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Abstract

The expected BTI performance in magnetic field was investigated using the sof
model developed for CMS simulation. The model was interfaced to data taken in the pas
with DTBX prototypes. Efficiency and noise figures were obtained for all the available situa
Besides the effects of the most important filters available in the BTI operation flow were evalu
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1 Introduction

The Bunch and Track Identifier (BTI) (shortly described afterwards) can be defin
straight line fitting device. The basic requirement for its correct operation is indeed that the 
it is trying to connect belong to a straight line. The BTI is designed in order to be insensit
deviations from linearity up to 12.5ns. In fact a lot of effort was put in the Barrel Muon D
Chamber optics design to provide a controlled constant apparent drift velocity along the who
cell and this goal was undoubtedly reached for a large range of angle of incidence of the 
[1][2]. 

Problems arise with the increase of the particle incidence angle, since the actual
zone cannot of course be reduced below a few millimeters size, without causing s
inefficiencies. The performance of the BTI as a function of the incidence angle was already s
using prototype BTIs and important effects were found only for incident angles beyond 25° [
larger angles the non-linearity was causing a rapid decrease of the probability of alignment 
hits and a contemporary increase of the fraction of three hits tracks: including both kinds of tr
the efficiency drop was negligible.

Another important variable in the CMS environment is the presence of a stray ma
field. This is quite important in the corner regions close to the forward detector wheels. A ma
field is adding to the electric field force ( ) a magnetic field force ( ) that is twirling
electron path to the anode. Unfortunately any significant test could not be performed using t
prototype until now, so in order to gain useful information its software model was interfaced 
collected data to provide useful information. In this way we skip the problem of corr
simulating the chamber response and past experience shows that in these conditions the m
the BTI performance agrees within few percent. 

2 Short Description of BTI 

The Bunch and Track Identifier was studied to work on each groups of four laye
staggered drift tubes called Super Layers (SL), aiming to the identification of the tracks gi
signal in at least three of the planes. We quickly recall the basic description of the device: an
detail can be found in Reference 3.

Each BTI is connected to nine wires allocated as shown in Figure 1.
The parameters computed from the BTI are the angular k-parameter k = h tan ψ (the track

direction) and the crossing position, computed in the SL central plane. The geometrical qua
involved are shown in Figure 1: ψ is the angle of the track with respect to the normal to 
chamber and h = 1.3mm  is the distance between the wire planes.

These parameters are evaluated by means of a generalized mean-timer techniq
method is a search inside a BTI for the alignments of the recorded hits belonging to a track. 
is an alignment of four hits the signal is marked as High Quality Trigger (HTRG), while if it is
to the alignment of only three hits, it is marked as Low Quality Trigger (LTRG).

The alignment occurs with fixed delay with respect to the parent bunch crossing time
permitting its identification. The total latency of the BTI is determined by the maximum drift-
to the wires, TMAX, plus 4 clock cycles needed for input signal synchronization and
calculations. With the tested chamber the measured drift velocity is ~56 µm/ns and theref
delay of the TRG signal with respect to the parent interaction is therefore 18 bunch crossin
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The BTI trigger algorithm actually generates HTRGs and LTRGs when the comput
parameters of any of the predefined patterns of wires are equal within the programmed tole

Position and angular resolution of the device depend on the drift velocity and o
sampling frequency of the device. In our case the angle is measured with a resolution bet
60mrad, while the position is measured with a resolution of 1.4mm. The angular resolution i
pattern dependent and is generally worse for LTRGs.The maximum angular accepta
nominally ψMAX  = ±55°, but the efficiency drops very fast beyond 45°.

Each SL is equipped with one BTI every four wires and the BTIs are overlapped b
wires assuring that every track, with angle within the maximum acceptance range, is
contained in at least one BTI.

Only one track per bunch crossing per BTI is generated.

