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Abstract

The Collider Detector at Fermilab (CDF) is a 5000 ton magnetic detector built
to study 2 TeV pp collisions at the Fermilab Tevatron. Event analysis is based on
charged particle tracking, magnetic momentum analysis and fine-grained calorimetry.

The combined electromagnetic and hadron calorimetry has approximately uniform
granularity in rapidity-azimuthal angle and extends down to 2 degrees from the beam
direction. Various tracking chambers cover the calorimeter acceptance and extend
charged particle tracking down to 2 mrad from the beam direction. Charged particle
momenta are analyzed in a 1.5 T solenoidal magnetic field, generated by a
superconducting coil which is 3 m in diameter and 5 m in length. The central
tracking chamber measures particle momenta with a resolution better than 6p-|—/p-|-2 =
2 x 107 (GeV/c)™ in the region 40° < 6 < 140° and 6P /p’ < 4 X 10 for 21°
< 6 < 40° and 140° < 6 < 159°. The calorimetry, which has polar angle coverage
from 2° to 178° and full azimuthal coverage, consists of electromagnetic shower
counters and hadron calorimeters, and is segmented into about 5000 projective "towers”
or solid angle elements. Muon coverage is provided by drift chambers in the region
56° < 6 < 124°, and by large forward toroid systems in the range 3° < 6 < 16°
and 164° < 6 < 177°. |Isolated high momentum muons can be identified in the
intermediate angular range by a comparison of the tracking and calorimeter information
in many cases. A custom front-end electronics system followed by a large Fastbus
network provides the readout of the approximately 100,000 detector channels. Fast
Level 1 and Level 2 triggers make a detailed pre-analysis of calorimetry and tracking
information; a Level 3 system of on-line processors will do parallel processing of events.
This paper provides a summary of the aspects of the detector which are relevant to its

physics capabilities, with references to more detailed descriptions of the subsystems.



A. Introduction

The Fermilab Tevatron collider is currently the world's highest energy
accelerator, colliding anti-protons with protons at a center-of-mass energy of 1.8 TeV.
The Collider Detector at Fermilab (CDF), is the first general purpose detector built to
exploit this machine. The partially completed apparatus detected the first pp collisions
at the Tevatron in October, 1985. The first physics run, from January 1987 to May
1987, was with an essentially complete detector. Analysis of these data is now in full
swing.

The individual sub-systems of the detector have been described in a series of
detailed papers.1 Here we give an overview of these systems, with particular emphasis
on details such as geometrical coverage which have a direct bearing on physics results,
and provide in one place a list of references for those interested in the technical

details.

B. Overall Layout
The detector consists of a 2000 ton moveable central detector which is made

up of the solenoidal magnet, steel yoke, tracking chambers, electromagnetic shower
counters, hadron calorimeters and muon chambers, and two identical forward/backward
detectors consisting of segmented time-of-flight counters, electromagnetic shower
counters, hadron calorimeters, and muon toroidal spectrometers. A perspective view is
shown in Figure 1. A photograph of the central detector alone is shown in Figure 2.
The steel yoke forms a large "box” 9.4 m high by 7.6 m wide by 7.3 m long. The 3
m diameter, 5 m long superconducting coil and the calorimeterized end-plugs are
supported by the yoke. The central calorimeter consists of 48 wedge-shaped modules
assembled into four self-supporting arches which rest on the yoke base. The arches
can be retracted to service the modules (Figure 3). The whole yoke assembly, with
the arches resting on it, rolls from its garaged position in the CDF assembly building
to its position on the Tevatron beam line (Figure 4). The cables follow it on an
overhead flexible cable tray. The 31.4 m move takes one day.

An elevation view of the forward half of the complete detector is shown in
Figure 5. The detector is divided into a central detector (10° < 6 < 170°), which
includes the end-plugs which form the pole pieces for the solenoidal magnet (10° < Bs
< 30°), and the forward/backward regions (65 < 10°), where b is the polar angle
measured from either the proton or antiproton beam. At angles less than 10° to
either beam, particles produced at the interaction point exit the conical hole in the end
plug and strike the forward shower counters and hadron calorimeters. On each end

the calorimeters are followed by two 7.6 m-diameter steel toroidal magnets used as



muon spectrometers. A forward muon spectrometer and forward calorimeters are
shown in Figure 6. Single planes of scintillation counters at the face of the forward

shower counter on each end provide a "minimum bias" trigger and luminosity monitor.

