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Abstract

The microstrip silicon tracker of the CMS experiment will operate in a 4 T magnetic field in the harsh
radiation environment of the Large Hadron Collider. The drift motion of the charge carriers will be
therefore affected by the Lorentz force due to the high magnetic field. Furthermore, radiation damage
will change in time the properties of this drift. In this note a method to measure the Lorentz angle from
reconstructed tracks is presented and results obtained on Magnet Test and Cosmic Challenge data are
compared to the values expected from a model, developed by the authors, which takes into account
all the relevant parameters during the tracker lifetime (e.g. temperature and depletion voltage of the
detectors).
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1 Introduction

The Lorentz angl®,, by which charge carriers in a silicon sensor are deflectednragnetic field B transverse
to the drift direction, is given by
tan©p = ugB =ryuB, (1)

where, the Hall mobilityuz is the drift mobility in a magnetic field. This is related toetimobility without
magnetic fieldu by the Hall factorr g, which has a value of 0.7 for holes andx= 1.15 for electrons [1]. For the
CMS microstrip silicon tracker only the drift of the holesiigportant, since they are the charge carriers collected
on the sensor strips [2]. Because of the Lorentz force, thedgnetic field inside CMS causes a significant shift
of the holes during their motion. Thus a correction must hgiag to the reconstructed hit positions. Any error
in the assumed Lorentz angle would result in an apparentigrsaent of the silicon sensors. In particular, the
effect of the high irradiation doses in the Large Hadron idet environment will change the drift properties in the
silicon and may affect the Lorentz angle too.

In the summer of 2006, the CMS collaboration took advantdgleeomagnet commissioning tests and of the par-
tial installation of some of the subdetectors in the aboweeigd hall to do the Magnet Test and Cosmic Challenge
(MTCC) [3]. Atthe MTCC, a fraction of all subdetectors (withe exception of the pixel systems) was oper-
ated with an up-to 4 T magnetic field delivered by the supetaating solenoid and read out with a downscaled
final-design global data acquisition system (DAQ). Cosmimmtriggering was provided by the Level-1 trigger
electronics of the muon detectors.

Despite the fact that the MTCC tracker setup representedaiydut 1% of the final system, most of the selected
hardware and software components were prototypes of tHevérsions. The MTCC, therefore, offered the unique
opportunity of testing the performance of the tracker ingresence of the 4 T magnetic field and the Lorentz angle
is among the most interesting parameters to have been negasur

The note is organized as follows. In the first part an estirohthe Lorentz angle in silicon detectors is obtained
from a model for the drift of the holes. Then the measureméthi@Lorentz angle on MTCC data is presented
and results are compared to the expectations.

2 Prediction of Lorentzangleat MTCC

For the calculation of the hole deviation from its normal imotdue to the Lorentz force, the reference frame
shown in fig.1 is defined for the two kinds of detector used lfi@r tneasurement, i.e. the sensors placed in the
Tracker Inner Barrel (TIB) layers, with an active thicknesgial t0290 um, and the others placed in the Tracker
Outer Barrel (TOB) layers, with an active thickness>60 ym [4]. The 2 coordinate of the hole path endpoints
at the junction side of the detector, expressed not in teiffnsrips but as the actual distance (micron) from the
origin of the reference frame, is then calculated. Assunairigack incident on the origin of the reference frame
and forming an anglé; with respect to the axis (see fig.1), the coordinate of the path endpoint at the junction
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Figure 1: Model for the holeAz displacement due to the Lorentz force. The holes are freeal fogversing
particle incident with an anglé, with respect to the detector normal. On the top right the dddonventions on
the incidence angle signs are also shown
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Figure 2:Cluster formation in presence of a magnetic field, with thpragimations adopted for the model. Tracks
incident with a generic angle (a) and with an angle equal te tlorentz angle (b) are considered. The cluster is
represented by the rectangle.

