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ABSTRACT

We report the full reconstruction of Xc mesons throush the decay chwmXc "" J/C'V,
J/@ -. #+#-, usins dsts obtained st the Collider Detector st Fermilab in l_p
collisions st V_ = 1.8 TeV. This sample, the first observed st • hadron collider,
is then used to meuure the X. meson production =cea section times branchins
fractions. We obtain ev. Be = 3.2 :j:0.4(atsr) d: 1.1(syst) nb for Xc mesons with
Pr > 7.0 GeV/c 2 and pseudompidity jqJ< 0.5. Prom this and the inclusive J/¢
c_oes section we calculate the inclusive b-quark cross section.

1. Introduction

This ta]k reports the first full reconstruction of X=mesons at a hadron co]]]der,
through the decay chain xc -" J/_, 7/_ "-' _+_-. The technique exploits the emily

implemented _+ _- trigger and cleanly identified Y/@ --. _+_- sisnal.to compensate for
the small decay branching fraction. The observed x, sample is used to meuure the
x, production cross section times bnmchins fr_ctions. This value, in combination
with the J/¢ production cross section meuured previously by the authors [I], is then
used to calculate the b-quark production cross section under the Msumption that
direct J/¢ production contributes negligibly to the total J/@ r_te. The results._re
bued upon data from v_ = 1.8 TeV pp collisions observed at the Collider Detector
at Fermilab (CDF).

2. Data Selection

To reconstruct x, mesons, we first identified J/_ mesons by requiring two
oppositely chsrsed muon candidLtes, each with Pr > 3.0 GeV/c. For each muon,
we then calculated the diJ_erence in both the transverse and longitudinal directions

between the position of the muon chamber track and the CTC track extrapolated
to the muon chamber position. These differences were weighted by the uncertainty
expected from '.measurement errors, energy loss and multiple scattering. Requiring
these matchin s variables to be less than 3.0 removed the majority of the background
to the _+_- sisnal. We fit the resulting/_+_- mass distribution (Figure I) to a

Gaussian plus a constant bar.kground. The width of the Gaussian is ev = 0.18
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GeV/_. Dt:_!_i'ingour J/_ sample as those events with dimuon mass between 3.05
and 3.15 GES,'._ we observe 896±32 reconstructed 3/t events above a background
of 45±8.

Photon candidates were selected by demanding an electromagnetic energy
Cluster in excess of I GeV and a cluster in the central electroma_etic strip cham-
bers. We rejected photon candidates that occurred in the same calorimeter tower
traversed by one of the muons. The photon direction was determined from the po-
sition of the strip chamber cluster and the muon pair vertex. The energy and direc-
tion of the photon candidate were combined with the muon moments to determine
the invariant mass of the j,+j,-_ system. The mass difference [aM = mass(_,._,'-r) -
mass(#+_, -) ] distribution is shown in Fisure 2. A clea_ x_ siIFnalis present, althoush
the individual angular momentum states cannot be resolved.

The shape of the backsround spectrum was estimated using real I/b eveuts
containing charged tracks other than muons. The moments of these tracks were used
as input to a Monte Carlo that generated decays of neutral pions to two photons.
The AM spectrum of these simulated photons and the J/b, weighted by the photo._
finding efficiency, was normalized to the sideband resion of the observed spectrum.

The number of events was determined usin s a binned maximum likelihood
technique to fit the aM distribition to & Gaussian siS"nal plus the independently
determined background shape. The fit resulted in a mean m_s difference of .406
± .013 GeV/_ with 67 ± 8 (statistical) sisnal events within one standard devittion
of the expected average value. Uncertainty in the bsckSround shape contributes to
the uncertainty in the observed number of x_ mesons.

3. Efficiency Determination

Photon reconstruction e/_ciencies were measured by exRm_in s a sa_nple of
conversion electrons in which one of the electrons w_ selected using only tracking
information. We calculate the electron ei_ciency from the number of electron tracks
that pass the calorimeter and strip chhmber criteria for photons. The resulting
electron efficiency was corrected for a d_erence in calorimeter response between
electrons and photons.

The combined x, detection ei_ciency for _c --. J/C'v, 3/_ --. _,+#- is 0.80±0.22%
where the uncertainty represents the sum in quadrature of ali the systematic e/_'ects
listed in the preceding discussion.

4. X. Production Cross Section

The cross section times branching fractions is determined usins the formula:

x,x- -. =

where N_. is the number of observed number of x, events, _ is the x_ detection



ei_ciency _nd L is the integrated luminosity. We obtain

o'(_ --* XcX "--. J/_X --, _+p-TX) = 3.2 + 0.4(stat) ± 1.1(sys) nb,

where the result is the sum of the x= angular momentum states. The first uncertainty
is statistical and the second combines in quadrature the systematic uncertainties due
to the fitting procedure, the e/:nciency calculation, and the luminosity measurement.

5. b-quark Production Cross Section

To determine the b-quark cross section, recall that x= and B-meson decays
dominate the total J/_ production rate[l]. Thus, we can use the above result to

subtract _om the inclusive J/_ cross section that portion due to xc decays, leaving

the observed cross section times branching ratio for B-meson decay to J/_. The
two cross sections can be compared directly since the two analyses used identical
J/,_ samples. By multiplying the observed cross section by the ratio, obtained from
Monte Car|o_ of the b-quark cross section to the J/_ cross section observed with a
full detector simulation[li, we extract the _-quark cross section:

O.ebp --

zB,(B-. I_XI,o_.)B,(J_-- _+_,-)'
where

e= >P,-'-,I'1<1)
_rJl*_v_l* I_:l* 0.5)"Mca. • > 6 C,eV/c, I <

Thisimplies
•_(P_> s.5a,v/c, ly_l< 1)= 12.o+ 4._.
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