3 Data samples and event selection

The data used were recorded in 1996 at H2 using the Madrid Superlayers prototy
The following configurations were taken at different magnetic field B and for various incid
angle θ:

• B = 0T; θ = 0°, 14°, 24°, 34°, 44° and 49°

• B = 0T, 0.2T, 0.4T, 0.6T and 0.8T; θ = 0° 

• B = 0T, ±0.2T, ±0.4T and ±0.6T; θ = 14° and 24° 

• B = 0T, 0.2T, 0.4T, 0.6T, 0.8T and 1.0T; θ = 0°, 14°, 24°, 34° and 40° 

µ

1

4

3

2

9

6

7

8

5

ψ

h
A

B

C

D

x

Figure 1- BTI layout showing channels allocation.
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The magnetic field components are defined in Figure 2.
In the second and third sample the field was parallel to the wires
having only Bw component, while in the last sample there were
superlayers either with the wires or with the electric field set at
angle θ. Therefore we had data with components Bw = Bcosθ and
Bn = Bsinθ or components BE = Bcosθ and Bn =Bsinθ. 

Some of the detector wires were inefficient in the target
zone and there was some unknown source of coherent noise:
therefore it was not possible to analyze the available data without
any selection bias. We had to process only events where at least
one hit per layer was recorded and we used only the first hit
recorded from the TDC after t0. Hence we will quote only the probability of generating a trigg
in the fully sensitive zone of the detector: despite being a limit to the analysis the applie
assures that the results will provide the actual BTI performance figures disembodying the ch
geometrical efficiency effects. These results will anyway retain the consequences connecte
electromagnetic background associated to the muon interaction with the chamber material

4 BTI synchronization

Some setup parameters need to be
determined in order to assure a correct operation
of the BTI. The computation of these parameters
was done using the zero field data only once in
order to assure the direct comparison of the BTI
figures for different magnetic field
configurations. The first parameter is the
maximum drift time (TMAX ) to the wire: this
parameter is represented by a number with
12.5ns accuracy1. This is determined by the
distribution of the mean-time of any three
consecutive layers: the value obtained from
Figure 3 is 356ns equivalent to ~28 clock steps.
But the BTI works with time intervals and
therefore it needs a calculation of the time
origin. Actually this operation is the
determination of the time difference between the
BTI clock and the event trigger time as provided
by the external scintillators setup. The actual
determination provides a 1ns precision
interpolation in the ±12.5ns window of the
coarse TMAX  evaluation and is called BTI synchronization: the best phase between the BTI
and the event time is determined from the data.

The algorithm used to find the best value of the time delay is still based on a mean
operation. In self-triggering mode the drift times of each chamber are computed using th

1. The actual BTI hardware device has a 6.25ns resolution.

Bw

BE

Bn

wire

Figure 2- Definition of magnetic
field components

Mean-time (ns)

Figure 3- Mean-time at normal incidence.
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trigger bunch crossing assignment. If the BTI phase is not correct there will be events assi
the wrong bunch crossing. In this case the drift time will be calculated using an incorrect n
and will be wrong by a LHC clock count. Computing the quantity T123 = T1+2T2+T3 (1, 2, 3 are
any three consecutive layers of the chamber) the events assigned to different nearby
crossings will be assigned to gaussian distributions of σ ~ 8ns whose centers will differ by abou
100ns.The distribution of T123 for some delays at normal incidence is shown in Figure 4.

In order to reject events spoiled by δ-rays and have a clean distribution, T123 is required
to be equal to T234 within 2σ. Moreover the BTI is programmed to its minimum tolerance 
equation alignment and only HTRGs are accepted to maximize the separation between the

The indicator chosen to find the best time delay is the computation of the minima
mean square of the T123 distribution, since its value does not depend on the trigger rate. The r
of the distribution is shown in Figure 5 for samples at 0°, 14°, 24° incident angle indepen

T1+2T2+T3 (ns)

Delay 9ns

T1+2T2+T3 (ns)

Delay 15ns

T1+2T2+T3 (ns)

Delay 24ns

Figure 4- Distribution of the quantity T123 for the mixed incident angle sample.
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Figure 5- Root mean square of the quantity T123 as a function of the delay time. The function is periodic and the best ch
for the delay time is the one corresponding to minimum r.m.s.
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and for the global angle sample. The best phase slightly varies with the actual angle. Assum
in CMS we will have a flat angular distribution, we use the value determined by the sampl
various angles. 

Figure 6 shows the probability for an event to survive the required cuts. It is eviden
the fraction of usable events rapidly decreases with the incidence angle: indeed at ~27° th
will cross more than one cell per layer making impossible a clean event selection.