side for a hole formed at depth(< 0) is given by:
Ax(z,0;) = z - tan 6y + dx(2), 2

wherez - tan 6; is the horizontal projection of the track afd(z) is the endpoint displacement due to the Lorentz
force
dx(z) = —z-tan©Op, . 3

With the conventions on the axis and magnetic field sign atbjt fig.1, a negative sign faan © 1, and for the
hole displacemeniz(z) is expected. Thus the centroid of the cluster generatedéirdlak is displaced by

t
0 cluster = 5 ~tan Oy, (4)
with respect to the position in the absence of magnetic fiettbret (positive) is the thickness of the sensor. If the
displacement is measured, the Lorentz angle can be caddudat

26 uster
tan©p = % ) (5)

Measuring the displacement is however difficult as the etqubealue is order of few tenths of microns. Alterna-
tively the Lorentz angle can be obtained from the clusterthvigersusd;, the track incidence angle in the plane
orthogonal to the strips. In the absence of a magnetic figldhdte drift follows the electric field lines, which are
normal to the strips. Hence tracks orthogonal to the deteatiosieve a minimum cluster width. If the track inci-
dence angle increases, the cluster size increases aggigrddm the contrary, in the presence of a magnetic field,
the drift direction is no longer along the electric field knas shown in fig.2. Therefore the minimal cluster size
is found for particles traversing the detectors with the samalination as the drift lines. Since the angle between
electric field and drift direction is by definition the Lorergngle, the measurement of the track incident angle for
which minimum cluster size is achieved provides a directsuezament of the Lorentz angle itself. With reference
to eq.(2), the Lorentz angle 8, such that
Ax(z,01)=0. (6)

In silicon detectors, however, the electric field changesdrly with the depth, due to the spatial charge present
in the depleted region, and for highly segmented detectisgiven by [1]:

E(Z) _ Vbias;vdepl + QVE;pl (t + Z) for Vijas > Vdepl s (7)
E(z) = 2‘:;1’)—12‘”(’11} + Z) for %ius < Vdepl ’

wherez (< 0 in the adopted reference frame) is the depth inside the serisdhe detector thicknesg;,s is the

bias voltage Vy.p: is the depletion voltage and is the thickness of the depleted region in the case of not full
depleted detectors. In fig.3 the shape of the electric figidéa generic TIB(TOB) module is shown, together with
the corresponding hole mobility, for the specific workingndidions of the detectors used for the measurement (as
will be shown in the following). Since the hole mobility dequks on the electric field, the Lorentz angle, as defined
by eq.(1), is not constant in the silicon bulk and the measerds as obtained from eq.(5) and eq.(6) may yield
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Figure 3:Electric field (left) and hole mobility (right) inside a gaieTIB(TOB) detector withpiqs > Viepi-

different results. Though the most interesting result iatesl to the offset, as it is important to apply a correction
for it when reconstructing an hit, the Lorentz angle is m@silg obtained from the relation among the track angle
and the cluster width, as already pointed out. For the ptesedy, a numerical calculation developed to estimate
the expected Lorentz angle, as obtained with both methadswide range of detector operating conditions, is
used.

The parametrization of the hole mobility used for the cadtioh is taken from [1]:

wE) = i+ (lfltolj)ﬁ)l/ﬁ ’ ®

Vsat

whereyu;,,, IS the hole mobility for low electric fields;s,, is the saturation drift velocity and is a fit parameter.
The following values fop;..,, vsq: @andg are used for the holes [1]:

—25
Hlow = 470.5(cm2/V§)17(ﬁ) ,

B = 1213 (z5%) - e 9)
Vsat = 8.37><106(cm/s)(—30T0K)'

Since TIB and TOB modules have different thicknesses, mesiwhich have the same depletion voltage and the
same bias voltage applied obviously have different eledigld inside and hole mobility too. The effect of the
magnetic field on the mobility is expressed by the Hall factgr assumed 0.7 for holes at room temperature [1].
The endpoint displacement along theoordinate for a hole created at deptls given by:

0
[0x(2)] = THB/ p(z")dz", (10)

whereB is the intensity of the magnetic fielgy(z) is the mobility and the sign afz(z) is negative, as stated
before.

