
* Fermi National Accelerator Laboratory 

FERMIIAB Conf-94/237-E 
CDF 

Measurement of the B Meson Differential Cross-Sections 
inpj5 Collisions at 4s = 1.8 TbV Using the Exclusive 

Decays B~+J/I@P and B”+J/~Ko 

Mark W. Bailey 
The CDF Collaboration 

Fermi National Accelerator Laboratory 
P.O. Box 500, Batavia, Illinois 60510 

August 1994 

Published Proceedings of the Eighth Meeting of the Particles and Fields of the American Physical Society 
(DPF’94), Albuquerque, NM, August 2-6,1994. 

# Operated by Universities Research Association Inc. under Contract No. DE-ACOZ76CH03000 with the United States Department of Energy 



Disclaimer 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of 
their employees, makes any warranty,,cxpress or implied, or assumes any legal liability 
or responsibility for the accuracy, completeness, or usefulness of any information, 
apparatus, product, or process disclosed, or represejtts that its use would not infringe 
privately owned rights. Reference herein to any specific commercial product, process, or 
service by trade name, trademark, nranufhcturer, or otherwise, does not necessarily 
constitute or imply its endorsement, recommendation, or favoring by the United States 
Government or any agency thereof The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States Government or any agency 
thereof. 



CDF/PUB/BOTTOM/PUBLIC/2746 
FERMILAB-CONF-94/237-E 

MEASUREMENT OF THE B MESON DIFFERENTIAL 
CROSS-SECTIONS IN pj? COLLISIONS AT fi = 1.8 TeV USING 

THE EXCLUSIVE DECAYS B* 4 J/$K* AND B” + J/$K*’ 

MARK W. BAILEY 
Dept. of Physics and Astronomy, University of New Mea&o, 

800 Yale Blvd. NE, Albuquerque, NM, 87131 

ABSTRACT 

This paper presents the first measurement of the differential B* and B” 
cross-sections, dc/dpT, in pj5 collisions at fi = 1.8 TeV. The data sample 
used represents an integrated luminosity of 19.3 f 0.8 pb-’ accumulated by 
the Collider Detector at Fermilab(CDF). The cross-sections are measured over 
the pi range 6-15 GeV/c in the central pseudorapidity region 171 < 1 by fully 
reconstructing the B meson decays B* 4 J/+K* and B” -+ J/$K*O, where 

the J/T,~ is required to decay to two muons, and the K” is required to decay to 
K*wr. The results are compared to the theoretical QCD prediction calculated 
at next-to-leading order. 

We present the first direct measurement of the differential B meson cross-section in 
transverse momenturn in @ collisions at fi= 1.8 TeV by measuring the mass and 
momentum of fully reconstructed B mesons decays. Such a measurement is free of the 
model-dependant procedures used to infer the b quark m from an inclusive lepton 
sample, for example, and thus provides a better test of the Q?ZD prediction. The data 
sample used represents 19.3 f 0.8 pb-l collected by CDF during the 1992-93 run. 

B mesons are reconstructed via the decays B* + J/$K* and B” + J/$K*O, 
with J/+ -+ /J+/.L- and K” + K+T-, and their charge conjugates. By triggering on 
dimuons, we obtain a sample of J/+ of which more than 15% comes from B decays.l 
Each muon is required to have pi > 1.8 GeV/ c, and at least one muon is required 
to have pi > 2.8 GeV/c, to match the trigger requirements. The K* candidates from 
Bf + J/$K* and the K*’ candidates from B” + J/$K*“ are required to have 
pT > 1.25 GeV/c. The B meson transverse momentum is required to be greater than 
6.0 GeV/c. The K ?r invariant mass is required to be within 50 MeV/c2 of the K” 
mass(896.1 MeV/c2). The decay tracks are vertex constrained, and the muons are 
mass constrained to the J/+ mass. The confidence level of the fit x2 is required to be 
greater than 0.5%, and the proper decay length of the B candidate is required to be 
greater than 100 pm. 

The B* candidates are divided into subsamples in B pr ranges 6-9, 9-12, 12-15, 
and > 15 GeV/ c, while the B” candidates are divided into pT ranges 7-11, 11-15, and 
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Table 1. Differential B meson cross-sections, da( lyl < l.O)/dp~ (nb/GeV/c), for the pi range 
6-15 GeV/c and integrated cross-sections (nb) for pT > 15 GeV/c. 

