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Request for Survey and Alignment of the CMS Forward Pixel Detector.

The all-silicon design of the CMS tracker is well suited for high-resolution measurements of tracks of particles. It also poses challenges in the calibration of the position of all the sensors after the hardware assembly is completed. Understanding the alignment of thousands of silicon sensors is necessary to micron precision and becomes the decisive factor in success of the program. Given limited accessibility of the interaction region, it is impossible to measure the detector positions using conventional survey techniques once the detector has been installed. The only accurate way to determine the silicon detector positions is to use the data generated by the silicon detectors when they are traversed in-situ by charged particles. However, the so-called software alignment with information from tracks is complex and has difficulty in constraining all the spatial degrees of freedom with either a limited number of tracks (in the initial stages of experiment) or with poor connection between different pieces of the detector with charged-particle tracks. In the initial stages of the experiment the convergence of the software alignment with tracks could be significantly improved if prior optical survey measurements are used for the initial track reconstruction. 

The CMS Forward Pixel (FPIX) together with the Barrel Pixel is an innermost part of the Tracker and it is a starting point for full alignment procedure. So knowledge of the positions of pixel silicon sensors in the detector before the startup of the experiment is required. To obtain this information a program of survey and preliminary alignment of the FPIX is now under development. It includes measurements of fiducials on the silicon sensors and optical targets on supporting structures (see Fig. 1-3) like panels, half-disks, half cylinders, supporting rails. 

Several techniques are employed: 

· Coordinate Measuring Machines (CMM) with a touch probe and optical lens measuring fiducials on the silicon sensors, survey balls, optical targets;

· photogrammetry of the optical targets on the half disks and half cylinders;

· theodolite survey of optical targets on the rail system in the CMS detector;

· photogrammetry of the optical targets after installation of the FPIX into the CMS .

The survey of the silicon sensors mounted on the panels is a part of detector assembly production under way at the Silicon Detector Facility at Fermilab. It is made with an optical CMM OGP (Fig.1).  

Further, as the panels are mounted into the half disks, these assemblies surveyed by two methods: using the same OGP CMM optically and by touch probe and photogrammetry as shown in Fig.2. Combining these techniques together provides reliability and high precision (~10 μm) of the half disk survey. Note that use of photogrammetry as a safe method using digital camera placed far away from very delicate detector elements greatly reduced risk for measurements connected with survey using touch probe CMM. It should be noted that Fermilab alignment group extended usual limits of photogrammetry used to survey big objects (in dimensions of ~> few meters and more) with typical accuracy of fraction of millimeter to our relatively small parts with dimensions of few tens of centimeters achieving accuracy of ~10 μm. 

So all further survey of the half disks mounted in the half cylinders is done by photogrammetry supplemented with touch probe used only for alignment of the measurement support frame (Fig.3). 

Survey of the final half disk assembly will be done at CERN before insertion into the CMS. Support structures in the CMS detector like rails for mounting the half cylinders are to be surveyed by a theodolite using optical targets as shown in Fig. 4. The final positions of the half cylinders in the Tracker will be surveyed by photogrammetry using special bracket. 

This information is being incorporated into the CMS database. Software to obtain initial alignment constants for the detector elements is under development [1].

A special attention is given to the problem of time variation of alignment parameters connected with additional load and temperature deformations during installation of the detector and cooling down during operation. Modeling of mechanical structures and stress analysis due to low temperature operation of the FPIX (~-20oC) under way using commercial engineering programs of Final Element Analysis (FEA).  For model verification these calculations are to reproduce available data obtained by measurements of a test half-disk structure at low temperatures.

     Year of 2008 will be a startup year of the LHC physics program and full implementation of survey and alignment program is of primary importance for successful operation of the Tracker. To realize this goal the following steps have to be done:

· Finalize survey and alignment of the half disks and half cylinders during assembly;

· Develop and implement survey procedures during detector installation at CERN;

· Develop full chain of alignment analysis of the survey data and implement it into the CMS software;

· Complete the FEA of the detector elements for temperature and load corrections;

· Provide initial set of alignment constants prior startup of the experiment. 
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Fig.1 Panel with silicon sensors to be surveyed and scheme of measured sensor fiducials .
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Fig.2 Half disk survey: optical measurements of fiducials of the sensors with the OGP CMM and photogrammetry of the half disk optical targets

Fig.3. Photogrammtry session for survey of the half service cylinder. Optical targets darken the image.


Fig. 4 Survey of the PIXEL installation rails in the CMS Tracker 
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