The model assumes an uniform energy loss to calculate theo@nf the cluster formed by the holes generated
by the passage of the particle. To this purpose the detectlivided inn slices, each with a thickness equal to
t/n andAz(z, 6;), as defined in eq.(2), is calculated for each slice. Thusltister position for a particle incident
with an angle), is obtained from the centroid of the charge as
I
Lcluster (9t7 xtrack) = g / A$(Z, et)dz + Ttrack ) (11)

—t
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Figure 4:Estimate of the tangent of the Lorentz anglg) (provided for the model, for TIB (left) and TOB (right)
modules, at the MTCC working conditions.

wherex,.cx IS the coordinate of the track intersection with the stripng. The cluster size is obtained from
the absolute value of the difference between the maximurmmanohuma coordinate of the hole path endpoints
(zmax — Tmin)- INn case of a not fully depleted detector the calculatidimited to the depleted region.

As shown in fig.3, the hole mobility is nearly linear for the nkimg conditions of the detectors used for the
measurement, both for TIB and TOB modules. Derivingfrom eq.(10), however, allows one to consider a
wide range of depletion voltages versus bias voltagesydtiet) cases where the detector is not fully depleted, a
condition that can arise, for example, as a consequenceiati@ damage.

In the model the carrier diffusion and the capacitive irttggouplings are neglected. Actually both these effects
contribute to the enlargement of the cluster size, but rieglss, in first approximation, they do not change the
position of the centroid of the collected charge, nor thektiacidence angle corresponding to the minimum cluster
width.

The model is used to calculate cluster position and sizesdnous conditions of the magnetic field and detec-
tor parameters (i.e. depletion voltage, bias voltage antpézature) for tracks whose incidence angle spreads
uniformly between-30° and+30°.

In the case of model results, the search for the minimum cadobe numerically. In real data, however, the
average cluster width can be estimated with some staligtieaision only for a range of track incidence angles,
i.e. only a binned distribution can be obtained. To find theimum therefore a fit to this distribution is necessary.
The same procedure is followed on the data obtained from tideinThe results are plotted as cluster size versus
the tangent of the incidence angle. An example of this typplatfis given in fig.4 where it is evident that the
minimum cluster size is achieved for a value of the incidesmogle which is not zero anymore. Thus a fit on the
histograms is performed using the following function:

p1 - | tan 6y — po| + p2, (12)

where the parametey represents the tangent of the Lorentz angle defined prdyichgsomparison with results
obtained from a numerical search of the minimun\af showed no difference with the result of the fit using (12).

Using this model it is thus possible to estimate the Lorengtefor the specific working conditions of the detectors
at the moment of data taking during the MTCC. Moreover it isgible to estimate the a priori uncertainties which
depend on the precision with which the detector parameters itnown (detector temperature, depletion voltage,
bias voltage and the intensity of the magnetic field in thekearegion).

Due to the low statistics available, it is not possible tosidar each module separately, but aggregate data for each
layer must be considered. Therefore the estimation of therita angle and its a priori uncertainty is obtained
using values of temperaturg’), depletion voltagel(;.,;) and bias voltagel(,;..) consistent with all the modules
used during data taking:

T = (208+15)K,
Viepr = (150£100)V, (13)
Viias = (20045)V.

The value ofV,,; is the average of the depletion voltages of the modules, asuned before assembly. A few
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Table 1:Estimate of the a priori uncertainties aan © 1, obtained by the model for TIB and TOB modules.