C. Detector Components

The basic goal for CDF is to measure the energy, momentum, and, where
possible, the identity, of particles produced at the Tevatron collider over as large a
fraction of the solid angle as practical. Our strategy to accomplish this was to
surround the interaction region with layers of different detector components. Starting
at the interaction point, particles encounter in sequence: a thin wall Be vacuum
chamber, charged particle tracking chambers, sampling calorimeters, and muon detectors.
Because the "natural” phase space for energetic hadron collisions is described by
rapidity, transverse momentum, and azimuthal angle, we have chosen an approximately
cylindrically symmetric layout of detector components with segmentation roughly uniform
in pseudo-rapidity (y) and azimuth (g).”

Brief descriptions of the detector components follow in order of location from
the interaction point.

Tracking

There are four separate tracking systems in the CDF detector (see Fig. 5). In
this section, the tracking systems that overlap the calorimeter acceptance (angles
greater than 2 degrees with respect to the beam direction) are described. Using
special vacuum chamber insertions, the tracking extends to smaller angles. This very
small angle system is described below.

Immediately outside the vacuum chamber, eight small vertex time projection
chambers (the VTPC system)3 track charged particles at angles greater than 3.5° from
the beam line, and give good pointing in the @ direction. The forward tracking system
[FTC)4 allows reconstruction of tracks which exit the central detector through the 10°
hole in the end plugs and which then strike the forward shower counters and
calorimeters. The Central Tracking Chamber (CTC)5 is a large cylindrical drift
chamber with excellent spatial and momentum resolution used to measure charged
tracks in the central region. A system of central drift tubes (the CDT system)6 with
high resolution charge division surrounding the CTC provide a correlated R-¢-Z
measurement. The physical parameters of these four tracking systems are listed in
Table 1. The momentum resolution for charged tracks versus polar angle is given in
Table 2.

The VTPC system comprises eight separate time projection chamber modules

which are mounted end-to-end along the beam direction. The 2.8 meter total length of



the chamber covers well the long interaction region (az ~~ 35 ¢cm). The VTPC
chambers contain a total of 3072 sense wires for the measurement of track coordinates
in R-Z, where R is the radial distance from the beam and Z is the distance along the
beam line from the center of the detector, and 3072 pads for the measurement of
coordinates in R-¢. Figure 7 is a schematic drawing of two octagonal VTPC modules.
Each module has a central high voltage grid that divides it into two 15 cm-long drift
regions. At the end of each drift region there are proportional chambers arranged in
octants, each octant with 24 anode sense wires and 24 cathode pads. As viewed from
the drift region, an octant consists of a cathode grid (screen) followed by a plane of
field shaping wires, a plane of sense wires which alternate in the radial direction with
the field wires, and a resistive cathode plane. Three rows of pads are located behind
the resistive cathode. The active area of the chamber extends from R = 6.8 cm to R
= 2| cm. ;

Since particles detected by the calorimeters and other tracking chambers first
pass through the VTPC, a considerable effort was made to minimize the mass of the
VTPC and the beam pijpe. The beam pipe, inside the VTPC, consists of a 5.08 cm
diameter Be tube, with a wall thickness of 500 pm. Figure 8 shows a detail of the
region surrounding the beam pipe. Figure 9 is a plot of the amount of material in
radiation lengths versus the polar angle as measured from the interaction point.

The forward tracking chamber (FTC) is a radial drift chamber which, in
conjunction with the VTPC, is responsible for tracking in the angular region 2° < 95
< 10°. The 72 wedge shaped cells of an FTC are shown schematically in Figure 10.
The chamber contains planes of radial anode and field shaping wires which alternate
with planes of cathode strips. The planes are slanted by 2° relative to the beam axis
so that left-right ambiguities can be resolved by demanding that tracks point back to
the vertex. Each anode plane has twenty-one sense wires and twenty-six field shaping
wires. Four of the twenty-one sense wires are instrumented for charge division, so
that an R-¢-Z measurement can be made for each track.

