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The efFect of strong interactions on flavor-changing neutral-current (FCNC) processes is discussed. In order
that the FCNC semileptonic process I~F + v+ v does not take place to order GF nor to order G~a, the
hadronic matrix elements of weak-interaction currents must satisfy (A} (5]JsQ = 0 to first order in

the gauge coupling and (8) N„'„{&)=fd xe ' (QT{ls+(x)J„(0})P= 0(k '}e„„as
k = [k "'+ (iko)']'"~ oo, where I and F are hadronic states of difFerent flavors and J „and J„are neutral
and charged weak-interaction currents, respectively, while 6„'„stands for the matrix elements of finite

operators. By examining conditions (A) and (B), we show that if the FCNC quark process q l q" + v+ v is

suppressed to order G„and to order G~a, the semileptonic process I~F + v+ v is also suppressed to the
same order, where the q' quark carries the same flavor as the hadronic state I(F).

Experimentally it has been known, that the flavor-
changing neutral-current (FCNC) processes are
suppressed' to order Gr' [or to order Groin (Ref.
2) with e- 10 s]. Such conservation of flavor(s)"
in neutral. -current processes provides strong con-
straints on models of weak interactions. Recently
several authors' have derived constraints for the
representation content of SU(2) && U(1) gauge mod-
els' by requiring that neutral- current interactions
of quarks in the model conserve al/ flavors.

In this paper we discuss the effects of strong in-
teractions on the flavor (strangeness, charm,
etc. , ) changing neutral-current semileptonic pro-
cess

I-I + v+ v,

where I and I are hadronic states of different
flavor s. %ith the aid of current- algebra tech-
niques, ' we derive constraints for the hadronie
matrix elements of weak-interaction. currents so
that the flavor is conserved in process (1) to order
G~ and G~n. By examining constraints in terms
of quark-bridge diagrams, "we show that if the
FCNC quark process

+ V+ V (2)

I-F+ I +'7 (I = {t or e),

are not regarded as FCNC semileptonic processes
in this paper. "

is suppressed so as not to take place to order G~
nor to order G~n, there is no FCNC semileptonie
process (1) to the same order in the gauge model
with strong interactions.

It should be noted that a class of FCNC processes
that may take place to order G~a via induced ef-
fective photon vertices, "' such as

THEOREMS ON THE FCNC SEMILEPTONIC PROCESSES

(A) Let Jc„(x) be the neutral current in a gauge
model. Then the hadronic matrix element of 4'„(x)
must vanish to first order in the gauge coupling in
order to guarantee that process (1) is not observed
to order G:

(F I&', ( ) II) = o. (4)

Namely, nondiagonal (flavor-changing: I-F)
terms are absent in Ze(x). The theorem (A) is
very trivial if we recall that the matrix element
for the process (1) is described to order Gz by
Fig. 1(a),

M, = t 'Pr„y, ~{Flu'„(0)
. Gp

2

(8) Assume that condition (A), Etl. (4), is satis-
fied. In order that the process (1) does not take
place to the induced order G~ot, the hadronic ma-
trix element for the induced neutral current must
satisfy the constraint

ve!p) = d'xe-'"{F
l r{~;(x)z„-(o)}lf)

(4z)

as k- ~, where J'„(x) is the charged current in the
model, and k'=k'+ (ik,)'. 8er stands for the ma
trix elements of finite tensor operators. It should
be recalled that according to the power-counting
theorem, '" O'rr(k) in general behaves as Frr(k)
=op ')."

Proof of (8). All the Feynman diagrams that
contribute to the process (1) possibly to order Gear
are shown in Figs. 1(b) aml 1(c). All other one-
loop induced-neutral- current diagrams do not con-
tribute to order Gza since they are proportional
to (FlJ' {x)jf)or (Fir{so (x,) ~ ~ zo, (x„))lf)
and both J'„and the electromagnetic current J'„
conserve flavors.



FLAVOR-CHAW(sING NEUTRAL-CURRENT PROCESSES IN. . .

