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Abstract

The Inner Tracker detector is in its nal state of production and thus canthe rst estimateson
construction misalignmerts be measured. Besidesthat a strategy needsto be put in placein order
to trace back remaining misalignmerts during data taking. A study is performed on the e ect of a
misaligned detector on the pattern recognition aswell ason selectioncriteria of the tracks in order
to obtain a ghost free sample. With thesetools an alignmert algorithm can be established. In this
note a rst study with the Millep edeprocedureon a simpli ed Inner Tracker detector is performed.

1 Intro duction

The Inner Tracker detector is placed immediately downwards of the LHCb magnet and covers the

area around the beam pipe. Due to the large charged particle uxes, this tracking device is made of

silicon strip detectors. The Inner Tracker plays an important role in the detection of trajectories of

the charged particles, therefore knowing the precise position of the detector is absolutely necessary
to ensurethe best possibleresolution. Even though the detector will be medanically aligned during

construction and installation with tight tolerances[1], we must dewelop a strategy to measurethe

remaining misalignmerts using reconstructed tracks.

In Section 2, we give the size of initial misalignmerts of the various detector elemens which an
alignment algorithm will have to deal with, asthere won't be any online monitors during data taking.
The numbers are derived from metrology measuremeis during production and installation together
with estimatesin caseno measuremets were available.

A simulation study wasperformedonthe e ect of a misalignedinner Tracker station on the pattern
recognition. Theseresults shaved the importance of starting the alignment procedurewith a sample
of ghost free tracks. In order to obtain such a sample of tracks, di erent selectionswere applied. The
results are given in Section 3 and 4.

Many experiments usethe Millep ede[3] alignment algorithm to determine the detector misalign-
ments. In this method a simultaneous t is performed on the track and alignment parameters. For
the last part of this note the Millep edeprogram wasusedto t generatedtracks through a simulated
misaligned detector with a similar geometry as the Inner Tracker, i.e. 12 detector planesgrouped in
3 stations positioned more than 4m from the interaction point. This study was described in Section
5, using a standalone code which doesnot accoun for e ects of multiple scattering on the tracks.



2 Assembly precision and metrology

The Inner Tracker detector is in production and about three quarters of the detector modules are
produced. This allows us to have an idea of the precision of the sensorplacemen with respect to the
positioning pins. Metrology measuremets showved a distribution with an RMS of about 45 m in the
x direction (perpendicular to the readout strips) of one sensorwith respect to the positioning pins of
the construction jig. In the y direction an RMS of 28 m is found and the distribution of the rotation
around the longest axis of a ladder (y direction) has an RMS of 0:25mrad. The relative placemen
of one sensorwith respect to the other, on a two-sensorladder, is much better, the RMS valuesare:
3 minxand4 miny and 0:08mrad in the rotation angle.

Theseladderswill be mounted on a cooling rod attached to the cover of a detector box with carbon
b er pillars. Even though these pillars are made with the best possible precision, an inaccuracy on
the position of the cooling rods is possible. However no test has beenperformed yet to measurethis
e ect. It is estimated to be seweral 100 m.

Finally the position of the detector boxes on the support frameswill be measuredby the LHCb
survey group and dependingif the theodolites canbeinstalled in the magnetyoke or not a measuremen
precision of 0:5mm or 3mm will be obtained respectively.

3 The eect of a misaligned Inner Tracker station on the pattern
reconstruction

Particles traversing the Inner Tracker will produce hits at ead detector layer. The track position
within the sensorcan be obtained with a precisionof 70 m. To get a track parametrization, a t is
performed over the di erent hits of ead detector plane. However, when more particles are traversing
the detector at the sametime, a pattern recognition algorithm is neededto match the correct hits to
a track. The performanceof such a pattern recognition algorithm is described by its e ciency and
ghost rate.

A candidate track is acceptedif its 2 cut is lessthan 100[2]. This value is tuned to achieve the
highest possiblee ciency keepingthe ghost rate low for a perfectly aligned detector.

