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Introduction

‘

The LHC upgrade and its associated
luminosity increment is a challenge for all the
detectors, that, accordingly, have to upgrade
many of their subsystems in order to cope
with the new expected particle’s flux rate.

One of the affected CMS subsystems is the
Drift Tube Chambers (DTs), which read-out
electronics need to be replaced. This forces, as
well, the change of the muon track-

reconstruction mechanism that it is used for
the first stage of the trigger system (L1A).

In the present work, we have developed a
software algorithm, initially written in C++
programming language, but designed with its
portability to a FPGA VHDL code in mind. It’s
based on the mean-timer paradigm, and
should be able to rebuild muon trajectories and
reject spurious signals, and coping, at the same
time, with the requirements of processing
speed imposed by the detector upgrade.
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Principles and methods (I)
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In the new scenario, pure DT cell chamber
signals (" hits”) —available for the former BTI
ASIC- are no longer useful. Instead, the

particle’s drift-time value from each chamber’s

cell should be used.

A variation of the original mean-timer
method has been applied to convert 4 cells 32-
bit TDC time values into muon trajectory’s
position and slope.

We start from a simple straight line equation,
applying it to a couple of arbitrary DT

chamber cells, and considering the 4
combinations of cell-wire sides where the
particles could travel, because drift time gives

no information about that. This LEFT — RIGHT

ambiguity must be resolved.
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Principles and methods (II)

It’s not only necessary to accept or reject a
group of hit’s time-stamps as a particle
candidate, but also to associate them with its
bunch crossing (BX) value, as well as, at the
same time, to resolve the lateral ambiguity.

To achieve all of this, previous equations are
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applied to any group of cells, two by two, and

are converted into a new unique time-

dependant-form equation. Thus, it is

established a condition to accept a group
candidate, based on the existence of a BX
valid time value: denominator’s equation
not null, and resulting BX time-value

positive. ~_
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BX acceptance condition
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Results

The algorithm has been tested using a prepared set of good muon trajectories. With the
resulting data, two graphs have been depicted to compare input and reconstructed data,
evaluating the performance of the algorithm’s subprocedure in charge of DT primitive

candidates analysis.

In both cases the agreement is good.
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Comparison between generated and reconstructed trajectory slope

Input vs output phi-angle

1.5
i o »
«Nw”‘“’m
0.5 ] M““’.
o S Onenss
= I I I l ““‘T‘ l l '
= - 0.8 0.6 M"’ 0.2 0.4 0.6 0.8 1
.2 00““.’ o 0.5
.& can 400 @ Input vs output
= B
I
1.5
-2 -
“m’ 2.5 ]
=3—
tan(phi-in)

O O
o) /
° 0/ R Upper
o) o) o / R Middle
. / ° L Lower
/

4L

Lower layer > >

A set of spatial chamber-geometry-dependant L,Ly?H, L=—x,+x,=V h-tg (9)

equations are obtained after considering all R, R -H, L+x,—x,=V, -h-tg(¢)

cases, which diftfer only in a pair of signs from o ’ ’ ’

each other. This group of signs represent a Loy Ry Hy L+ x,+X,=V "h-1g ()

laterality combination. —__ RowL,2H, " L—x,—x,=V, h-tg ()
Algorithm architecture ‘
The algorithm is designed in multi-threading
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Then, each candidate is validated or rejected
using the BX acceptance equation together
with the tolerance condition.

To achieve all of this, the following set of
tasks are performed:

* Rejects data from noisy channels —cells-.

 Separates data —hits— from different
channels into difterent buffers.

e For each base cell in the chamber, it mixes
splitted hits accordingly to the
correspondent preselected trajectories, and
builds 4-cell candidate packages.

» Fach candidate is analyzed taking into
account every group of 3 cells and their
laterality combinations.

e Valid candidates are accepted and they are
labeled with a quality level.
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Conclusions

S

 Results point out that this algorithm is able
to determine trajectories —using DT hits
time measurements, referred to the BX = 0,
as starting point—, and that is a good
candidate to face L1A upgrade plans.

e It solves, using a fast procedure, L-R cell
ambiguity, and also it’s able to label with
different quality levels those detected DT
primitives valid candidates.

* Due to multithreading software
architectural approach, translation to FPGA
should be straight forward enough.

e It’s pending to determine if timing
requirements could be achieve, but it could
only be done after FPGA implementation.

* Next step is to proceed with the
characterisation of the restrictions to be
applied in the hit rate, dead time, etc...,
depending on the FPGA resources to be
used, and to optimize the algorithm
procedure in charge of creating primitives.
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