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ABSTRACT: The D@ experiment, now being commissioned at the Fermilab proton-
antiproton collider was recently upgraded. Among the most important changes have
been the installation of a scintillating fiber tracker and a new muon detector with its as-
sociated trigger system. The salient features and performance of these devices is discussed

and their current status and future prospects reviewed.

1. Introduction

Prior to starting Run ITA in March, 2001, the D@ detector underwent an extensive upgrade
to prepare it for the new running environment with its higher instantaneous luminosity and
decreased inter-bunch spacings and to improve its discovery potential for the possible new
physics that would reveal itself. The main features of the upgrade, shown in Figure 1,
include a solenoidal magnetic field, a silicon vertex detector, a new trigger system, a new
muon detector system and a new scintillating fiber tracker. This paper describes features
of two of these systems, the muon trigger and the scintillating fiber tracker.

2. The Muon Trigger

The Muon detector has undergone extensive changes for Run II. In Run I the active detector
elements consisted exclusively of drift tubes. For Run II many of these have been retained
being augmented by others of higher segmentation near the beam pipe. In addition for Run
IT we have added arrays of fast scintillators shown in Figure 2. In the new, high luminosity
environment with 132 ns bunch spacing, the fast timing possible with scintillators is an
essential ingredient in triggering and background rejection. The D@ trigger system consists
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Figure 1: The D@ Detector Showing Main Upgrade Features.

Figure 2: The Muon Scintillators

of three levels, level 1 made of custom fast electronics with an accept rate of 5 kHz, followed
by level 2 with its specialized general purpose processors accepting 2 kHz feeding level 3,
a farm of general purpose processors. The muon system differs from this arrangement in
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that it interposes an additional layer between levels 1 and 2 a level 1.5 whose function is
to construct muon track segments for transmission to level 2. This is shown schematically
in Figure 8. The Second Level Input Computer (SLIC), shown in Figure 4, takes as
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Figure 3: Muon Trigger System.
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Figure 4: Schematic of a SLIC.
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inputs the level 1 trigger information along with signals from the muon scintillators and
drift tubes, computes all possible muon front-end stubs and transmits this information to
one of the local level 2 « local processors for more detailed analysis.

The results are then sent to the level 2 global processor to be combined with other
local results in forming the level 2 decision. As of this writing, all elements of the muon
trigger system are in place undergoing checkout and commissioning.
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3. The Fiber Tracker

Perhaps the most novel piece of the D@ detector is the scintillating fiber tracker shown in
cross-section in Figure &. Note the eight nested cylinders each comprised of 1.7 - 2.5 m
long 835 pm fibers arranged in one axial and one u,v stereo doublet (3° stereo angle).

There are a total of 77,000 individ- %/

ual fibers each connected to a 7 - 11 m

long clear fiber that tranmits the signal )
to the optical detector, the Visual Light I

Photon Counter (VLPC). The VLPC is
a solid state device, developed by Rock-

well [ij[2], with very high quantum effi- ﬂ
ciency (80% in the visible) and superb —— | | |

energy resolution that is well suited for ——— | | |

use in counting applications [3][4]. Its H

operation can be understood by consid-

ering the cartoon in Figure . A pho-

ton is converted in the intrinsic region,
creating an electron-hole pair. The hole

drifts into the drift region, where it knocks N

an electron out from an atom. The elec-
tror‘l accelerat.es back through the gain Figure 5: The scintillating fiber tracker.
region, knocking electrons from atoms

as it goes. The spacer region and substrate are for mechanical support and field shap-
ing. Thus each photon generates a pulse of many electrons with gains of 20,000 to 60,000

achievable. The energy resolution of the device can be apreciated fom Figure % which
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Figure 6: Photon Conversion in a VLPC.

shows the response of the device to individual photons.
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Figure 7: VLPC response to no photons (top) and 0, 1, 2 and 3 photons (bottom).

A potential inconvenience to the use of VLPC’s is the need to run them at 7 K. This
problem has, however, been overcome and the VLPC’s are operating in the D@ environment
with sufficient efficiency to permit requiring 8 out of 8 layers in the trigger. Scintillating
fiber tracking with VLPC readout represents an attractive solution to tracking in a high
luminosity collider environment. The intrinsic speed and digital nature of the device makes
it highly suitable for triggering in a high rate environment. Once installed the device is
very stable and reliable. At the present time it is undergoing commissioning and we expect
it to be fully operational later this fall when the full complement of readout electronics is
installed.
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