When moving one of the Inner Tracker stations in the x, y or z direction of the LHCb coordinate
system, the e ciency of nding tracks will decrease.This was studied using on fully simulated MC
ewverts and Tsa [2], a standaloneTrack Seedingand tracking Algorithm which usesonly Inner Tracker
hits. Stations are moved by changing the nominal position of the certer of a station in the XML
detector description. A station as a whole (i.e. four detector boxeswith ead 4 detection layers) was
moved while the other two stayed at their nominal position. The e ect of moving stations in the x
direction is shawn in Fig. 1 and 2. The y axis shows the ine ciency or ghostrate asa function of the
station misplacemen. The dierent colorsin the plot represert the di erent stations that are shifted.
One important result is that, for shifts of any of the three stations in any of the three directions
lessthan 2mm, there is hardly any e ect on the pattern recognition. For larger shifts we obsene
that shifting the middle station has a larger e ect on the pattern recognition than moving one of the
outside ones. These tests have also beendone, moving the stations in the y- and z direction. The
e ect on the ine ciency is shown in Fig. 3 and 4.
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Figure 1: The tracking ine ciency for a misalignedInner Tracker station in the x direction. The horizontal axis
shows the displacemen of one station (T1, T2 or T3), while the other stations stay at their nominal position.
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Figure 2: The ghost rate for a misaligned Inner Tracker station in the x direction. The horizontal axis shovs
the displacemen of one station (T1, T2 or T3), while the other stations stay at their nominal position.

0,15

o4

0,1z

0,0

reftlclsroy

0,05

0,04

0,02
u]

s

(=]

=]

FA =gl gnmerk {mmi

10

* T1
T2
& TS

Figure 3: The tracking ine ciency for a misaligned Inner Tracker station in the y direction. The horizontal
axis shaws the displacemen of one station(T1, T2 or T3), while the others stay at the nominal position.
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Figure 4: The tracking ine ciency for a misaligned Inner Tracker station in the z direction. The horizontal
axis shaws the displacemen of one station(T1, T2 or T3), while the others stay at the nominal position.



When looking more in detail at the individual hits assignedto a given track, it turns out that,
when the rst station is shifted in x by lessthan 5mm, a track cortains on average 11 hits, while
tracks reconstructedwith a station that is shifted by 20mm contain on averageonly 8 hits. The track
is then made by hits in 2 stations only, basically ignoring the misaligned tracking station.

Figure 5 shaws the resolution of the reconstructed momertum (dp=p= (Preco  Pgen)=PRyen) fOr
di erent displacemerts in the x direction of the rst station. As expectedthe reconstructedmomerntum
will have a worseresolution when the stations are misplaced. The rst plot (left) is obtained with a
nominal geometry The secondplot (middle) is for a shift of 5mm for the rst station in x, and no track
is reconstructed with the correct momertum, as expected. Moving the rst station in the x direction
will give a more, or less, curved track and therefore a higher, or lower, momertum respectively. For
tracks with 8 hits, corresponding to a shift of the rst station of 10mm, the quality of the distribution,
shawvn on the right, is very bad and one can't really talk about a Gaussiandistribution anymore.
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Figure 5: Reconstructedmomertum distribution for di erent o sets in the x direction of the rst Inner tracker
station. X misalignmerts: Omm (top left), 5mm (top right), 10mm (bottom).

A comparisonis made betweenthe Tsa algorithm and the generaltracking algorithm, which uses
hits from the Velo and the tracking stations. Clearly comparing both performancescan only be done
qualitativ ely, as more information is usedin the generaltracking algorithm. But looking at the plot
in Fig. 6 one can seethat the standard LHCb algorithm has a worse performanceasit has already
more ghost tracks whenthe rst station is misalignedby a few mm. The sameproperty is seenat the
tracking ine ciency . For displacemerts of the secondstation larger than 3mm, the ine ciency of the
generaltracking algorithm readesa plateau of 25%. This value correspondsto a tracking that would
be performed without using the information of the hits of the Inner Tracker.

4 Selection of a ghost free sample

As shown in the previous section a misaligned detector reducesthe tracking e ciency and increases
the ghost rate. More tracks will be made with wrong hit assignmens. Using these tracks for an
alignment study will degradethe alignmert result. Henceit is essetial to usea sampleof high-purity
tracks. It can be done by applying selectionsthat discriminate tracks with a ghost like appearance.
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Figure 6: The ghostrate for a misaligned rst Inner Tracker station in the x direction using di erent
tracking algorithms.

This study is again done using the Tsa in a perfectly aligned detector and with fully simulated MC
everts.
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Figure 7: The momertum distribution for real tracks (left) and ghost tracks (right).

