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The CMS silicon strip tracker is the largest device of its type ever built. There are 24244 single-

sided micro-strip sensors covering an active area of nearly 200 square meters. After a short

introduction on the tracker, the program at the CMS tracker integration facility will be described.

The strategy and results from the commissioning will be presented together with results on low-

level detector performance. The general experience gained by operating the Tracker at different

temperatures will be presented. This includes hardware aspects, acquisition software and infras-

tructures choices, or distributed data processing.
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Figure 1: Schematic cross-section through the CMS tracker. Each line represents a detector module.

1. Introduction

The inner tracking system of CMS is designed to provide a precise and ef�cient measurement

of the trajectories of charged particles encountered during LHC operations[1]. It surrounds the

interaction point and has a length of 5.8m for a diameter of 2.5m, so to cover pseudorapidities up

to 2.5. A detector technology featuring high granularity and high readout speed is needed to cope

with the 1000 particles produced every 25ns, when about 20 p-p collisions occur for each bunch-

crossing at high luminosity. These requirements led to a tracker design entirely based on silicon

detector technology. Hence, the CMS silicon tracker is the largest device of its type ever built. It is

based on pixel technology close to the interaction point, while the reduced particle �ux allows the

use of silicon micro-strip detectors from a radius of 20cm.

The silicon strip tracker (SST) is divided into four main subsystems (Figure 1). The central

region is made of the Inner Barrel (TIB) that extends from r=20cm to r=55cm and is composed

of four layers, and the Outer Barrel (TOB) that extends to r=116cm and consists of six layers. In

the forward region, the Inner Disks (TID) and the Endcaps (TEC) are made of respectively three

and seven disks, up to jzj=282cm. There are 24244 single-sided micro-strip sensors covering an

active area of 198m2. Throughout the tracker, the strip pitch varies from the inner to the outer

layers (from 80mm to 205mm) in order to cope with the anticipated occupancy and to grant a good

two-hit resolution.

The size of the device has led to a design where the basic unit, called a module, houses the

silicon sensors and the readout electronics. There are 15148 modules. All modules are supported

by a frame of carbon �ber or graphite, with a capton layer used to insulate the sensor(s) from the

frame, and to provide the electrical connections and temperature probe readout (Figure 2).

Charges are collected every 25ns and stored in an analog pipeline (APV25) on the front-end

hybrid [2]. The APV25 has been designed in an IBM 0.25mm bulk CMOS process. It has 128

readout channels, each consisting of a low noise and power charge sensitive pre-ampli�er, a 50ns

CR-RC shaper and a 192 elements deep analogue pipeline where samples of the shaped signal

are kept up to 4.8ms. The CMS tracker is not able to produce a trigger signal by its own. An
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Figure 2: (a) Exploded view of a module housing two sensors; (b) Photograph of a TEC ring 6 module

mounted on a carrier plate.
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Figure 3: Typical pulse shape in peak and deconvolution mode. From [5]

external (Level-1) trigger [3] generated from the information collected by other subdetectors is fed

by dedicated optical links from the front-end controllers to the APV25 chips. Upon reception of

a trigger signal (typically at 100kHz), the stored charge can either be passed as is (peak mode)

or preprocessed by a deconvolution circuit that reduces the signal width by returning a weighted

sum of three adjacent cells (deconvolution mode). Data is sent analogically via optical links to the

front-end drivers (FED) [4] where the analog-to-digital conversion is done. An internal calibration

circuit allows to inject charge with programmable amplitude and delay into the ampli�er inputs in

order to be able to calibrate and monitor the pulse shape. Figure 3 shows the pulse shape in both

peak mode and deconvolution mode.

2. The tracker integration facility

The tracker integration facility (TIF) is the place where the �nal integration of tracker sub-

detectors into the tracker support tube took place. It’s a large clean room environment equipped

with all needed services to fully commission and validate the detector prior to its transportation to

the CMS pit and its installation in the underground cavern. Since extensive test periods were part

of the integration process, the TIF program was tremendous opportunity to gain experience with
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all aspects of detector operations in an accessible environment. In addition to the TIF, a Tracker

Analysis Center (TAC) has therefore been installed on the CERN Meyrin site, in the vicinity of the

TIF. That center provided a small computing farm and storage facility, and allowed both the tracker

online operations (data acquisition, detector safety, data quality monitoring and online event dis-

play) and the of�ine analysis of collected data. It is envisaged that the TAC will evolve into the

tracker operation center for experts and users alike during CMS operations.

The TIF program can be divided into three phases, lasting from November 2006 to July 2007.

