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1 IntroductionThis note aims at the description of the procedure followed to measure the spatial reso-lution of microstrip detectors. It enters in the framework of R&D activities devoted to thedesign of the two outer layers of the ALICE detector.A description of the tested microstrip detectors, their characteristics and their expectedperformances is given. It is followed by the description of the experimental setups that havebeen used for the tests both at IReS-Strasbourg and CERN. The analysis of the collectedinformation is then described, with emphasis on the charge cluster extraction, the trackreconstruction, and the measurement of the spatial resolution of the detector by using theexperimental setup at CERN . Some conclusions and perspectives are presented.2 The microstrip detectors for the ALICE experiment2.1 General descriptionSilicon microstrip detectors will equip the two outer layers of the ITS (Inner TrackingSystem) of the ALICE detector. These layers will be crucial for connecting the tracks betweenthe ITS and the TPC (Time Projection Chamber) located around the ITS. They will alsoprovide dE=dx information for charged particle identi�cation.The two outer layers of the ITS are designed as modules of approximately 75 mm � 42mm, with a thickness of 300 �m. Each module contains a double-sided detector with thefront-end electronics, coupling capacitors, bias circuits and cabling. These modules are gluedon a carbon �bre support, forming the basic ITS ladder structure.In order to obtain an optimal resolution in the bending plane, the strips will be orientedparallel to the beam direction (z axis). In this way, the r' resolution is essentially �xed bythe pitch of the strips, taken as 95 �m, giving an expected resolution of 30 �m [1]. With astereo angle of 35 mrad between the two plans of microstrip detectors, a resolution of 860�m is expected in the z direction.In the ALICE technical proposal [1], double-sided silicon strip detectors are proposed tobe used. The major interest of this choice is that, beside a reduced radiation length withrespect to two single-sided detectors, a double-sided detector allows the matching of thecharge signals collected on the two sides and reduces the ambiguities due to multiple hits[2, 3]. It also presents some drawbacks like a non trivial signal readout.2.2 Characteristics of the tested detectorsAs a �rst campaign of measurements, we use, in the present study, single-sided detectorsof 20 � 20 mm, the pitch is 50 �m and the thickness 300 �m. These detectors are testedby pairs, but kept independent (not glued together). Two di�erent pairs of detectors wereused:- The detectors of the �rst pair count 384 strips each, the strips of one detector beingoriented orthogonally to those of the other. These detectors have also intermediatestrips, not connected but collecting charges by capacitive coupling. These detectorswere tested by using a 90Sr �-radioactive source on a test bench mounted at the IReS-Strasbourg;- The second pair consists of detectors of 356 strips each, the strips of one detector havinga relative stereo angle of 35 mrad with the strips of the other detector. Intermediate2



strips are also existing between the readout strips. These detectors were tested byusing a 10 GeV pion beam from the Proton Synchrotron at CERN.Two di�erent Viking Ampli�er readout electronics (VA1 and VA2) are associated respec-tively with each pair of detectors.To avoid ambiguities, we give, in Fig.1, the correspondence between the (r',z) coordinatesused in the ALICE technical proposal and the (x,y,z) coordinates used in this study:
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Figure 1: Correspondence between the (r',z) coordinates used in the ALICE technical proposal andthe (x,y,z) coordinates used in this study.3 Experimental setupsA brief description of the two experimental setups used in this study is given in the nexttwo paragraphs.3.1 Test bench at IReS-StrasbourgThe experimental setup is shown in Fig.2. It consists of a collimated radioactive source,two scintillators read by photomultipliers de�ning a trigger and a rotatable box with the twotested detectors.Data control and acquisition are performed by VME electronic modules for the ana-log/digital data conversion. The online data acquisition is based on the MicroDAS programs,using OS9 system, implemented by the LEPSI group in Strasbourg.3.2 Detector bench at CERNThe telescope of detectors used at CERN is sketched in Fig.3. It consists of four pairsof reference detectors (called Xi and Yi, with i=1 to 4) and one pair of detectors (Y5 andY6) to be tested, with a relative stereo angle of 35 mrad between their strips. The testeddetectors are placed upstream of the set of reference detectors. This, of course, does notcorrespond to an ideal location for such tests. It was, however, the only convenient way tostudy these silicon microstrip detectors within the framework of an experiment devoted toother purposes. 3
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Figure 2: General view of the test bench at IReS-Strasbourg. (1) radioactive source, (2) scintillatorused as an active collimator read by a photomultiplier, (3) rotatable box containing the two testeddetectors, (4) scintillator read by a photomultiplier. The lower scale indicates the relative position ofthe di�erent elements with respect to the source, used as the origin.