The Central Tracking Chamber (CTC) is a 1.3 m radius 3.2 m long cylindrical
drift chamber which gives precise momentum measurements in the angular region 40°
< 6 < 140° (-1 < 9 < 1). In this region the momentum resolution is better than
f!b'p-]-/p-r2 < .002 (GeV/c)—l. The chamber contains 84 layers of sense wires grouped
into 9 "superlayers.” Five of the superlayers consist of 12 axial sense wires; four
stereo superlayers consist of 6 sense wires tilted by +3° relative to the beam direction.
Figure 11 shows an endplate of the chamber displaying the 45° tilt of the superlayers
to the radial direction to correct for the Lorentz angle of the electron drift in the

magnetic field.



The CDT system consists of three layers of 3 m long, 1.27 cm diameter
stainless steel tubes mounted on the outer perimeter of the CTC. A correlated R-¢-Z
determination (i.e. a space point) is made by making both drift-time and charge
division measurements. Typical resolutions are 2.5 mm in the axial (beam) direction
and 200 gm in the azimuthal direction. Figure 12 shows a cross section of a small
region of the CDT system.

Solenoid Magnet Coil

Precise momentum determination for charged particles produced in the central
region is provided by the CTC, which is in a uniform 1.5 T magnetic field oriented
along the incident beam direction. The field is produced by a 3 m diameter 5 m long
superconducting solenoidal coil.”  The coil is made of 1164 turns of an aluminum-
stabilized NbTi/Cu superconductor, fabricated by the EFT method (extrusion with front
tension) in which high purity aluminum is friction welded to the superconducting wire
during the extrusion process.Ei The coil was designed to have no inner bobbin: the
radially outward magnetic forces are supported by a thin aluminum-alloy cylinder
outside the coil.  Cooling is by forced flow of two-phase helium through an aluminum
tube welded to the outer support cylinder. The overall radial thickness of the solenoid
is 0.85 radiation lengths.

Calorimeters

Because of the importance of hadronic jets in high energy proton-antiproton
collisions, a "tower” geometry was chosen for all calorimeters. The coverage of the
calorimeter towers in 7-¢ space’ is shown in Figure 13. Each tower has an
electromagnetic shower counter in front of a corresponding hadron calorimeter, so that
one can make a detailed comparison of electromagnetic to hadronic energy on a tower-
by-tower basis. The towers are projective, i.e., they point at the interaction region,
and are 0.1 units of 5 wide by 15° (central region) or 5° (plug and forward regions)
in ¢. The physical size of a tower ranges from about 24.1 cm (5) X 46.2 cm (¢) in
the central region to 1.8 cm X 1.8 c¢cm in the forward region. A summary of the
calorimeter properties in the different angular regions is given in Table 3.

The electromagnetic shower counters use lead sheets interspersed with
scintillator as the active detector medium in the central region, and with proportional
chambers with cathode pad readout elsewhere. The electromagnetic shower counters
have a spatial resolution of ~~2 mm over the complete solid angle. The depth
segmentation for each tower of the central shower counter’ (0 < Iyl < 1.1) consists
of a single overall sample, with an additional measurement with high spatial resolution
transverse to the shower using a proportional chamber located at a depth of 6
radiation lengths. In the end plug shower counters'’ (1.1 < Inl < 2.4) there are 3



samples in depth, integrating over 3.8, 14.2, and 3.0 radiation lengths. Each wire
plane in depth, 34 in number, is also digitized by quadrant, giving a detailed shower
profile in addition to the three depth samples for isolated electrons or photons. The
forward region shower counters' ' (2.2 < Iyl < 4.2) have two depth segments, each
integrating over 12 radiation lengths. As in the plug, the wire planes at each depth
are read out for profile information, but with five separate regions per quadrant.