In order to make our discussion, simpler, we
consider the process (1} in an SU(2) x U(1) gauge
model in the 't Hooft-Feynman gauge. The quan-
tum chromodynamics (QCD) SU(3)-color gluon
model is taken to account for strong interactions'
and the matrix elements for the process (1) are
evaluated to all orders in the gluon coupling. It
should be stressed that in such a model with strong
interactions the following CCC (continuity equa-
tions and commutation relations of currents)""
hold:

is'J'„(x) = [Q'(x,),H(x)]=M~S'(x),

[~:(x),~, (y)]5(x,—y, )

=-f5'(x- y)[2Z'„(x)+2(1 —It)Z'„(x)], etc. ,

where It =Mv'/Mz'= cos'8~ and S' are the charged
scalar currents that couple to Higgs scalars (t)'.

With the aid of current-algebra technique and the
CCC (6), it is easy to observe that the leading con-
tributions of M, and M» [in Fig. 1(b)] to order
G~n offset each other:

M(r, rz)='4 2».~z', 2 ). ,f,. M .,2[&,".(»+&s'(&}]

+is~ms p»porttonal to (E~Z„(x)~I& or (E~Z'„(x)~I&+O(G ),
where G'/4Mx' g'/4M~'=G~/V2 and g'/4n =a/sin'8~. F,",' and F~' are defined, respectively, by

s,.'(s)= f s'xx' ( si ()s( )xs( )o)it),

s;(x) fs *x "(=s~r(s (x-*)s (o)))s)-
Thus, if condition (A) is satisfied, M, +M»= O(G~ ).

The box diagram in Fig. 1(c) is evaluated to be

g d 1
(2x)o g+ ""~ ~ " ' ~ (O' M ')'(k +2Pk m ')

+ terms proportional to (E
~
8'„(x) or 4 ~™(x)

~
I&+ O(G~') .

(7)

It immediately follows that

(5')P ~~(k) = O(k ') 6~~ as A, -~
x

where k'= k'+ (ik,)', in order that the contribution
from M„, is of order 6 '. Q.E.D.

RELATION TO THE FCNC QUARK PROCESSES

Let
~
(I,I,)~) be an eigenstate of weak interac-

tions, corresponding to an I, component of a weak
isospin multiplet (I~, F~). The quark eigenstate of
the strong interactions and the mass matrix is a
linear superposition of (~ (I,I,} &] with ((I)~~sY+~:

~q&= pa, , ~(I,I,) &,

W, $ W, $

3K
FIG. 1. Diagrams contributing to the FCNC semilep-

tonic process & 5 + &+ &. Ea) M0 to order G~. (b) Radia-
tive corrections to the effective neutral-current vertex,
Mq and Mz~, to order GEo.'. (c) Box diagram to order
Gy&.

Ce + ((t t J Ct 0~ ~ ~
~

In, order to relate the above theorems on. semi-
leptonic processes to quark processes (2) and
constraints on the representation content of the
SU(2) && U(1) gauge model, we analyze the hadronic
matrix elements of currents (E~4'„~I& and 5~'(}t)
in terms of the bridge diagrams consisting of two
quark lines of different flavors, ' q~ and q~ [Figs.
2(a) and 2(b)]. The conditions (A) and (8), given
by Eqs. (4} and (5}, respectively, then reduce to



qZ

and

= const ~ 5,~,16~~ (10)

= (ci„l (s, „)d,z„sO(k '),

FIG. 2. Bridge diagrams for (a) (I' [4& '~ I) and (b)

&&~, consisting of two quark lines of different flavors.

where 6„" and 6 .~&» are the hadronic matrix
elements of vector and (anti) symmetric tensor
operators, and ql'~' carry the same flavors as the
hadronic states I(F). It is trivial to identify these
two constraints (A') and (B') to be the conditions'
that the FCNC quark process q -q~+ v+ v does not
occur to order G~ nor to order G~a." Therefore
we are led to the following theorem (C) on the ef-
fects of strong interactions on the FCNC semi-
leptonic process:

(C) If the FCNC quark process (2) is suppressed
so as not to take place to order G„nor to order
G~a in a gauge model, there is no corresponding
FCNC semileptonic process (1) to the same order
in the model with strong interactions. "

With this theorem (C), we may now relate the
absence of FCNC processes to order G~ or to
order G cM ln experiments to constraints on the
representation content of a quark gauge model.
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