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Figure 3: Detector telescope used with a pion beam. The relative positions of the di�erent detectorsare reported (in mm) with respect to the X1 detector, used as the origin.4 Charge cluster reconstructionIn this section and the next, details are given about the analysis of the collected datawith either of the two experimental setups. This analysis is based on a computer programinitially developed by R. Turchetta [4]. 4



First, we describe how the signal is determined from the raw data. This is done bysubtracting the pedestal and the common mode shift from them. The sequential calculationof the pedestal, the common mode shift and the signal is given in paragraph 4.1 togetherwith the calculation of the residual noise, useful to determine the signal/noise ratio itselfneeded when looking for charge clusters. In paragraph 4.2, the description of the criteriaused for the cluster determination is given, as well as the determination of the mean positionof these clusters.4.1 Pedestal, common mode shift, noise and signal determinationWhen a particle passes through a detector, de�ning an event, the corresponding ADCcount number can be divided in three parts, and may be written as follows:ADC(i; k) = P (i; k) +D(k) + S(i; k);where i is the strip number and k the event number.P (i; k) is the pedestal which uctuates around a baseline. These uctuations are due toelectronic non uniformities of each readout channel (1 channel/strip).D(k) is the common mode shift, resulting from an electronic parasite pick-up which isspeci�c to each chip and varies with time.S(i; k) represents the signal plus the residual noise and is deduced fromADC(i; k), P (i; k)and D(k).These quantities are calculated in the following order:1. The initial pedestal value is the �rst quantity to be extracted. It is de�ned as the mean value of theADC counts over a given number of initial events, taken equal to 200. It allows a smoothing of thesuccessive values which remains unchanged when a larger number of events is considered. This initialvalue of the pedestal will allow for determining all the other quantities for the remaining events. Itreads: P (i; 200) = 1200 200Xk=1ADC(i; k): (1)2. For any event following the �rst 200's, the common mode shift is calculated for each electronic chipas the mean ADC count number whose the pedestal of the preceding event is subtracted from:D(k) = 1128 128Xi=1 [ ADC(i; k)� P (i; k� 1) ] ; (2)where k > 200.3. For each event, the pedestal value is given by a recurrent formula depending on the pedestal value ofthe preceding event:P (i; k) = 1Wp � f [Wp � 1] P (i; k� 1) +ADC(i; k) �D(k) g; (3)where Wp is a weight chosen equal to 100 (see details below).4. The signal is extracted as: S(i; k) = ADC(i; k)� P (i; k)�D(k): (4)5



The charge cluster �nding which will be described in the next paragraph, requires the signal/noise ratiodetermination for each strip of the detector. The noise is calculated in two steps:- An initial value is de�ned as the mean dispersion of the signal values for a given number of events,taken here equal to 200, following the �rst 200 events, by using the following relationship:N (i; 400) = 8<:P400k=201[ADC(i; k)]2200 � "P400k=201[ADC(i; k)]200 #29=;1=2 : (5)- The noise is then computed for all the remaining events as:N (i; k) = 1Wn � f [Wn � 1] [N (i; k� 1)]2 + [S(i; k)]2 g1=2 ; (6)where k > 400 and Wn is a weight chosen equal to 100.In the recurrent formulas 3 and 6, the pedestal and the noise of a given event are calculated by usingthe pedestal and the noise of the preceding event. To express that the di�erence of the pedestal (or thenoise) between two successive events corresponds to a small uctuation, we use the term (Wp � 1)=Wp (or(Wn � 1)=Wn).The weights were taken as Wp = 100 and Wn = 100 in such a way that they are low enough to smoothout weak uctuations and to take into account seldom larger uctuations.
