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We show that by adding a V + A heaviness-changing current to Harari’s proposed cur-
rent, the good results of Harari as well as of De Rdjula, Georgi, and Glashow are re-
tained. In addition, our proposal explains the observed y anomaly in v interactions.
Other consequences of the model are also discussed.

A new quark model, consisting of a light triplet
(u,d, s) of one SU(3), and a heavy antitriplet
(¢, b, 7) of another SU(3), with charges (%, — 7,
-3) and (¢, -%,%), respectively, which leads to
the value R=5 above the threshold for production
of heavy particles in e *e ~ scattering—in excel-
lent agreement with data' at 7 GeV—has been
proposed by Harari.? He assigns J(3105) to a
unitary singlet of the SU(3), and assigns §’(3695)
and ¢”(4200) to I=0 and /=1 members of an octet.
This model makes the striking prediction for
leptonic widths that I',:T;: ", =2:6:3, in good
agreement with experiment.® Note also that ¢”
is expected to have the same leptonic width as the
o(760). We extend the model by borrowing the
idea of De Rijula, Georgi, and Glashow* of add-
ing a new V +A piece to the weak current thus
producing an enhancement of A/ =% nonleptonic
transitions through the cross terms between V
—A and V +A in the current-current interaction.

Harari® chooses the charged V — A weak current
to be of the form

: d
Jr=(u, t,v) Al § | . (1)
b/

If we treat fJ*d"’x as the generator of the weak
SU(2) algebra, the neutral component J° has AS
=0 if matrix A is chosen to be orthogonal. We
modify this current by adding a V+ A term,

T
JV=d c(u, t, VB 5 | . (2)
b/ &

Now we require ﬂ]“’d% to generate the weak
SU(2) algebra and again, if B is chosen to be
orthogonal, the neutral component J°’ remains
AS=0.

In both the Harari®? and De Rijula—-Georgi—Gla-
show models gauge-theory anomalies are present
which make the theories unrenormalizable.®
However, if we add to the current in the Harari
model the simplest term analogous to that of
De Rijula, Georgi, and Glashow,? which is an »d
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term of V+A type, then the anomalies cancel.
This corresponds to

0 0 O
B=|0 0 O
1 0 0

and does not generate AS=#0 neutral currents.

We proceed next to consider a more general
form for B. With the requirement that the 7d
term of V +Astructure be dominant, the most
general form is

0 sinx cosy
B=|0 cosy -siny |. (3)
1 0 0

Siny must be quite small because there is a term
sinyu(V + A)S and a large value of siny would thus
upset the success of Cabibbo theory in A° B de-
cay. There is the intriguing possibility of making
x small and imaginary and hence of explaining
CP nonconservation following Mohapatra.® We
shall neglect x and take B in the form

00 1
B=(0 1 0] (4)
1 00

For matrix A we adopt Harari’s choice

cosb - sinf 0
A=|cos¢sinf cos@cosfd -—sing]. (5)
singsiné singcos6 cos¢e

Our choice of A and B corresponds to three left-
handed and three right-handed doublets trans-
forming under the weak SU(2) and we would need
two new 1eptonic doublets to cancel anomalies.

Note that the amplitude leading to the mecha-
nism of Ref. 4 for enhancement of al=% is
singdrrs, so we need to take sing ~1, in con-
trast to Harari.? All of the consequences of the
V + A interaction for nonleptonic decays of hy-
perons and kaons discussed in Ref. 4 remain
valid here.

In our model there is heavy-particle (H +0) pro-
duction from both incident neutrinos and antineu-
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trinos with equal strength (assuming that valence
quarks dominate). The y distributions for neu-
trinos and antineutrinos behave like (1 - y)? and
1, respectively. Hence the onset of heavy-parti-
cle production will be seen more easily for inci-
dent antineutrinos than incident neutrinos since
the usual V — A distributions are 1 for v and (1
—y)? for U. This is exactly what is observed.”
Note that these predictions are significantly dif-
ferent from other models. In models like those
of Sarma and Rajasekaran,® the quasielastic pro-
duction of a single charmed baryon by incident
antineutrinos arises from a (V — A)-type interac-
tion and thus goes like (1 — )%, while in the mod-
el of Ref. 4 it is forbidden.

The decays of the predicted H=1 heavy mesons
in our model are different from those in Ref. 2
for two reasons: first, the fact that sinp~1,
and second, the presence of the additional V+A
term in Eq. (2) which engenders a variety of tran-
sitions. Wherever Harari predicts nonstrange fi-
nal states, we expect both strange and nonstrange
final states. Our modified current equation (2)
has AH=- AQ in the V+A part and therefore AH
=2 terms in the nonleptonic Hamiltonian. Hence
R~ (=b#) decays semileptonically into nonstrange
bosons via ¥V +A and into both strange and non-
strange nonleptonic final states in our model.
This decay pattern helps the (K /m)-ratio problem
in passing through the region of “charm?” thresh-
old. The proliferation of heavy mesons? (H=1)
along with this plethora of decay modes should
‘make it difficult to observe the heavy mesons as
peaks in invariant-mass plots of final charged
particles in e *e” collisions. The small produc-
tion cross section for each such peak should al-
leviate somewhat the so-called “multiplicity
crunch” problem ({n.,)~4 only) just above the
expected “charm” threshold.

