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This paper presents the first direct measurement of the B meson differential cross section dtr/dpr
in pp collisions at +s = 1.8 TeV using a sample of 19.3 ~ 0.7 pb ' accumulated by the Collider
Detector at Fermilab. The cross section is measured in the central rapidity region ~y ~

( 1 for pT(B) )
6.0 GeV/c by fully reconstructing the B meson decays B ~ J/PK+ and B"~ J//K*0(892), where
J/P ~ p,

+ p and K*"~ K+7r . A comparison is made to the theoretical QCD prediction calculated
at next-to-leading order.

PACS numbers: 13.85.Ni, 12.38.Qk, 13.25.Hw, 14.40.Nd

The prediction of QCD theory was in agreement with
the first b quark cross section measurements in pp colli-
sions which were made by UA1 at ~s = 630 GeV [1].
Initial measurements made at ~s = 1.8 TeV at the Col-
lider Detector at Fermilab (CDF) [2—4] cast doubt on
whether QCD correctly predicts either the absolute rate
or shape of the transverse momentum (pT) distribution,
whereas, a measurement made more recently at the DO
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detector [5] at the same center-of-mass energy is in agree-
ment with the QCD prediction. We present the first direct
measurement of the B meson differential cross section
der/dpT in hadronic collisions by measuring the mass
and momentum of the B meson decaying into exclusive
final states. The differential cross section so obtained
provides a test of the QCD prediction that is comple-
mentary to measurements which infer the b quark content
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and momentum distribution from an inclusive lepton spec-
trum after unfolding contributions from both b and c
quarks. The data sample used represents 19.3 ~ 0.7 pb '

collected by CDF during the 1992—93 run. B mesons are
reconstructed via the decays B+ ~ J/PK+ and Bo ~
J/PK' (892), with J/P ~ p,

+
p, and K*n ~ K+n

and their charge conjugates.
Detailed descriptions of the CDF detector have been

provided elsewhere [6]. The components relevant to this
analysis are briefly described here. The g axis of the
detector coordinate system is along the beam direction.
The central tracking chamber (CTC) is a drift chamber
in a 1.4 T axial magnetic field, consisting of nine
superlayers, four of which give stereo information. A
particle must have pseudorapidity

~ rI ~
( 1 to pass through

all nine superlayers, which defines the rapidity range used
for the cross-section measurement.

A silicon vertex detector (SVX) provides high-
resolution r Ptrac-king information near the interaction
region [7]. The SVX detector is 51 cm long and consists
of four layers of silicon microstrip detectors with an
innermost radius of 2.9 cm. Pattern recognition is done
by extrapolating tracks from the CTC. The longitudinal
distribution of the primary vertices is such that SVX in-
formation is available for about 60% of all tracks. If SVX
information is added to a track, the momentum resolution
6pT/pT improves from —0.002pT to [(0.0009pT) +
(0.0066) ]'~, where pT is measured in GeV/c. Sur-
rounding the CTC are electromagnetic and hadronic
calorimeters, outside of which are the central muon
chambers, segmented into 72 modules which provide
about 85% coverage in azimuth in the pseudorapidity
range (rI( ( 0.6.

The selection of B candidates begins by identifying J/P
candidates that decay to two muons. There are three levels
of trigger requirements that must be satisfied for a muon
pair to be included in the 1/P data sample. At the first
trigger level, the muons must have been detected in the
central muon chambers and pass a minimal transverse
momentum requirement of —1.4 GeV/c. Prompt muons
with lower momenta range out in the calorimeters. The
efficiency for this trigger is 90% at pT = 3.1 GeV/c.
At the second trigger level, at least one of the muon-
chamber tracks must match a track found in the CTC by
a hardware track processor. The efficiency for the track
processor rises from 10% at 2.3 GeV/c to 90% at 3.1

GeV/c. At the third (software) trigger level, detailed CTC
pattern recognition and tracking are done, and the dimuon
invariant mass is required to be within 300 MeV/c of the
I/P mass.

To improve the purity of the J/P sample, the CTC
track is required to match its associated muon chamber
track to within 3o. in r-P and 3.5o. in g. To match the
trigger thresholds, each muon is required to have pT ~
1.8 GeV/c, and at least one muon is required to have

pT ~ 2.8 GeV/c. The invariant mass and uncertainty
are calculated for each muon pair. A fit to the mass

distribution indicates about 45000 J/P over background.
The signal region is defined to be those dimuon candidates
with invariant masses within 4o. of the known J/P mass
[8]. The K+ and K'o candidates are required to have
pT ) 1.25 GeV/c; furthermore, each K* decay product
is required to have pT ) 400 MeV/c to ensure reliable
tracking. All pairs of oppositely charged particle tracks
are considered to be candidates for the K* decay products.
The K7r invariant mass is required to be within 50 MeV/c
of the K* mass. Unlike combinatoric background, the
invariant mass reconstructed for an actual B meson peaks
at the B mass when the kaon and pion mass assignments
are exchanged. To avoid double counting, only the K*
candidate with the mass closest to the K* mass is used.