Phase I: Integration (From November to March)

Each subdetector arrived at CERN and was inserted in the tracker support tube. TOB was

the �rst as it was directly integrated while seated into the tube. It was followed by the TIB/TID,

themselves followed by each of the endcaps.

At each integration step, a full set of preliminary tests and optical survey were performed,

followed by the mechanical integration itself. It was followed by the connection of all services

(electrical, optical and cooling) and another full set of quality tests.

During that period, the installation of general services was also carried on. It includes a gradual

commissioning of all the needed power supplies (both LV and HV), commissioning of the detector

safety system, dry air system and cooling plant.

Phase II: Warm developments (From March to May)

The second phase of TIF operations was dedicated to the development of all subsystems to

achieve the operation of 12.5% of the tracker. Weekdays were therefore dedicated to the devel-

opment of DAQ procedures, and to the re�nement of commissioning sequences with bigger and

bigger systems. It was also the occasion to perform various detector tests such as (cross-)noise

studies and to implement hardware �xes when needed.

Weekends were then dedicated to cosmic data taking, mainly to assess the system stability and

to collect data for tracking and alignment studies. All that was performed at room temperature.

Phase III: Cold Operation (From May to July)

The last months were then dedicated to the operation a various colder temperatures. Start-

ing at 10 degrees, the system was then brought successively to zero degrees, -10 degrees and

�nally -15 degrees. The focus was on performances and safety, as well as on the study of potential

temperature-dependent defaults. Cosmic data and Laser Alignment data were accumulated at each

temperature point for of�ine processing.

3. The CMS tracker readout and DAQ

Figure 4 shows a schematic of the control and readout systems for the silicon strip tracker.

The control system [6] comprises 300 �control rings� that start and end at the off-detector

Front-End Controller (FEC) boards and are responsible for distributing slow control commands,

clock and trigger signals to the front-end electronics. The control signal emitted by the FEC is �rst

transferred over digital optical links to digital opto-hybrids and then electrically via �token rings�

of Communication and Control Units (CCU) to the front-end electronics.
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Figure 4: Schematic view of the silicon strip tracker
control and readout system. From [8].

Figure 5: The CMS event builder and related ser-
vices.

The readout system is based on the APV25 and on the off-detector Front-End Driver (FED)
boards. They are interconnected by analog optical �bers. The signal from two APV25 chips is
multiplexed onto a single line, converted to an analog optical signal and transferred to the FED
boards. The FEDs digitize, process and format the pulse-height data from up to 96 pairs of APVs.

The data acquisition scheme at TIF has been designed to be as close as possible to the �nal
CMS data acquisition system. Most of the differences are consequences of the unavailability of
some hardware. The event data enters the event builder [7] asa set of fragments distributed over
65 FEDs (in CMS there will be about 700 FEDs, 440 of which are used for the SST). The task of
the event builder, shown schematically on Figure 5, is to collect all the fragments, assemble them
into a complete event, and forward them to a processing node on the computing farm.

The CMS event builder uses two stages of switch network. The �rst stage groups data from
16 FEDs into 64 super-fragments via small switch networks connected to the readout units. In the
second stage, complete events are build using readout builders that connect each of the 64 builder
units to the 64 sources of super-fragments. The Builder units buffers and forward complete events
to the �lter units which apply the High-Level Trigger (HLT) algorithm and perform other online
data processing and monitoring. That two-stage architecture gives scalability and �exibility to the
system.

For the smaller scale operations at TIF, the event builder was build around a single-stage
conventional Gigabit Ethernet switch. This was one of the limiting factors for the data acquisition
rate. There were six readout units, six builder units and twelve �lter units. All twelve �lter units
were connected to a single storage manager. Archived data was then published on DBS (the Data
Set Bookkeeping System, [9]) and shipped to the Fermilab Tier-1 and to the Bari Tier-2 for of�ine
processing. Data were later distributed to Bari, CERN, Pisaand FNAL for analysis.

An external (Level-1) trigger has to be provided to readout data from the analog pipelines and
transfer it to the FEDs. Most of the commissioning is performed using a cyclic (random) trigger
at about 10Hz generated by the local trigger controller (LTC), but a physics trigger was desired to
allow to record cosmic tracks crossing the tracker volume. Ascintillator-based cosmic trigger has
been installed for that purpose. It is made by the coincidence between scintillators above and below
the tracker tube (Figure 6). 5cm of lead blocks were installed on top of the lower scintillators to
cut the low-energy tail. With that setup, a trigger rate of 6:5� 0:1Hz has been achieved.
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