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Abstract
The TT geometry in the software has been updated to comply
with the latest technical drawings. The main difference is in the description of the beam pipe insulation, where the amount of material
has increased from 7.5% to 15.4% of X0 . Mother volumes are added
to decrease the CPU consumption and finally several scans are made
to compare the material budget between the DC06 geometry and the
new 2008 geometry. In addition, the survey measurements of the TT
detector have been analysed. These measurements can be subdivided
into surveys of the detector box, photogrammetry of the balconies and
metrology of the half-modules. The offsets with the nominal geometry
are implemented in the alignment condition database.
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Introduction

The TT detector consists of four layers of silicon strip sensors and is located
between the magnet and RICH1. The basic building block is a half-module
which consists of 7 sensors arranged next to each other. The sensors in a
module are bonded together to form 4- and 3-sensor readout sectors, except
for the modules around the beam pipe which consist of 4-, 2- and 1-sensor
readout sectors. The readout hybrids are located at one end of the halfmodule, outside of the LHCb acceptance. Low-density Kapton cables connect
the 3-, 2- and 1-sensor readout sectors to the hybrid. The modules are
mounted onto balconies, which are based on a cooling plate. The whole
detector is enclosed in a light-tight and thermally insulating box which can
keep the sensors below 5 ◦ C. A detailed description of the design of the TT
detector can be found in Ref. [1].
In 2005 the material budget of the TT was calculated [2] and a new detector
description written [3]. At that time the design had just been finalised. This
detector description has been used in the data challenge of 2006 (DC06).
Recently, this description was compared in detail with the actual design and
some differences were found. Therefore, we decided to correct the geometry
in the database and to add more non-physical mother volumes in order to
improve the CPU performance in the simulation and reconstruction jobs.
The resulting geometry description is implemented in the 2008 version of the
LHCb geometry.
During the assembly of the silicon sensors and the installation of the detector survey measurements were made for the purpose of quality assurance and
verification of mechanical tolerances. For the alignment of the detector it is
important to start with a detector description that corresponds closely to
reality. Hence, we need to include all our knowledge about the position of
the sensors into the geometry and conditions database. The survey measurements provide a first estimate of the offsets of the sensors and their support
from the nominal position.
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Overview of the changes in TT geometry

One of the main changes in the detector description are the additional mother
volumes. These volumes do not have any physical meaning; they are only
used to speed up the search through the detector description tree. It is
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important to keep these mother volumes as simple as possible, otherwise the
gain in speed is lost. A new mother volume is defined for each half-module.
They are defined as box volumes and are holding the sensors and Kapton
cables. The rails of the module, which holds the sensors together, are not
included, since that would create overlaps with the neighbouring modules.
Another new mother volume holds all the modules on the left and on the
right of the beam pipe. For the x layers these volumes are boxes, for the u
and v layers these volumes are trapezoids.
The additional mother volumes necessitate a careful search for overlapping
volumes. These checks were performed with Geant4/Gauss and the DetDescChecks package. In case of overlaps a clearance of 0.1 mm is introduced. Only the positions and sizes of the non-physical volumes are modified
in this way; the physical volumes remain unaffected.
There are many smaller changes in the geometry that affect the dimensions
and positions of inactive volumes. A list of the geometry parameters is given
in Table 1. The main changes in the TT geometry are as follows.
• Individual sensors. Each sensor has been put in the description.
Previously, readout sectors were the smallest detector elements. The
sensors were introduced in order to be able to align each individual
sensor within a module. A half-module is show in Fig. 1.
• Individual cables. In the DC06 description all the Kapton cables in
a layer were described by a single box volume. Now, using the mother
volumes for the half-modules, the individual cables can be put inside
these mother volumes. This gives only a small time penalty, since
these volumes end up lower in the hierarchy. The HV cables on the
back of the module were already described individually. The density
of the Kapton cables is calculated from their actual mass (see Fig. 2).
The additional mass of the Kevlar caps is averaged over the simplified
cable volume to reduce the number of volumes. The density is given in
Table 2 and the other geometry parameters are given in Table 3.
• Orientation of modules. In the DC06 description all half-modules
were facing in the same direction. In the new description the modules
are positioned according to their actual orientation, which means that
in the first two layers the silicon strips are facing the VELO and in the
last two layers the silicon strips are facing the magnet. This has the
advantage that the detector description knows about the orientation in
space, which is useful during the simulation and reconstruction. The
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Table 1: Geometry parameters used in the detector description
parameter
zPositionTT
WidthFrame
HeightFrame
ThicknessFrame
WidthFrame1
HeightFrame1
BoxThickness
BoxWallThickness
SplitInZ
HalfWidth
HalfHeight
PlateTBThickness
PlateTBWidth
PlateTBLength
PlateLRThickness
xPosPlateLR
JacketInnerRad
JacketInnerRadBig
JacketOuterRad
zOffsetCone
cutout
Jacket1Length
Jacket2Length
DzLayer
DzLadderLR
DzLadderTB
Angle
Overlap1
Overlap2
HoleX
HoleY
SensorHeight
SensorWidth
SensorThickness
bondGap
halfModuleGap
RailWidth
RailThickness
RailSlot
WidthBalconyTTa
WidthBalconyTTb
HeightBalconyX
HeightBalconyU
ThicknessBalcony