The hadron calorimeters consist of steel plates alternated with active detectors:
plastic scintillator in the central region, and gas proportional chambers in the plug and
forward/backward regions. The hadronic calorimeters have a slightly different sharing
of the rapidity coverage from the electromagnetic shower counters due to the geometry
of the solenoid. The calorimeters in the central detector'’ consist of the hadronic
towers in the wedges, and also additional towers in the "endwalls,” which are attached
to the yoke (see Figure 5). The rapidity coverage of the central towers is 0 < Iyl <
1.3. The end plug hadron calorimeters'® cover the region 1.3 < Inl < 2.4, while the
forward calorimeters'® cover 2.3 < Inl < 4.2, All the hadron calorimeters have only
one depth sample, although the plug and forward calorimeters have the wires of each
wire plane per quadrant digitized individually to provide shower profile information.

The calibration of each scintillator-based ‘wedge’ calorimeter was determined

1% and with cosmic ray

137

with 50 GeV electrons and charged pions in a test beam,
muons.'® Long term gain variations are monitored by a set of Cs sources, one per
wedge, which can be moved through the module under remote control.'’  Short term
gain changes are also monitored by light flasher systems.” The central EM
calorimeters use a Xe lamp system connected by quartz fibers to the calorimeter, and
also a light-emitting diode system connected by quartz fibers to a transition piece
directly in front of each photomultiplier tube.!®  The hadron calorimeters employ a
nitrogen laser, also connected by quartz fibers to the transition piece. Figure 14 shows
the reproducibility of the calibration procedure for four wedges. Over a period of a
few months, the procedure has an accuracy of better than 2%.

Changes in gain of the gas-based calorimeters due to variations in pressure,
temperature or gas composition are tracked by calibrated monitor tubes. Gain changes
of 25% over a 24 hour period have been recorded when a pressure front moves
through the laboratory, but different monitor tubes show the same gain change to
within about 2%. It appears that the ultimate precision with which the gas-based
calorimeter gain changes can be tracked with the monitor tubes will be about 2%.
Muon Detection

There are two systems in CDF to measure muons which penetrate the

calorimeters. In the central detector, each wedge contains 4 layers of muon



% at the end of the hadron calorimeter section. In both the forward and

chambers’
backward regions there is a muon spectrometer” consisting of large magnetized steel
toroids with drift chamber planes and triggering scintillation counters. In the
intervening intermediate region there is partial coverage for isolated muons. For
example, the combination of the excellent momentum and spatial resolution of the
central tracking chamber with the requirement of a minimum ionizing particle in the
(finely-segmented) calorimeters allows finding the second muon in a ZO decay.

The layout of the central muon chambers is shown in Figure 15. The
chambers measure four points along the trajectory with an accuracy of 250 pm per
point in the ¢ direction (Fig. 16). Charge division gives an accuracy of ¢ = 1.2 mm
per point in the Z direction. The chambers cover the angular region 56° < 6 < 124°;
in this region their average coverage is 84% due to the spaces between the chambers
at the ¢ boundaries of the wedges and the boundary between the arches at 6 = 90°.
The system is essentially 100% efficient for muons in its solid angle when the muon
momentum is above 3 GeV/c. Muons are matched both in position and angle to
tracks in the central tracking chamber (CTC). As with any high momentum track in
the CTC, the momentum resolution on a central muon is better than 6pT/pT2 < .002
(GeV/c)™.

The layout of the forward/backward muon spectrometers is shown in Figure 5;
an r-¢ view is shown in Figure 17. Each spectrometer contains two 1 m thick, 7.82
m diameter, 395 ton steel toroids. The inner diameter is 0.914 m. Four coils excite
the toroids to a magnetic field ranging from 2.0 T at the inner radius to 1.6 T at the
outer radius. Three layers of electrodeless drift chambers measure the muon trajectory
with an accuracy of 5° in the ¢ direction, and ~~200 g in the r direction. Two layers
of scintillation counters provide trigger information. The angular region covered by
each spectrometer lies between 3° and 16° from each beam line. The momentum
resolution is 13%, independent of momentum, for muons with total momentum P
above 8 GeV (remember that P = Psinf). Muons are matched to the FTC and
VTPC tracking systems; isolated muons can also be matched to the calorimetry in
front of the muon spectrometer.