Without applying any selectionand working in a perfectly aligned detector, the ghost rate in a
sampleof 1000B ! J= events is 3.47%. When one usesonly tracks with 9 or more hits, i.e. tracks
with measuremen points in the three stations, the ghost rate gets reduced almost by a factor 2. A
clear di erence betweencorrect tracks and ghost tracks is their momertum distributions, preseried in
Fig. 7. Ghost tracks tend to have a smaller momertum. By applying a cut on the momertum, a large
number of ghost tracks can be removed from the sample. At the end more than enoughstatistics will
be provided and in this exercisethe only concernis to have a samplewithout any ghost tracks. Note
that it is fairly unimportant if the e ciency of the tracking decreasesOther selectionsare asking for
no activity in a window of 1 mm around the track and only selectingtracks with a S/N ratio above 10.
In Table 4 the e ects of the selectionsare displayed. After the above mentioned selectionsthe ghost
rate reducedfrom 3.5%to lessthan 0.3% and there are still lots of tracks with a relative high purity
left although it is di cult to completely kill the ghostrate. Clearly the tracks from two originating
from the J= particle, who give a clear signal, will be usedas well to ensureghost free tracks.

Requiremerts | Ghost rate
standard 3.47%
> 9 hits 1.6%
+ p> 20GeV 0.57%
+ no activ 1mm 0.34%
+ S/N >10 0.23%

Table 1: Ghost rate with di erent cuts applied.




5 Millep ede

5.1 Intro duction

A popular approac to detect alignmernt o sets is the Millep ede algorithm [3]. In this method a
simultaneous t is performedon the tracks measuredin a misaligneddetector. The Millep edealgorithm
needsto be fed with the coordinates of a set of measuremets, with their errors, and with the track
derivatives.

In this study the application of the Millep edeprogram for an Inner Tracker like detector geometry
has beeninvestigated. The detector geometry and the tracks are generatedin a standalone program.

A simplied description of the Inner Tracker geometry is implemented. Detector planesare sim-
ulated as 12 planesgrouped in 3 stations of 4 layers with the dimensionsof two-sensorladders. The
positioning of the planesis done using the samecoordinate systemas usedin LHCb. The 12 planes
have then eat a di erent position in z but are certered at 0 for x and y. The certer of the detector
is placed 4m from the interaction point. Tracks are simulated as straight lines originating from the
interaction point to the inside area of the last Inner Tracker plane. In order to simulate misaligned
detector planes, the intersection of eat track with the detector plane is calculated and a di erent
misalignmert o set for ead planeis addedto it. In addition, the measuremets are smearedwith the
initial resolution of an Inner Tracker detector of 70 m in the x direction. The order of magnitude
of the misalignmert is de ned by the userin this standalone code but the o set given to misalign a
station is a random value taken from the Gaussiandistribution whosestandard deviation equalsthe
given o set value.

5.2 Theory

Any alignment method tries to nd bad the residualsbetweena measuredand a true value.

Xmeas = Xtrue ¥ I'x (1)
Ymeas = Ytruet Iy (2)
3)

The dicult y howewer isto nd this true position of the impact point of a track on the detector
plane. Obviously the true position cannot be taken from the tted tracks, as this track t is also
performed using the misaligned detector. Hencea simple overall minimization of the track residuals
by simply shifting the measuremen points attached to detector elemeris will give biasedresults.

The correct method is to perform a simultaneous t of the track parameters (also referred to as
local parameters)and the alignmert parameters(global parameters)which will lead to the analytically
correct solution. This can be done by expressingthe alignment parametersas a function of the track
parameters(for straight tracks theseare 1 and z for a parabola theseare 1, z and z2). Having di erent
planeswhere measuremen point are taken and di erent tracks, enoughinformation can be gathered
to perform a t.
|

Xeas = @ Zhe+t b+ X j: track, i: detection plane 4)

yao=d Z.t+td+ y j: track, i: detection plane %)

The above equations are written for a detector with o sets in x and y only.
Each secondand third plane of an Inner Tracker station has a stereoangleof 5 . To introduce
this e ect in our simulation, measuremen points are given as a conmbination of the x and y value.



Xmeas = Xmeas COS(0) + Ymeas SiN(0 ) (6)
Umeas = Xmeas COS(5)+ Ymeas SIN(5) (7)
Vmeas = Xmeas COS( 5 )+ Ymeas SIN( 5) (8)

The above equations show all a linear behavior i.e. there is no mixing of track parameters and
alignment parameters. This however changeswhen also o sets in the other degreesof freedom are
introduced in the equation. In the next paragraph, misalignmert o sets in z and a rotation angle
around the z axis will alsobe considered. The samemethod is then usedfor the two remaining degrees
of freedom.