A(tan©Op) | A(tan©yp,)
TIB TOB
T=(298+15)K Toon 001
Viepr = (150 £100) V| 0005 00001
Vbias = (200 £ 5) V £0.0005 £0.0003
B=(3.80+0.05)T +0.0012 +0.0013

modules had/ge,; > Viigs during the measurement and thus were not completely depl€a the other hand
Vhias could not be increased more because some modules went kdbwea for bias voltages higher than 200 V.
The modules used for MTCC in fact were not the ones which wéllused for the final tracker, but pre-series
modules of worse quality. Also the temperature of the masluéied considerably among the layers and among
modules belonging to the same layer. A rough estimate ofdimpérature was given by the temperature of the
cooling system liquid.

The value of the magnetic field in the detector region was [5]:
B=(380+0.05T, (14)

where the error includes the uncertainty on the solenoitkatiron the calibration and the uncertainty due to the
dependence of the field intensity on the radial distance ttmrinteraction point (the field dependence onthe
coordinate of the global reference frame was negligibleabee of the limited space occupied by the detectors
along this direction).

The expected TIB(TOB) Lorentz angles, relative to the wiglkéonditions described above, are respectively:

TIB: tan®, — —0.1014 = O, ~ —5.8°
(15)
TOB: tan®; = —-0.1126 = O~ —6.40,

as shown in fig.4.

The a priori uncertainty is evaluated by performing the figa@ed above both for TIB and TOB modules, varying
the values of temperature, depletion voltage, bias volsaglemagnetic field within the uncertainties quoted in (13)
and (14). Tab.1 summarizes the results. The most relevattilootion to the a priori uncertainty is given by the
knowledge of the module temperature.

Thus the predicted Lorentz angle for the two kinds of deteesed at the MTCC is

(tan©r)}ffcc = —0.101 TOg
= (O)}ffcc = —58° 105, (16)
(tan©1) 1o = —0.113  *500,

= (00) 1% = —6.4°  £0.6°.

These values of Lorentz angle, if considered constant dleghodule thickness, would correspond to a displace-
ment on the cluster centroid of approximatébyum for TIB and27 ym for TOB modules, which is comparable
to the intrinsic resolution of the microstrip detectors eTdifference with respect to the calculation of the centroid
of the charge is only 2-3m, therefore it can be neglected for all practical purposes.

3 Lorentz angle measurement using cosmic muons

3.1 DataSample

The Lorentz angle was measured using the data samplesedqtithe MTCC in the period of August 23-29/2006,
when the tracker was placed at the “Point 5” facility (P5) &RIN. Nearly 120 runs were acquired with the global
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Figure 5:Layout of the tracker MTCC setup: (a) 3D view (thaxis and the radial coordinate of the global CMS
reference frame are shown); (lz)y view of the barrel part. The instrumented parts are a fractad layer 2 and
layer 3 of TIB, two rods in layer 1 and in layer 5 of TOB, two peta disk 9 of TEC.

trigger provided by the muon chambers, with magnetic field@To 3.8T and 4T [3]. Nevertheless the 4T runs

were not used for the measurement, because of the low istatistilable for this particular value of the magnetic

field. Moreover among the OT and 3.8T runs acquired, weretmld¢he ones that did not present any problem in
the DAQ and for which a stable value of the magnetic field wasiried.

The tracker setup for the MTCC is shown in Fig. 5. The activeaanf the MTCC tracker detector consists
of 0.75 n? of silicon sensors. These were arranged in three basictstaliainits corresponding to the major
subsystems of the CMS tracker: the Tracker Inner Barrel (TitBe Tracker Outer Barrel (TOB) and the Tracker
Endcap (TEC).

The TIB structure consisted of two mechanical prototypéisiterresponding to layers 2 (L2) and 3 (L3) of the
entire TIB: layer 2 contained 15 double-sided modules ayerl@ contained 45 single-sided modules. Four TOB
sub-structures (“rods”) were mounted in locations coroesiing to layers 1 and 5 of the final TOB. The L1 rods
each contained six single-sided modules with a strip pifctB8 ;m, and the L5 rods contained six single-sided
modules with a strip pitch of 122m. Two TEC sub-structures (“petals”), each holding 17 sitistrip modules
distributed in rings 4-7, equipping a custom-made diskiesponding to disk 9 of the TEC, completed the MTCC
tracker setup.