Trigger Counters and Luminosity Monitoring

There is a plane of scintillation counters on the front face of each of the
forward and the backward shower counters. These scintillators, called the beam-beam
counters (BBC), provide a "minimum-bias” trigger for the detector, and are also used
as the primary luminosity monitor. The counters have excellent timing properties (0 <
200 ps), and so provide the best measurement of the time of the interaction. A crude

(#4 cm) measurement of the vertex position is also obtained from the timing.



The counters are arranged in a rectangle around the beam pipe as shown in
Figure 18. They cover the angular region (measured along either the horizontal or
vertical axes) from 0.32° to 4.47°, corresponding to a pseudo-rapidity of range of 3.24
to 5.90. The minimum bias trigger requires at least one counter in each plane to fire
within a 15 nsec window centered on the beam crossing time.
The Small Angle Silicon Detector and Chamber System

A system of seven stations of detectors (see Fig. 19) along the accelerator ring
tracks particles produced at very small angles. Each of the outer stations, Sl' 52. 83.
S6 and 57. consists of a pair of ‘pots’ which can be remotely moved to within a few
mm of the beam. The two inner stations, 54, and 55, each have two pairs of pots
separated by 1m which track particles in the angular region 2 < Bs < 6 mrad, and
drift chambers which cover the range 8 < b, < 35 mrad. Every pot contains two
scintillation counters and a drift chamber with 4 sense wires and delay line readout.
The stations also contain a single silicon detector with both horizontal and vertical
strips, giving 50p resolution in the horizontal plane and 300s in the vertical. The
subsystem S3-S6 covers the angular range 0.2 < 95 < 1.2 mrad, corresponding to
elastic scattering with momentum transfer 0.04 < [t| < 1.5 (GeV/c)E. Because the
S1, S2, S3 spectrometer uses the Tevatron dipoles (and not just the low-p
quadrupoles) the momentum resolution for ‘leading particles’ is good (Ap/p =~ 0.1% at
p = 1000 GeV/c at all accessible angles and momentum transfers. In the proton
direction momentum analysis is performed by the quadrupole field only, and the

momentum resolution depends on angle (at 6 = 1.0 mrad, Ap/p = 2%).

D. Data Acquisition, Front-End Electronics and Readout

The CDF detector has a total of approximately 100,000 electronic channels
consisting of photomultiplier tubes, strip/wire/pad chambers, drift chambers, drift
chambers with current division readout, and silicon strip detectors. The calorimetry
requires a very large dynamic range for the electronic readout, extending from a few
tens of MeV to many hundreds of GeV. A special crate-based analog front-end system
called the RABBIT System21 was developed to deal with this problem. The RABBIT
system consists of 129 crates mounted on the detector which service all of the
calorimeters, about 60,000 channels of the 100,000 total. The drift chambers make up
the bulk of the remainder: their signals are shaped at the detector and brought up
from the collision hall to commercial Fastbus TDC modules in the counting room.

The measurement method upon which the RABBIT system is based involves
sampling two voltage levels for each event to avoid pileup and common mode noise:

one just before the interaction time to establish a reference level and another after the



interaction. The difference between voltage levels is proportional to the integrated
signal change. This approach makes use of the bunched structure of the beams.
Normally, the Tevatron operates with three or six approximately equally spaced bunches
of protons and antiprotons. Thus, interactions occur at relatively well defined
"windows” in time, separated by 7 or 3.5 usec. This general approach is referred to
as "before-after” sampling. Digitization is performed in each crate.

As the RABBIT channels are digitized they are read out by fast intelligent

21

scanners called MX's. The scanners interface to the Fastbus data acquisition

system.22 Most of the tracking systems use commercial Fastbus modules which are
read out by a second type of intelligent scanner called the SSP.2?  Each scanner can
buffer four events, and handles approximately 1000 channels. There are approximately
60 MX scanners and 25 SSP scanners in the system.

