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Abstract
The non-linearity in the space-drift time relation of the Oiift cell, as a function of the track angle,

has been measured using cosmic ray data. The improvemexih@dbtin the track reconstruction
precision is presented.
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1 Introduction

The DT drift cell design has been optimized to obtain a linedation between drift space and time. This was
in fact an essential requirement to allow the use of the DImtl&as as a first level trigger device, through the
mean-timing technique (riferimento). The residual nawedirity effects, more important for large angle tracks, can
be corrected during the off line track reconstruction. Almoetis presented to compute the non-linearity of the
space-time relation as a function of the track impact poit angle. The parametrization of the drift time non

linearity is then used to obtain a more accurate measureofi¢he track coordinates. The results obtained with
this technique, and the improvement in recontruction greniobtained, are presented.

The analisys presented in this Note is based on a sample arfiigun milione?) cosmic ray tracks collected with
two MB3 spare DT chambers, MB3-061 and MB3-054, presenttatied in the INFN "Laboratori Nazionali di
Legnaro™. The chambers were operated in autotrigger mode.

Figure 1 shows the track coordinate and angle measured Hyhh8uperlayers for the data sample used in the
analysis of the present note.
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Figure 1: Track impact point and track angle measured by laenber Phi Superlayers for the cosmic ray track
sample used in the analysis presented in the note.

2 TheDT Chambersdrift cdl

The cross section of the drift tube of the CMS DT chambers @svshschematically in Figure 2. The dimension
of the cell is422:13 mm?. The electric field in the drift cell is shaped by three eledés: a wire, kept at positive
voltage, where the electron multiplication occurs, twdoales at negative voltage, and two central strip electrodes
with voltage intermediate between wire and ground, whospgse is to improve the field uniformity along the
drift path.
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Figure 2: Schematic view of a drift tube. The drift lines (tooous lines) and the isochronous surfaces (dotted
lines), computed with the CERN program GARFIELD [5], arecadfiown.

The cell electrostatic configuration has been designedue aa almost constant drift velocity along the full drift
path. This was in fact an essential requirement to use thelobiaoutput in the CMS first level trigger using
the so called Mean Timer algoritm (riferimento). For theaaithm to work, the ionization electrons drift time
must be proportional to the distance from the wire of thektriatersection with the wire plane. The linearity
assumption has been measured to be quite accurate usingrieglly test beams (reference), at least for tracks
almost perpendicular to the chamber plane. However, wherréitk projection in a plane normal to the wires
presents a large angle with respect to the perpendiculbetwire plane, two effects becomes important, as can be
seen in Figure 3:
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Figure 3: Sketch of the origin of non-linearity for inclin&@cks.

1. The drift time is measured using the leading edge of the signal, that is created by the electrons arriving
first to the wire. Those electrons start from the middle plaiithe chamber only for perpendicular tracks.

2. For inclined tracks, the difference in arrival time bedémehe first electrons and the electrons starting from
the middle plane depend not only from the track angle, buat fatsn the track distance from the wire.

The average correction of the first effect has been discuamsédneasured in [2]. On average over the full drift
lenght the drift time has been measured to be shorter thaectegh by the quantitAt = —K - (tg<1>)2 ,with
K = (19.79 £ 0.04) ns.

The existence of a sizeable residual non-linearity is extifflom the so called Time box distribution, i.e. the his-
togram of the drift times measured with a uniform illumiretiof the drift cells. Neglecting the effects arising from
the time measurement resolution, we can write (non so serleformule)AN/At = (AN/Az) - (Ax/At) =

k - vgrif+. In presence of a uniform illumination k is a constant, arelttme box histogram shape reflects directly
how the drift velocity changes as a function of the distamomfthe wire position.

In Figure 4 two examples of "time-box” histograms are shofen,two angular intervals of the track direction.
The non linearity of the time-space relation, and its depand on the track angle are quite evident.
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Figure 4: Example of cosmic ray raw time histograms.

The parametrization of the drift time non linearity has baeldressed in reference [4], using the simulation of
the drift cell given by the program GARFIELD, also in preserm a magnetic field. Their results in absence of
magnetic field are shown in Figure 5

In this note we want to measure the drift time non linearityagfsnction of the track position and angle using
real cosmic ray tracks. The parametrization of the non tibe#s then used to improve the track reconstruction
accuracy.

3 Themethod

We use the track measurements in the Phi plane, selectimgseioe wich a successfull 8 points track fit has been
obtained, using the fit method discussed in [2]. For the wafkthis sample, we repeat the fit discarding one
of the 8 points, and compute the distanke between the wire whose signal has been discarded and thk fitte
track intersection with the wire plane. Since the two traakameters are contrained by seven points with a long
lever arm, we assume that the systematic error on the ict@sepoint is much smaller than the non linearity
effect on a single drift time measurement. We then compue=ipected drift time in a linear approximation as
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Figure 5: Deviations from linearity computed using the GARED program. Figure taken from reference [4]

tiin = Az /vgrife, Uusing forvg,.; ¢ the value ofvp = 54.7 m/ns measured with the method described in [2],
and the difference with the actual drift time measuremgpt,s, equal toAt = t,,cqs — tiin. The procedure is
repeated for all the 8 points of the track, and for all theksacThe At quantities for tracks of a given angular
interval, and for small bins oA« are finally histogrammed. Figure 6 shows a sample of sucbdrisins. The
mean value of the histograms, is computed fitting a gaussiaetibn, discarding the tails outsi@eso.
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Figure 6: Histograms of deviations from linearitu. See fexthe method to compute them

If the drift space - time reation was linear, the gaussiarnreesould be zero within the measurment error. We can
see from Figure 6 that this is not true. The mean value is féigmitly different from zero, and changes with the
angle of the track. We tak@\t) as the measurement of the non linearity. Plottidg) as a function of the wire
distanceAx for tracks of a given angular interval we can cross checkébalts of reference [4]. Figure 7 shows
a sample of such plots.