Starting of with a generalu measuremenh with o sets in x andy:

Uneas = (Xmeas*+ X)COY )+ (Ymeas* Y) sSin( ) ()
Umeas = (@Zrue+ b+ Xx)coq )+ (Czruye+ d+ ) sin() (10)
(11)

Including also misalignmerts in z and rotations around the z axis, the equation becomes:

Umeas = (&(Zruet+ 2)+ b+ Xx)cos( + )
+(C(Zyue+ 2Z)+d+ y)sin( + )
12)
Now local and global parameters are mixed and the problem becomesnon-linear and not usable

for the Millep ede approad. Therefore, the equation hasto be be expandedin a Taylor serieswhere
only the linear terms in the misalignmert corrections are kept.

Umeas bcos + azyyecoq )+ dsin + €z e SiN
+ xcog )+ ysin()
+( bsin azZy e SN+ dcos + Czyye COS )
+(acos +csin ) z (13)

In the rst two lines local and global parameters are already decoupled. The last two terms are
howewver not decoupledyet, but they can be simpli ed using the following approximations:

(( b azyye)sin + (d+ czrye) cos ) = Xtrue SN+ Yir ye COS
Xmeas SIN + Ymeas COS (14)
! !
begn end begn
. xend .
(acos +csin ) zyue = tr ue rue  .os + Yirue Yirue sin 7
Zend  Zbegn | Zend  Zbegn
begn end begn
xend Xmeas meas .
meas ) cos + Ymeas Y sin 7 (15)
Zend  Zbegn Zend  Zbegn

In the sameway o sets of the detection planesdue to rotations around the x axis ( angle) and
the y axis ( angle) can be calculated. The complete x measuremen is thus a ected by the global
o sets asfollows:

Xio=adzh o+l 1 x+0 y+ad Z+adyd T+alxl T4yl (16)

7



Has= 0Zhe+td1+0 x' 1 y+d Z+dyd T+dxi T x0 a7)

Writing the global derivative as a function of the local derivativesit becomesclear how an mis-
alignmert in  z or any of the rotation anglesa ects the measuremen in x or y:

Z ) a ze+c ze (18)
) Yy €ex X ey (29)
) ay e&+cy & (20)
) ax & +tcx & (21)

The equations16 and 17 can be split in two parts, the rst cortains the sum over the local track
parametersand the secondthe sum over the global alignment parameters.

Xiloas = a z, + o i = plane,j = track (22)
k=local I=global

With this type of linear and separatedequation the Millep ede program can be used. By providing
sets of measuremets for ead generatedtrack, an error estimate of the measuremets and the local
and global derivatives, a large matrix equation is constructed, which needsto be inverted in order to
solve for the local and global parameters. Note that with this method the unbiasedtrack parameters
are found.

More information on the block inversion of the matrix equation can be found in the Millep ede
manual [3].

One last essetial point to make the alignment work, is the useof constraints. Thesecan be added
in the matrix equation when they are written as Lagrange multipliers. A constraint equation has to
be of the form:

pRnes
f()= "t or=o0 (23)
i
whereit is important to note that the sum is performed over the global parameters(t') and not over
the local ones.

Each parameter in the track equation can allow a rede nition of the scale for ead degree of
freedom. For example, as a priori the track parameters are unknown, all the detector planes can
be shifted cohererlly x and this e ect could be totally incorporated in the track t instead of the
alignment t. Otherwise said, one can add a constart to ead track t and the quality of the track t
would be equally good. Hencethe following constraints are taken into account for linear tracks of the
form x = az+ bory = cz+ d:

X .
'X;y;2z=10 (24)

i:)glanes ‘
', =0 (25)

X ‘ i:PIanes
"X Y:2) (Z e Zaverage) = 0 (26)
i=planes

where , and are the rotation o sets around the x, y and z axis respectively. The rst two

equations constraint the constart term that can be addedto a track equation, the last oneis applied
to avoid a rede nition of the slope of eadt track.



Two more featuresof the Millep edeprogram needto be explained aswell: the useof iterations and
quality cuts. The generalequation can be solved in one analytical step for linear problems. However,
due to poorly reconstructed tracks and the non-linearity of our problem, it can be usefulto apply a
cut to remove outliers with an unsatisfactory track t 2. Afterward a new iteration can take place
with measuremenh points that are now corrected with the alignment parameters found in the rst
iteration. In the seconditeration the quality cut factor will be reducedto the squareroot of the
previous cut factor. lterations cortinue to happen until a certain nal 2 limit is reached. There is
also a secondquality cut applied on the measuremen points. A hit too far from the tted track it is
not usedanymore in that iteration.