We find the B-candidate mass and momentum subject
to the constraint that the decay tracks come from a com-
mon vertex and the invariant mass of the dimuon tracks is
equal to the J/P mass. We require the confidence level
of the fit to be greater than 0.5%. The transverse momen-
tum for each B candidate is required to be greater than
6.0 GeV/c, the minimum pT required to produce decay
products satisfying the trigger and selection requirements.
The proper decay length cr —= L,~mls/pT is calculated,
where L,~ is the projection of the B vertex displacement
onto the B transverse momentum. About 75% of the
background that occurs when a prompt J/P is combined
with other tracks from the primary vertex is removed by
requiring c~ to be greater than 100 p, m.

The B candidates are divided into subsamples in pT
ranges 6—9, 9—12, 12—15, and )15 GeV/c. Isospin
symmetry in fragmentation, i.e., equal production of B+
and B, is expected to hold for central production [9].
To make the best measurement of do. /dpr, the charged
and neutral data samples are combined to determine the
average B meson cross section. For each pT range, the
invariant mass distributions are fit simultaneously, using
an unbinned likelihood method. The relative numbers
of signal events for each pT bin are constrained to
be proportional to the relative reconstruction efficiencies
e(B )/e(B+), which are shown in Table I. The mass is
set to 5.274 GeV/c, which is the value found from a fit to
the entire data sample. The mass range below 5.2 GeV/c
is excluded from the fit since it can include contributions
from higher multiplicity B decay modes. We find that the
background is well represented by events which are likely
to contain B mesons displaced from the primary vertex
because they fail the vertex g confidence level cut. The
background slope in the fit is constrained to equal the
slope determined from such events. The invariant mass
distributions for each momentum range are shown in
Fig. 1. The total number of B mesons determined from
the simultaneous fit method N(B) is given in Table I,
along with the fitted number of events found from the
charged sample alone N(B ) The systematic —un.certainty
in the fitting method is determined to be 9.2% by taking
into account the uncertainties in the mass, background
slopes, and relative reconstruction efficiencies.
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TABLE I. 8 meson differential cross section do. (~y~ ( 1.0)/dpr [nb/(GeV/c)]. The uncertainty listed for the relative
reconstruction efficiency e(Bo)/e(B+) includes the branching ratio uncertainty. The fitted numbers of events, denoted by N(B )—
for the charged meson sample and N(B) for the combined charged and neutral meson sample, include both 8 and 8 mesons, while
the corresponding cross sections are for B mesons only. The uncertainties shown for the number of events are statistical only.

(pr)
(Gev/c)

7.4
10.4
13.4
20.0

Acceptance
for 8 (%)
1.28 ~ 0.01
3.71 ~ 0.04
6.45 ~ 0.06
9.55 ~ 0.10

e(Bo)/e(8+)
0.52 ~ 0.12
0.58 ~ 0.14
0.61 ~ 0.15
0.71 ~ 0.17

N(B )—
51 ~ 10
31 7
20+ 5
24~ 4

d rr(8+)//d pr
[nb/(GeV/c)]

644 ~ 126 ~ 139
134 ~ 30 ~ 29
50 ~ 13 ~ 11
9.5 ~ 1.6 ~ 2.6

N (8)
72+ 12
42~ 9
35~ 7
31~ 6

d o.(8)/d pr
[nb/(GeV/c)]

596 ~ 103 ~ 106
116 ~ 24 ~ 21
55 ~ 10 ~ 10
7.2 ~ 1.4 ~ 1.8

The B-meson differential cross section is calculated
from

drr(B) N
(

dpr 2XAephpr '

where N is the number of events observed, 5 is the inte-

grated luminosity, A is the detector acceptance (including
the efficiency of the kinematic cuts), e is the combined
tracking and track-matching efficiency, F is the branching
fraction, and Apz. is the width of the pT bin. The factor

1of 2 is included because decays involving both B and B
mesons have been reconstructed, but the quoted cross sec-
tions are for B mesons only.