The branching ratio of semileptonic decays to
hadronic decays of heavy mesons does not have a
tan?0 factor in our model. Therefore this ratio
is expected to be significantly larger than in con-
ventional charm models.® Because of this possi-
bly enhanced leptonic branching ratio, it will be
extremely interesting to look for a substantial ey
signal which can arise in e *e~ annihilation from
the pair production of P** (=75) with J¥=1" via
e’e” -pP**P** ~leptons.

This model, like other charm models, also pre-
dicts events of the type v +p — 1~ +(heavy baryon)
which may have been observed recently.

Considerations similar to those in Ref. 4 indi-
cate that there is no suppression of the common

decay modes of Q° (=bs +7u) and Q° (=bs = 7u) so
that mass difference and decay-rate difference
between Q,°=(Q°+Q° and Q,°=(Q° - Q°) can be
quite large. (Q° @° mixing can be large also due
to the direct AH =2 terms in our weak-interaction
Hamiltonian.) Hence “wrong” semileptonic de-
cays of @° could have a substantial branching ra-
tio to the normal semileptonic decays, and “wrong”
dileptons (1"17) can be produced at rates compar-
able to normal dileptons’! in neutrino interac-
tions. By the same token, well above the thresh-
old for pair production of ° we expect trilepton
production, i.e., p7l,l, in v, reactions and i,
in v, reactions, where /;l, is any pair from u’,
v*, e”, e*. All modes should have comparable
rates.

We would like to emphasize once more that a
detailed investigation of the y anomaly in v and v
reactions can confirm or demolish the proposal
for weak current made here.

Note added.—1t should be noted that the en-
hanced leptonic branching ratios in our case
would also lead to a higher rate for p +p -1 +any-
thing than in a conventional charm model (c.f.
Ref. 9). In deep inelastic neutrino scattering, we
predict that o”/a? drops to a little above % (just
as in Ref. 4) when the » threshold is passed and
then rises close to 1 well above the threshold
for », b, and t.

A detailed discussion of the consequences of
the model for the weak neutral current (which is
pure vector and hence gives O‘nﬁ/ 0,’=1), x and y
distributions expected in the y anomaly, and the
dimuon phenomena will be given in a forthcoming
paper.
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We present results from a study of high-momentum inclusive hadron production in elec-
tron-positron interactions at Vs =3.8 and 4.8 GeV. Comparison of the momentum spectra
at these energies shows no scaling violation in the region x (FE/Epeay) >0.7. At Vs=4.8
GeV the K/r ratio for hadrons with momenta >1.1 GeV/c is 0.27+0.08, and the average
number of charged hadrons is 3.6+0.3 for those events which have at least one charged
hadron with momentum greater than 1.1 GeV/c.

This paper presents results from an experi-
ment which measured the inclusive cross section
for hadron production in e*e” interactions. Mea-
surements were made at e*e” center-of-mass
energies of 3.8, 4.8, 5.0, and 5.1 GeV at the
SPEAR facility of Stanford Linear Accelerator
Center (SLAC). The experiment occurred prior
to the discovery' of the ¢ (J) particles, so the
data do not add direct information about these
particles. It has been observed that R, the ra-
tio of the cross section for “e*e” -~ hadrons” rel-
ative to “e*e”—~ p*u,” increases® from ~2.5
to =5 around 4 GeV, and we present data below
and above this energy. This report will deal
with events having a particle with a momentum
greater than 1.1 GeV/c, where our particle iden-
tification is best and our backgrounds least. Da-
ta for lower particle momenta will be presented
later. The data samples at Vs=5.0 and 5.1 GeV
together were only about 15% of that at Vs =4.8
GeV. These have all been combined and will be
referred to as Vs =4.8 GeV.

The main element of the apparatus (Fig. 1) was
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a single-arm magnetic spectrometer set at 90°
to the e*e™ beams and subtending about 1% of 4n
steradians. The magnetic field was vertical and
rather uniform at ~4.2 kG; the total [Bdl was
~11.8 kG m. Particle positions were measured
by proportional wire chambers® or scintillation
counters. The event trigger required a charged
particle passing through the spectrometer in co-
incidence with the passage of the e*e” bunches
through the interaction region.

The experiment achieved e/u/n/K/p identifica-
tion of the spectrometer particle by a combina-
tion of a threshold Cherenkov counter, shower
counters, range measurement, and time of flight.
The Cherenkov counter was filled with 90 1b/in.?
(gauge) of propane. Its pion threshold was 1.05
GeV/c, and it unambiguously separated e/u/7
from K/p above 1.2 GeV/c. This particle iden-
tification was aided by time-of-flight (TOF) mea-
surements between 1.1 and 1.2 GeV/c. The Che-
renkov pulse height was also helpful in distin-
guishing electrons from pions above 1.05 GeV/c,
but electrons were identified primarily by a five-



