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We consider the SU(4) scheme of weak interactions and investigate on its basis the possible leptonic decays

of the baryons 20 (1/2*).

PACS numbers: 12.30.—s, 11.30.Ly, 13.30.Ce

One of the realistic theoretical interpretations of the
recently discovered narrow resonances #(3.1) and
#(3.7) is to introduce a charmed quark p’ into the sys-
tematics of the elementary particles. As a result of
the analysis of the theoretical schemes with a charmed
quark we arrive at a large number of new interesting
facts (see'!’)., Thus, it seems quite natural to broaden
the symmetry of the strong interactions to the frame-
work of broken SU(4). Accordingly, in connection with
the appearance of new weak currents p’~—» and p' — A,
it is necessary to review also the scheme of weak-in-
teraction physics (see, e.g.,'?’). It is obvious that the
most natural generalization of the Cabibbo theory is an
attempt to formulate weak interactions in the language
of the SU(4) group, we shall thus propose, for example,
that the vector and axial currents jointly with the elec-
tromagnetic current belong to a regular representation.
We note that the unified (GIM) model of weak and elec-
tromaguetic interactions, B constructed onthe principle
of local gauge invariance with spontaneous breaking,
can be regarded within the framework of this hypothesis,
subject to one correction, namely that the vector in-
teractions belong to the mixed representation 15 +1.

Thus, consideration of the charmed quark leads to
the a complicated experimental situation: it is neces-
sary to search for new particles, both mesons and
baryons, and to study the nature of their strong, weak,
and electromagnetic interactions. We note that obser-
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vation of these particles is made very difficult by the
increased number of hadronic decay channels, and ob-
viously calls for special new theoretical and experi-
mental methods. In all probability one of the most
successful methods will be a study of their interaction
with leptons, and particularly the singularities of their
production in interactions between high-energy neutrino
beams with matter.

In this article we shall discuss the interaction between
the particles connected with the new quantum number
“charm” and leptons, within the framework of SU(4)
symmetry; this turns out to be most important both for
the analysis of leptonic decays of charmed particles and
for the study of their production in lepton beams. More
specifically, we consider transitions of baryonic states
from the 20-plet (3*) to states of the same 20-plet via a
charged current, which according to our hypothesis be-
longs to the regular SU(4) representation and is given by

j“‘ ;“-l,:“ 2, ,)J#if LI I ’,]Ill P2 . ’IIFIJ /14 (1)
To calculate the Clebsch-Gordan coefficients corre-
sponding to the matrix elements (201J,120) we use the
method of generating invariants, '*! which makes it also
possible to ascertain the selection rules. The method
of generating invariants J(20, 15, 20) made up of the
components of the bases of the irreducible representa-
tions D(20), D(15) and D(20). Since the product of the
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sible to construct only two independent generating in-
variants, corresponding in the analogous situation for
the SU(3) group to the presence of F and D bonds. The
table lists basis of the state vectors of the 20-plet,
represented in the form of homogenous polynomials. t4?
To determine the basis, we used infinitesimal operators
realized formally as differential operators in the poly-
nomial space.
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We note that the forms x v, W;=%;9,— %5 &, 4, R
=1, 2, 3, 4) make up the so-called “symmetrical” basis
of the representation 20. The basis of the contragradi-
ent representation 20 is constructed in the usual man-
ner from the contravariant quantities z'<*; for the 15-
plet, the basis was chosen in the form x; &' (with the
condition x; t'=0). The coefficients of the expansion
of the generating invariants J; ,(20, 15, 20) in terms of
the basis functions are, by definitions, Clebsch-Gordan
coefficients.

As a result of straightforward but cumbersome cal-
culations, in accordance with the definitions of the
particles given in the table, we write the vector part of
the matrix element for the 20-plet of baryons in the
form
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The axial part is written analogously, except that F, and
D, are replaced by new coupling constants F, and D,.
The fact that the same coefficients F and D are present
in all the terms of (2) is the consequence of hypothesis
(1). Just as in the case of SU(3) symmetry, we have
F,=1 and D,=0, while for the axial constants we can
use the values*® F,~0.41 and D, ~0.65. We note that
at zero momentum transfer the effect of SU(4)-sym-
metry breaking should alter these resuits insignificantly
(the analog of the Ademolo-Gatto theorem). Following
the GIM model, we can assume a=d=cosf,and b=-c
=sind,. On the basis of formula (2) we can obtain a suf-
ficiently large class of relations between the amplitudes
of the baryon-baryon transitions, and these can be
subsequently used both to estimate the leptonic decay
modes and to calculate the additional contribution made
by the following processes of charmed-baryon produc-
tion to the total v N-interaction cross section: v+p—~ Cy*
+u , v+n~Ci+ |, v+n=Cy+ (. It thus follows from
(2) that a(p—~ C}) =v2aln~ C})~ (D - F) siné, and a(n— C})
~{(8F+ D)/V2]sind,. The newly produced baryons will
decay in the main via hadronic channels, and it is un-
doubtedly of interest to estimate the relative contribu-
tion of the leptonic decay. It follows from'®’ that these
baryons of an appreciable amplitude of decay into
strange particles; thus C;*, Cy, and C{ go over into Z*,
z% and Z- respectively, and C;— A, with a(C}*~Z%)
=a(C;~Z%=a(C?Z7) ~ cosb (F - D) and al(Cy~ A")

~cosb (D/V3+V3F).

In conclusion, the authors are deeply grateful to B.
A. Arbuzov, P. F. Ermolov, E. P. Kuznetsov, Yu. P.
Nikitin, A. I. Oksak, and F. F. Tikhonin for numerous
discussions.
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PACS numbers: 01.85.4s, 12.30.—s, 11.30.Ly, 13.30.Ce

On page 230, left-hand column, fifth line from the bottom, the term =Z’=?
should be replaced by Z-%° and the term v2Ci{C** by v2C}C{*. In the third line
from the bottom X should be replaced by )N(}u In the right-hand column of p.

230, line 11 from the top, F=1 and D=0 should be replaced by F,(0)=1 and D,(0)
=0, respectively, and in the line 13 from the top the word “zero” should be re~

placed by “nonzero.*’





