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ABSTRACT

The color-octet proposition of J/i};(xp') production and its consequences are outlined.
To confirm the proposition, the signature of the color-octet production to the electroweak
production 'background' in e+e~ collision is discussed. It is pointed out that the elec-
troweak production in e+e~ collision itself is interesting, and a thorough experimental
investigation on it should be carried out soon.
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This talk is based on our recent calculations[1].

1 THE PROPOSITION AND ITS CONSEQUENCES
J[xj}(il)') has been discovered for more than twenty years already, whereas it interests
people constantly from various aspects. Recently some progress has been achieved, and
an outstanding problem on its hadronic production rises.

The progress may be outlined as follows. The first is about the calculations on the
fragmentation functions from a parton to double heavy mesons (heavy quarkonia and Bc

meson etc.). The second is that with the fragmentation functions the production mecha-
nisms in perturbative QCD framework were studied. Then careful comparisons between
the theoretical predictions and the experimental data were made. As a result of the com-
parisons, an outstanding problem i.e., a discrepancy between the theoretical predictions
based on color-singlet model, and the Tevatron experimental data, the so-called utJ>'(J/iJ;)
plus" puzzle, emerges, and very soon a plausible and interesting proposition for solving
the puzzle, the so-called 'color-octet mechanisms', was raised[2].

The color-octet proposition has various aspects of consequences indeed. In order to
confirm the proposition and to explore its consequences further, many works are presented.
For instance, the investigations: not only on all kinds of J /i/>(ij>')-pTod\ictions, the color-
singlet ones and the color-octet ones, at various energies and in various environments,
e.g., in hadronic colliders[2-4], in e+e~ colliders[5-7] and in ep colliders[8] etc., but also
on those through Z and B decays[9,10], have been carried out. Furthermore, to observe
the signature of the color-octet production of J/ip(ip') in e+e~ collision is suggested[6].
According to our point of view, the color-octet proposition is quite revolutionary in some
senses and important, thus we think to observe any clear signature is crucial for the propo-
sition now, no matter what a signature is. The proposition certainly is very important
for developing theories.

2 THE SIGNATURE TO THE BACKGROUND IN
e+e" COLLISION

To observe the signature, the inclusive production of J/ip(ip') in e+e~ collision has received
special attention[5-7]. That is because commonly it supposes that the environment of
e+e~ collision is clean, i.e., backgrounds to interesting physics are always low. Whereas,
there are two kinds of .//^'(V'')"?10^110^011 m e+e~ collision: One is the scattering produc-
tion e+ + e~ —y e+ + e~ + «//̂ >(t/>') depicted by the Feynman diagrams Figs.l.a-b. The other
is the production associated with a hard photon e+ + e~ —>• «//V'(V'/) + 7i depicted by Feyn-
man diagrams Fig.I.e. They are less considered in literature, even in the references[5-7].
Note that here in Figs.l.a-e, only typical but not completed Feynman diagrams are pre-
sented, and the diagrams are for both of J/V' and ip' although only J/ip is indicated in the
figures. They are likely to be small due to the fact that they are essentially of electroweak
nature. Nevertheless they contribute some background for observing the signature of the
color-octet production, thus we should compute them carefully. Later on of the two less
considered ones we will call the former as scattering production, the later as hard-photon
production, but both of them as electroweak production for convenience.
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Figure 1: The typical Feynman diagrams for .//^-productions in e+e~ collision.

The electroweak production, being of a t^channel process (see Figs.l.a-c), is very dif-
ferent from those of the color-octet signature (see Fig.l.d), as well as the color-singlet
one (see Fig.l.e) since the later two are of s-channel. In general, how greatly an am-
plitude contributes to the final result depends not only on the order of the couplings,
but also on the propagators appearing in the corresponding Feynman diagram. Indeed,
after precise calculations, we have found that the electroweak production, although being
of electroweak nature, contributes to the inclusive production of J/ip(ij>') substantially,
even significantly. It is easy to understand such a great contribution. It is due to some
t-channel propagators may approach to singularity almost at a very high energy in cer-
tain part of the physics phase-space. Thus in e+e~ collision the electroweak production
becomes serious background to the color-octet signature and it obscures very much the
observation of the signature. Let us describe our results quantitatively below.

