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Measurement of the Inclusive B* Cross Section above the Y(4S)
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Using the CLEO II detector at the Cornell Electron Storage Ring, we have determined the inclusive
B* cross section above the Y(4S) resonance in the energy range from 10.61 to 10.70 GeV. We also re-
port a new measurement of the energy of the 8* By transition photon of 46.2+ 0.3+ 0.8 MeV.

PACS numbers: 13.65.+i, 11.30.Er, 13.40.Hq, 14.40.3z

We report a measurement of the inclusive B* cross
section as a function of center-of-mass energy just above
the Y(4S) resonance. The value of the BB* ll] cross
section is necessary to determine the feasibility of observ-
ing time-integrated CP-violating asymmetries at a sym-
metric B factory [2]. We can also compare the hadronic
cross section in this energy region with predictions of

several potential models [3]. The inclusive B* cross sec-
tion is determined by measuring the yield of photons from
the transition 8* By. The branching fraction for this
transition is 100% because the mass diff'erence between
the 8* and the 8 mesons is too small to allow for the
emission of a pion.

The data used in this analysis consist of 57.8 pb
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Table I. Summary of results.

E; (GeV) L (pb ') ~»- (pb) cr~* (pb)

10.58
10.61
10.62
10.63
10.64
10.65
10.70

31.3
9.7

12.9
9.8
9.7

15.8
5.7

1150
215+ 13+ 46
243 ~ 12+ 9
243+ 12+ 15
218+ 13+ 18
156 ~ 11+21
226+ 17 ~ 28

-15+ 15+ 10
58~18~17

151 + 20+ 30
164+ 23+ 22
121 ~21 ~21
151 ~ 18+ 17
346 ~ 34+ 46

recorded at five center-of-mass energies between 10.61
and 10.65 GeV, which are above BB* threshold but
below B*B*threshold, and 5.7 pb

' recorded at 10.70
GeV, which is above 8*8* threshold. The energy and
integrated luminosity for each point in the scan are given
in Table I. We also use 31.3 pb

' collected on the
Y(4S) resonance and 32.3 pb ' taken at energies just
below BB threshold, and referred to hereafter as the con-
tinuum sample. The data were recorded using the new
CLEO II detector at the Cornell Electron Storage Ring
(CESR). CLEO II is a large solenoidal magnet spec-
trometer and calorimeter [4]. Tracking is accomplished
with a 6-layer straw tube detector, a 10-layer vertex drift
chamber [5], and a 51-layer drift chamber system [6] in a
1.5-T magnetic field. Inside the superconducting magnet
coil is a calorimeter consisting of a system of 7800 CsI
crystals that achieves an rms energy resolution of 1.5% at
5 GeV, 4. 1% at 100 MeV [7], and 6.0% at 50 MeV.

The first step of the analysis is the hadronic-event
selection. Events that have fewer than five reconstructed
charged tracks are discarded. The total visible energy of
the event must be greater than 0.4E, , where E, is the
center-of-mass energy. In addition, there must be more
than 2 GeV of energy measured by the crystal calorime-
ter. To reduce backgrounds from beam-wall and beam-
gas interactions, we demand that E& be greater than
0.4E, m, where E& =P; E; sin8;. E; is the energy of each
particle, neutral or charged, with charged particles as-
sumed to be pions. 0; is the angle between the particle
and the beam axis. We reject events with large energy
asymmetry by requiring that the ratio Ri =H ~/Hp be less
than 0.4, where H; is the ith Fox-Wolfram moment [8]
determined from both charged tracks and photon candi-
dates. In addition, we require that events be spherical in

shape by demanding Rq(0. 15, where R2=H2/Hp. This
cut on event shape eAectively removes continuum events
which are jetlike and preserves BB events which are more
spherical. The efficiency for the hadronic selection re-
quirements described above is determined by comparing
the number of continuum-subtracted Y(4S) events pass-
ing these cuts with the measured Y(4S) cross section [9]
of 1150 pb. The total hadronic-event-selection efficiency
for BB-like Y(4S) decays passing the cut Rq~0. 15 is
(55.4 ~ 0.6)%, where the error on the efficiency is statist-
ical.

