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	ANALYSIS of the SURVEY DATA OF THE LHCB OUTER TRACKER BRIDGE at the constructor facility

	ABSTRACT

This note analyses the survey data taken at the Constructor facility, as part of the acceptance tests of the upper part of the Outer Tracker support structure.
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1.1 Introduction and Scope

1.1.1 Introduction to the LHC project

The European Organization for Nuclear Research (CERN) is an intergovernmental organization with 20 Member States*. It has its seat in Geneva but straddles the Swiss-French border.  Its objective is to provide for collaboration among European States in the field of high energy particle physics research and to this end it designs, constructs and runs the necessary particle accelerators and the associated experimental areas.

At present more than 5000 physicists from research institutes world-wide use the CERN installations for their experiments.

The Large Hadron Collider (LHC) is the next accelerator being constructed on the CERN site.  The LHC machine will mainly accelerate and collide 7 TeV proton beams but also heavier ions up to lead.  It will be installed in the existing 27 km circumference tunnel, about 100 m underground, that previously housed the Large Electron Positron Collider (LEP).  The LHC design is based on superconducting twin-aperture magnets which operate in a superfluid helium bath at 1.9 K.
1.1.2 Introduction to LHCb experiment

The LHCb experiment is one of the four detectors that will be installed at the LHC. It is being constructed by a worldwide collaboration involving 45 institutions from 14 countries. 

The LHCb experiment will be installed some 100 m below ground level in the Experimental Area at Point 8 of LHC (close to Ferney-Voltaire in France), hereinafter referred to as “Point 8”. The underground cavern that will house LHCb experiment is referred to as UX85.

1.1.3 Scope of the NOTE
The Outer Tracker (OT) is a sub-system of the LHCb experiment. It consists of three vertical rectangular stations (about 5 m high and 6 m wide) arranged along the beam line. A global view of the OT design is shown in Figure 1. Each station, in turn, consists of four movable entities, referred to as “C-frames” [3], two per each side of the beam-pipe, to which the detector modules are attached by means of dowel pins. 
This document is aimed at performing an analysis of the data from the survey of the OT support structure, taken at the Contractor facility, as part of the hardware acceptance tests. The survey work was carried out in cooperation among the “CERN TS/SU - Positioning Metrology” Group, in charge of the survey work, and the LHCb OT group, in charge of the OT support structure production and installation.
1.2 SURVEY DESCRIPTION
The present note analyses the results of the survey of the Table [
] (NIKHEF Drawings LHS-110 and LHS-120) and of the Bridge [
] (NIKHEF Drawings 05.200.69-0001). A global view of the OT assembly is given in Figure 1.
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Figure 1 OT Global View.
The acceptance tests of the Bridge and the Table included that both be pre-assembled at the Contractor facility and surveyed.

The top part of the Bridge was pre-assembled as shown in Figure 2. Afterwards, a 3D survey of a number of points (see Figure 3) was performed. The analysis in this note is based on the survey results described in detail in Ref. [
]. 
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Figure 2 Bridge Top pre-assembled at the Constructor facility.
[image: image3.emf]
Figure 3 Outline of the 3D points measured in the Bridge survey.
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Figure 4 Measurement details.
1.3 CHOICE OF REFERENCE SYSTEM

All coordinates given in the present note are in the reference frame described in Ref. [3], unless specifically stated otherwise. This system, shown in Figure 5, has the origin at the “C” end of rail B2, the z axis vertical (positive toward the ceiling of the experimental hall), the x axis along the Bridge length (positive from “C” toward the “A” side), and the y axis horizontal positive pointing from the “MUON” toward the “MAGNET” side.
[image: image5.emf]
Figure 5 Reference System of the survey data collected at the Contractor facility.
The nominal position of the rails and the corresponding tolerances are specified in detail in Ref. [2] and summarized in Figure 6. Their values as expected in the reference frame of the survey measurements are summarized in Table 1; notice that nominal figures are given in the assumption that the true value of the rail flange is 46.80 mm.
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Figure 6 Bridge Rail specified tolerances  (“detector” section).
	Rail
	Short Description
	X
	Y
	Z

	A1
	Station 1 – IT Rail
	-
	848.80
	0

	A2
	Station 1 – OT Rail Layers {X,U}
	-
	728.80
	0

	A3
	Station 1 – OT Rail Layers {V,X}
	-
	608.80
	0

	B1
	Station 2 – IT Rail
	-
	166.80
	0

	B2
	Station 2 – OT Rail Layers {X,U}
	-
	46.80
	0

	B3
	Station 2 – OT Rail Layers {V,X}
	-
	-73.20
	0

	C1
	Station 3 – IT Rail
	-
	-518.20
	0

	C2
	Station 3 – OT Rail Layers {X,U}
	-
	-638.20
	0

	C3
	Station 3 – OT Rail Layers {V,X}
	-
	-758.20
	0


Table 1 Summary of the Bridge nominal rail positions.
1.4 RAIL FLATNESS FROM THE SURVEY DATA