Since the angular acceptance of the muon chambers was nmgeh than the tracker volume, among all the
triggered cosmic muons only very few yielded a signal in theker modules. For this reason an event filter was
applied which selected those events with a muon also in #olér barrel layers. The algorithm is based upon the
presence of clusters in at least three out of the four diffeféB and TOB layers. The fraction of filtered events
with this algorithm was less thar0—3. Unfortunately, because of the specific MTCC tracker laytriggered
muons could not cross simultaneously both TEC modules aherelIB or TOB layers. Therefore for TEC
studies another event filter was required. However thisifaobt relevant for the Lorentz angle measurement,
since the magnetic field lines are nearly parallel to thetatefield lines inside the TEC modules, and thus the
charge carriers inside them are not affected by Lorentzatievi. Thus for this study events with tracks in the
TEC modules are not considered. Due to the presence of sois)\emodules in TOB layers, an additional filter
is also applied that rejects reconstructed tracks whicle laekit in the TOB layers with a charge of less than 80
ADC counts (the most probable value of the hit charge in TOBluhes is about 160 ADC counts). The use of this
additional filter improves the quality of the reconstructiedtks.

For this measurement, tracks reconstructed with two diffealgorithms were used, named “Cosmic Track Finder”
(CTF) and “Road Search” (RS) algorithms [6]. Moreover theekrreconstruction was performed using two dif-
ferent sets of alignment constants, both of them obtaineasibg a track-based alignment algorithm named “Hit
and Impact Point” (HIP) [6]. The first set of alignment cométawas obtained using survey information (i.e.
measurements of the center points and orientations of theoss) as starting point for the alignment procedure,



Table 2: Analyzed data samples f@&# = 0T and B = 3.8 T. Number of tracks reconstructed using Cosmic
Track Finder (CTF) and Road Search (RS) algorithm and thealignment settings available. The clusterization
thresholds used aréseeq = 4, tchannel = 3 andtciuster = 9.

Magnetic field| #Events | #Filtered eventg
B=0.0T 10197 963 6 096
B=3.8T 12 638 378 3406

Magnetic field | #Reco. tracks - CTH #Reco. tracks - CTH
al. with survey al. without survey
B=0.0T 5299 5295
B=3.8T 2989 3104
Magnetic field| #Reco. tracks - RS| #Reco. tracks - RS
al. with survey al. without survey
B=0.0T 4522 4513
B=3.8T 2085 2080

while the second one did not use this information. Thus tineés will be named “alignment with survey” in the
following, while the latter “alignment without survey”. Eise two different settings of alignment constants were
used to check the contribution to the error on the measureduerto the alignment itself.

In Tab.2 the total number of events acquired in the seleatad and the number of filtered events are reported.
The standard clusterization thresholds are used [7], irmige sigma’s for the seeék(.q), 3 for the nearby strips
(tchanne1) @nd 5 for the total cluster charge(uster)- The number of tracks reconstructed using the two avalabl
tracking algorithms and the two settings of alignment camist is also shown. The fluctuation of the number of
reconstructed tracks (see CTF tracks at B = 3.8T) is proldundyto fake tracks. The lower quality of the modules
used for MTCC in fact yields many noisy hits with the standdareésholds of the clusterizer. This fact, together
with other reasons that will be explained in sec.3.3, suggasincrease of the clusterization thresholds as will be
described in the following.

3.2 Measurement method

The Lorentz angle measurement with the data is performedjube same procedure defined when introducing
the model, i.e. the angle for which a minimum cluster sizeoisnfl. For a non zero magnetic field the average
cluster size in strips for tracks incident with an angjlevith respect to the detector normal is given by:

t
average cluster size = — - py - [tan6; — po| + p2 , a7)
p

wheret is the detector thicknesg,is the pitch,p is the tangent of the Lorentz angle and p, are coefficients
expressing the carrier diffusion and the electronic ctalisbetween nearby channels. Profile plots of cluster size
versus the tangent of the track incident angle are made ébrlager and the Lorentz angle measurementis derived
from the fit with the function shown in eq.(17).