3 THE RESULTS AND COMPARISONS
Let us present the results about the total and differential cross sections of the productions
in figures, not only for the hard-photon and scattering productions but also for the color-
singlet, color-octet productions. We always put all the results into figures together so as to
compare with each other of them easily and to see the effects of the electroweak-production
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Figure 2: The total cross sections of J/psi-productions vs the CM energy of e+e~ collision.
The meaning of the curves is indicated in the figure.

on the signature more clearly.
In Fig.2, the total cross sections of J/if> productions versus the CM energy of collision

y/S are presented. As for the hard-photon and scattering productions, the total cross
sections are presented with two curves: One is of the total cross section without any cut
at all on the acceptance angle between the directions of the produced J/ifi and the beam,
and the other with a cut on the angle, i.e. only the region 20° < 6 < 160° of J/tft is
integrated (9 is the acceptance angle between the directions of the beam of e+e~ and the
produced «//?/')• As at this moment, the color-octet matrix elements[ll], which is requested
in estimates of the color-octet signature, are determined from different processes being
inconsistent, we should note here that in our estimates the color-octet matrix elements are
quoted from [3]. As for ij)' productions, the difference from J/tj) productions is only due to
different wave functions at origin for the electroweak and color-singlet productions, and
due to different color-octet matrix elements for color-octet productions[11]. To simplify
the discussions here, from now on, we will restrict ourselves to discuss «//̂ > only, while the
xj)' may be estimated by considering the difference. Furthermore, to focus on the signature
of the color-octet production, which is of s-channel annihilation, and is suppressed when
the CM energy y/S becomes high, we draw all of the total cross section curves only up to
an energy y/S ~ 60 GeV.

From Fig.2 one can see very clearly that at lower energies (y/S < 10 GeV) the cross
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Fig.3
Figure 3: The differential cross sections at the CM energy yfS = 4.03 GeV for e+e
collision. The meaning of the curves is indicated in the figure.

section of the hard-photon production is the biggest, even that with a cut in the acceptance
angle of Jfx}) indicated as above, whereas at higher energies (y/S > 30 GeV) that of the
scattering production (without a cut or with a cut in the acceptable angle of «//*/>) is the
biggest one.

In order to reach a final conclusion, more features of the productions are needed. Thus
let us present the differential cross sections. As pointed out above, the color-singlet and
color-octet productions are of s-channel annihilation, whereas the electroweak production
is of t-channel scattering, so the characters of the formers very much differ from those
of the later. Indeed to present the differential cross sections are interesting. Considering
the fact that at CESR and BEPC a lot of data have been accumulated which may be
potentially used to study this subject experimentally, we choose at their typical energies:
\fS = 4.03 GeV for BEPC and \fS = 10.6 GeV for CESR to present the differential cross
sections. They are put in figures Fig.3 and Fig.4 respectively.

4 DISCUSSIONS AND CONCLUSION
Now from Figs.2-4, one can see how the electroweak production affects the observation
on the color-octet signature quite clearly. Not only the magnitude of the electroweak
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Figure 4: The differential cross sections at the CM energy \/~S = 10.6 GeV for e+e~
collision. The meaning of the curves is indicated in the figure.

production is greater than that of the signature in total cross section and in most part of
the differential cross section, but also the shape of the curves in differential cross section is
quite similar to the signature in the region of the angle 6: —0.8 < cos 6 < 0.8. Hence the
signature of the color-octet production in e+e~ collision has a very strong background. In
other words, the electroweak production of J/ip will obscure the signature of the color-
octet production very much.

To a given order of a based on QED by calculating relevant Feynman diagrams, the
hard-photon and scattering productions concerned here may be computed very well, i.e.,
the calculation is laid on a very solid theoretical ground, and very reliable. Thus test of the
obtained results experimentally itself is certainly interesting. We would suggest strongly
to analyze the data accumulated at CESR and BEPC carefully not only for observing
the signature of the color-octet J/^-production but also for investigating the electroweak
production. We suspect that only after having carried out thorough experimental study of
the electroweak production, the conclusion, whether the color-octet signature may still be
observed by 'reducing' the electroweak production events through exclusive measurements
or not, can be reached finally.
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