The Fastbus network which comprises the Data Acquisition (DAQ) system
consists of 53 crates, 16 cable segments, and 66 segment-interconnect modules. Many
custom designed Fastbus modules, such as a hardware event builder, allow for the
bandwidth necessary to transmit the data for each event. For a nominal event size of
100 Kbytes the DAQ system reads out events at 20-30 Hz into the Level 3 system

(see below). A detailed technical description is given in reference 22.

E. Trigger System
Level 1 and Level 2

The trigger23 is designed to exploit the projective geometry of the calorimeter

towers. Both hadron and electromagnetic calorimeter towers are summed into trigger
towers with a width in pseudo-rapidity of Ap = 0.2 and a width in ¢ of Ag = 15°.
This results in a representation of the entire detector as a 42 (in y) by 24 (in ¢)
array for both the electromagnetic and hadronic calorimeters. Outputs from all
phototubes are brought to the counting room individually and summed, four tubes per
channel, into the A¢ = 15° and Ay = 0.2 trigger towers. All gas calorimeter pad
signals are summed at the detector into the trigger towers. The signals are weighted
by sinfé to represent the "transverse energy,” ET' deposited in the tower.

The trigger signals from the calorimeters are sent to the trigger electronics on
dedicated cables. The signals are DC levels (0-100 GeV in ET is 0-1 volts) from the
before-after sampling of the beam crossing. The voltage levels stay on these trigger
cables until a Level 1 decision is made: if Level 1 is not satisfied in a given crossing
a reset will automatically be sent in time for the next beam crossing. No deadtime is

introduced by events which do not pass Level 1.
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The Level 1 calorimeter triggers require that the sum of ET for all calorimeter
towers which are individually over a lower threshold (typically 1 GeV) be greater than
a higher threshold (typically 30-40 GeV). Both electromagnetic and hadronic energy, or
either one, can be summed in a given tower. The two thresholds are programmable,
and four such comparisons are made in a given beam crossing. The results of these
comparisons are combined in a trigger "look-up” table with the beam-beam counter

coincidence, the muon triggers.”'r‘hi

a stiff track trigger from a fast hardware track
processor.” and other optional signals to generate the Level 1 decision to accept or
reject the event. Different patterns can be rate-limited so that minimum bias events,
for example, can be taken intermixed with jet or electron triggers.

The Level 2 trigger starts after a Level 1 trigger has accepted an event. Level
2 uses the same hardware to search the 42 x 24 array of towers in n-¢ for clusters of
total energy or of electromagnetic energy. Towers below a programmable threshold are
ignored; a hardware cluster finder identifies clusters of energy in a time of about 200
nsec/cluster. The energies of all towers identified as being in a cluster are summed to
form the total ET and- the ET-weighted first and second 5 and ¢ moments of the
cluster. Separate sums are kept for hadronic and electromagnetic energy. These are
digitized and presented as a list of clusters to a fast hardware Level 2 processor. For
each cluster a match is made to tracks found in the CTC by the fast (10 usec)
hardware tracking processor, and a coarse PT measurement appears in the list if a
match is found. Muons are matched to the CTC, and with their momenta also appear
in the cluster list.

The final trigger is then a selection on muons, electrons, photons, jets and
missing ET by the programmable Level 2 processor. Many combinations of the above
can be programmed in parallel.

Level 3

The Level 3 System is designed to execute FORTRAN-77 filter algorithms as
the last stage of on-line trigger selection. Level 3 uses Advanced Computer Program“J
(ACP) 32-bit processors installed in VME crates with VME bus control and interface
modules. An interface allows a Fastbus master to transfer data to a processor
memory at 20 Mbytes/sec.ﬂ The processors are double height VME cards based on
the Motorola 68020 CPU and 68881 floating point coprocessor. Benchmark studies
show the processing capacity of an ACP processor to be about 67% of a VAX 780.
For the next run 50 processors will be installed: each processor will have 6 Mbytes of
DRAM. Events which pass the Level 3 filter algorithm will be written to tape for off-

line analysis.
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F. Online Control Systems

The control of the reading of events, detector calibrations, and hardware
diagnostics is by a computer process called Run_Control. Subsystems of the detector
can be isolated into separate DAQ systems for calibration or diagnosis by multiple
copies of Run_Control executing simultaneously on one or several of the VAX
processors in the CDF cluster of computers.