Due to the fact that the Lorentz angle measurementis peeon the aggregate data coming from all the modules
assembled on each layer, a correction which takes into attmeidifferent orientation of the modules is necessary.
In fact some modules had the y axis of the local referencednaanallel to the magnetic field while the others anti-
parallel. This engenders two different signs@f. Following the adopted reference frame (fig.1)yiB > 0

the sign of®, is negative, positive otherwise. Moreover only the compoioé the cluster centroid displacement
orthogonal to the module strips is measurable by the detetherefore the measurable displacement of the cluster
centroid in the stereo detectors is less than the one olisertiee mono detectors for the same angle of incidence,
because of their 100 mrad inclination with respect to the oraetectors. Consequently a smaller Lorentz angle is
measured in the stereo detectors, as shown in fig.6. Withersde to the figure:

Az, = , (18)

whereq is the angle between the y axis and the magnetic field (assparatlel to the strips of the mono detector)



andcos « is given by

y-B
B
Therefore, to correct the effect due to the inclination &f skereo module strips, the measured valueswof, are
multiplied by 1/ cos «. This correction is also applied to mono detectors, for Whies« = +1. The expected
sign of ©, thus is always negative.

(19)

Cosx =

3.3 Preliminary measurements

First of all it was verified that in the histograms obtained riall magnetic field the minimum cluster size was
attan 6; = 0 as expected. Unfortunately, while clear minima for TIB lageand TIB layer 3 histograms were
obtained, both for CTF and RS tracks and for the two alignreets used, a clear minimum for TOB histograms
was never obtained. In fact the data showed a rather flatateetyion, corresponding to a cluster size roughly
equal to 2 strips. As an example in fig.7 the results obtainettécks reconstructed with RS algorithm using the
alignment with survey are shown.

To understand this anomaly the measurement on anotheratafdeswas performed, acquired with null magnetic
field when the tracker was in an other CERN facility, namediltiiig 186" (186bd), for the first commission-
ing procedures. This data sample in fact was taken with &rdifft configuration of the front-end readout chip
(APV [8]) parameters and with a different geometrical comfagion of the trigger, which was not provided in this
case by the muon chambers but by three plastic scintillggiaieed above and under the tracker layers [6]. The
results of 186bd data analysis, obtained using RS trackshenalignment with survey, are shown in fig.8.

Comparing the histograms obtained with P5 and 186bd daagitident in the latter the minimum value of the
cluster size smaller than the one seen in the P5 histograwti&) @articular the presence of clear minima is evident
in the TOB histograms too. Since the anomalies in the TOBYisims for P5 data were present for all tracking
algorithms and alignment settings used, they can be asdilanged APV parameters and trigger configurations
from 186bd to P5 data acquisitions. As a matter of fact, tilaemce of capacitive coupling between nearby strips
depends on the APV settings, while the orientation of theatets used for trigger increases the charge released
in the TIB(TOB) modules by the traversing particles. Indaeging at P5 the muon chambers for the trigger, the
acquired tracks had, for geometrical reasons, an incidangke in the plane parallel to the strips much larger than
that of the tracks acquired with the scintillators as trigggoth effects contribute to the increase in the cluster
width for P5 data, shown in fig.9, causing the flat centralaegn P5 TOB histograms.

Having attributed the absence of clear minima in the P5 TGBhgrams to the factors described above, the mea-
surements were repeated raising the thresholds of theedkest In fact, by increasing these thresholds, strips
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Figure 6:Schematic representation of the Lorentz deviation in morntbstereo detectors; (a) junction side view:
« is the angle between the stereo strips and the magnetic §eftbpsed parallel to the mono strips); (b) xz-mono
and xz-stereo plane view: dashed lines represent the piofeof the drift direction in the xz module plane, while
the arrows represent the projection of the tracks which mineés the cluster size



Table 3: Analyzed data samples f&# = 0T and B = 3.8 T. Number of tracks reconstructed using Cosmic
Track Finder (CTF) and Road Search (RS) algorithm and thedlignment settings available with the new set of
clusterization thresholdsisceq = 6, tchannel = 5 aNdiciuster = 7.