description
z position of the TT station
aluminium frame outer width
aluminium frame outer height
aluminium frame thickness
aluminium frame inner width
aluminium frame inner height
z dimension of the insulation box
thickness of insulation wall
distance between TTa and TTb
half-station width
half-station height
top/bottom cooling plate thickness
top/bottom cooling plate width
top/bottom cooling plate length
left/right cooling plate thickness
x position of left and right cooling plate
inner radius cylindrical beam pipe insulation
large inner radius conical beam pipe insulation
outer radius beam pipe insulation
z offset where conical beam pipe starts
cutout in beam pipe insulation for sensors
length of insulation between wall and layer
length of insulation between layers half station
distance between two layers of a half station
z staggering of the neighbouring modules
z staggering of the central module
stereo angle
overlap between sensors inner modules
overlap between sensors outer modules
x dimension of the beam pipe hole
y dimension of the beam pipe hole
sensor height
sensor width
sensor thickness
gap between sensors within a half-module
gap between two mated half-modules
rail width
rail thickness
depth of slot to fix sensors in the rail
width of the balconies in TTa
width of the balconies in TTb
height balconies in x layers
height balconies in stereo layers
average thickness of the balconies
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value
2485 mm
2586 mm
2628 mm
15 mm
1960 mm
2000 mm
430 mm
40 mm
270 mm
856 mm
822 mm
3.9 mm
346 mm
1710 mm
6.0 mm
863 mm
31 mm
33 mm
60 mm
15 mm
25 mm
5 mm
20 mm
36.5 mm
2.25 mm
9.75 mm
5.0◦
3.5 mm
4.0 mm
38.7 mm
37.0 mm
94.4 mm
96.4 mm
0.5 mm
0.2 mm
0.3 mm
2.0 mm
5.5 mm
0.3 mm
1369 mm
1554 mm
135 mm
138 mm
8.35 mm

x
y

Figure 1: LM half-module with a Kapton cable and rails. The local coordinate system is defined such that the strips on the hybrid are
running from −x to +x and the y axis is pointing away from the
hybrids.