The time delay has a direct impact on the bunch crossing identification: as an exam
the effect the time distribution of HTRGs is shown if Figure 7 for few time delays.
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Figure 6- Probability for an event to pass the required cuts for BTI synchronization as a function of the time delay f
different incidence angle
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Figure 7- Bunch crossing assignment distribution of the events in the mixed sample for different time delays.
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5 BTI performance

Once defined its basic parameters the BTI model was run on all the available
samples. The tests done on the BTI aimed to find the efficiency and the noise on zero field d
to evaluate the performance degradation expected in presence of magnetic field.

5.1 Performance without magnetic field

There are two basic ways to change the BTI performance. 
The first one is the modification of the alignment tolerances. The BTI issues a HTR

the coincidence of the six computed k-parameters: the coincidence occurs when these k-par
are equal within an alignment tolerance that depends on the actual pair and equation consi
is possible to force the tolerance to a fixed value of ±1 (minimal acceptance) or ±2 (ma
acceptance). Of course the minimal acceptance will reduce the fraction of HTRGs and the m
acceptance will increase it. 

The second one is the deactivation of a Low Trigger Suppression (LTS) filter, th
supposed to be active by default. The BTI is generating LTRGs at bunch crossings other t
correct one due to random alignments of only three k-parameters. The LTS mechanism can
LTRGs generated in a temporal window programmable in the range [-1bx,+8bx] around a H
This kind of filter should be harmless, but the residual cell non-linearity is generating HTR
the bunch crossings nearby the right one, while issuing only a LTRG at the right bx. In thi
the filter is unfortunately rejecting the good trigger and forwarding the wrong one.

The BTI efficiency with the LTS filter active and for the possible settings for the tolera
of BTI equations alignment is shown in Figure 8 as a function of the incidence angle. The st
choice does not differ substantially from the maximal tolerance, supporting the evidenc
correct choice for the standard values. Figure 9 and Figure 10 show how the fraction of H
and LTRGs are changing for the selected tolerances on the same event sample.

While there are several filters acting on the LTRG noise all along the local drift t
trigger chain, there is no similar filtering sequence for HTRGs. It is therefore really importa
compute the HTRG noise level. The fraction of out of time HTRGs is shown in Figure 11.

The efficiency as a function of the incidence angle with the LTS filter on and off is sh
in Figure 12: the activation of the filter causes a slight dependence of the efficiency on the
which is otherwise flat up to 45˚ as expected from the bench tests [5].

The residual non-linearity with the angle causes some HTRG wrong bunch cro
identification. The bunch crossing assignment quality is reported in Figure 13 for the analyze
samples. 

The BTI angular resolution can be extracted from the distribution of the BTI comput
parameter reported Figure 14: each angle is clearly separated from the other ones, altho
clear that the resolution is somewhat worsening with increasing angle. It should be a
reminded that the k-parameter is a function of tanθ and therefore the angular acceptance
decreasing with increasing angle. It is not worth showing the impact position evaluation, sin
wires’ inefficiencies strongly bias the distribution.
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Figure 8- BTI efficiency versus incident angle for different alignment tolerances with LTS filter always active.
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Figure 9-  Fraction of HTRGs versus incident angle for different alignment tolerances with LTS filter always active.
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Figure 10- Fraction of LTRGs versus incident angle for different alignment tolerances with LTS filter always active.
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Figure 11- Fraction of HTRG noise versus incident angle for different alignment tolerances with LTS filter always activ
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Figure 12- Comparison between efficiencies and fraction of HTRGs and LTRGs with and without the LTS filter.
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Figure 13- Bunch crossing assignment for HTRGs for different incidence angles
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5.2 Performance with magnetic field

The BTI will be operating in a variable magnetic field region. The expected magnetic
map is shown in Figure 15. The radial component will be acting on all DTBX quadruplets, 
the longitudinal component will correspond to Bw for the ϕ quadruplets and BE for the θ
quadruplets. In fact typical situations will be combinations of Bn < 1T and Bw or BE < 02-04T
components.