The experimental results of Figure 7 can be compared witkithalation results shown in Figure 5. Althogh not
identical, the main features of the two set of plots are ggiitglar.
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Figure 7: Deviations from linearity for four angles, as adtion of the track distance from the wire in the wire
plane.

4 Correction of experimental data

Our purpose is to correct the measured drift times to restardinearity between drift space and time. The plots
shown in Figure 7 are not directly usable for this purposeabse they give the correction as a function of the true
track position, while we start from the "distorted™ driftme. We can however follow the procedure explained
in the previous section, but plot tHé¢) quantity as a function of the measured drift time. The scalt of At
versus the measured drift timg,.,; is plotted in Figure 8 for two values of the track incidencglan
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Figure 8: Deviations from linearity for four angles, as adtion of the track distance from the wire in the wire
plane.

Again the non-linearity is evident, as well its dependemoenfthe track angle.
Averaging theAt residuals in smalt,, .. bins produces the plots of Figure 9.

As a first cross check of the procedure we have repeated th@dakess starting from the corrected drift times. In
an ideal situation, all théAt) values should now come out compatible with zero.

Figure 10 shows the reslting plots. The second order céorecare not zero, but are anyway much smaller than
the first order ones, being always smaller thand, corresponding to less thaf0um of drift space. For this
reason we decided to stop the procedure after the firstigarat

5 Reaults

We do not have an independent precise detector to certifaftea the non-linerity correction the track reconstruc-
tion accuracy has improved. In addition, cosmis rays havueaortant component with very low momentum, and
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Figure 9: Deviations from linearity as a function of the measl drift time, for several track angle intervals.
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Figure 10: Deviations from linearity as a function of the s@&d drift time, for several track angle intervals,
starting from drift times corrected for the non linearity.



the multiple scattering would make the comparison notgitfarward. What we can do is to show that residuals
of the track fit after the corrections are significantly betféis can be seen in Figure 11, where the sum of the fit
residuals squared is shown before and after the correetimhin Figure 12, where the fit residual rms is shown as
a function of the track angle. We see that the improvemenbierimportant for large angle tracks, as expected.
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Figure 11: Sum of the fit residuals squared before and aftedtft time correction.
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Figure 12: Residual rms as a function of the track angle,reedad after the drift time correction.

As last check, we show in Figure 13 the timebox histogrami®rbeand after correction, for several track angle
intervals. After correction, the histograms are praclyciht, with the exception of a small region of small drift
times.

6 Conclusions

We have presented a method to experimentally measure tlcé @e@endence of the drift time in the CMS DT
chambers on the track crossing point and angle. The metholdden applied using a sample cosmic ray tracks in
absence of magnetic field, showing that non linerity effactsnegligible for track perpendicular to the chamber
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Figure 13: Time box histograms, before and after the drfetcorrection, for different track angle intervals.

plane, but are important for large angle tracks. At 45 degthe effect of non linearity is shown to be about
250 on average. The same method could be used to measure thetispacelation for the chambers in CMS,
particularly in the regions where the presence of magnetid f& known to change sizeably the drift time-space
dependance.

References
[1] “The CMS muon project, CMS Technical Desigh Repo8ERN/LHCC 97-32, CMS TDR, december 1997.

[2] M. Benettoni, G. Bonomi, F. Gasparini, F. Gonella, A. Mergemy S. Vanini, G. Zumerle, “CMS DT Chambers:
Optimized Measurement of Cosmic Rays Crossing Time in absdrMagnetic Field; CMS Note 2007/000.

[3] M. Aguilar-Benitez et al., “Construction and test of the fiGMS Barrel Drift Tube Muon Chamber proto-
type”, Nucl. Instrum. Meth. A80 (2002) 658

[4] J. Puerta Pelayo, M.C. Fouz, P. Garcia-AbiRarametrization of the Response of the Muon Barrel Drift
Tubes’, CMS Note 2005/018.

[5] R. Veenhof,"GARFIELD. Simulation of gaseous detector€ERN Writeups, Ref. W5050.

[6] M. Cavicchi, F. Gonella, I. Lippi, P. Guaita, M. Pegorakn Torassd,Properties and Performances of a Fron-
tend ASIC Prototype for the Readout of the CMS Barrel Muofit Dtibes Chambers"'CMS Note 1999/033.

[7] CMS Collaboration;Level-1 Trigger Technical Design ReportCERN LHCC 2000-038.

[8] C. Fernandez Bedoya, J. Marin, J. C. Oller and C. Willmtiectronics For The Cms Muon Drift Tube
Chambers: The Read-Out MinicratefEEE Trans. Nucl. Scbh2 (2005) 944

[9] M. Benettoniet al, “Performance of the drift tubes for the barrel muon chambefdhe CMS detector at
LHC”, Nucl. Instrum. Meth. A410 (1998) 133.

[10] The Object Reconstruction for CMS Analysis program (ORG#)://cmsdoc.cern.ch/orca/.
[11] F.R. Cavallo et al.;Test of CMS Muon Barrel Drift Chambers with Cosmic Ray€MS Note 2003/017.

[12] M.Benettoni et al.;Study of the Internal Alignment of the CMS Muon Barrel Dfhambers using Cosmic
Rays Tracks; CMS Note 2004/001.

[13] C. Albajaret al, “Test beam analysis of the first CMS drift tube muon chambaslticl. Instrum. Meth. A
525 (2004) 465-484.



