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Abstract.  The BABAR muon detector is described. The physics requirements, the design and the performance measured in the first year of data taking are presented.

INTRODUCTION

The BABAR[1] Muon detector, also known as IFR (Instrumented Flux Return) [2], consists of the magnet yoke for the flux return of the superconductive magnet instrumented with Resistive Plate Chambers (RPCs) [3]. The system is designed to detect muons as well as KL, which are important to reconstruct B decays relevant to CP violation measurements, like B( J/( KL. 

DETECTOR DESCRIPTION

The IFR has an hexagonal configuration (fig. 1), and is divided in a barrel and two end caps. Each end cap is divided in two half-doors in order to permit the access to the inner detector; each half door is divided vertically in three sectors. The iron is segmented in a graded way with plates of thickness that varies from 2cm to 10cm, increasing with the distance from the interaction point. The motivation for the graded segmentation is mainly to improve the performance of KL detection. Each gap between iron plates is filled with a plane of RPC detectors. The barrel and the two end caps are instrumented with 19 and 18 planes of RPC respectively. The system is complemented with two layers of cylindrical RPCs inside the coil.

The total area covered by the active detectors is larger than 1500 m2. The total iron thickness is 65 cm in the barrel and 60cm in the end caps. The angular width of the uncovered regions is 300 mrad in the forward direction, and 400 mrad in the backward.

The overall system dimensions are 635 cm (length) ( 584 cm (height) ( 675 cm (width), and the iron weight is 312 tons for the barrel and 225 tons for each of the end caps, excluding the supports.
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Figure 1.  Geometrical structure of the Instrumented Flux Return

THE ACTIVE DETECTORS

Resistive Plate Chambers (fig. 2) consist of two high resistive ((1011(cm) bakelite electrode plates painted with graphite on one side. The 2 mm gap between the electrodes is filled with a gas mixture of Argon, C2H2F4 and Isobutane. Aluminum pick up strips run on both sides of the detector and provide a two dimensional readout. The detector size and strip pitches vary according to the geometry of the detector. The cylindrical detector has orthogonal strips that measure r( and z as well as stereo strips with a tilt angle of (30( that allow ambiguities reduction.
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Figure 8-20. Schematic representation of RPC components.

8.4 Detector Design and R&D

8.4.1 Chamber Construction and Assembly

RPCs, shown schematically in Figure 8-20, have been chosen on the basis of their high intrin-
sic and geometrical efficiency, low cost, robustness, and flexibility in segmentation. We are
planning to use the technology [San81, San88] developed by R. Santonico et al., which is well-
proven in various experiments, accelerators [Accel], and for cosmic ray physics [Cosmi|, and
whose use is foreseen in the first-level muon trigger systems designed for LHC experiments
at CERN [LHC94]. The knowledge gained in years of R&D has already been transferred to
industry, and the production capabilities are now well-matched to the large detector area
required by BaBar.

As shown in Figure 8-20, the electrode plates are made of 2mm-thick Bakelite (phenolic
polymer) with a volume resistivity of 10"-10"2Q-cm, painted on the external surfaces
with graphite of high surface resistivity (~100k{2/square) and covered by two 300 gm PVC
insulating films. The two graphite layers are connected to high voltage (~8kV) and ground,
respectively. Gap surfaces are treated with linseed oil, which strongly enhances RPC perfor-
mance (low noise, high efficiency). Planarity of the two electrodes is assured by PVC spacers
(0.8cm?) located on a 10 cm-square grid in the sensitive volume. The active volume is filled
with an argon-based gas mixture at atmospheric pressure.

TECHNICAL DESIGN REPORT FOR THE BaBar DETECTOR



Figure 2.  Section of a Resistive Plate Chamber

Each layer is obtained laminating three adjacent planar modules in the barrel; each sector of the end caps is filled with chamber made with two modules. The lamination of strip planes is used to join modules into chambers. One of the two strip planes runs over the full detector, in such a way to permit to treat the layer as a single logical detector unit.

READOUT Electronics

Approximately 3000 Front End Cards (FECs) [4] are connected directly to readout strips; one board services 16 strips. A snapshot of the 16 strips digital signal is taken upon receiving a trigger. The serial information is sent to the IFR FIFO boards [5] used for the electronics readout. The readout is interlaced (even strips and odd strips are read by different FECs), in order to reduce the inefficiency in case of electronics failure, since the average strip multiplicity per hit is larger than one.

 MUON IDENTIFICATION

Several informations are used to identify muons [6], exploiting the different interactions of muons and pions in the iron. The measured number of nuclear interaction lengths is compared to the value expected from the extrapolation of an ideal muon track, considering the average energy loss. The average and r. m. s. of the strip multiplicity pattern are used to reject pions that may produce a shower in the IFR. Finally, the hits in the IFR are compared to the extrapolation of the track measured in the inner tacking devices, and a “track match” (2 is computed. The IFR track is modeled with a polynomial, and the (2 of the fit to this model, together with the track match (2, are used as discriminating variables. The IFR information is complemented with the energy loss measured in the electromagnetic calorimeter. Five selections are defined to provide different levels of efficiency and purity needed for analysis purposes. Figure 3 shows the performance of the IFR in terms of muon identification efficiency and pion misidentification probability for what is defined as the "tight" selection.

The combination of the different discriminating variables in a likelihood ratio technique has been proven to provide a further improvement to muon identification performances.

KL identification

Neutral hadrons are identified in the IFR and the Electromagnetic Calorimeter. The IFR information is reconstructed as a three-dimensional cluster, requiring at least two layers in depth. 

In order to evaluate KL identification efficiency, events ee((( with ((KSKL were selected so that the KL direction and energy can be determined from the kinematics of the reconstructed photon and the KS.
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Charged tracks reconstructed in the drift chamber are extrapalated to the fiux return iron nsing a
detailed map of the non uniform maguetic field, and compting the expected average energy loss.
The predicted average position of the intersections with the active detector planes are computed
including the nncertatuty due to mmltiple scattering. ATl hits found in each readont view within a
‘maximum distance fom the predicted intersection are assocated to the charged track. We apply,
far tracks within the acceptance of the electromaguetic calorimeter, a cut on the energy deposited
, requiring this deposit to be consistent with that expected of a minmum ionizing partide. We
require the presence of a signal in at least two layers of the Instrumented Flux Return, then we
apply a cut on the total mmber of interaction lengths traversed in all subdetectars, compared to
the prediction given by the track extrapolated using the muon hypothesys. We axpect the average
mmber of strips fired per layer to be larger for pions producing an hadronic hnteractim thau for
muous. The average valie and the r.ms. of the strip pattern over the different hit layers give
pt/m discriminating power. Finally, we reject tracks with a large track match x2 ar a large x? of a
palynomial fit to the Instrumented Flux Return chister.
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Figure 13: The fit of the platean (lek) gives a mmon identification efficiency of 75%, while the
average pion misidentification between 1.5 and 3 GeV/e (right) is 2.6%.

The muon selectors performance has been tested ou contral samples selected from collisions
data. The processes considered are sysee and ey for muons, and 7 — 3 prongs and Kg — rtr—
far pion sources. The selection of the control samples is based on kinematic variables aud particle
identification. Noselection is applied to the tracks that are nsed as a control sample in order to avoid
any hias to the particle identification performance determination. Different selection criteria with
different levels of purity are defined for different analysis purposes. In the rauge 1 < p < 3 GeV/e
we have about 77% efficiency on mmons with a 2.5% pion fake rate (see Figre 13).
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Figure 3.  Muon identification efficiency and pion misidentification probability.
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