5.3 Results

In the next paragraphsthe 12 detector planeswill be displacedin only one of the 6 degreesof freedom
at a time, while movemerts in the other degreesof freedom are setto 0. The performance of the
Millep edeprogram for ead station will be examined, using 100di erent setsof events with 100tracks
eat. The results are obtained by using the iterativ e procedure.

In the following plots the residualsfor eat detector planeis plotted. This is the di erence between
the true misalignmert parameter given to the problem and the misalignmert parameter found by the
Millep edeprogram. When not mentioned di erently the horizontal axis scaleof the residual histograms
is set to be four times the initial misalignmert value. This way one can fast visually seewhere the
alignment program failed or not. The top row in the next seriesof plots show the four layers of the
rst station (layer 1 at the top left, layer 4 at the top right). The middle row shows the result for
the secondstation and the bottom row for the third station where ead time the columnsdisplay the
di erent layers (0O, -5, +5, 0).

5.3.1 Induced misalignmen ts in the x direction
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Figure 8: Residual distribution in x for induced misalignmerts of 1mm in the x direction.

In Fig. 8 the results are shonvn for a misalignmert in x of the order of 1mm. The RMS of the
distribution is around 6 m.



Varying the misalignmert of the planesfrom 1mm to 10cm in the x direction, the exact same
result was found. This result, perhapsinitially surprising, can be understood when one realizesthat
a perfect pattern recognition is used, as measuremen points are given in track per track. There is no
mismatch betweenhits and tracks. Henceaslong asthe initial 2 cut on the track t is looseenough
such that ead hit is used,the problem is exactly the samefor the di erent o set values. This result
is only true for o sets in the x and y direction asthe problem is linear.

5.3.2 Induced misalignmen ts in the y direction
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Figure 9: Residual distributions in y for induced misalignmerts of 1mm in the y direction (left) and
with four additional detector planesat z = 0 added (right).

As the planeswith stereoanglesof 0 have no meaningin y only the secondand the third plane
per station are plotted. The next plots, seeFig. 9(left), are obtained with 1 mm misalignmerts in only
the y direction and show in a much worse performance,around 400 m, comparedto the x direction.
This is becausethe y-measuremen, derived from the stereoangleonly, has a resolution of around
662 m, comparedto 70 m in the x direction. On top of this the track t in the y direction is only
performed using two measuremets per station (the u and v layer) while the x track t usesthe hit
information of four planes per station. The resolution of the misalignmert in y is not exactly one
order of magnitude worse but this is probably due to the many iterations usedand the solution can
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hence not be calculated analytically. Without using any iterations, the ration betweeny and x is
more correct (seeSection5.3.7). In reality alsoinformation from the other sub detectorswill be used
to optimize the performance. As an extra exercise,one more station was generatedaround z = 0 to
simulate the Velo detector, leading to an improved alignmert resolution of 320 m (seeFig. 9(right)).

5.3.3 Induced misalignmen ts in the z direction
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Figure 10: Residual distributions in z for induced misalignmerts of 1mm in the z direction.

All the degreesof freedomfrom here on will be basedon the approximativ e approac (seeSection
5.2, equations 20-30). The addedterm dueto a z misalignmert is of the form a z for the x measure-
ment and ¢ z for the y measuremenh The RMS of the residual distribution in z (seeFig. 10) is of
the order of 100 m for initial misalignment o sets of 1mm.

5.3.4 Misalignmen ts due to rotations of the planes around the x axis (angle )

Like in the previous paragraphsthe plots show the residual distribution for the angle . Looking badk
to the equation 16 and 17 one seeshow rotations around the x axis a ect the measuremets. Finding
badc the misalignmert parameter depends highly on the quality of the y measuremers, which we
know are lessaccurate. This is logical becausethe larger the y coordinate is of your impact point, the
further away your hit is with respect to the rotation axis and the larger the misalignmert e ect will
be. The expectedperformanceis shavn in Fig. 11(top). For the caseof misalignmerts of = 0:01rad,
not even a peak is found bad in the distribution plot. In order to ched if this is really due to the
worse resolution in y, the stereoangleswere setto +45 for two planesand 45 for the other two
planes. The results are shovn in Fig. 11(bottom) and show again a nice peak with a resolution of
0.0004rad.