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Figure 4: (a) Pedestal, (b) Common mode shift, (c) Noise and (d) Signal obtained, using the 90Sr�-source, for a total of 104 events. 6



4.2 Cluster �nding algorithmThe aim of the cluster �nding algorithm is to select the strips which are concerned bythe passage of a particle. They correspond to the strips with the higher signal/noise ratio.The cluster �nding criteria are described in paragraph 4.2.1. Having found clusters, theirmean position is determined using an algorithm presented in paragraph 4.2.2.4.2.1 Selection of clustersAfter extraction from the initial raw data of the pedestal and the common mode shifts,the only available variables to be used for the selection of clusters are the signal and thenoise. The cluster selection criteria will thus be de�ned by using these two variables andtheir ratio by applying on them di�erent thresholds.This selection operates in the following steps:1. The strips are examined by pairs which are retained if the noise of the strips of the pair ranges between0.1 and 8 ADC counts and if the sum of their signal/noise ratio is larger than 4,2. The cluster existence is examined on the basis of the �rst strip of the selected pair plus 5 strips oneach side,3. The central strip of each cluster (i.e. the strip with the highest signal/noise ratio) must have asignal/noise ratio larger than 20. The neighbouring strips (i.e. the strips located on both sides ofthe central strip) are kept if their signal/noise ratio exceeds 8. If one of the examined strips has asignal/noise ratio lower than 8, the treatment is stopped and the remaining strips are not retained,4. The charge cluster signal is de�ned as the sum of the individual signals, and the cluster signal/noiseratio as the sum of the signal/noise ratios of all concerned strips. The cluster is �nally retained if itssignal ranges between 5 and 1000 ADC counts, its signal/noise ratio exceeds 20 and the number ofstrips is less than 5.The thresholds applied to the noise and signal have been adjusted knowing that the noise values aretypically of 1 ADC count (Fig.4 (c)) when using the 90Sr source and 2.5 ADC counts for the pion beam.The values for the signals go up to 200 ADC counts in the �rst case (Fig.4 (d)) and up to 1000 ADC countsin the second.Fig.5 shows the distribution of the number of strips per cluster, obtained in the caseof the pion beam and of the 90Sr source. It shows that the mean number of hit strips isrespectively 2.20 and 2.72, which means that the charge is generally distributed over twostrips. Nevertheless, these numbers may be a�ected by the contribution of cross-talk betweenthe strips and other electronic sources. Moreover, this number is higher if the 90Sr source isused. This is explainable by some contribution of the multiple scattering of the low energyelectrons into the detector and the surrounding material upstream.Fig.6 illustrates the cluster signal/noise ratio by using both the pion beam and the 90Srsource. Large ratios are obtained in both cases.4.2.2 Determination of the mean cluster positionThe mean cluster position is determined from the variable � which is de�ned for eachpair of strips as: � = SR=(SL + SR);where SL and SR are the signals measured respectively on the left and the right strip of apair. 7
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Figure 5: Number of strips per cluster using (a) the 10 GeV pion beam and (b) the collimated 90Srsource.
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Figure 6: Distribution of the signal/noise ratio of the reconstructed clusters for a total of 104 eventsby using (a) the 10 GeV pion beam and (b) the 90Sr source.For a given value of �, we associate a function de�ned for 100 bins ranging from 0 up to 1, according to:f(�0) = R �00 dNd� d�R 10 dNd� d� ;where dNd� gives the di�erential � distribution, and �0 is the mean value of each of the 100 bins.The mean cluster position (expressed in strip number) is given by:Pmean = P1 + f(�);where P1 is the central strip if the signal/noise ratio of the strip at the right side of the central strip ishigher than the signal/noise ratio of the strip at its left side and P1 is the central strip � 1 otherwise. � iscalculated by using the strips P1 and the strip situated on its right.The mean cluster position in strip number Pmean is then converted into millimeters with the followingrelation: ymean = [ (Pcent� Pfirst ) �+ offset ] � pitch;8



where Pfirst is the number of the �rst strip of the detector,� is the reading direction,offset is an o�set due to the choice of the origin,and pitch is the detector pitch (50 �m).The � distribution obtained both for the pion beam and the 90Sr source is shown in Fig.7 .In the case of the pion beam (a), the distribution is characterized by two peaks aroundthe values 0 and 1 and a third peak around 0.5 . The �rst two maxima show that nearlyonly one strip collects the majority of the cluster charges. This is due to the fact that pionscross orthogonally the detector and the multiple scattering is weak. The peak around 0.5 isdue to the intermediate strips, read out by capacitive e�ect (no voltage is applied on thesestrips).In the case of the 90Sr source (b), one observes a broad distribution peaking around 0.5.This results from the multiple scattering of the electrons which has been already mentioned,as well as from a non well-de�ned \electron beam" despite the source collimation.