Magnetic field| #Events | #Filtered eventg
B=0.0T 10197 963 5888
B=3.8T 12 638 378 3304
Magnetic field | #Reco. tracks - CTH #Reco. tracks - CTH
al. with survey al. without survey
B=0.0T 5272 5269
B=3.8T 3011 3008
Magnetic field| #Reco. tracks - RS| #Reco. tracks - RS
al. with survey al. without survey
B=0.0T 4463 4 456
B=3.8T 2 069 2064

with very low signals are removed and the cluster width thersoines more sensitive to the track inclination. The
measurement was performed using different configuratiétiseoclusterizer thresholds, always maintaining the
conditiontchannel < tseed < tcluster- FiNally the configuration for which the clearest minima eebtained with-
out having an excessive decrease in the number of recotesirelasters was chosen. This threshold configuration
Was:tseed = 6, tChannel = D aNdtciuster = 7. IN Tab.3 the number of filtered events using these new c¢iaatéon
thresholds and the number of reconstructed tracks are shidverhistograms obtained for each layer with the new
clusterization thresholds are shown in fig.10, 11, 12 andTh#& OT and 3.8T histograms are compared for each
tracking algorithm and alignment settings used. Compadrirgarticular fig.7 and fig.12 it is evident the effect of
changing the cluster thresholds, with the presence ofeleainima. In order to verify the stability of the fits, the
ends of the fit range were varied .02, i.e. by a quantity larger than the most significant erroaoted on the

fit parameters. In the worst case minima which differed frbwm ones provided by the fits by a quantity of the
order of~ 0.002 were obtained, i.e. lower than the statistical error.
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Figure 7:Measurement of the cluster size minimization angle féitécks acquired at P5. The measurements for
TIB layers (upper plots) and TOB layers (lower plots) arewhoRoad Search algorithm and alignment settings
with survey information were used.
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Figure 8:Measurement of the cluster size minimization angle fortfacks acquired at 186bd. The measurements
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settings with survey
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Figure 9: Cluster size distributions normalized to the number ofiestrfor 186bd data (black solid line) and P5
data (red dashed line). The measurements for TIB layersgiuplpts) and TOB layers (lower plots) are shown.

3.4 Measurement results and uncertainties

To provide a correct estimate of the Lorentz angle, the vafyg obtained at 0 Tesla was subtracted to the one
obtained at 3.8 Tesla, since a residual misalignment of ¢fectbrs can shift the measured value:fO .

The correct estimate of the tangent of the Lorentz anglesis tliven by:

tan O, = (po)s.sT — (Po)oT ,
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Figure 10:Cluster size versus the tangent of the track incidence amgle T (left) and 3.8 T (right). Thépy)
parameter represents the tangent for which minimum clusgeris achieved. The measurement was performed on
P5 data with clusterization threshold&ceq = 6, tchannel = 5 aNdiciuster = 7. CTF tracks and alignment with
survey were used.
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Figure 12:Cluster size versus the tangent of the track incidence amgle T (left) and 3.8 T (right). Thépy)
parameter represents the tangent for which minimum clusgeris achieved. The measurement was performed on
P5 data with clusterization threshold$geeq = 6, tchannel = 5 @andtciuster = 7- RS tracks and alignment with
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Figure 13:Cluster size versus the tangent of the track incidence amgle T (left) and 3.8 T (right). Thépy)
parameter represents the tangent for which minimum clusgeris achieved. The measurement was performed on
P5 data with clusterization threshold&iecq = 6, tchannel = D @nNdtciuster = 7- RS tracks and alignment without
survey were used.
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Table 4:Measured values afin ©, for B=3.8 T in the four different layers.