Candidate photons in the hadronic-event sample are
found as clusters in the CsI calorimeter. Cuts are made
on the cluster shape to distinguish isolated electromagnet-
ic showers, which have a narrow lateral spread, from
nonelectromagnetic showers. Photon candidates are re-
quired to lie in the best region of the barrel calorimeter,
~cos0~ (0.71; photon candidates are not allowed to
match the projection of any charged track. The photon
finding efficiency is determined by generating 8* By
decays with the correct angular distributions in a Monte
Carlo simulation and then embedding the photon from
the 8* By decay in real events that have passed the
hadronic-event-selection requirements. In the hadronic-
event sample, the efficiency for finding 50-MeV photons
from 8* By decays, including the solid angle require-
ment, is (50.4 ~ 1.2)%.

We perform an alternative analysis using hadronic
events tagged with a high-momentum lepton. The lep-
ton-tagging requirement significantly enhances the frac-
tional b-quark content of the sample by rejecting continu-
um events. For events with an identified lepton the re-
quirement on R2 is loosened to R2~0.25. With the
looser shape cut, the event-selection efficiency is (75.7
~0.8)%. We analyze the data using both methods, ex-
clude the lepton-tagged events from the inclusive sample,
and form the weighted average of the results from the
two samples to obtain the final result.

Candidate electrons are selected on the basis of track-
ing and shower information. Each electron candidate is

required to have a momentum greater than 1.0 GeV/c
and match a shower located in the barrel of the crystal
calorimeter. To identify electrons, we combine informa-
tion from the dF/dx measurements in the central drift
chamber with the ratio of the energy measured in the
calorimeter to the momentum determined from the track-
ing system. In order to select muons we require hits in

the muon system that match the extrapolated position of
a charged track. The selection criteria remove most
muons with momenta of less than 1.4 GeV/c.

The effective efficiency for tagging 8 decays with lep-
tons is determined from continuum-subtracted Y(4S)
data. The events have to pass the hadronic-event selec-
tion and the lepton-tagging requirements. The effective
efficiency for tagging a 8 decay with a muon or electron
(including the momentum cut, the momentum spectrum
of leptons from 8 decay, and the branching fractions to
electrons and muons) is (15.5+ 0.3)%.

In order to determine the 88*-production cross section
as a function of energy, we simultaneously fit the con-
tinuum-subtracted photon energy spectrum at each of the
energy scan points below B*B*threshold. (The simul-
taneous fit includes both the inclusive spectra and the
lepton-tagged spectra. ) The continuum photon spectrum
is scaled by the ratio of luminosities and by the inverse
ratio of energies squared, and then subtracted bin by bin
from the photon energy spectrum at each scan energy.
This removes approximately 60% of the background from
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the inclusive photon spectrum and the background that
remains is well modeled with a second-order polynomial,
whose parameters are allowed to vary from one scan en-

ergy to the next. The 8* photon line is described by a
Doppler-broadened line shape which is smeared with a
Gaussian detector resolution. The contribution of the
detector resolution to the width of the photon line is a sin-

gle free parameter in the fit, but is constrained to lie be-
tween 2.7 and 3.3 MeV [10]. The Doppler broadening
depends on the center-of-mass energy, but involves no
other free parameters. The mean energy of the 8 By
photon is constrained to be the same for each of the scan
points. From the global fit, we find that the mean photon
energy is 46.2~0.3+ 0.8 MeV. The systematic error is
the sum of quadrature of two components, one from the
uncertainty in background shape (0.7 MeV) and a second
due to the uncertainty in the absolute photon energy scale
(0.35 MeV). The latter is determined from studies of the
decays z yy and Z Ay. Figure 1 shows the result
of the fit to one of the inclusive photon spectra. For the
scan energy above the 8 8 threshold, we fit the
continuum-subtracted photon spectrum to a second-order
polynomial and a Gaussian line shape. We do not con-
st.rain the width of the Gaussian, since the relative frac-
tions of 8*8* and 88 events in the sample are not
known. We extract the inclusive photon cross section at
this energy by counting the number of 8 — 8y transi-
tions.

