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A considerable effort was therefore made in the CDF upgrade to increase the muon
acceptance. As a result, the refurbished CDF detector has started a new run (Run 2) in March
2001, covering up to pseudorapidity values r\ of ±1.5.

The complex and compact CDF geometry has required the construction and installation of a
large set of counter hodoscopes employing a total of about 1200 plastic scintillators with different
dimensions and light collection assemblies. Part of those (more than 600 counters) constructed
for the CDF upgrade was designed to overcome the space restrictions and to improve on light
collection from long counters.

This paper describes the design and performance of these new counters, which distinguish
themselves by their unconventional and compact light collection system.

A novel technique for light collecting from large area scintillation counters has been
developed and successfully applied to the construction of more than 600 counters ranging from
160 to 320 cm in length, to be used for the CDF experiment muon upgrade. The technique is
based on a wavelength shifter fiber to extract the light from the longer side of the scintillator bar,
thereby reducing the path length of the light in the bulk material and consequently the importance
of good light transmission in the counter. Performance of long bars is therefore less dependent on
the scintillator transmission properties and less susceptible to its deterioration as compared to
conventional light guides.

Another important feature of this technique is the reduced cross-section of the fiber bundle,
which allows using smaller area phototubes. The elimination of lucite light guides and of large
photomultipliers results in a much more compact design for which the ratio of sensitive to total
area is close to one. The reduced sensitivity of small photomultipliers to magnetic fields can also
be an important advantage.

The results of quality control tests performed at JINR show that the average light output
ranges between 21 ph.e./MIP (for the longest counters) and 28 ph.e./MIP (for the shortest ones)
for muons traversing the counters transversely at the furthest ends from the photomultipliers. The
obtained light collection efficiency is more than adequate for a 100% detection efficiency over
the entire counter area. Allowing for a typical deterioration rate of 5-10% per year, full efficiency
should be retained more than 10 years and it will be over than useful lifetime of CDF.
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Muon detection is fundamental for the most of the interesting analyses at CDF. At the
course of Run II, the collaboration expects to collect hundreds of tt decays yielding a muon as
well as several million 5-hadron events involving J/y/—>//+ju- decays. Muon detection is also of
fundamental importance in the study of J^-boson properties and in the search for Higgs
production associated with W or Z bosons. Considerable effort therefore went into extending the
muon detector coverage for Run II, which started in March 2001.
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The CDF II muon detector system consists of multiple layers of drift chambers and
scintillation counters, which span the pseudorapidity (\q\) range between 0 and 1.5. Detectors
spanning different ranges have different geometries, and the muon scintillation counter system
includes subsystems in the regions that have come to be known as the "central" (0 < \q\ < 0.6),
"extended" (0.6 < \tj\ < 1.2) and "intermediate" (1.2 < \rj\ < 1.5) regions of the detector. During
Run I, the "extended" region (referred to as the CMX) spanned two thirds of the azimuthal
acceptance with eight layers of drift tubes sandwiched between two layers of scintillation
counters (known as the CSX). Though much of the missing 90° of the azimuthal coverage, on
both the east and west sides of the detector, were constructed before Run I, installation was
delayed until the "CDF Upgrade" and, at that time, it was found necessary to introduce several
modifications to the original design. These subsystems of the CMX came to be known as the
"miniskirts", because they covered the lower section of the azimuthal range.

Like the CSX, the MSX are trapezoidal counters constructed from NE114 scintillator,
produced about 15 years ago by Nuclear Enterprises. However, the MSX are 15 mm thick (as
opposed to the CSX, which are 20 mm thick) and the scintillator which is apparently of superior
quality in that it has not yet shown any evidence of the premature aging which has shown up in
the central counters (known as the CSPs) and the CSX. Due to space restrictions the MSX cover
only one side (that closest to the interaction point) of the "miniskirts" and, in order to retain the
ability to do "mean timing", the counters were designed to be read out of both ends, through
curved Lucite light guides coupled to 5.1-cm-diameter EMI 9814B photomultipliers (PMTs).

The worst acceptable estimation of the timing resolution from the MSX to be a standard
deviation a = 3 ns, which was sufficient to extract the signal from the background during Run I.

Trapezoidal counters are not symmetrical and the mixed "miniskirt" (MSX') counters,
which are read out through a conventional light guide on the one end and via a WLS fiber ribbon
on the other, are much less so. One might therefore expect a significant systematic contribution
from this asymmetry to the overall a. Furthermore, because the n^ for WLS fiber readout is
smaller than for conventional readout, we can also expect an increase in the statistical
contribution to the overall uncertainty. Our first concern, before adopting this solution, was
therefore to ascertain that the mean timing resolution obtained under these conditions was
adequate. The modifications, testing and installation of these counters within the CDF Upgrade
Project are described in detail. The timing characteristics of MSX' counters are also investigated
using cosmic muons. The measurements show that the time resolution does not exceed 2.2 ns.
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Main source of high energy gamma-quanta are 7i°-mesons. A high threshold energy of
gamma-quanta registration and, therefore, of 7t°-mesons, in X-ray emulsion chamber reduces, the
information only about the energy selected leading neutral pions, that that obtained from the
emulsion experiment.
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