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Abstract

A description of the Collider Detector at
Fermilab (CDF) 1= given, It is a calorimetric
detector, which covers almost the complete sclid angle

around the interaction region with segmented
calorimeter "towera™. A 1.5 Tesala superconducting
solenoid, 3m iIin diameter and 5m long, provides a

uniform magnetic fleld in the
magnetic analysls of

central reglon for
charged partlicles. The magnetic
fleld volume is filled with a large cylindrical drift
chamber and a set of Time Projection Chambera. Muon
detection i3 accomplished with drift chambers outsalde
the calorimeters In the central reglon and with large
maghetized steel toroids and associated drift chambers
in the forwardrbackward reglons. The electronics has
a large dynamic range to allow measurement of both
high energy clusters and small energy depositions made
by penetrating muons, Interesting events are
identified by a trigger aystem which, together with
the rest of the data acqulsition system, 1s FASTBUS
based.

Introduction

CDF {2 a large detector currently belng assembled
at the B0 straight section of the Fermllab Tevatron.
It will be used to atudy p—p collisiens at a center of
masa energy of 2 TeV, The full detector is being
readied for a first physies run in the fall of 1986,
Parts of the detector, comprising beam—beam counters,
Forward Silicen Detectors, Time Projection Chambers
and acintillator calorimeters with aaaociated
electronies and readout systems were Installed in the
BO Collision Hall in September 1985 for a systems
test/engineering run.

An international collaboration of physiclats from
universities and labeoratories 1In the U.5., Italy and
Japan is responsible for design and construction of
the detector, Appendix t  identifies the
collaboration.

Deacription of the Detector

A perapective view of the detector is shown 1n
Fig, 1, It consilsts of a Central Detector and
Foerward-=Backward Detectors, The total weight 1is

approximately 4500 tons, half of whien Is in the
Central Detector. The Central Detector is made such
that it can be moved iIn one plegce from the Assembly
Hall to the Collision Hall on multi~ton rollers, It
is connected with the control roems via a flexible
cable tray. The approximate size of the Central
Detector is that of a box 9.4 m high, 7.6 m wide and

7.3 m long. Flgure 2 13 a photograph cof the Central
Detector without tracking systems and with the
Endplugs removed. The bridge above the detector

containa the flexible cable tray.

An overpass for the Maln Ring will be constructed
during the next year s¢ that the Main Ring beam pipe
*The members and their
Appendix 1.
+0perated, by Unlversities Research Assoclation, Ine,
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Energy.

inatitutions are lilsted in

will pass above the entire detector, leaving only the
Tevatron beam pipe at the center.
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Fig. 1:

The Forward-Backward Detectors remain in the
Collision Hall during fixed target operations, while
the Central Detector will be moved back into the
Assembly Hall to prevent excessive radiation damage to
the acintillator calorimeters,

A cut through one half of the détector s shown
in Fig. 3. The interaction reglon is Iin the center of
the detector. The rms size of the interaction region

i1s expected to be about 30 cm along the beam directlion
and about Q.06 mm transverse to the beams.

Fig. 2: The CDF Central Detector without tracking
syatems and Endplugs, The calorlmeter "arches™ are {n
the cabling position next to the magnet voke.
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Fig. 3: A cut through the forward half of CDF

Magnets

The Central Detector contains a 1.5 Tesla
superconducting scleneld, 3 m in diameter and 5 m
long. The coil thickness, expressed in radiation
lengths {X ) is O.BSXO. The flux return is through
the steél Plates of “the Endplug and Endwall hadron
calorimeters. Separate steel return legs cutside the

central calorimeters carry the
ag can be seen In Fig. 3. Only a minor part of the
flux passes through the central calorimeter steel
plates. The Forward«Backward detectors each contaln
two large magnetized steel toroids, 7.6 m in dlameter
and 1 m thiex. Four coils per torold generate a 1.8
Tesla field In the steel,

flux from end to end,

The detector components can be divided inte four
functlonal groups: Charged particle tracking, trigger
counters, calorimetry and muon detection.

