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A mechanism introduced by Stech to suppress AS

1 neutral currents is adapted to the

Han-Nambu model. Consequences of different schemes arising from the freedom in baryon number
assignment are investigated. Though first order processes are eliminated in all of these models, only two
of them give sufficiently small second-order rates for K — u*u”. In these cases, it is possible to
obtain sinf, = 1/3V2 =0.235 in a rather natural manner. These two models and one of the others
can be extended to SU(2)®U(1) gauge theories of weak and electromagnetic interactions which are
anomaly-free in the quark sector and thus require heavy leptons to cancel leptonic anomalies. The rates
for neutral events in inclusive neutrino-nucleon reactions predicted by these gauge theories are compatible
with experimental results when sin’0y, =~ 1. The models giving acceptable K ? — p*u~ rates do not
predict any enhancement of neutrino-nucleon total cross sections associated with the production of
SU@3)" nonsinglet states. None of the above schemes helps explain the AT = } rule.

I. INTRODUCTION

Although the Han-Nambu model' has become in-
creasingly more popular as a theory of hadronic
constituents since its introduction, it has so far
not been possible to determine (with any appear-
ance of uniqueness) the forms of weak interaction
currents in terms of the quark fields of the the-
ory. Specifically, the question is how to choose
the transformation properties of the weak currents
in the SU(3)’ and SU(3)” spaces. An attractive
form for the charge operator is obtained by the
requirement of preserving the Gell-Mann-
Nishijima relation, but one still has a great deal
of freedom of choice for the other currents. This
arises from the fact that observed hadrons are
classified as SU(3)” singlet states, allowing the
addition of arbitrary SU(3)” nonsinglet terms to
the weak operators effecting transitions between
them. On the other hand, there are long-standing
puzzles not explained by the simple quark model,
such as the absence of AS =1 neutral processes,
the AT=; rule, and the Cabibbo angle. It is
therefore a possibility worth investigating that at
least some of these can be understood in the Han-
Nambu model by employing the freedom in the
SU(3)” space in a judicious manner. One recent
example in this direction is an idea put forward by
Stech?: by taking / -spin and V-spin changing cur-
rents with transformation properties (8’,1”),
(1’,8"), respectively, the AS =1 neutral currents
which are proportional to the commutators of the
former two are eliminated. The observed AS=1
transitions and the Cabibbo angle are then as-
sumed to be related to the mixing of a set of cur-
rent quarks which have the same quantum num-
bers, such as the three quarks at the center of the
Han-Nambu diagram shown in Fig. 1. As the mix-
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ing can be expressed as a unitary transformation,
commutators and selection rules remain un-
changed. Naturally, only the 1” part of the re-
sulting currents is effective between observed had-
ron states. But, to be more accurate, the basic
fields in this reference are not Han-Nambu
quarks, as each carries a positive unit of baryon
number and baryons are constructed from three
particle fields and two antiparticle fields.

In this paper we first investigate the possibility
of using this mechanism in the Han-Nambu model
for various baryon number assignments. Then it
must be seen if the second-order effects are suf-
ficiently small. Barring the possibility of very
fortuitous leptonic cancellations, we find that
only two models give acceptably small rates for
K9-p'u~. Inthese models it is possible to de-
rive sinf.=1/3V2 in a somewhat natural way, but
we are also forced to assume that the radiative
corrections to the vector coupling constant G,
must be approximately four times as large as
those for similar theories. From a theoretical

\
Q=4 Q=0

FIG. 1. Positions of the Han-Nambu three triplets
on the [ 3-Y diagram.
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standpoint, it is desirable that schemes of this
type allow an extension to a gauge theory of weak
and electromagnetic interactions. It will be
shown that for three cases including the two men-
tioned above, one can construct an SU(2), ® U(1)
theory. If we insist that these theories should be
anomaly® free, at least two new heavy leptons will
be needed. The coupling of our neutral currents
to neutrinos is uniquely determined in the frame-
work of a gauge theory, making their applications
to inclusive neutrino-nucleon scattering possible.
The results agree with the CERN-Gargamelle*
and Fermi National Accelerator Laboratory
(Fermilab)® neutral -current data for a Weinberg
angle such that sin®6, =3. If the SU(3)” nonsinglet
threshold is assumed to be finite, all models ex-
cept the acceptable ones predict substantial in-
creases in nucleon structure functions® for neu-
trino scattering above that threshold. Consider-
ing that there is no evidence of such effects at
Fermilab neutrino energies, these models again
appear preferable to the rest. Finally, we show
that these models do not offer an explanation of
the AT=3 rule. The plan of the sections follows
the order of topics mentioned above.

