Excerpts from the draft BTEV Pixel Requirement Document 

7. Mechanical Support System


The mechanical support design for the BTeV pixel detector system is dominated by the dual needs to have a stable and repeatable set of detector positions and to keep the amount of material to a minimum. These requirements are motivated by the consequences for the physics goals of BTeV of resolution smearing, resolution in both space and mass. The former of these is the most critical, since it influences many elements in the final capability of BTeV: separation of decay vertices from interaction vertices, trigger efficiency and enrichment, signal to background levels, proper time resolution, and sensitivity to multiple interactions per crossing. The mass resolution is also important, but mostly influences just the signal to background quality of BTeV data.

The detector must be shielded electronically from the circulating beam which is a significant rf source. It will be enclosed in a secondary vacuum, isolated from the main accelerator vacuum, by a thin (of order 150 m thick) aluminum vacuum container. The pixel detector should be as close to the beam as possible to minimize the extrapolation distance from the first measured hit to the primary vertex. The size of the gap is set by the maximum tolerable fluence that can be sustained by the innermost part of the pixel detector for a few years of continual running at the peak luminosity. At a luminosity of 2x1032  cm-2sec-1, a hole of 12mm on a side will result in the innermost edge of the detector receiving a fluence of about 1014 per year.  The detector needs to be retractable to a distance of 2 cm from the beam while the collider is being filled and until acceleration is complete. Then it will be moved back to its nominal position. Because the pixel information will be used in the Level 1 trigger, the pixel detector needs to be aligned fairly quickly to a precision which is necessary to obtain the required spatial resolution of 9 m or better for all tracks and remain stable during data-taking. Note that it is expected that for RUN II,  the typical store time will be between 12-24 hours and the refill time will be abut an hour. 

7.1 Constraints from the Beams Division and Tevatron operation

Since the pixel detector will be installed close to the Tevatron beam, it must meet the requirements of the Beams Division. The following criteria have to be met:

· Requirement 7.1-1(Beam Conditions at other IRs): The presence of the detector must not degrade the beam conditions at other IR's by parasitic RF coupling.

· Requirement 7.1-2(Tevatron Operation): Static and dynamic pressure effects inside the vacuum vessel must be low enough so that it will not affect the operation of the Tevatron. 

· Requirement 7.1-3( Vacuum Loss): A detailed vacuum loss and failure mode analysis has to be performed to safeguard the operation of the Tevatron and avoid any potential damage to the Pixel System.

7.2 Requirements imposed by physics performance

To achieve the physics goals of BTeV, the mechanical support system of the pixel detector has to meet the following requirements:

· Requirement 7.2-1 (Acceptance): The Pixel Detector mechanical support structure should have low mass within the geometrical acceptance  (300x300 mrad2) of the spectrometer so that the performance of the other systems in the two-armed spectrometer not be compromised;

· Requirement 7.2-2(Alignment): The pixel system must be alignable during each of the the assembly stages by suitable inclusion of alignment marks;
· Requirement 7.2-3(Effect of the Magnet): The whole detector will be placed inside the aperture of a dipole magnet with a field strength of 1.6 T; it should not have any effect on the local magnetic field strength; 
· Requirement 7.2-4(Shielding): Multiple scattering in the rf shielding(which also serves as the secondary vacuum envelope) and exit plates should be kept to a minimum and yet strong enough to withstand the differential pressure of 10-4 torr.

· Requirement 7.2-5(Operating Temperature): The design must take into account that the operating temperature of the detector will be in the range between –10 degrees C and –5 degrees C.  Thermal stress must be considered so that the mechanical stability of the system will not be affected.
· Requirement 7.2.-6(Pressure): The pressure inside the “clean vacuum” where the colliding beam will go through has to be better than 10-7 torr. The differential pressure between the “clean” and “dirty”  (where the pixel detector resides) vacuum has to be no more than 10-4 torr. 
7.3  Functional Requirements

All alignment requirements are given in terms of the narrow pixel direction.

· Requirement 7.3-1 (Retractability): The detector has to be retracted to a distance of 2cm away from the beam and after each refill, the detector has to be moved in position. The reproducibility should be better than 50 m and the relative motion must be read out with a precision of 1-2 m.
· Requirement 7.3-2 (Alignment of the Two Halves): The two halves of the detector must be positioned with respect to each other with an accuracy better than 50 m in x and y, and 200 m in z (longitudinal direction).
· Requirement 7.3-3 (Initial Alignment on Half-Planes – Narrow Pixel Direction):  The individual sensor subassemblies shall be mounted on their half-plane support to an accuracy of 5 microns, and measured to an accuracy of 2 microns before the substrate is mounted on its frame.

· Requirement 7.3-4 (Initial Alignment of Half-Planes on Frame):  The individual half planes must be mounted with a precision of 20 microns or better, and the positions known to 10 microns before the half-planes are inserted in the vacuum container.

· Requirement 7.3-5 (Offset): the left and right halves of the detector should be staggered in the longitudinal direction to allow for minimal dead space;

· Requirement 7.3-5 (Centering the Assembly on the Beams):  The full assembly must be such that the full detector can be centered on the nominal location of the Tevatron beams.

· Requirement 7.3-6 (Alignment Monitoring): The System must include some means of alignment monitoring online to a precision of better than 100 m for each station;

· Requirement 7.3-7 (Stability): the system should be stable to within 2 m during data-taking.

· Requirement 7.3-8 (Direction of motion):  the two halves can be moved in x and y independently so that we can accommodate the beam if it is not positioned exactly as expected, and so that we can operate with a square beam hole which is either larger or smaller than the nominal value. 
8. Cooling System

8.1 Heat Load

The full heat load is dominated by the readout chip.  This heat load is expected to be ~0.5 Watts/cm2.  A much smaller load comes from the sensor leakage current.  This latter heat load will grow with radiation damage, from about a few microwatts/cm2 to up to few tens of milliwatts per cm2 after 10 Mrad of irradiation.

8.2 Operating Temperature and Heat Removal

The pixel device is expected to operate at temperatures from –10 to –5 (C.  The effects of radiation damage are minimized by maintaining these temperatures even when the devices are not in use.  Thus, a system of cooling must be designed for these temperatures.

8.3 Thermal Uniformity

Spatial precision of the final information is required.  Thus, the temperature must be controlled and reproducible.  Since the operation is well below the temperatures at which the devices will be assembled, the coefficients of thermal expansion must be considered in the mechanical designs.

· Requirement 8.3-1 (Thermal Uniformity):  The maximum temperature excursion, once equilibrium is reached, shall not exceed +/- 1 (C on any sensor module, and the deviation from the median temperature shall not exceed +/- 2 (C for all the pixel sensor modules mounted on the same substrate;

· Requirement 8.3-2 (Temperature Reproducibility):  The average temperature of the system shall be reproducible (under active control) to +/- 1 (C.

· Requirement 8.3-3 (Temperature Readback):  The relative temperature of each pixel half-plane shall be readable to a precision of 0.5 (C.
