Alignment Procedure


General Overview:

For each of the 5 muon station the support wall is separated in 2 halves, which can be slid out of the filters in order to allow for their equipment with muon chambers.

The support walls carry the balconies for the chamber support. Their positioning is (should be) done with an accuracy of 1mm.

The muon system the reference point of each half-station is the center of the beam pipe. Here, the place is extremely confined, and the correct positioning of muon chambers is crucial for optimum area coverage.

The chambers are mounted on both sides of the support wall with their active areas overlapping in order to avoid insensitive regions in the muon system. 

The overall precision for chamber positioning has to be within 1mm.

In practice, the alignment is done in the following steps: 

After all chambers are installed, the support wall is checked and adjusted for its position and alignment. If needed, the wall can be rectified by its overhead suspension. For horizontal (x-direction) and vertical (y-direction) alignment, the reference points are the support wall edge close to the beam pipe and the top edge, respectively.

On the top edge of the wall so-called alignment bars are mounted above each chamber center, which is marked with a cross on each chamber. After carefully aligning the chambers of the top and bottom row in x (by means of rulers and angular pieces), a perpendicular suspended from the alignment bar simplifies the adjustment of all chambers of the other rows. Furthermore, the alignment bars are used as reference points for chamber positioning in y-direction. With a hand-held laser meter (Leica Geosystems) the distance from each chamber center to the alignment bar is measured and can be corrected by adding or removing spacer discs between balcony and chamber.

For the innermost chambers (region R1 and R2) the alignment is done directly with respect to the cut out in the support wall for the beam pipe, again with rulers and angular pieces. The compatibility of the alignment of chambers of the inner and outer regions is crosschecked by measuring the overlap between the chambers. The reproducibility of the measurements is within 1 mm.

Nomenclature:

muon wall: beam pipe end, rack end, top bottom
chamber: center, upper end, lower end, side end

Practics:

A) Preparations:

A1) Level the muon wall orthogonal to beam pipe side:

1A-1) Align chambers of top row in x-position 

Tools: ruler and right angle 

Start on A column:

Align chamber A, by shifting to corresponding overlap (from autoCAD) between side end of the chamber and the wall beam pipe end. 

Align B chamber, by shifting to corresponding overlap between A and B.

Align C chamber by shifting to corresponding overlap between B and C.

Align D chamber by shifting to corresponding overlap between C and D.

Check distance between chamber side end and D to wall rack end.

A1-2) Align chambers of bottom row in x-position
A1-3) Mount the alignment bar on top of column A
Tools: perpendicular (string + weight)

Check that perpendicular goes through center of chamber A on top row
A1-4) Check if perpendicular goes also through center of chamber A on bottom row

If needed, adjust muon wall by moving one of the sides up (done on wall fixation screws)

A2) Understand balcony positions around beam pipe hole

Tools: ruler and angle, water level

Measure level and distance in x and y of balconies with respect to the beam pipe hole.

Check results with nominal values.

Check that needed shift is feasible for all chambers. 

A3) Mount alignment bars

A3-1) Mount alignment bars on top of column B,C and D, as done for column A

Then remove perpendicular and level the alignment bar. 

Tools: alignment bar screws, Hasperg strips of 50, 100 and 200 micrometer, water level 
A3-2) Get an overview:

Check roughly all distances in y from chamber center to alignment bar for column A and D.

Tool: laser

Check with nominal numbers to estimate needed shift of chambers in y.
B) Alignment work:

B1) Alignment of R4 and R3 chambers:

B1-1) Align all chambers of 1 column in Y:

Tools: laser, water level, spacers
Measure distance in Y from chamber center to alignment bar.

Check with nominal values.

Check level of chamber.

Adjust, if needed, by adding or removing spacers.

B1-2) Align all chambers in X for same column

Tools: perpendicular
Check that perpendicular goes through center of top row chamber. 

Align bottom row chamber, if needed.

Fix perpendicular with a scotch.

Now, shift all chambers in between to correct X-position.

B2) Alignment of Inner Chambers (R2 and R1):

Best to be done row-by-row.

B2-1) Alignment of A3-chambers in X :

Tools: meter, angular piece, level

Move chamber to corresponding overlap to neighbor chamber (A1 or A2).

Check with next neighbor (B).

B2-2) Align A3-chambers in Y:

Tools: perpendicular, level, laser

Mark cross section of horizontal line through chamber center and perpendicular from A column.

Measure distance in Y to alignment bar with the laser.

Measure level.

Adjust, if needed, by adding or removing spacers.

B2-3) Alignment of A1 and A2 chambers in X and Y:

Tools: meter, angular peace, level

Done with the help of a person in between the muon filters.

Measure overlap and distances in x and y to beam hole end of wall.

Check with nominal values.

Check level of chamber.

Adjust, if needed, by adding or removing spacers.

Crosscheck chambers by checking overlap to neighboring chambers in X and Y
Observations, remarks, difficulties, errors:

On chambers:

Cross: all measurements depend on the precision of the positioning of the cross, and also on the thickness of the cross. Sometimes, the scratch of the cross itself is more than 1 mm thick. A cross in horizontal and vertical direction (done for PNPI chambers) is the best to align laser device on chamber.

Level measurement: Done on faraday cage or overlap of faraday cage on chamber, which itself is not perfectly flat.

Overlap measurement: Done on faraday cage, which itself is not perfectly flat.
Outer grounding cables: The laser device can not always be held flat on the chamber, when there are outer grounding lines (cables) on the chamber. Applying spacers under the laser device helps but induces an angle towards the alignment bar.
On wall:

In case balconies are mounted to high: can not remove enough spacers to position chamber correctly

Balconies are not mounted horizontally 
Balconies are mounted with deviations of up to 7 mm

Wall has no flat edges

Are wall panels orthogonal?

Wall may bend in z-direction?
Attached Excel file contains alignment result:

1) The number of spacers for each chamber after alignment

2) The estimated deviation of the actual chamber position with respect to the nominal values:

2a) For Y-values measured with laser meter: 

As the laser tool itself has a precision not better than 1mm, the calculated deviations with respect to the autoCAD-file (precision of 0.1mm) are academic. However they give a hint of the accuracy of the chamber alignment, and they show big deviations.

2b) For X-values: 

The estimation of the deviation in x is given only for those chambers aligned with a ruler. The value of the deviation is given by the measured value (precision of the eye plus application of the ruler) minus the calculated overlap between 2 chambers, or chamber and wall edge. 

All other chambers aligned, which are aligned with the help of the perpendicular no value is given. This measurement is as precise as the alignment of the top row, plus the precision of the positioning of the cross on the chamber, plus the accuracy reached by moving the chamber, plus the accuracy of the eye of the aligner.

2c) For inner chambers:

The value of the deviation is given by the measured value (precision of the eye plus application of the ruler) minus the calculated overlap between 2 chambers, or chamber and wall edge.

For deviations more than 1mm the value is highlighted in orange.

Written, Feb 23 2007, after first experiences on aligning M4C and M5C, Katharina Mair
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