Figure 2: Dimensions and mass of the different parts of a Kapton cable.
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Table 2: Calculated material density and mass fraction for volumes composed of different materials.
volume
beam pipe insulation

g
density [ cm
3]
0.186

box insulation

0.0824125

K-cable

2.44

L-cable

2.48

mass fraction
foam: 0.64
Kevlar: 0.31
aluminium: 0.05
foam: 0.72
Kevlar: 0.24
aluminium: 0.04
polyimide: 0.53
FR4: 0.17
copper: 0.17
glue: 0.05
Kevlar: 0.05
cable traces: 0.05
polyimide: 0.52
FR4: 0.16
copper: 0.17
glue: 0.05
Kevlar: 0.07
cable traces: 0.03

Table 3: Geometry parameters of the cables
parameter
KCableHeight
KCableThickness
KCableWidth
LCableHeight
LCableThickness
LCableWidth
HVCableThickness
HVCableWidth
gapCableK
gapCableL
gapCableHV

description
Length of the K cable
Thickness of the K cable
Width of the K cable
Length of the L cable
Thickness of the L cable
Width of the L cable
Thickness of the HV cable
Width of the HV cable
gap between the module and the K cable
gap between the K and the L cable
gap between the module and the HV cable
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value
378.2 mm
0.13 mm
60 mm
567.4 mm
0.13 mm
60 mm
0.1 mm
10.0 mm
0.2 mm
0.2 mm
0.2 mm

other advantage is that when misaligning the individual sensors, the
translations and rotations are already given in the correct local frame.
• Position of modules. In the DC06 description the actual sensor
width (96.344 mm) was used to determine position of the modules.
Instead, however, the design drawings use a rounded number for the
sensor width (96.400 mm). This resulted in an offset in x of up to 7
times 56 µm. Also, all modules were offset 250 µm in z with respect to
the design. Both items are corrected.
• Beam pipe insulation. The beam pipe insulation (or jacket) has
a cylindrical and a conical section. Before, this was simplified to be
fully cylindrical. Now, the conical section is put in the description
as well. At the same time the dimensions are adjusted: the outer
radius is decreased from 71 mm to 60 mm, the length along the z
direction is slightly larger. At the insertions for the modules, there is
no insulation in the description. Here, the description did not change
in order to keep the number of volumes as low as possible. The density
of the material was determined by putting the insulation piece on a
balance. The total mass of the two halves, including the screws is 376
g. This gives a density of 0.186 g/cm3 , which is almost three times
higher as before (see Table 2). In the DC06 description the beam pipe
insulation was assumed to have the same density as the box insulation
wall, which was 0.0667 g/cm3 . As the dimensions and mass of the beam
pipe insulation changed, the mass fractions of the different components
(foam, aluminium, Kevlar) have been recalculated as well.
• Balconies. The position in y of the balconies has changed in the
new description. The balconies in a layer are still modeled as a single
box volume made from aluminium. However, the thickness of this box
volume has been recalculated using the total weight of the balconies. In
that way the mass of the balconies is “smeared out” over the surface of
this simplified volume. Also, the size in y (height) is slightly different for
the stereo layers. The readout hybrids have still not been introduced
in the description, since that would create overlaps, either with the
modules or with the balconies. Furthermore, the hybrids are relatively
light and located outside the LHCb acceptance. The material in the
region is dominated by the balconies.
• Cooling plates. The position of the top, bottom and side cooling
plate has been redetermined. The 8 cooling plates are simplified by 4
box volumes. Similar to the balconies, the thickness of these plates is
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determined from their mass. The mass of a single side plate is measured
to be 16 kg, the mass of a top or bottom cooling plate is 6.13 kg.
• Gap between half-modules. The gap between two mated halfmodules is measured to be 0.3 mm. This gap was not implemented
in the DC06 description.
• Box wall. Previously, the TT insulation box was only described by
the walls on the front and back side. Now, it also contains insulation
material on the sides, since the TT box is described by one box volume,
with the inside and the hole for the beam pipe subtracted from it. In
this way, the total number of volumes is not increased. In reality, there
is also a honeycomb support structure on the sides of the TT box, but
as this is outside the acceptance and relatively light compared to the
aluminium frame, it was decided not to add it to the description.
• Densities. For some volumes the density had to be adapted. The
recalculated densities are listed in Table 2. The density of the box
insulation is calculated from the mass fractions of its components. The
mass fractions are determined from the relative volume of the different
materials and the corresponding densities. The densities of the cables
and the beam pipe insulation are determined from their weight (see the
items on Individual cables and Beam pipe insulation). The mass
fraction of the cables is taken from Ref. [2].
• Visualisation attributes. Several visualisation attributes were put
in the description. These attributes define the colour of the different
geometry objects and how they should be displayed, e.g. as a wire
frame, or as a solid. These changes affect the way the TT is displayed
in Panoramix as can be seen in Fig. 3.
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Material scans

