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ABSTRACT
The expected contribution to the inclusive proton yield in electron-positron
annihilation near the bottom-baryon production threshold is estimated. A plausible
mode] for the production of heavy quark hadronic states, which adequately
describes the observed charmed-baryon production, is assumed. Near threshold
bottom-baryon production causes a step in RP’fE of approximately 0.1 to 0.3, which

appears to be a feasible signal to search for at CESR.
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Since the discovery of the T at Fermi]ab1 the accumulated experimental
support for the bottom quarkonium picture has become overwhelmingly con-
vincing.2 Most recently evidence for pair production of bottom-hadrons,

presumably the lightest bottom-mesons, has been observed at CESR.3

Anticipating
bottom-baryons, we have estimated the expected threshold signal in the inclusive
proton plus antiproton yield for electron-positron annihilation at CESR energies.
Near threshold bottom-baryon production is expected to be dominated by the
lightest states: Ab and Zb, whose quark composition can be obtained from their
strange counterparts, A and Z, by replacing the strange quarks by bottom quarks.
To quantitatively estimate the production cross sections we have adopted the
modell‘l in which the heavy bottom quark pair is first produced by the virtual photon
and then dressed with light quarks to form color-singlet baryons. This intuitively
plausible model, although quite simple, was previously found5 to be rather
successful in describing the production of charmed-baryons observed at SPEAR.®

The differential cross section in the center of mass for the production of

baryon pairs having mass m and spin-parity %" in electron-positron annijhilation is

2 2
Cc% = aqu G2 (s)(l+cos ) + TGé(s)sinZGJ (1

2

e BT (1- 4m2/s)y2 and 6 is the production angle. In terms of the

where s = E
usual Dirac and Pauli form factors, the electric and magnetic form factors are
GE(s) = Fl(s) + (s/#mz)KFz(s) and GM(s) = Fl(s) + KFZ(S). And the total cross

section is

‘*M [GM( )+ TGE( ):l - )
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Bottom-baryon pair production, as in the case of charm,6 is expected to

produce a rapid rise near threshold in the inclusive proton-plus-antiproton ratio

R5+P = ZRB = 20(e’e™» §+amy'ching)/cml . (3)

We shall consider, for simplicity of notation, Rp = VZRB‘fP’ although the experi-
mental background problem should be less severe for RB. The contribution to Rp
from bottom-baryons Bb is

RP . L z ole*e” » By + anything)P(B, > p + anything) (®)

P g

Hu Bb
where P(Bb—> p + anything) is the probability that the decay of B, will yield a
proton and the sum extends over all bottom-baryons.

Near threshold the lowest lying bottom-baryons, presumably Ab and Zb,
should dominate Rg. Therefore, at low energies one expects a good approximation
to be
Rb = B[c(e+e'—>A )+ 30ete™> 32, T )] /o (5)

p b™b b™b” 1 Yun
where we have assumed that I b lies at least one pion mass above A, and,
consequently, decays strongly into Ab; and B is the effective inclusive branching
ratio for Ab >p+ anything.7

For the form factor we shall adopt the modell‘

in which the heavy bottom
quark pair is electromagnetically produced, followed by strong production of light
quark pairs to form the color-neutral baryons as shown in Fig. 1. The electric form

factor is therefore normalized to the bottom quark charge: GE(O) = -1/3; and the



4 FERMILAB-Pub-81/24-THY

magnetic form factor is normalized to the bottom quark contribution to the
bottom-baryon magnetic moment: GM(O) =u. Using SU(Flavor x Spin) symmetric
wave functions, but keeping only the bottom quark contribution, one finds
u(Ab) ==1/3u(p) and u(z) = 1/9u(p) where u(p)=2.79 is the proton magnetic
moment. Including quark mass corrections8 and expressing the magnetic moments
in bottom-baryon magnetons introduces an additional factor
(mu/mb)(bottom-—baryon mass/proton mass), which is approximately 0.45 for A b and
0.47 for Eb. Furthermore, we shall assume the energy dependence of the form

factors near threshold is dominated by a vector meson pole in the T mass region.

Specifically, in the numerical calculations below we have taken
2\-1
Fl(S) = Fz(s) = ~1/3(1 - s/A7) (6)

where A = My = 9.46 GeV/cz. Note that Eq. (6) implicitly incorporates the kine-
matical constraint GE(4m2) = GM(4m2).

The contributions to the form factors in which the virtual photon produces a
light quark pair are negligible by comparison for two reasons: the subsequent
strong production of the heavy quark pair is suppressed since mu, d/mb << ] and, in
addition, these contributions are dominated by poles in the light vector meson

region and are therefore further suppressed because (m ¢/mT)2<< 1. Of
’

Pw
course, if these contributions had been included, GE and GM would have been
correctly normalized at s =0 to the total bottom-baryon charge and magnetic

moment, respectively; but here we are only concerned with energies near the

bottom-baryon production threshold.

For illustrative purposes, numerical calculations of the proton yield near

threshold have been done using the mass es‘cimates8 m(Ab) = 5.62 GeV/c2 and
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m(Z b) = 5.80 GeV/cZ, which come from the QCD inspired, semi-empirical, quark
model mass formula.9 To facilitate realistic comparison with experiment we have
also averaged over energy bins AEcm = 200 MeV. In Fig. 2 we have plotted R%+p/B.
Being guided by the corresponding SPEAR data on charmed-baryon production a
reasonable estimate7 of B is between 15 and 50%, so the resulting step in Rﬁ+p at
the bottom-baryon production threshold is expected to lie in the range 0.1 to 0.3.
Since this is comparable to the background at CESR in this energy region the signal
seems feasible to search for.

In summary, we have estimated the step in R_+ , signaling the production of

p+p
bottom-baryon pairs in electron-positron annihilation, to be approximately 0.1 to
0.3, based on a physically plausible model that has worked well for charmed-baryon
production. As is evident in the numerical illustration shown in Fig. 2, the
contributions to RE+ p of the low-lying bottom-baryons, Ab and Zb, fall off rather
rapidly as the energy increases substantially above threshold, where the contribu-
tions from higher bottom-baryon states, not included in the present estimate, are
expected to be important. Data on exclusive cross sections for bottom-baryon
production will provide more detailed tests of the physical assumptions underlying
the model, but as for bottom-mesons, the first signal for production is most likely
to be found in an inclusive channel.
This work was supported in part by the National Science Foundation under
NSF Grant PHY 78-11607 AOl. One of us (RJO) gratefully acknowledges the kind
hospitality and helpful comments of Professor Zdravko StipCevic at the Institute of

Physics, University of Sarajevo, where this work was begun, and of Chris Quigg at

Fermilab, where it was completed.
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FIGURE CAPTIONS
Bottom quark contribution to bottom-baryon pair production in
electron-positron annihilation.
The inclusive proton-plus-antiproton yield due to bottom-
baryon production near threshold for m(Ab) = 5.62 GreV/c2 and
m(Zb) = 5.80 GeV/cz.
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