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SDC Tracking Capabilities for B Physics 

DAVID P. COUPAL 

Su.perconti'U.cting Super Collirler Labomtory, 
2550 Beckleyrnea.rie Avenue, Do.lla.s} TX 75237 

1. INTRODUCTION 

The bb production cross section is estimated l to be 1 mb at Js = 40 TeV, implying 
1012 produced bb pairs at an SSC luminosity of 1032 cm-2sec-1 (.1 x design). SDC has the 
potential to exploit this high ra.te to explore a-number of B physics topics, in particular, 
CP violation in the neutral B meson. This note descl·ibes the SDC particle tracking design 
(Section 2) and its predicted performance parameters l·~levant to B physics (Section 3). 

2. DESIGN 

The SDC central tra.cking design2 is shown in Fig. 2.1. At the innermost radius is the 
vacuum beampipe, currently taken as 4 cm radius and 1 mm thick Beryllium. To date, 
this design has not been optimized with B physics in mind, which would drive it towards 
a thinner smaller-radius design. 
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Figure 2.1: The SDC tracking detector. 
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Outside the beampipe, a silicon system made up of barrels and fonvard disks provides 
the bulk of the pattern recognition and vertexing capabilities. Outside the silicon, in the 
region 1111 < 1.8, a 5-superlayer straw tube tracker provides momentum resolution for high 
Pt tracks and level-1 triggering. For 1'1]1 > 1.8, the same functions are provided by a gas 
microstrip detector with 3 superlayers. The components are situated inside a 2 Tesla 
superconducting solenoid with a 1.7 m inner radius. 

The silicon detector consists of 8 barrels of double-sided silicon, one side with axial 
strips and the other with strips at a 10 mrad stereo angle. The inner barrel layer is at 
a radius of 9 cm from the beamline and the outer layer is at 36 cm. There are 13 layers 
of double-sided forward disks on each end of the barrel. Strip pitch is 50 microns for the 
barrel detectors and 32-58 microns for the wedge-shaped disk detectors. The resolution 
per barrel supedayer is predicted to be 17 microns, including an estimate of mis-alignment 
contributions. 

A pixel option being considered by SDC would replace the inner 2 barrel silicon layers 
with 2 pixel barrel layers at radii of 6 and 8 cm and possibly 2 small disks at both ends 
of the barrel. The pixel size is 50 microns in T - <p and 250 microns in z. Charge sharing 
across pixels should improve the resolution to significantly better than (pixel size) 1.JI2. 

The straw t.ube t.racker has 5 superlayers, each cont.aining 8 stra"· layers for axial 
superlayers (1,3 and 5) and 6 straw layers for the 10 mrad stereo supedayers (2 and 4). The 
per tube resolution is estimated to be roughly 120 microns and the superlayer resolution 
(including estimates of mis-alignment contributions) is predicted to be 85 microns. 

The gas microstrip detector covers the region 1111 > 1.8 with 3 superlayers, each con­
sisting of 2 layers of radial strips and 2 stereo layers at ±100 mrad. The strip pitch is 
200-450 microns, with a predicted resolution per superlayer of 60-100 microns. 

3. PERFORMANCE 

The resolution of various track parameters are shown in Fig. 3.1 as a function of 11. 
The pixel option makes a small improvement in impact pm'armeter resolution due to its 
smaller radius but significa.ntly improves the· resolution in the z component of the track 
extrapolation to the beamline (zO) f!"Om '" 1mm to '" 100J.Lm. These track resolutions 
translate into invariant mass resolutions shown in Fig. 3.2 for the JI'I/J mass in the decay 
B ~ J I'l/JK ~ J.L+ J.L- K and the B meson mass in the decay B ~ 7i+7i-. There is a 
minimum Pt cut of 4 Ge V I c for muons and 2 Ge V I c for pions. These results come from a 
GEANT simulation of the SDC tracking detector. The reconstructed mass resolutions in 
Fig. 3.2 are not vertex-constrained, which will improve the resolution slightly. 

As is clear in Fig. 3.1, the Pt range of interest in B physics (2-20 GeV Ic) suggests that 
multiple scattering will affect. vertexing capabilities. To look at. SDC vertexing performance 
we consider at a decay mode of particular interest for CP violation, namely B~ ~ 71"+71"-. 

This B decay mode was generated using ISAJET and input to a GEANT simulation 
of the SDC tracker and a track and vertex reconstruction algorithm. vVe then form the 
vertex chi-square (X~) between the secondary vertex reconstructed with the 71"+71"- and the 
primary vertex, assumed in this study to be known to infinite precision. This assumption 
is reasonable at the SSC since the 5 by 5 p.m transverse size of the beam is small compared 
to the mean tranverse displacement of the secondary B decay vertex (,..., 2mm). B~ that 
travel some distance before decaying will have a large X~. Fig. 3.3 shows the integral 
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of the normalized X~ distribution for B -+ ,,+71"- and for pairs of charged pions from 
minimum bias. This plot then gives the acceptance as a function of the minimum cut 
on X~. One can cut at large values of X~ (100-200) to suppress the background while 
retaining reasonable acceptance for B~: -+ 71"+71"- (.3-.4). The minimum bias cross section 
is, of course, much larger than the signal An evaluation of the background is beyond the 
scope of this study, requiring a detailed simulation that includes non-gaussian effects such 
as track mis-reconstruction and additional cuts to suppress ,,+,,- backgrounds. 
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Figure 3.1: SDC single track resolutions versus pseudo-rapidity (TJ). Shown 
are resolutions for Pt and tr'ack impact parameter (bO) and z position (zO) 
at distance of closest approach to beamline. 

4. CONCLUSIONS 

The SDC design of its central tracker is well-suited for doing B physics. A number of 
design options exist to further enhance these capabilities, namely replacing the inner silicon 
layers with pixels and/or moving the inner layers closer to the interaction region with a 
smaller-radius thinner beam pipe. Further studies of the SDC potential for B physics are 
III progress. 
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Figure 3.2: SDC resolution in the reconstructed J /,~, mass f01" B -­
J /'ljJK -- Jl+ Jl- K and the reconstructed B mass for B -- ;r+;r- versus 
pseudo-rapidity (,,). The tracks are required to have a minimum Pt of 4 
Ge V / c for muons and 2 Ge V / c for pions. 
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Figure 3.3: Acceptance versus minimum vertex chi-square for B - 1!'+1!'­

(solid) and pairs of charged pions from minimum bias events (dashed). 
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