In order to evaluate the material budget, scans can be made to determine the
amount of material that is seen by a particle traversing the detector at a given
point. The amount of material is calculated in fraction of a radiation length.
The scans can be made in a (x,y) projection or in an (η,φ) projection, where
η is the pseudorapidity and φ the azimuthal angle. We have performed scans
for the new and the old detector description. They can be seen in Fig. 4, 5,
and 6. Some of the changes described in the previous section can be clearly
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Figure 3: The TT detector as seen by Panoramix.

seen, for instance the changes in the beam pipe insulation. Although the
outer radius is smaller in the new description, the density of the beam pipe
insulation is higher. This can be seen in all three figures, especially in the
φ-averaged η scan (Fig. 6) for values 4.5 < η < 5.0. The amount of material
in the beam pipe insulation increased from 7.5% to 15.4% of radiation length.
The second change which can be clearly seen in the φ-averaged η scan (Fig. 6)
is the redefinition of the side cooling plates. The additional material for η < 2
is the result of a more realistic description of these plates. The changes in
the size and position of the balconies is most easily seen in the x vs y scans
in Fig. 4. In the region of the sensors, between 2.0 < η < 4.4, the amount of
material increased slightly from 4.2% to 4.7%. This is the result of the higher
density of the insulation wall. The peak at η = 5.2 is due to the material of
the beam pipe.
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Figure 4: Material scan of x versus y in fraction of a radiation length for the
DC06 detector description (top) and the new detector description
(bottom).
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Figure 5: Material scan of φ versus η in fraction of a radiation length for the
DC06 detector description (top) and the new detector description
(bottom).
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Figure 6: Material scan in fraction of a radiation length (d/X0 ) as a function
of η averaged over φ for the DC06 detector description (dashed
line) and the new detector description (solid line). The LHCb
acceptance covers the region 1.8 < η < 4.9.
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Survey data

Before, during and after the installation, the TT station and its components
underwent several surveys. They are summarised below.

4.1

Survey of the detector box

The TT detector can be opened and closed by sliding it along the rails onto
which the detector is placed. The lower rails supports the full weight of the
detector, while the upper rails guides the movement of the box. Before the
installation of the TT detector box the rails were surveyed both in Zürich
and at CERN [4–7]. An initial positioning of the rails and a measurement
of the straightness can be found in Ref. [6]. The straightness of the rails is
summarised in Table 4. Note that the straightness and actual position in
y of the upper rails almost has no effect on the position of the box as the
detector box is suspended by the lower rails. The position of the bottom
rails was remeasured by the CERN survey team [7] (see Table 4). After the
installation of the detector box, it was tested to which extend the box would
return to the same position after opening and closing. The results are given
in Ref. [8]. After these surveys were made it became clear that the box was
about 0.5 mm too low. Hence, it was decided to lift the bottom rails to
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Table 4: Summary of the final survey results of the TT station. Offsets are
given in the global LHCb coordinate frame.
What
Straightness bottom rails
- full length (8 m)
- inner 2.5 m
Straightness upper rails
- inner 2.5 m
Position bottom rails A-side
Position bottom rails C-side
Open/close repeatability
Position A-side box
Position C-side box

∆x (mm)

< 0.2 ± 0.2
0.3 ± 0.5
0.0 ± 0.5

∆y (mm)

∆z (mm)