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Figure 7: Distribution of the � variable as measured (a) with the 10 GeV pion beam, and (b) with the90Sr source.5 Track reconstruction and measurement of the detec-tor resolutionIn this section, the track reconstruction is described together with the determination ofthe tested detector resolutions. Here, only detectors exposed to the 10 GeV pion beam areconsidered.As we deal with adjustments of the order of some �m's { quasi-impossible to obtain in therelative positioning of the telescope detectors { a careful alignment of the di�erent detectorshas to be made by software.First, a prealignment of detectors is performed and consists of a �ctive vertical translationof all the detectors of the telescope (paragraph 5.1). After track determination by using a �2minimization method (paragraph 5.2), the alignment of detectors is performed and consistsof a �ctive relative rotation of the detectors (paragraph 5.3). It is then possible to extractthe spatial resolution by comparing the �tted and reconstructed track position coordinates(paragraph 5.4). Finally, the e�ects of the multiple scattering and of the variation of thetrack incident angle on the resolution are discussed (paragraphs 5.4.2 and 5.5).9



5.1 Prealignment of detectorsThe prealignment of all detectors requires to take one of them as a reference : in thisstudy, the detector 1 is chosen as such. Then, the distribution of the di�erence betweenthe coordinates of the mean cluster position of any detector and of the reference detectoris calculated. If the detector is vertically misaligned as compared to the reference detector,the distribution is not centered on 0. The o�set is given by the shift of the mean value ofthe distribution with respect to 0.5.2 Tracking procedure descriptionThe reference detectors 1, 2, 3 and 4 (Fig.3) are used to reconstruct the tracks from thecorrected coordinates. This is done by using a �2 minimization method, with:�2 = 4Xi=1 1�2i (umeasi � a� b zi)where i is running on all the reference detectors,�i is the resolution of the detector i (taken as 1.5 �m),umeasi is the measured cluster mean position (ui=xi or yi),a and b are the track parameters,and zi is the z position of the detector i.Finally, this allows the linear track determination for all detectors (reference and tested)as: ( xfit = ax + bx zyfit = ay + by z :The �tted tracks are accepted if only one cluster is found in each reference detector.This means that events in which no cluster or more than one cluster is found for at least onereference detector are rejected. Moreover, this condition must be ful�lled for both X and Ydirections.5.3 Alignment of detectorsOnly (x; z) and (y; z) translations have been considered at this point. It is also essentialto bring all detector strips parallel to those of the initial reference detector. These angularcorrections constitute the alignment of detectors.The alignment angles obtained in this study are 14 and 65 mrad, respectively, for detec-tors 5 and 6. In case of detector 6, the obtained value contains also the contribution of therequired stereo angle of 35 mrad (paragraph 2.2). The alignment angle for this detector isthus in fact 30 mrad.5.4 Determination of the detector spatial resolutionThe y coordinates, measured by using the two tested detectors and called y5 and y6 areused to determine the x coordinate according to the relation:x = y5tan(35 mrad) � y6sin(35 mrad) :10
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Figure 8: y residual as a function of xfit for detector 5 (a) before and (b) after the alignment ofdetectors.To obtain the resolution (in both the x and y directions), we consider the distribution ofthe di�erence between the �tted and measured positions, also called residual. The resolutionis de�ned as: � = f�2resid � �2msg1=2 ; (7)where �resid is the width of the gaussian which is �tted on the distribution of residuals, and�ms is the contribution of the multiple scattering.The determination of these two contributions to the resolution is given in the followingtwo paragraphs.5.4.1 Determination of the x and y residual widthsAfter alignment, the y residual width is found equal to 18 �m.It should be emphasized that this measurement is obtained by considering the detectorcon�guration given on Fig.3, where the tested detectors are placed upstream the referencetelescope. A better choice would be, of course, to insert these detectors in between thereference detectors.To investigate this e�ect in the case of the present con�guration, it is possible to use thedetector 6 as a reference detector, i.e. to include it in the �tting procedure. Then, the yresidual width reduces down to 7.1 �m.Other detector con�gurations may also be considered. Table 1 summarizes the resultsof di�erent con�gurations. One sees, for example, that by using detectors 3 and 4 as testeddetectors, the large distance from the other detectors degrades their y residual width from3 �m to about 30 �m.This explains the relatively high value of the y residual width obtained for the testeddetectors 5 and 6, and suggests that the actual value is in fact in the domain of only someunits of �m.The x residual width was found to be 230 �m.Fig.9 shows the y and x residual distributions of the tested detectors. These are �ttedwith a gaussian function whose width is also given.In Fig.10, the residual distribution of the reference detector 4 is shown.11



