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EARLY RESULTS ON ITS PERFORMANCE"

David Hedin for the D@ Collaboration'
Department of Physics
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DeKalb, IL, 60115

The DO detector is a large, general-
purpose detector designed to take full advan-
tage of the 2 TeV energy of the Fermilab col-
lider. The design of the experiment empha-
sizes accurate identification, complete angular
acceptance, and precise measurement of the
decay products of W and Z bosons: charged
leptons (both electrons and muons), quarks
and gluons, which emerge as collimated jets
of particles, and noninteracting particles, such
as neutrinos. The primary physics goals of DO
include searching for new phenomena, such as
the top quark or particles outside the stan-
dard model, and high-precision studies of the
1Y and Z bosons. In addition, the excellent
muon identification will allow the study of b-
quark production and decay. This report will
describe D®$ muon system, give preliminary
measurements of chamber and trigger rates,

and discuss muon identification.

The D@ detector is shown in Figure
1. It consists of three major hardware
systems: calorimetry, muon detection, and
central tracking, which together allow fairly
complete characterization of most proton-
antiproton collision events.? The central track-
ing system consists of four drift-chamber sys-
tems (vertex, central, and two end systems)
and transition radiation detectors for electron
identification. Surrounding the central track-

ing system are three uranium/liquid-argon

*This work was suppotted in part by the U.S.
Department of Energy and the National Science
Foundation.

calorimeters. The uranium is a dense medium,
allowing containment of high-energy hadron
showers in a relatively short depth, as well as
equal response to electrons and hadrons, while
the liquid-argon ionization medium gives ease
of calibration, stability, radiation hardness,
and the ability to build in fine segmentation
in all three coordinates. Finally, surrounding

3 consist-

the calorimeters is the muon system,
ing of five iron toroids and three layers of pro-

portional drift tube chambers.

The muon toroids are used to measure the
muon momentum and absorb all remnant por-
tions of hadron showers. The central toroid
is 1.09 m thick while the ends are each 1.52
m thick. The toroids are operated with an
average field of 1.9 T. The momentum resolu-
tion is dominated by multiple scattering with a
typical value of 20%. The combined calorime-
ter plus toroid thickness varies from about 14
A in the central region to 19 A in the end
regions. This thickness reduces backgrounds
from hadronic punchthroughs to a negligible
level,? but there is still a significant singles rate
in the muon chambers from hadron-induced

spray.

Three layers of drift chambers, one be-
tween the calorimeter and toroid and two out-
side the toroid, are used to measure muon tra-
jectories. The wide-angle muon system con-
sists of 164 chambers, using 10 cm cells, which
cover the angular region greater than about 10
degrees. These chambers combine drift time
measurement with time division and vernier
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Figure 1. Elevation view of the DO detector.

pads to obtain 3} points. The innermost layer
has four measurement planes while the outer
two have three each so that most muons are
measured with ten 3D points. In the small-
angle region between 5 and 20 degrees, six
modules of 3.0 cm drift cells are used with each
module having six planes in an XX,YY,UU
configuration. The smaller cell size is needed
in this region to reduce cell occupancy and to
increase the p, threshold of the trigger. Fig-
ure 2 gives the muon geometric acceptance as
a function of  with the requirement that the
muon goes through at least two of the three
layers. The muon acceptance is greater than
70% for all |p] < 3.2. Also shown is the ac-
ceptance requiring all three layers to be hit.
Gaps in the central region coverage are due to
support and service structures.

There are three stages to the D@ muon
trigger. The first two (Level 1 and 1.5) use
hardware logic and fast processors to make
trigger decisions in about 3.5 and 20 psec
respectively.’ The drift time and time divi-
sion information is ignored at these stages and
the hit cells are used as simple hodoscopic el-
ements of 1.5 to 6 cell widths in Level 1 and
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Figure 2. Muon geometric acceptance versus
n for all reconstructed tracks (solid} and for
3-layer tracks (dashed).



one-half cell width in Level 1.5. The muon
lLevel 2 trigger uses a VAX processor farm and
the digitized data to reconstruct muon candi-
dates. The Level 2 trigger is a subset of the
offline reconstruction software and is designed
to take about 250 ms per event. The muon-
related portion of the data acquisition band-
width will be about 400 Hz passing Level 1, 80
Hz passing Level 1.5, and 0.3 Hz passing Level
2 and then written to tape.

Level 1 triggers have two primary sources:
cosmic rays in the central region and hadron-
induced spray in the forward region. A set
of scintillation counters covering the central
ceiling 1s used to reduce cosmic ray triggers.
Hadron-induced triggers are often due to un-
correlated hits. The average event has about
75 hits in the wide-angle chambers with most
of these hits at small angles. To deal with this,
smaller effective cell size is used at Level 1 at
lower angles and all three layers are required to
produce a valid trigger. We are currently im-
plementing the muon trigger. As of the writ-
ing of this report we have measured a Level 1
single muon trigger rate of 10 ub and 75 ub
for the regions |p| < 1.0 and || < 1.7 respec-
tively. The dimuon trigger rate for |p| < 1.7
is 4 ub. The Level 1.5 trigger is observed to
have a further rejection factor of 2-5 and we
are in the process of optimizing its use.

Muon identification utilizes information
from the muon system itself, the central track-
ing, and the calorimeter. The primary back-
grounds are from cosmic rays, which are out of
{ime with the beam crossing and do not inter-
cept the primary vertex, and hadron-induced
spray {(often uncorrelated chamber hits) which
produces poorly fit tracks which also tend to
miss the vertex. Good tracks in the muon
chambers are defined by using appropriate
track quality cuts {for example, on the x* of
the fit and the number of hits on the track) and
that there are no muon chambers along the
track without hits. The hit density is largest

at small angles and our multi-layer chamber
coverage 1s also best in this region {with some
muons hitting 24 wire chamber planes). Using
only muon chamber information, we can also
require that the track projects to the vertex:
cuts on this can be used in the Level 2 trigger
prior to analyzing the central tracking data.

The D@ calorimeter is sensitive to min-
imum ionizing energy depositions, and the
presence of such energy along the muon track
helps to eliminate non-muon backgrounds.
Muon chamber tracks are also matched with
the central detector tracks. In addition to
properly projecting to the muon chamber hits,
the matched central track can be required to
have a good fit and small impact parameter.
This aids in eliminating non-muon and cosmic
backgrounds, and can also tag v /K decays. Fi-
nally, timing information in the central track-
ing, the muon chambers, and the scintillation
counters on the central top can be used to re-
move any remaining cosmic ray muons.

Figure 3 shows an event display of a
dimuon event a jet near each muon. The
tracks reconstructed in the muon chambers
project to the vertex, to minimum ionizing en-
ergy in the calorimeter, and to tracks in the
central tracking system. The muon system is
relatively clean both near the jets and in the
angular regions closer to the beam.

After the initial three months of data col-
lection at the Fermilab pp collider, we have
found that the muon system has performed
to its design expectations. The chambers are
able to operate in the collision haill without any
abnormal failures. The chamber rates are rea-
sonable, agreeing within a factor of +2 with
Monte Carlo predictions, as are the trigger
rates. Triggering on muons at low angles and
low p, 1s still a difficult problem, and we are in
the process of optimizing the trigger settings.
We are also still working on our initial cali-
bration of electronic channels and alignment
from survey values so that physics processes
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Figure 3a. Top view of a dimuon candidate event
can be searched for and studied at the earliest
possible date.
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Figure 3b. Lego plot (in n and ¢) of a dimuon
candidate event.