< 0.10 ± 0.01
< 0.01 ± 0.01

< 0.13 ± 0.02
< 0.05 ± 0.02

[6]
[6]

< 0.1 ± 0.2
−0.5 ± 0.5
−0.4 ± 0.5
< 0.1 ± 0.2

[6]
[7]
[7]
[8]
[9]
[9]

< 0.1 ± 0.2
0.1 ± 0.5
−0.2 ± 0.5

Ref.

achieve the nominal position. After this height adjustment another survey
was performed. The measurement is described in Ref. [9] and the results are
shown in Table 4. From the numbers in Table 4 it can be concluded that
the detector box is well positioned. Given the measurement accuracy, none
of the offsets are significant.
Finally, surveys have taken place during the magnet tests in October 2007 [10]
and June 2008 [11]. During these tests the magnet was ramped up several
times to full strength with both field polarities and the movement of the TT
station was monitored from the A-side. In both surveys the upper part of
the TT frame moved about 0.9 mm in z towards the magnet. The error on
these measurements is estimated to be 0.2 mm. The lower part is more stable
but it still moves about 0.4 mm towards the magnet. In the second magnet
test additional survey marks were placed on the TT station, on the rails and
on the upper support structure, supporting the upper rails. It was found
that the lower rails and the upper support structure do not move during the
magnet tests. The central part of the upper rail moves 0.8 mm towards the
magnet, however, the outer extremity of the upper rail does not move. All
measurements are consistent with a tilt of the upper part of the TT station
towards the magnet. The movement is likely caused by the upper rail being
attracted towards the magnet, since the rails are made of ferromagnetic steel.
As the upper support structure is not moving, it seems that the fixation of
the upper rail to the support structure is not ideal. During the shutdown it
will be investigated if this connection can be improved. In case there is no
possibility to improve the stability, this movement will be implemented in
the alignment conditions database and used for data that is taken while the
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Figure 7: Drawing of the balconies with the target adapters.

magnet is fully powered.

4.2

Photogrammetry of the balconies

After installation of the cooling plates the positions of the balconies were
measured with a photogrammetric survey. The measurements for the A and
C side are described in Ref. [12] and [13], where the results are given in the
local frame of TT detector. The measured positions give an estimate for the
position of the modules. For this survey retro-reflective targets were placed
on each balcony with high accuracy. As these targets cannot be mounted
directly on the balcony, special target adapters have been designed and constructed. These were mounted on the balconies and hold the retroreflective
targets (see Fig. 7).
Each balcony contains two pins that are used to accurately position the
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modules. These precision pins were also used to accurately position the
target adapter onto the balcony. The photogrammetry method has a high
precision and the intrinsic resolution of the target position is 50 µm. There
are four targets per balcony, which are used to reconstruct the position of
the two pins.
After the photogrammetry, the detector was moved into closed position and a
final survey of the outside of the detector in the global coordinate system was
performed by means of a theodolite (c.f. Ref. [14]). Several fiducial points on
the outside of the insulation wall were measured both in this survey and in
the photogrammetry. This allows us to transform the target positions of the
photogrammetry to the global coordinate system of LHCb. The measured
position of the precision pins is compared with the nominal position from the
technical drawings. The resulting offsets are shown in Fig. 8 and 9.
There are four pins available for each module: two for each half-module.
In order to position the module onto the balcony there is a square- and a
triangle-shaped cutout in the ceramic of the hybrid. Only the pin in the upper
balcony with the triangular cutout and the pin in the lower balcony with the
rectangular cutout are used. The z-coordinate of the pin is defined at the
surface of the balcony. The upper pin with the triangular cutout determines
the position of the module and the pivot point, while the lower pin with the
rectangular cutout determines the rotation around the x- and z-axis. For
the half-modules above and below the beam pipe, both pins on the hybrid
ceramic are used. Rotations around y are ignored since they represent only
a small correction. Furthermore, the top and bottom balconies will impose
different rotations on the same module. The final offsets and rotations in the
local coordinate systems are calculated from the photogrammetry data and
converted into the XML format needed for the the conditions database using
a Python script [15]. The photogrammetry data is implemented in the 2008
version of the conditions database with tag head-20080929 or later.

