY2007 Project Activities and Deliverables 
 
During the second year of R&D, designs will be iterated and measurements of design 
performance will be made. Deliverables at the end of the second year will consist of the 
following: 
 

9. measurements of ladder deformations between room temperature and 
operating temperature 

10. measurements of wedge deformations between room temperature and 
operating temperature 

11. a prototype support structure for a barrel 
12. a prototype support structure for a disk 
13. measurements of deformations between room temperature and 

operating temperature of the prototype barrel and disk 
14. a design for the structure to support a barrel and all disks 

 
Budget Justification:  University of Washington 
 
The proposed structure design will be done in close collaboration with FNAL personnel 
and this will require travel by C. Daly, Senior Engineer, to several working meetings at 
FNAL to develop the design and to ensure integration of the structure with other detector 



components such as silicon detector chips, cables etc. H. Lubatti and T. Zhao will cover 
their travel through the NSF base grant. 
 
Materials and supplies includes carbon fiber prepreg and related lay-up supplies. In the 
second year, we will need to renew software licenses for CAD and FEA systems, for 
which we receive University rates that are shared with several groups. 
 
Hourly student labor and shop costs relate to construction of the prototypes listed above 
and are costed based on D0 Si-detector fabrication experience. 
 
Budget (two year) 
 
Institution:  University of Washington 
 

Item FY2006 FY2007 Total 
Other Professionals      

Jr. Engineer*    $-   $2,700   $2,700  
Sr. Engineer+    $-   $-   $-  

Undergraduate Students   $1,000   $1,000   $2,000  
Total Salaries and Wages   $1,000   $3,700   $4,700  
Fringe Benefits    $111   $841  $952  
Total Salaries, Wages and Fringe Benefits  $1,111   $4,541   $5,652  
Equipment    $-   $-   $-  
Travel**    $3,000   $3,000   $6,000  
Materials and Supplies++      

Materials/Supplies    $1,300   $3,000   $4,300  
Shop Charges    $2,300   $3,500   $5,800  

Total Direct Costs    $7,711   $14,041   $21,752  
Indirect Costs    $1,665   $3,570   $5,235 
Total Direct and Indirect Costs  $9,376   $17,611  $26,987 

 
Notes 
Fringe Benefits calculated at 11.1% for hourly and at 27.1% for professional staff 
Indirect Cost of 55.5% applied to Sr. Engineer salary/fringe benefits and all travel 
* @ .05 FTE 
+ Prof Colin Daly and Prof Mark Tuttle will not receive support during initial two years 
** Travel to Fermilab for Sr. Engineer (approx. 4 trips, incl. car, per diem, etc) 
++ Includes hours for machine shop as follows: 
Year 1 - 100 hours @ $66/hour of which 65% of cost will be contributed by the Physics 
Dept. 
Year 2 - 150 hours @ $66/hour of which 65% of cost will be contributed by the Physics 
Dept. 
 



Budget Justification:  Fermi National Accelerator Laboratory 
 
Collaborating institutions, Fermilab and SLAC, are not requesting funding from this 
source. 
 
 
 



 
 
 

 Figure 1:  Layer 0 Upgrade Assembly for the D0 Detector at FNAL 
 

Figure 2:  Detail of Cooling Manifold Assembly 



 
Figure 3: FEA deflection analysis of the L0 structure 