Table 1: y residual widths (in �m) of all detectors (R = reference detector and T = tested detector)according to di�erent con�gurations (R = reference detector and T = tested detector). The detectorsare labeled as in Fig. 3.con�guration det. 6 det. 5 det.1 det. 2 det. 3 det. 4initial (1) T T R R R R17.5 18.0 3.0 2.9 2.5 2.6(2) T R R T R R7.1 3.7 4.3 8.1 2.6 2.6(3) R T R T R R2.7 7.1 4.8 8.2 2.4 2.6(4) R R R R T T2.5 2.6 2.7 2.4 31.4 31.6(5) T R R R R R8.5 4.0 3.5 3.8 2.8 2.7(6) R T R R R R3.8 7.7 3.6 3.7 2.7 2.7
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Figure 9: Distribution of (a) y residuals and (b) x residuals of the tested detectors 5 and 6. Fittingthese distributions with a gaussian function gives the reported residual widths.5.4.2 Multiple scattering and spatial resolutionMultiple scattering of traversing particles is obtained by considering all materials anddetectors that are present in the detector telescope. In addition to the detectors mentionedin Fig.3, three diamond detectors were also inserted, and their contribution in the multiplescattering has also to be considered.The contribution of the multiple scattering to the resolution, described in details inreference [5], was found here equal to: �ms=3.2 �m.The x and y spatial resolution, given by equation 7, are: �y = 6.3 �m and �x = 230 �m.12
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Figure 10: y residual distribution of reference detector 4. Fitting this distribution with a gaussianfunction gives the indicated residual width.5.5 Inuence of the particle incident angleA study of the track incident angle variations on the spatial resolution may be performedby considering two possible rotation angles: the �rst consists of a rotation of the detec-tor around an axis parallel to the strip direction and the second of a rotation around anaxis perpendicular to it but in the strips plane. These angles will be denoted �== and �?,respectively, in this paragraph.Variations of �== are expected to lead to additional exposed strips than for normal in-cidence. The resolution is thus expected to be degraded in this case. Variations of �?are expected to yield less important electron-hole di�usion and should not a�ect much theresolution.The e�ects due to the variations of these two angles on the mean number of strips percluster have been studied by using the 90Sr source. Only �? was examined with the pionbeam.With the 90Sr source, the strips of the two detectors under study are oriented orthogonally(see paragraph 2.2), so that the global rotation of the two detectors between 0� and 30� callsfor �== and �? changes. The resulting mean numbers of strips per cluster for di�erent anglevalues are given in table 2. It shows, as expected, a stronger inuence of �== than of �? onthe variation of the mean number of strips per cluster.Table 2: Number of strips per cluster for di�erent values of �== and �? by using the 90Sr source.�== (deg) number of strips �? (deg) number of stripsper cluster per cluster0 3.09 0 2.7210 3.41 10 2.7520 4.21 20 2.8330 5.29 30 3.08The number of strips per cluster for �== = 0� and 30� is also shown in Fig.11.13
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Figure 11: Distribution of the number of strips per cluster by using the 90Sr source, for (a) �== = 0� and(b) �== = 30� .The inuence of the �? angle on the mean number of strips per cluster with the pionbeam is shown in table 3 and supports, as expected, small variations.Table 3: Number of strips per cluster for the tested detectors 5 and 6 for di�erent values of the angle�?. �? (deg) detector 5 detector 60 2.40 2.2015 2.44 2.3130 2.45 2.3145 2.50 2.346 Summary and outlookIn this study, we have shown how to extract the physics signal from strips of siliconmicrostrip detectors exposed to the passage of particles. This allowed a selection of stripclusters and their centroid determination. The used criteria to make this selection have beendiscussed.The procedure to measure the x and y resolution of single-sided silicon microstrip detec-tors has been described. The di�erent steps of the prealignment, the tracking procedure andthe alignment of detectors have been presented. The relevance of the detector con�gurationwas also discussed. With the used con�guration, y and x residual widths of 7.1 and 230 �mare obtained for both detectors. The contribution of the multiple scattering was determinedto be 3.2 �m. The y and x resolutions are thus equal to 6.3 �m and 230 �m. Finally,di�erent incident angles were considered and their e�ect on the variation of the number ofstrips per cluster was studied.Further studies about geometrical e�ects like incident angle changes (like rotation aroundthe axis parallel to the strip direction) are under way. It remains also essential to comparethe results obtained in this work for single-sided detectors with those relative to double-sideddetectors. This comparison is currently in progress.14
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