Layer Measuredan Oy, Measuredan Oy,
Cosmic Track Finde  Road Search

TIB Layer 2 —0.102 4+ 0.007 —0.095 £+ 0.007
TIB Layer 3 —0.0754+0.014 —0.082+0.017
TOB layer 1 —0.154 £+ 0.023 —0.111 £ 0.036
TOB layer 5 —0.111 £ 0.022 —0.051+0.033

where(po)s.sT and(po)or are the values afan 6; corresponding to the minimum cluster size, obtained by the fi
performed on 3.8 T and O T data samples respectively. Thietatat uncertainty onan © is therefore given by:

(Atan O )awar = 1/ (Ap0)3 gr + (Apo)iy .

where(Apg)s.sT and(Apg)or are the statistical uncertainties provided by the fitgfe)s st and(po)or respec-
tively. The results onan O, obtained for the four different layers using the two aualgaracking algorithms and
the alignment settings with survey information, are sunipeakrin Tab.4.

(21)

As a check of the contribution to the error due to the prenisitthe alignment, the measurement described above
was performed also using the alignment settings withowtesuinformation. The difference between the results

obtained using the two sets of alignment constants is ofaheesorder as statistical uncertainty (this can be seen
from the plots in fig.10 to fig.13). The alignment error is atfahe same order as the difference between the
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Figure 14:Results of the Lorentz angle measurement in the four difféagers using tracks reconstructed by the
Cosmic Track Finder algorithm (a) and Road Search algoriffith The black horizontal line represents the fit
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Table 5:Comparison between the measured values of the tangent bbthatz angle resulting from the fits, and
the expected value. Results are shown both for Cosmic TiadeFand Road Search algorithm.

Measuredan ©; | x?/n.d.f. | Measuredan©, | x?/n.d.f. Expected
Cosmic Track Finder  CTF Road Search RS tan O,
TIBvalue | —0.096 & 0.006 2.8/1 | —0.09240.007 | 0.4/1 | —0.101 9%
TOBvalue| —0.13240.016 1.8/1 | —0.079+0.025 | 1.4/1 | —0.113 *5013

CTF and the RS final results. Thus in the absence of more prestimation the systematic uncertainty due the
alignment has been neglected.

To compare the measured valuestefi ©; shown in Tab.4 with the ones predicted by the model, the tesul
obtained for TIB and TOB layers are plotted in separate ggagince the model predicts two different values of
tan ©, for TIB and TOB modules. The results obtained with CTF and R8ks are shown in fig.14, together
with the results of the fits and the expected value with itsi@rpuncertainty. Tab.5 summarizes these results.

As shown in Tab.5 both the Cosmic Track Finder and the RoatcBaéiacks yield a result in agreement with the
expected value of the tangent of the Lorentz angle. The T@&lteeshow a wider spread due to the relatively low
statistics respect to the TIB. Since th&is lower using RS tracks the final estimate of the tangenteltbrentz
angle is derived using these reconstructed tracks.

4 Conclusions

The Lorentz angle in the CMS silicon microstrip detectors been measured, for a 3.8 T magnetic field, on data
collected during the Magnet Test and Cosmic Challenge. Tuster width versus the muon incidence angle was
studied for events with 3.8 T magnetic field and without, frehich the value of the Lorentz angle was extracted.
The result was compared with the predictions from a modettferdrift of the holes inside the silicon detector.
The measurements, for the two kinds of detector used, ydelde

(tan©)IB — _0.092+0.007 = (0.)MB — _53°4+04°, (22)
(tan©)FOB — _0.0794+0.025 = (0)T0B = —45°4+1.4°, (23)
in agreement with the expected value of
(tan©)5) = —0.101 *OiY = (005 = 58 g, ”
(tan®©)TOB = —0.113 {05 = (©L)I0F = —6.4° +0.6°.
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