Charged Particle Tracking

The tracking systems are designed to measure
charged particle tracks over the full solld angle. In
the central region of the solenold field, momenta are
also measured. The components are:

1. A set of vertex Time Projection Chambers
(vertex TPC's) to measure charged particle
muitiplicities over a large 3sc0lid angle, and to

determine accurately the z~positlion of the interactlon
vertex, If overlapping events with different vertex
positions are recorded, these TPC'sa will be able to
Identify such events. They are operated at
atmospheric pressure, and have been slzed such that
the maximum drift time Is less than 3.5 us. Tnis ia
the time between bunch crosaings in the Tevatron when
there are six proten and six antiproton bunches in the
machine,

2, The Central Tracking Chamber (CTC), a large
cylindrical drift chamber to measure accurately the
trajectories and momenta of charged particles In the
magnetiec field volume. The chamber contains 84 wire
layers arranged inte ‘9 superlayers. The geometry can
be seen in Fig, X, Small angle stereo between
superlayers 1is wused for determination of the z-
coordinate, The momentum resaclutlon at a polar angle
9 = 90° to the proton beam 13 expected to be
Ap/p. = 0.29 % p {in GeV/e). The chamber is
opgrazed at atmospheric presaure,

3. Drift tubes on the outside shell of the drift
chamber to measure the z—cocordinate of tracks with
good precilsion using charge division.

4, Forward Tracking Chambers for measuring the
trajectories of those charged particles which leave
the Central Detector throughn the 10° hole in the
Endplugs. These chambers have radial sense wires,
which in a natural way continue the geometry of the
axlal sense wilres In the oylindrical drift chamber.
Each A¢ = 5° sector contalns 20 aense wires,

5. Forward Silicon Detectors inside the Tevatron
beam pipe to measure small angle scattering. A
Silicon Vertex Detector to measure the decay length of
lengmlived particles will be installed arcund the beam
plpe Inside the vertex TPC's at a later date.

Trigger Counters

1, Beam~beam c¢ounters are 1nstalled around the
beam pipe in front of the Forward EM shower counters,
These counters have good time resolution and determine
the event time. They are also used together with the
Forward Silicon Detectors as luminosity monitors.



2. Secintillator counters in the Forward Muon
System are used for

the muoqurggger.

B VA o}

Ut

|
7 %

N R

:.‘- L . 'V s ,. v s g ek ’
Fig. 4: Survey of wire blocks on one CTC endplate.

The tilt angle of the supercells with respect to
radial lines 1s 45 °,

Calorimetry

Cutside the tracking volume are electromagnetic
(EM) shower counters and hadron calorimeters. All the
calorimeters are of the sampling type. The EM shower
counters contain lead as the absorber, whereas the
hadren calorimeters have steel plates. The active
medium Is scintillator In the 1large angle region
{30°<6<150°) and proportional tubes at amall angles to
the beama(8<30°®). It s known that radiation damage
to scintillator occurs primarily close to the beam
plpe, where the radiation dose s highest, This
arrangement therefore glveas some protection to the
calorimeter scintillator, which 13 everywhers more
than 1,5 m from the beams.

The calorimetera are all subdivided Intc many
cells., Each cell is a matching "tower” or solid angle
element of EM and hadron calorimeter. Such a geometry
facilitates greatly the reconatruction of energy
patterns In the detector for physics analyslis. The
angular coverage of the calorimeters 1s 2 7 in the
azimuthdl angle ¢ and from -4 to 4 in pseudorapidity
n, whilch 1s defined as n = -~lntan{(6/2). The
calorimeter tower segmentation can be represented as
rectangles in the "-¢ plane. The tower size is glven
by &n x Ap = 0.1 x 0.09 {approximately) for the pad
readout of the 'proportional tube calorimeters, while
An x A 9 = 0.1 x 0.26 for the scintillator
calorimeters, The denaity of particles in typical
inelastic ccllisions is more or less uniform in n-¢
space.

In the EM shower counters, the energy resolution
for 50 GeV electrons varies from about 2% at 8 = 90°
to about Y% at small angles to the beams. In the
hadron calorimeters, the energy resclutlion for 50 GeV
charged pions varles in a similar way from about 10%
(scintillater and 2,5 om steel plates) to about 20%
(preportional tubes and 10 c¢m steel plates). The
energy dependence ls approximately 1//E. Components
of the calorimetry are:

1. The Central Calorimeters, consisting of
calorimeter "wedges" which are built into "arches",
The sampling medium Is scintillator. A wedge module
contains both EM showe: counters and hadron
calorimeters, Figure 5 shows a calorimeter arch in
position next to the solenoid coll.

2. the Endwall Hadron Calorimeters, which also
use scintillator. They are mounted on the steel

Endwalls of the magnet yoke, and are part of the
flux return path,

1

Fig. 5: A calorimeter "arch" in position on the magnet
yoke next to the solenoid coil.

