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ABSTRACT 

The study of b quarks at high energy hadron colliders tests the Standard Model in 
regions of mmll z and bigh tramverse momentum. The method used to measure 
the b quark emu section using the semileptonic decay to muo~d is outlined. A 
preliminary CDF muon CEO” section L given wing data from the 88-89 run, and 
a plot of the measured b quark crow section compared to other CDF preliminary 
rnults ia shown. 

1. Introduction 

1.1. Motivation 

The physics of heavy quarks in hadron colliders is calculable in the Standard 
Model.[l] At CDF the region of small z and high pr is explored. The measurement 
of the b quark cross section provides experimental tests of the Standard Model in 
this region. In these proceedings we present the preliminary measurement of the 
b quark and muon cross sections using a data sample with an integrated luminosity 
of 5.78 zt .26 pb-‘. 

1.2. Muon Data Set 
The CDF detector is described elsewhere.[2, 31 Muons are collected by a 

multilevel trigger system.[4,5,6] The first level required a track in the muon cham- 
ber above a p1 threshold. The second required the muon chamber track to match a 
charged track in the central tracking chamber (CTC) within ~5~. Level 3 required 
the intercepts of the CTC track and the muon track be within 10 cm in the local 
muon coordinate system.[5] 

The following cuts were applied to the muon sample. We required the muon 
track had p, > 12 GeV/c, that the z position of the track was within 10 cm of the 
event vertex, and that the impact parameter was less than .15 cm. Additionally 
the tower traversed by the muon candidate was required to have less than 5.0 GeV 
of hadronic energy. 

Two other cuts required a match between the CTC and the muon tracks. 
A x1 variable was formed of the difference in slope and intercept in the r-4 plane 
weighted by the expected variance from multiple scattering. Additionally we cut 
on the weighted intercept difference in the r-z plane. We required x2 < 10.0 and 
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nbk 1: The fraction of muon8 messurcd u&g a fit to muon and hadron distributions in 1~1. The 
x2 per degree of freedom is &a &own (there are 18 degrees of freedom). 

PI bm muon+DlF frac. fit error x2 per D.O.F. 
12 - 17 GeV/c .55 Zk.01 .a 
17 - 22 GeVfc .47 A04 34 

lAI,/a,,l < 3.0. 

2. Backgrounds 

2.1. Non-interacting Punch-through 
A kaon or pion may pass through the calorimeter without showering. In 

order to measure this background one uses the fact that a track with larger ]vl’ 
passes through more steel. The punch-through probability (P) goes as: 

P =up(-A/rin#) (1) 

where A is the number of absorption lengths at normal incidence. After correcting 
for edge effects, Eq.(l) plus a line function with a slope of -.I?’ are fit to the data dis- 
tribution in (u( yielding the relative proportion of hadrons and muons+decays (DIF). 
Table 1 shows the fit results for the two muon transverse momentum bins. There 
is an additional estimated systematic uncertainty of ~027 in the muon fractions. 

2.2. Decaya-in-Flight 
There is no straightforward method of measuring the decay background in 

the muon data. Using the inclusive charged particle spectrum one can, however, 
calculate the decay-in-flight background. The inclusive charged particle spectrum 
was collected under a special trigger that required a track in the CTC above a a 
threshold of 7 GeV/c. 

5000 kaons and pions were each simulated at integer pr and forced to decay 
prior to reaching the inner wall of the muon chamber. Hadrons showering before 
decaying were not included. The tracks were reconstructed and the offline cuts 
applied. The result was weighted by the inclusive charged particle spectrum and 
is insensitive to the K/r ratio. This is corrected for the otlIine cut efficiencies and 
subtracted from the muon candidates after removal of the hadronic background. 

3. The Muon Cross Section 

The background subtracted sample of muons must be divided by the trigger 
efficiency (tBril), the offline cut efficiency (c,,,,), the acceptance in -1 < y < 1, and 
the integrated luminosity of the muon data. Additionally, the fraction of muons 
from charm decays must be estimated and removed. 

Iq = hcot (e/z) when 8 is m-d fmm the be- Iin= 



Table 2: The preliminary muon cmsa section from b quarks integrated over 5 GeV/e bii. 

b,. from b + b auarks mtenrated over 5 GeVlc II 
pr u.. .--v 1 

II-F= - 22 G:V,: 1 

,7## 
3.83 f .2? f .51 nb 
.54 f .13 f .08 nb 

The ofhine cut efficiency was measured using cosmic rays, W and Z bosons, 
and J/Q decays. The hadron energy cut was estimated using a detector simulation 
and the ISAJET t-5 Monte Carlo. The combined cut efficiency is about 75% based 
on those sources. The trigger efficiency was measured elsewhere[‘l] and a value of 
elrir = .90+ .02 was used here. The detector acceptance is .421 i .002 i .Oll in a rapidity 
range from -I< y < 1. 

The charm fraction was estimated at N./N, = .IS l .00 using the ISAJET 
Monte Carlo and varying the relative fragmentation of b and c quarks to B and D 
mesons. The muon cross section from b quark decays is shown in Table 2 with the 
statistical and estimated systematic errors. 

4. b Quark Cross Section 

1 
=p:>p;‘. = ~~pllnla 

~hf& > Pp’“) 
w&2 < Prp- < 17) 

Eq.(2) shows the method used to convert a muon cross section into a b cross 
section.[8] The value of pp* is set by running ISAJET and requiring 90% of the b 
quarks have p: > p;li* that decayed into muons with transverse momentum in the 
given range. The factor of l/2 corrects for using both P+ and P- in the data. The 
final result with other CDF measurements is displayed in Figure 1. This is also 
shown in the DPF conference proceedings by Avi Yagil. 
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Fire 1: Preliminary cmss section for the production of b quarks with d > p;li” from inclusive 
muon decays. The data pointa are ahown along with the theoretical plot tom Nlwn, Dmvson, and 
Ellis. The data p&to from inclusive muons include the mtmn cross section statistical and systematic 
ermn added in qua&store. 