During physics data acquisition a single Run_ Control process manages the
DAQ hardware and the flow of data. Monitoring programs and data diagnostics as
well as physics analysis and event selection filters access the data as independent
"consumer processes” on either any VAX in the CDF cluster, or remotely via a
network. For example, standard processes which access events during data acquisition
are programs to identify bad electronics channels, to monitor trigger rates, and to
accumulate luminosity information. A separate process ("Alarms and Limits”) monitors
the status of the detector.

Between data runs calibration processes measure pedestal offsets and gains for
the calorimeters, and measure constants for other systems. These data are then stored
in large data bases, where they can be extracted at the start of each data run for
downloading to the detector subsystems. Other data bases have been created for
storing data on external run conditions, integrated luminosity, etc., which are generated
both by the monitoring consumer processes and by the Fermilab Accelerator Control
System (ACNET).

G. Offline Reconstruction of Events
The structure of the offline reconstruction package was determined by the

requirement that each physicist from the 17 institutions which constitute the

collaboration should be able to do physics with fully corrected data from every CDF
subsystem. Thus the analysis is based on ‘parton level' algorithms, available to the
whole collaboration, which identify jets, electrons, muons, and neutrinos (by missing
ET). and which incorporate the detailed knowledge of the experts for each subsystem.

Raw data go through a ‘production’ analysis at Fermilab which generates
physics oriented output streams such as jets above several thresholds, multijets,
electrons, minimum bias physics, etc., which are written to data summary tapes
(DST's).

Before new analysis code is inserted into the libraries it is automatically tested
for compatibility with IBM and ACP computers. The libraries of reconstruction

software at computers other than the main Fermilab VAX cluster (including the VAX
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cluster used by the detector) can be automatically updated by software ‘servers,’
providing institutions with a current common physics analysis framework.
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Table Captions

Table 1 A summary of the properties of tracking chambers.

Table 2 The momentum resolution of the detector in different angular regions. @
is the polar angle measured relative to either the proton or anti-proton
beam.

Table 3 A summary of the calorimeter properties by system.



Tracking
System

VTPC

CTC

cDT

FTC

Wire
Organization

8 modules
16 octants/module

24 wires/octant
24 pads/octant

9 superlayers

5 axial superlayers
of 12 wires each

4 stereo superlayers
of 6 wires each

3 layers of drift
tubes

one chamber each end

72 cells each
21 wires/cell

Inner
Layer
Coverage

3.5%°<0<176.5°
-3.5<n<3.5

15°<0<165°
-2.0<9<2.0

40° <f<140°
-1.0<n<1.0

2°<f<10*
2.4<n<4

Table 1

Outer
Layer
Coverage

8.7°<6<171.3°
-2.6<n<2.6

40° <B<140°
-1.0<n<1.0

40° <f<140°
-1.0<n<1.0

2°<f<10°
2.4<n<A4

Number
of (Sense)
Wires

3072 wires
3072 pads

6156

2016

3024

Spatial
Precision
(per hit)

2004-5004
(0-15 cm
drift)

<200pm (r-¢)
<6mm (2Z)

2004m (r-¢)
2.5mm (2)

1504m (r-"¢")

2-Track
Resolution

6mm/0 (2)
6mm (r)

3 cm (¢)

3.5mm

2mm (9)

Ll



Angular Region

30° < 6 < 150°

20°

15°
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Table 2
Tracking Systems Momentum Resolution: cIP.I./pT2 [Ge\l/(:)‘1
CTC .002 (no vertex constraint)

.001 (1004 beam spot constraint)
ETE .004 (1004 beam spot constraint)