The OT position in the experiment is essentially determined by the position of the upper rails on the Bridge; it is therefore important that all rails lie within an ideal plane, with a planarity of approximately 3 mm. The distance of all measured points from the (X,Y) plane as directly measured in the survey is shown in Figure 7 and Figure 8.
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Figure 7 Distribution of the flatness data from the Bridge survey: the top panel contains all data, while the lower two panels contain only the data corresponding to the “detector” and the “outer” section, respectively. The dashed lines indicate the design tolerances.
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Figure 8 Flatness as a function of the bridge length, for the three groups of rails. The dashed lines indicate the design tolerances corresponding to the “detector” and the “outer” section.
1.5 RAIL STRAIGHTNESS FROM THE SURVEY DATA

The OT position in the experiment is essentially determined by the position of the upper rails on the Bridge; it is therefore important that all rails lie on ideal parallel lines at the nominal distances in Table 1, with real-position tolerances of approximately 2 mm within a group and 5 mm from group to group. The deviation of the Y position of all measured points as directly measured in the survey from the nominal ones in Table 1 is shown in Figure 9 and Figure 10.
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Figure 9 Deviation from nominal position of the Bridge rails: the top panel contains all data, while the lower two panels contain only the data corresponding to the “detector” and the “outer” section, respectively. The dashed lines indicate the design tolerances within a single group of rails, while the dotted one the tolerances from one group to another.
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Figure 10 Deviation from nominal position as a function of the bridge length, for the three groups of rails. The dashed lines indicate the design tolerances within a single group of rails, while the dotted one the tolerances from one group to another.
1.6 CHANGE OF REFERENCE FRAME
The survey data shown in the previous sections (Figure 7, Figure 8, Figure 9, Figure 10) exhibits systematic trends both in the flatness as well as in the straightness. To probe the extent of these effects, flatness and straightness fits to the survey were performed.
1.6.1 STEP 1 – Best-PLANE FIT
A best plane fit to the survey data corresponding to the central part of the Bridge was performed by minimizing the distance of the points to the plane with equation:


[image: image11.wmf]0

=

+

+

+

d

cz

by

ax

.
After proper normalization of the fit parameters, a rotation of reference frame is performed as to obtain an (X,Y) plane parallel to the best-fit plane, followed by a translation along the Z axis:
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The results of the transformations above on the flatness distribution are shown in Figure 11 and Figure 12 (notice that the variables X and Y are not significantly affected by the transformation).
1.6.2 STEP 2 – LINE FIT
A best line fit to the survey data corresponding to the central part of the Bridge was performed by minimizing the distance of the points to the corresponding nominal lines of Table 1, with equation:
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Afterwards, a rotation of reference frame around the Z axis of angle (=arctan(m) is performed as to position the X axis parallel to the best-fit line:
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The results of the transformations above on the straightness distribution are shown in Figure 13 and Figure 14 (notice that the Z variable is by construction not affected by the transformation).
1.6.3 CONCLUSIONS
The results of the best-fit procedure in the previous sections are to be taken as illustrative. A more careful analysis with more free parameters in the group-to-group nominal distances is desirable.

However, this first quick analysis seems to show that the horizontal plane chosen for the survey was slightly tilted and rotated with respect to the best-fit plane through the rails. As that was chosen as the plane through the feet of the support pillars after proper levelling of the pillars themselves, our results would then indicate that the Bridge rails are slightly tilted and rotated with respect to the Bridge support pillars.
We suggest that an eventual adjustment action should only be considered after a second global survey in situ. It is therefore mandatory that the number of points acquired in this second survey is not inferior to the one in Ref. [3]. Moreover, a number of 3D survey points sufficient to characterize the position of the Bridge pillars have to be included in the survey, in positions to be agreed between the “CERN TS/SU - Positioning Metrology” Group, in charge of the survey work, and the LHCb OT group, in charge of the OT installation. 
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Figure 11 Distribution of the flatness data after transformation of the horizontal plane: the top panel contains all data, while the lower two panels contain only the data corresponding to the “detector” and the “outer” section, respectively. The dashed lines indicate the design tolerances.
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Figure 12 Flatness as a function of the bridge length for the three groups of rails, after transformation of the horizontal plane. The dashed lines indicate the design tolerances corresponding to the “detector” and the “outer” section.
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Figure 13 Deviation from nominal position of the Bridge rails, after reference frame rotation around the Z axis: the top panel contains all data, while the lower two panels contain only the data corresponding to the “detector” and the “outer” section, respectively. The dashed lines indicate the design tolerances within a single group of rails, while the dotted one the tolerances from one group to another.
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Figure 14 Deviation from nominal position as a function of the bridge length for the three groups of rails, after reference frame rotation around the Z axis. The dashed lines indicate the design tolerances within a single group of rails, while the dotted one the tolerances from one group to another.




















































*	CERN Member States are: Austria, Belgium, Bulgaria, Czech Republic, Denmark, Finland, France, Germany, Greece, Hungary, Italy, The Netherlands, Norway, Poland, Portugal, Slovak Republic, Spain, Sweden, Switzerland and the United Kingdom.
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