3. The Endplug Calorimeters, both EM and hadron
calorimeters, which use proportional tubes with
cathode pad readout for the energy measurement. The
EM calorimeter and the first few steel plates of the
hadron calorimeter are located inside the solenoid
field, as can be seen in Flg. 3.

4, The Forward {~Backward) EM and hadron
calorimeters, which are located between 6 m and 10 m
from the interaction region on both sides of the
Central Detector, also contain proportional tubes with
cathode pad readout,

Muon Detection

Outside the calorimeters are muon detectors.
They are:

1. The Central Muon Detector, These drift
chambers are located between the last two steel plates
of the central wedge calorimeters, Charge division
is used for determination of the z-coordinate. They
are operated at high gain (limited streamer mode) to
give good charge division resolution. The momentum
measurement In the sclencid 1s expected to give a
resolution of ApT/pT = 0,28 «x Pr (in GeV/e) as for
other tracks.

2. The Forward (~Backward} Muon Detectors. Each
detector consists of two magnetized steel torotds and
three sets of drift cnambers. These drift chambers
are somcalled electrodeless drift chambers in which
the uniform drift field is shaped by an equilibrium
distribution of charges on the inside surfaces of the
insulating chamber walls rather than by metallie
electrodes. The expected momentum resclution is Ap/p
- 20%.

A gap currently exiats in the muon detection
between 17° and 50° to the beams. Upgrades to the
detector to narrow this gap are being considered,



Electronics and Readout

A simplified diagram of the electronics and
readout system Is shown in Fig. 6. There are about
75000 electronics channels in the detector, located in
approximately 150 front end electronica crates on or

near the detector. There is no access to this
electronics during data taking because of the
potential radiation levels on the detector side of the
shielding wall. The data acquisition ayatem,
consisting of 'VAX computers with peripherals and

FASTBUS electronics I3 1located
Scanners control the flow of data from the front end
electronics to the FASTBUS system, A FASTBUS based
trigger system 1s used to identify Interesting events.

in the control rooma,
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Fig. 6: A simplified dlagram of electronics anag

readout system.

Also located in the control
power supplies for the detectors
"1imits and alarms" system.
distribution system Is on the detector, Cables, about
60m long, connect the detector to the contrcl rcoms,
These systems are now discussed briefly.

rooma are high voltage
and a CAMAC based

The high voltage

1. The RABBIT {Redundant Analog Based Bus
Information Transfer) system 1is wused for readout of
calorimeters, To see how It works,consider the

example of an input phototube signal, Fig. 7. A cable
takea the signal from the phototube to a channel of a
phototubhe front end card located 1in a RABBIT crate on
the detector. A clock, synchronized to the ¢rossing
time of the stored bGunches, dellvers timed signals to
the switches between the charge sensitive amplifier
and the samplerand-hold capacitors, Thelr voltage is
equallzed after the Clear signal cleoses both switches.
The Integrated charge from the phototube 1s measured
by the voltage difference VA—V because the switches
are opened agaln just before anH Just after the event
time, respectively., A multiplexing 16 bit ADC, also
located in the crate, digitizes the informaticn. 1In
addition to the ADC function, the ADC card can also
make pedestal subtraction and threshold comparisons,
all directed by the MX scanner. The readout time per
channel is dominated by the 17 s ADC conversion time.
For phototube asignalas In the experiment, full scale
(16 bits) i3 set to about 340 GeV energy, and the
measured rma noise is about 20MeV, 30 a large dynamic
range is avallable for measurement, For comparison,
the pulse height in an EM shower counter for
penetrating muons is equivalent to about LOO MeV (the
value 1s detector dependent),. It may be pessible to
use the x16 amplifier readout (see Fig. 7) of the
average minimum {onlzing particle pulse height in an
EM ghower counter tower as a monltor good to about 1%
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sensitive amplifier for photctube

aignals. The Before and After swltches are operated
by signals derived from the Clear and Strobe (C&S)
slgnals from the clock,

2. A different asystem 1is used for sense wire

signals in the CTC and TP{C's.
chambers send the aignals via
AmplifierrShaper-Diacriminator
ocutside the [field

Preamplifiers on the
@ m 1long cables to
(ASD) crates located
volume, From there, 60 m long
cables carry the signals to LeCroy 1879 FASTBUS TDC
crates in the countling rooms. A SLAC Scanner
Processor (85P) i1s the scanner for thls system. The
readout of the drift chambers in the Forward Muon
Detector is conceptually similar.