A Monte Carlo simulation employing the next-to-
leading order QCD calculation [10] with renormalization

scale p, o = mb + pT, where the b-quark mass mb
2 2

is equal to 4.75 GeV/c, the MRSDo proton parton
distribution functions [11], the Peterson parametrization
[12] for fragmentation, using a value of the fragmentation
parameter of 0.006, and a detector and J/P trigger

20
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40 1 I I
)

' I I

20

0
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(c)
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FIG. 1. B— and 8 meson invariant mass distributions for the
momentum ranges (a),(e) 6—9 GeV/c, (b),(f) 9—12 GeV/c,
(c),(g) 12—15 GeV/c, and (d), (h) )15 GeV/c. The bin
width is 15 MeV/c for (d) and (h), and 12 MeV/c~ for the
remaining figures.

simulation was used to determine the acceptance, shown
in Table I.

On-line (third trigger level) and off-line tracking effi-
ciencies are (97 ~ 2)% and (98.5 ~ 1.4)%, respectively.
The efficiency of the matching requirement between the
CTC track and the muon chamber track segment is
(98.7 ~ 1)%. Product branching fractions of (6.55 ~
1.01) X 10 and (6.67 ~ 1.21) X 10 [13] were used
for the B+ ~ J/PK+ and B ~ J/PK*o decays, which
include the J/P ~ p,

+
p, and K* ~ K+ rr branching

ratios. These branching ratios are included in the relative
reconstruction efficiencies given in Table I.

Varying the b quark mass and the QCD renormalization
scale used in the Monte Carlo simulation within their
uncertainties changes the calculated acceptance by ~2%
[14]. The systematic uncertainty in the J/P efficiency
due to the trigger parametrization was determined to be

Additionally, a systematic uncertainty of 4% is
associated with the reconstruction of kaons that decay
inside the CTC volume. The efficiency of the 100 p, m
cut on c7. has an uncertainty of 4%, due to its dependence
on the lifetime of the meson and the cr resolution [14],
which varies from 50 to 300 p, m, depending on whether
or not SVX information was available for the vertex fit.
The y requirement on the common-vertex constraint
has an additional 1% uncertainty, which was determined
from the fraction of J/P that fail such a requirement.
Varying the polarization of the B ~ J/PK* decay
products in the range (80 ~ 10)% [15] changes the
calculated acceptance by ~5.7%. The total reconstruction
efficiencies are (81.3 ~ 9.1)% for the B+ decay and
(79.9 ~ 10.8)% for the B" decay.

The average B meson cross-section results do(B)/dpr.
are listed in Table I and plotted in Fig. 2, where the
common branching ratio uncertainty of 11.9% (included
in Table I) is shown separately. For comparison, the
cross section found from the charged data sample alone
drr(B+)/dpr is also given in Table I. The differential
cross-section measurement at 20 GeV/c is obtained by
dividing the integrated cross section above 15 GeV/c
by an effective bin width determined from the data to
be 12.7 ~ 1.3 GeV/c. The point is plotted at the mean

pT value of the data points. The integrated cross sec-
tion above 6 GeV/c is 2.39 ~ 0.32 ~ 0.44 p, b. The
solid curve in Fig. 2 shows the B meson differential
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FIG. 2. Average B meson differential cross section compared
to the QCD-based Monte Carlo simulation described in the text.
The branching ratio uncertainty, which contributes 11.9% to
the cross-section uncertainty, is shown separately. The dashed
curves indicate the uncertainty in the theoretical prediction.
The inset plot shows (data-QCD)/QCD on a linear scale.

cross section predicted by the QCD-based Monte Carlo
simulation as described above, while the dashed curves
indicate the variation associated with uncertainty in the b
quark mass, the fragmentation parameter, and the renor-
malization scale [16]. The curves include the generally
used assumption that 75% of b quarks fragment in equal
amounts to B+ and B mesons [3,17]. The visual compar-
ison between data and theory is aided by plotting (data-
QCD)/QCD on a linear scale, as shown in the inset to
Fig. 2. To determine the level of agreement between the
data and the theoretical prediction, the predicted cross sec-
tion is fitted to the measurements, holding the shape con-
stant and varying the magnitude. The fit yields an overall
scale factor of 1.9 ~ 0.2 ~ 0.2, with a confidence level of
20%. In conclusion, we find that the shape of the B me-
son differential cross section presented here is adequately
described by next-to-leading order QCD, while the abso-
lute rate is at the limits of that predicted by typical varia-
tions in the theoretical parameters. It will be interesting
to compare these data to higher order calculations as they
become available.
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