4.3

Metrology of the half-modules

All half-modules have undergone a metrology in the lab in Zürich [16]. For
each of the seven sensors on a half-module two points in the corners of the
guard rings are measured. The two points are in the corners of the guard ring.
The measurement programme of the optical metrology machine calculates
for each sensor the shift and rotation from the fitted line through the 14
points. The first point on each sensor, which is closest to the hybrid, defines
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Figure 8: Offsets in x, y, and z for the precision pins of the upper and lower
balconies on the A side versus the global x coordinate.

the shift and is also the pivot point for the rotation. Figure 10 gives a
schematic overview of the metrology setup. The coordinate system used for
the metrology does not correspond to the local coordinate system of the halfmodule (c.f. Fig. 1). The sign of the rotation remains the same, but the shift
obtains a minus sign. The pivot point with respect to the centre of the sensor
is determined to be x = −47.146 mm, y = 46.137 mm
Unfortunately, there is no measurement of the sensor position with respect to
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Figure 9: Offsets in x, y, and z for the precision pins of the upper and lower
balconies on the C side versus the global x coordinate.

the square- and triangle-shaped cutouts in the ceramic of the hybrid. These
cutouts are used to position the module on the balcony. The difference
between the fitted line through the measured points and the positioning
pins of the balcony will be neglected in the initial alignment database, and
therefore introduces an uncertainty on the position of half-modules.
Figure 11 shows the distribution of the offsets and rotations measured in the
metrology. As can be seen, most of the offsets and rotations are small and
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Figure 10: Sketch of the metrology of the half-module with the measured
points on the sensors and the coordinate system used for the
metrology.

Table 5: Alignment grade of the half-modules that are planned to be installed in the TT detector. The alignment grade is determined by
the worst sensor on the half-module.
Grade Deviation Number of half-modules
A
< 25 µm
124
B
25–50 µm
21
C
> 50 µm
5

their effect on the reconstruction will be negligible. However, some sensors
have a significant deviation and it is important to correct for this effect
in the reconstruction. All modules are graded using the metrology data.
This alignment grade determines, amongst other criteria, which modules are
installed and at which location in the detector. The grading is based on the
shift of the two points on the sensor from the fitted line. The worst sensor
on the half module determines the final grade. Table 5 shows the grades of
all modules.
In order to introduce these offsets in the alignment database, new conditions
for the sensors have been implemented. As mentioned in Section 2, the
geometry has been adapted to describe the individual sensors. The logical
structure of detector elements has been adapted as well [17] to implement
the new alignment conditions.
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Figure 11: Offset and rotation from the metrology of the sensors.

The metrology data can be extracted from the production database [18] in an
XML format. In this file the half-modules are identified by a production ID.
The mapping from the production ID to the logical name used in the conditions database is defined in another XML file [19]. A Python script converts
the metrology data such that it can be used in the conditions database. The
metrology data is implemented in the 2008 version of the conditions database
with tag head-20080929 or later.
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Conclusion

The geometry description of the TT detector has been updated to accurately
describe the actual detector as it is installed in the final LHCb setup. Apart
from many small changes, the largest effect can be seen in the description
of the beam pipe insulation. The geometry changes described in this note
are implemented in the 2008 version of the LHCb geometry. It is expected
that this geometry is detailed enough for the simulation and reconstruction
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of tracks. Also the nominal position of the sensors is expected to be correctly
given by this geometry.
The survey measurements (metrology and photogrammetry) have been analysed and the resulting translations and rotations from the nominal geometry
are implemented in the conditions database. These alignment constants will
serve as initial estimates of the position of the sensitive detector elements
before aligning the detector with tracks.
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