The cross section for inclusive 8* production is a~*
=IV„/(e f%dr), where 1V, is the number of observed
photons and e is the total detection efficiency. e is the
product of the hadronic-selection e%ciency, the photon-
detection efticiency, and in the case of the lepton-tagged
analysis, the eAective lepton-tagging eSciency. By nor-

malizing the hadronic-selection e%ciencies to the mea-
sured Y(45) cross section, the result for cr8. depends only
on the relative luminosity calibration.

The largest sources of systematic uncertainty in this
measurement are the uncertainty in the photon energy
resolution at 46 MeV, and the uncertainty in the shape of
the background. In order to estimate the error that re-
sults from the uncertainty in the background shape, the
data are fitted by the following alternative methods: (a)
The background under the photon line is constrained to a
combination of continuum plus Y(4S) in a ratio fixed by
the relative luminosities and cross sections, and (b) the
background is fitted separately for each of the incident
energies by a smooth polynomial without performing a
continuum subtraction.

We use the variation in the results from these diAerent
methods to estimate the systematic error due to the fitting
procedure. To estimate the systematic uncertainty due to
the choice of cuts, which is another measure of the uncer-
tainty in the background, we fit the photon spectrum by
the three procedures described above and modify the
hadronic-event selection by varying the R2 cut. To esti-
mate the systematic error from the uncertainty in the
photon resolution, we vary the Gaussian detector resolu-
tion throughout the allowed range for all the fitting pro-
cedures. Other sources of systematic error are the pho-
ton-finding eSciency (5%), the lepton-finding efficiency
(5%), and the relative luminosity calibration (3%).
These sources of systematic error are combined in quad-
rature to arrive at the final systematic error.

The final results, where the first error is statistical and
the second is systematic, are given in Table I. We have
combined the results from the inclusive and lepton-tagged
analyses by excluding the events with leptons from our in-
clusive sample.

We also determine the total hadronic cross section in
excess of the continuum by counting the events that have
passed our hadronic-event selection criteria at each ener-

gy scan point. We use the relation

IV g /V, (Lg/L, )(E, /Eg —) L4.
abi-, =(1.15 nb

1V4 —IV, (L4/L, ) (E, /E4 )

where N+, A4, and A,. refer to the number of hadronic
events at the scan energy, Y(45), and continuum, respec-
tively. L =fXdr refers to the integrated luminosity and
F refers to the beam energy. The above expression takes
into account the energy dependence of the continuum
cross section. Table I gives the hadronic cross section
(ob&) above the continuum measured at each scan ener-
gy. The cross sections measured in the lepton-tagged
analysis are in good agreement with those determined
from hadronic events if it is assumed that the observed
leptons are produced with a rate equal to the 8-meson
semileptonic decay rate. This indicates that the hadronic
cross section above continuum is predominantly 88-like.

At the scan point above the 8*8 threshold, the mea-
sured inclusive 8 cross section exceeds the hadronic
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FIG. 2. The cross section for inclusive 8* proroduction as a
function of c.m. energy so i(solid squares) and the hadronic cross
section above continuum (open square ). '

hs). The curve is the pre-
& f mthe8 ersdiction for the total hadronic cross section &11~ from y

and Eichten model in Ref. [3]. This model underestimates the
hadronic cross section in the 8* threshold region.

cross section. We conclude that there is significant 8*8*
production at this energy point. Figure 2 shows the in-
clusive 8* cross section as a function of c.m. energy, as
well as the hadronic cross section above continuum qq
production in this energy region. Also shown in Fig. 2 is
a prediction for the total hadronic cross section from the
potential model calculation of Byers and Eichten [3,
The other models in Ref. [3J show a qualitatively similar
level of agreement with the data.

In conclusion, we have measured the inclusive 8* cross
section as a function of energy in the region just above
the Y(4S). The highest measured value of the BB* cross
section below the 8 8 threshold is 164+ 23~22 pb.
This value can be used to estimate the luminosity re-
quired [12] to observe CP violation at a symmetric B fac-
tory. We have also measured the energy of the photon in
the B* By transition to be 46.2+ 0.3+ 0.8 MeV. This
agrees well with the CUSB measurement [13 of 45.4
+ 1.0 MeV and is consistent with expectations based on
scaling mass diA'erences of vector and pseudoscalar me-
sons [14].
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