3. The expected interaction rate 13 of the order



of 70 kHz at a luminosity of 1030 cm“2 3-1. The

trigger syatem 1s  used to identify the moat
interesting events, and to cause the data for these to
be written to magnetic tape at a rate of a few Hz.
The trigger system 1s FASTBUS based. It uses signals
carried on separate cakbles to the control reoms, A
basle input to thla aystem conzists of pulse helghts

from the calorimeter towers, Level 1 triggers on
total (transverse) energy summed cver all towers above
a programmable threshold, It 18 deadtimeless, l.e,

ita declsion time Is lesa than the time between bunch
crossings., Level 2 can meke much more sophisticated
declisions based on 1lists of energy clusters, high
momentum track candidates 1In the CTC and candidate
muon tracks, since tracking progessora also have
input to level 2, A level 2 accept caunses the event
information to 'be digitized. About 80 scanners
operate {in parallel to read out the digitized
information. The time to read out the full detector
13 estimated to he a few ma, Work on a level 3
trigger aystem of processors wlth access to the
digitized detector information ia underway.

i, The FASTBUS system for the full detector will
contain about 50 crates, linked by Segment
Interconnects (Si's}. More about the data acquisition
aystem will be said below,

Detector Calibration

For calorimeters, an- absclute calibration s
needed to convert a measured pulse height (expressed
in ADC channels) to an energy deposition 1in the
calorimeter, A large amount of effort by the CDF
groups has  been put inte this calivration, ALY
calorimeter types have had their response In test
beams of known energy measured as a function of
In¢ident energy, pesltion and angle for electrons,
plona or muons, In some cases, all modules of a given
type have been Individually calihbrated. The galns at
the time of calibration have been monitored by
measuring the response to radiozctive aources. These
are, in most cases, built into the calorimeters. The
absolute calibration at a later date can then be
established simply by measuring again the response to
these sources. The accuracy of this callbration
methed has been shown to be better than 1% in some
casea. Through this work, a lot of knowledge and
experience haa been gained, not cnly of the
calorimeters themselves, but also of the RABBIT
electronics which has been used for the calibration.

The CTC i3, in a certain sense, selfcalibrating.
By this {s meant that the drift constants in the
chamber can be determined from track data by virtue of
the fact that all high momentum tracks will cross cell
boundaries because of the 45° tilt angle of the
supercells (Fig. #4). The constants are determined by
demanding continulty across the boundaries., A similar
method can be used In the vertex TPC'a.

Systems Test/Engineering Run

Integratlion of the data acquisition system at BC
began early this year, The goal was to bring all the
different components together at an early date in
preparaticn for the englneering run, The system for
this run was a VAX c¢luster, 12 FASTBUS crates, 3 SSFP
and 7 MX scanners and 64 partially filled front end
electronics crates, The trigger was the level 1
trnigger. Debugging of the system and 1ts ccmponents
was sufflcliently well advanced that c¢osmic ray
triggers could be taken and the detector read ocut
before {t was moved inte the Collision Hall on
September 10, An important aspect of the run was the
further debugging of the trigger with atored beam in

the Tevatron and with cosmic rays. Access to the
detector durlng the run was very limited, and {t was
partlcularly reassuring that this fact was not a
problem: the electronics has proven 1itself qulite
reliable. The radiation levels were carefully
monitored during the run and found tc be low, The
dose measured was of course position dependent, but it
was leas than 50 rads near the calorimeters.

Collisions in the Tevatron between protons and
antiprotons at a center of mass energy of 1.6 TeV were
observed with CDF on October 13, Figure 8 is a
display of detector information for one of the events.
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Fig. 8: A 1,6 TeV Collision as seen by the vertex
TPC's. Pulse heights in the calorimeters covering the
central region in this run are also indicated.

The beam pipe in this run was made of stairnless
ateel. The wall thickness was 0.7 mm or O0.04
radiation lengths, A thinner beam pipe will be used
in future runs.

Conglusion

The recent engineering run provided a realistic
testing of some detector systems and of most of the
electronics and data acqulsition system components.
The result was encouraging: Everything worked well
and data could be taken. The goal for the coming ten
months, during which the BO overpass will be built, is
to complete the rest of +the detector. Given the
current. atatus, this should bWe possible. The fact
that the effort to make collisions was suecessful this
year gives us high hopes that there will be a fruitful
phyaies run next year with a complete detegtor and
with collisions at a center of mass energy of 1.6 TeV
or higher,
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