The available chamber rotations and relative field orientations allowed the study 
effects of

• pure Bw component at different incident angles

• pure BE component at normal incidence

• mixed (Bn,BE) with low Bn and high BE

• mixed (Bn,Bw) with low Bn and high Bw
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Figure 14- BTI k-parameter evaluation for different incident angles.
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5.2.1 Performance under Bw
The BTI efficiency for some track inclinations as a function of Bw is shown in Figure 16.

The asymmetry in the performance is due to the fact the magnetic field distortion is compen
the existing non linearity for one sign of the angle, while it is worsening it for the opposite s

This effect was already observed [6] and was expected from previous analysis on th
velocity apparent changes [2].

The relative fraction of HTRGs and LTRGs is reported in Figure 17: the efficiency 
is clearly accompanied by a degradation of the trigger quality. If, as expected, the Bw component
on CMS will be below 0.2T the effect of line twirling due to this magnetic field component wi
acceptable.

Of course the other observable effect is the increase of the HTRG noise. The frac
out of time HTRGs is shown in Figure 18, while Figure 19 details this fraction for the step
before (step -1) or just after (step +1) the right bunch crossing assignment.

5.2.2 Performance under BE
The BTI efficiency in the presence of the BE component only is shown in Figure 20: a

expected the Lorentz force in null and no evident effect is seen.

5.2.3 Performance under mixed (Bn,BE)
In this situation the field components were Bn = B sinθ and BE = B cosθ. The existence

of a Bn component that is rotating the electron path by the Lorentz angle implies that eve
Lorentz force due to the BE component is not null. A first order approximation is that its effec
similar to a Bw component of the order of BE sin αL, where αL is the corresponding Lorentz angl
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Figure 16- BTI efficiency as a function of Bw for several track inclinations without LTS.
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Figure 17- Relative fraction of HTRGs and LTRGs as a function of Bw for several track inclinations.
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Figure 18- Fraction of out of time HTRGs as a function of Bw for several track inclinations.
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10/7/00 14



e

 in
h the

orts the

 can

nation

 at 40°.
apidly
(at most B = 1T and αL = 20° that holds an equivalent Bw of ~0.3T). The correlation between th
non linearities introduced by Bn and the Bw equivalent twirling effect is unpredictable.

The efficiency versus the Bn component for the various chamber inclinations is shown
Figure 21. The existing BE component can be determined at each measurement point wit
formula BE = Bn / tan θ. 

It is difficult to separate effects related to incident angle, BE component and Bn
component, but the reasonably constant efficiency found for each chamber inclination supp
conclusion that the Bn magnetic field component has negligible effects up to Bn ~ 0.6T.

5.2.4 Performance under mixed (Bn,Bw)
In this situation the field components were Bn = B sin θ and Bw = B cos θ. The presence

of such a large Bw component implies that its effect is dominating the BTI performance as it
be deduced from Figure 22. 

The test done with both components acting on the chamber extends to larger incli
angles the results already obtained with the tests performed only with the Bw component. We see
that the chamber behaviour is still acceptable at 34°, but an important efficiency drop occurs

The BTI is designed to have a flat response for tracks at incident angles till 45° and r
loses efficiency at larger angles [5]. Actually Figure 22 shows that an effect associated to Bw is the
reduction of the response plateau below 40°.
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Figure 20- BTI efficiency as a function of the BE component at normal incidence.
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Figure 21- BTI efficiency as a function of Bn in presence of a BE component.
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It is instead useless checking the behaviour of the BTI versus the Bn component since
according to the results obtained with mixed (Bn,BE) field components its contribution would b
negligible. 

6 Conclusions

The analysis of the data using the BTI model was done on several data samples ob
relevant information about its behaviour in presence of magnetic field.The experimental con
were not quite similar to those that will be found inside CMS, but were probably worse than s
be expected. 

Therefore we can safely state the BTI offers acceptable performance in the ex
environment, unless the actual stray field will be substantially different from calcu
predictions. In particular unknown problems could arise from possible innaccuracies o
evaluation of the longitudinal stray field since the BTI efficiency is strongly dependent on i
asymmetry effect are found.

The results confirm previous tests and the expectations from the analysis of cell beh
in magnetic field.

Further beam tests are needed to complete this investigation. In particular a clean Bn effect
evaluation and tests with mixed field components where Bn is large and Bw or BE are small.
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