B+ 

L B 

m-(B) 
GeV/c 

6-9 
9-12 
12-15 
>15 
7-11 
11-15 
>15 

(PT) Acceptance No. of 
GeV/c % Events 

7.4 1.29 i 0.01 53 f 12 
10.4 3.58 21 0.04 29 f 8 
13.4 5.71 It 0.07 19 f 5 
19.7 9.03 31 0.08 25 f 6 
8.8 1.18 f 0.01 31 f 11 
12.8 3.46 5 0.04 22 f 6 
20.5 6.54 zk 0.06 8 f 4 

Cross-section 
610 f 138 f 141 

121 f 33 f 28 
49 f 13 f 11 

12f3f3 
324 f 115 f 99 

79 f 22 3~ 24 
15fBf5 

> 15 GeV/c. For each of these subsamples, the invariant mass distribution is fitted to 
a Gaussian plus a linear background over the signal region 5.2-5.6 GeV/c2. The fitted 
numbers of B* and B” mesons are given in Table 1. 

The differential cross-section is calculated from the following equation: 

da N/2 -= 
&.r taA.eeF.Am (1) 

where N is the number of events observed, L is the integrated luminosity, A is the 
detector acceptance and selection cut efficiency, e is the combined tracking efficiency, 
F is the branching fraction, and Apr is the width of the pT bin. The factor of l/2 is 
included because decays involving both B and B mesons have been reconstructed, but 
the quoted cross-sections are for B mesons only. Integrated cross-sections are calculated 
for B pr > 15 GeV/c. 

A Monte Carlo employing the next-to-leading order QCD caIculation213, the 
MRSD-‘4 proton structure functions, and the Peterson parameterization5*6 for frag- 
mentation was used to determine the acceptance. After simulating the detector re- 
sponse and the J/$ trigger efficiency, the selection requirements were applied, with the 
resulting acceptance shown in Table 1. 

The online tracking efficiency for the muon pairs was determined to be 93 f 2%, 
while the ofIIine tracking efficiency was found to be 98.9 f 1%. The efficiency of the 
matching requirement between the CTC track and the muon chamber track segment 
was measured to be 98.7 f 1%. Branching fractions of (1.12 & 0.17) x 10s3, (1.53 f 
0.37) x 10-3,7 0.0597f0.0025,8 and 2/3 were used for the B* + J/$K*, B” + J/$JK*‘, 
J/+ + P+P-, and K” -+ K+T- decays , respectively. 

Varying the b production and fragmentation parameters used in the Monte Carlo 
simulation indicates an uncertainty in the acceptance calculation of 9%. The systematic 
uncertainty in the J/+ t r-r ‘gg er efficiency parameterisation was determined to be f4%. 
Additionally, a systematic uncertainty of f4% is associated with the reconstruction 
of kaons which decay inside the CTC volume. A 10% uncertainty is associated with 



the pseudorapidity dependence of the tracking efficiency. The uncertainty in the CT cut 
was determined to be 4%, and the vertex fit x2 cut had an additional 1% uncertainty. 
Varying the polarization of the B” + J/+K*’ decay products in the range (84 Z/Z 1O)%7 
changes the calculated acceptance by f7%. Combining these uncertainties in quadra- 
ture, the reconstruction efficiency has overaIl systematic errors of 17.6% for the B+ 
decay and 19.0% for the B” decay. The branching fractions contribute additional un- 
certainties of 15% and 24%, respectively. 

The differential B meson cross-section measurements are listed in Table 1 and 
plotted in Fig. 1. The integrated cross-sections 
for pT > 15 GeV/c are given in the 
table but not plotted. Each measurement is T 103 _ 
quoted for the momentum (PT), at which the $ 
cross-section integrated over the bin divided by 2 
the bin width is estimated to equal the differ- s 
ential cross-section. The solid curve shows the + 
differential B meson cross-sections predicted by y 102 - 
the Monte Carlo, which includes the assumption ,k 
that 75%’ of ‘i; quarks fragment in equzd amounts x 
to B+ and B” mesons. While this theory car- ?. 
rectly predicts the shape, as measured here, the z 
predicted rate using the natural choice for the 10~ - 
renormalization scale, ~1 = mb + pi , remain8 
low. 
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Figure 1: B meson differential cross-sections 
compared to the QCD prediction. 
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