5.3.5 Misalignmen ts due to rotations of the planes around the y axis (angle )

As the misalignmerts in the rotation around the y axis depend on the quality of the slopes of the
tracks and the x measuremets, better results were expected comparedto rotations around the x axis.
This is indeed the caseas a resolution of 1mrad is found for the sameo sets as before,i.e., 0.01rad
(seeFig. 12).
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5.3.6 Misalignmen ts due to rotations of the planes around the z axis (angle )

In this caseboth the quality of y measuremets and x measuremeis are important, as seenin the
term that appearsin the equations16 and 17 . The y dependencyagain degradesthe result (Fig. 13
top). But putting the stereoanglesto 45 a peakis found againwith an RMS of about 3mrad (Fig. 13
bottom), which provesthat the resolution result obtained beforeis indeed due to the worse quality of
the y measuremets.

5.3.7 Results without iteration

When the induced misalignmerts are small, the problem becomedinear and can be analytically solved
without iterations. O sets of 100 m and 1 mrad were used.

The plots in Fig. 14 show the results for an o set in the x, y and the z directions, while those
in Fig. 15 show the results for the rotation angles. Due to the analytical form of the equation, an
estimate of the resolution for o sets in the x and y direction can be calculated. The track resolution
in x for 12 hits (= nhits) and 100tracks (= ntracks) are expressedby the following formula:

70nm

" nhits ' ntracks
20 m per track

x;track

The alignment resolution, the standard deviation of the residuals, is dependert on only one plane at
the time:

70 m

ntracks
7 m

x;ali

This last formula can only be usedfor a perfect track resolution. Our track resolution is however
20 m.
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Figure 13: Residual distribution of the angle for induced misalignmert of 1mrad in the angle
(top) and with the stereoanglesall put to 45 (bottom).
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Figure 14: Residual distribution, when no iterations were used, for induced misalignmerts of 1mm in any of
the tree directions (separately): x direction (top left), y direction (top-right), z direction (bottom).
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Figure 15: Residualdistribution, when no iterations wereused, for o sets of 1 mrad in any of the tree rotations
(separately): -rotation (top left), -rotation (top right), -rotation (bottom).

The alignmert resolution in the y direction is:

cos5
sin5

yaali = x:ali

80 m

The results from the simulation on the alignment resolution for the x direction is a factor 2 too big
comparedwith the above prediction. Even though this prediction assumesa perfect track resolution,
which is not the casein the simulation, the discrepancywith the Millep ederesult should not be this
big and this is not understood. In the y direction, however the results match well: 73 m were found
in the simulation while 80 m were expected. Quantitativ ely the other degreesof freedom behave as
expected.

A summary of the results for all 6 degreesof freedomwith both methods are shavn in Table 1.

parameter | with iterations | without iterations
X 5m 14 m
y 400 m 73 m
z 100 m 26 m
bad O:1mrad
0.1 mrad 0:07mrad
bad O:1mrad

Table 1: Resultsof the residual resolutionswith and without usingiterations in the Millep edeprogram.
Eadh time 100 experiments were performed using 100 tracks ead.

5.3.8 Dependence on the number of trac ks

The dependenceon the number of tracks was investigated. This was done using di erent settings
of the quality track rejection than in the previous paragraphs. Hence the resolutions can only be
compared with situations with the same settings, but not with the previous paragraphs. Here the
samesituation was generatedtwice: onceusing 100 tracks (Fig. 16(left)) and once using 1000tracks
(Fig. 16(right)). The resolution using 100tracks was45 m while for 1000tracks a resolution of 14 m
was found. The ratiB betweenthese two resolutions (45=14 = 3:2) agreeswith the expectation for a
Gaussianbehavior ( 1006-100= 3:1).
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Figure 16: Residualdistribution in the x direction (with di erent quality cut settings) with 100 (left) and 1000
(right) tracks.

6 Conclusion

A rst alignment study was performed for the Inner Tracker detector. One remarkable result is that
the pattern recognition of the Tsa program is robust against misalignmerts of one station of the Inner
Tracker up to 2mm. This was obsened when any of the three stations were moved while the two
others stayed at their nominal positions. The robustnesswas obsened in the three directions.

A seriesof cuts were applied to reducethe ghost rate in a sample of fully simulated tracks from
3.47%to lessthan 0.3%.

The behavior of the Millep edeprogram wastested with a very simpli ed model of an Inner Tracker
like detector. An o set in any of the three axis directions was applied to the detector planesas well
as rotations around the axes. Although not all the results are fully understood when iterations are
used, the qualitativ e behavior of the alignment resolution for ead degreeof freedom are as expected.
The results without using iterations give a more satisfactory and understandable result. Using the
analytic solution a resolution of the residualsof 14 m in the x direction is obtained.
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