CTC + VTPC .035
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Table 3

Summary of Calorimeter Properties

Central Endwall Endplug Forward
EM Hadron Hadron EM Hadron EM Hadron

I |-coverage 0-1.1 0-0.9 0.7-1.3 1.1-2.4 1.3-2.4 2.2-4.2 2.34.2
Tower size, ~0.1X15° ~0.1X15° ~0.1x15° 0.09x5* 0.09x5° 0.1x5° 0.1x5°
An x A
Longitudinal 1* 1 1 3 1 2 1
samples in
tower
Active polystyrene acrylic acrylic Proportional tube chambers with cathode pad readout
medium scintillator scintillator scintillator
Scintillator 0.5 cm 1.0 cm 1.0 cm 0.7X0.7 cm2 1.4X0.8 cm2 1.0X0.7 cm? 1.5X1.0 ch
thickness or
proportional tube size
Number of 31 32 15 34 20 30 27
layers
Absorber Pb Fe Fe Pb Fe 94%Pb, 6% Sb Fe
Absorber 0.32 ¢m 2.5 cm 5.1 cm 0.27 cm 5.1 cm 0.48 cm 51 cm
thickness
Typical -1100v -1500V -1100V +1700V +2120V +1900V +2200V
phototube or
wire high voltage
Typical 1.210° 6x10° 10° 2x10° 2x10" 5X10° 10’
phototube
of wire gain
Typical -4pC/GeV -4pC/GeV -4pC/GeV +1.25pC/GeV  +1.3pC/GeV  +2pC/GeV +0.7pC/GeV
tower signal
Energy (U/EL 2% 11% 14% 4% 20% 4% 20%
resolution at 50 GeV

3 g 2 2 2 2 2 2
Typical 0.2X0.2 cm 10X5 cm 10X5 cm 0.2X0.2 cm 2X2 cm 0.2X0.2 cm 3X3 cm
position resolution
at 50 GeV
Characteristic 35 cm 4.1 cm 3.8 cm, 0.9 ¢cm 0.8 cm 0.7 cm; 1.3 ecm;
width of azimuthal 8.9 cm 3.2 cm** 3.2 cm**
boundary region alternating

*An imbedded proportional tube chamber at shower maximum gives some additional information.
The quoted position resolution is measured with this chamber.
**The first number is for the vertical boundary, the second for the horizontal.
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Figure Captions

A perspective view of the CDF detector showing the central detector and
the forward and backward detectors.

The CDF Central Detector in its assembly position.

The Central Detector with the calorimeter arches retracted for servicing.
The end plugs have been removed, and the central tracking chamber is
being installed in the solenoid magnet.

An elevation view of the collision hall and assembly building for the
detector.

A cut-away view through the forward half of CDF. The detector is
forward-backward symmetric about the interaction point.

A forward muon spectrometer and forward shower counter and hadron
calorimeter.

Two of the eight Vertex Time Projection Chamber (VTPC) modules.

An elevation view of the beam pipe and the tracking systems nearest to
it. Note that the transverse scale has been magnified.

The amount of material in radiation lengths versus polar angle.

One of the Forward Tracking Chambers (FTC), showing the radial layout
of the wires.

An endplate of the Central Tracking Chamber (CTC) showing the
arrangement of the blocks which hold the 84 layers of sense wires.

A section of the Central Drift Tube (CDT) system showing the three
layers of drift tubes which give a correlated r-¢-z measurement for

particle tracks. Also shown is the outer superlayer of wires (superlayer
8) of the CTC.

Hadron calorimeter towers in one of eight identical #-¢ quadrants (A =
90°, # > 0). The heavy lines indicate module or chamber boundaries.
The EM calorimeters have complete ¢-coverage out to 5 = 4.2.

Reproducibility of the calibration procedure for four wedges. The arrow
indicates the expected shift of +0.22% in the beam/source ratio due to
the 30 year half-life of 137¢Cs.  The rms error is 0.6%.
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The layout of the central muon chambers in one of the central wedges.

The arrangement of the four planes of central muon chambers in a view
along the beam direction. The drift times t, and t, are used at the
trigger level to determine a muon momentum cutoff,

One of the detector planes in the forward muon spectrometer.
A beams-eye view of one of the beam-beam counter planes.

The locations along the accelerator of the small-angle silicon detector and
tracking system (51 - S?]. BO is the interaction point, and C4_ are
the beam-beam counters. The magnets closest to the interaction point
are the low-f quadrupoles; the others are part of the Tevatron normal
lattice.
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