II. THE MECHANISM AND THE MODELS

In this section we shall outline the mechanism
for suppressing AS =1 neutral currents proposed
in Ref. 2 (hereafter to be called paper II) and show
how it can be used with Han-Nambu quarks for
various baryon number assignments. Recalling
that these processes arise from the nonvanishing
of the commutators [I,, V_] and [V;,I_] in the sim-
ple quark model, we can choose the transforma-
tion properties of I, and V. so that they commute
exactly. For example, the charge raising current
of paper II and one of our cases is taken to be

L+,
J+u“1+u+V+u—ta7u< >ta ttﬁ’u( Zy)flﬂy

(1)

where the upper indices refer to SU(3)” and the
lower to SU(3)’. The two pieces above are of the
form (8’,1”)and (1’, 8”), thus they obviously com-
mute. The fact that the above operators can be
interpreted as generators of the two SU(3) sym-
metries is an appealing feature of this scheme not

. 5 0| 1+ 1 - 1
jauleft) = Lﬁ‘i)[%t <%a)ta_% g),“(ﬂa

6

shared by models which employ (8’,8")-type cur-
rents.”

Clearly, the current (1) also prohibits charged
AS =1 transitions between observed SU(3)” singlet
hadrons. In this theory, these are assumed to re-
sult from a mixing of current quarks which have
the same quantum numbers. In paper II, where
the triplets have equal baryon numbers, the mix-
ing has the form
siné

t1=3(1 +cos6)t} - 5(1 - cosO)i3+ g 13,
t2=-3(1 - cosf)t!l+5(1 +cosf)t2 + S‘/l_rzl_f?tg’

s_ sinb ., 3 @
t3= ﬁ(t +t2) —cosf 1}

t§=t§ fora#p.

The distinction indicated above between the fields
tand ¢ is similar to the distinction in Cabibbo the-
ory between the ® quark and %°=% cosf; +A sinf.
As this amounts to a unitary transformation on the
quarks, the commutators remain unchanged and
AS =1 neutral processes are still suppressed. But
applying (2) on (1), and taking the SU(3)” singlet
part of the resulting expression as an effective
current between observed hadrons, we have

J v eff) = (24’%5—6) oy, (1; ) te

f? s1n9 7oy, (1 +y5) e 3)

which, for sinf E% gives the suppression factors
0.955 =cosf. and 0.236 =~sinf.. As the usual
cosf can only be extracted from the data through
model-dependent radiative corrections,® one can
regard the current (3) in agreement with experi-
ment for AS=AQ =1 transitions. The neutral com-
ponent of the SU(2) triplet of which (1) is a member
is

T 1+ n 1+
= 4T (578) p- T (F9) 5

et () -t () e @

The effective neutral current below is obtained
from this by the method leading to Eq. (3):

sin®6 [ — 1 - 1+ — 1+
+ —12 [tf‘y“(-——-izy )tf‘+ S (—52y>t2"—2t§"yu (—527 )t;"] (5)
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This obviously does not include a neutral AS=1
piece.

Clearly, the manner in which the above scheme
can be adapted to the Han-Nambu model depends
crucially on the baryon number assignment in that
model. For example, calling the triplets t!,t2, t3
after the components of the basic SU(3)” anti-
triplet, it can be immediately seen that the as-
signment (1,1, -1) does not even allow a V”
changing current. It may therefore be a worth-
while digression here if we discuss various pos-
sible assignments. A more detailed account of
this question can be found in the last paper of
Ref. 1. Of course, one possibility is using frac-
tional baryon numbers (3, 3, 5). This is completely
compatible with the above summarized scheme of
paper II, but is inconsistent with one attractive
feature of the Han-Nambu model, that of using
fields with integral quantum numbers. We will
consider it only in Sec. III while studying induced
AS =1 neutral processes in the theory that was
outlined above. With integral baryon numbers we
can have the cases

B=(1,0,0), (6a)
(o, 1,0), (6b)
(0,0,1), (6c)
(1,1, -1), (6d)
(1, -1, 1), (6e)

and
(-1,1,1). (6f)

If the zero baryon number quarks in cases (6a),
(6b), and (6c) can decay, they must do so by pro-
ducing an odd number of leptons,® showing that they
possess nonzero lepton number. Ignoring these
peculiar leptons with strong interactions, we will
consider (6d), (6e), (6f). In these cases, quarks
with positive baryon numbers can decay into bar-
yons, and quarks with negative baryon numbers
can decay into antibaryons. Case (6d) allows the
viewpoint of identifying the symmetry group of ob-
served strong interactions with the diagonal iso-
spin SU(2) subgroup of SU(3)’ xSU(3)"”. The usual
large symmetry breaking along the hypercharge
axis can also be thought of as being related to the
baryon number assignment. The decay of quarks
would then proceed with characteristically the
same strength as this mass splitting, i.e., quarks
would decay through strong interactions. In (6e)
IY do not commute with baryon number. Thus in
this case we would have to assume that the exact
SU(2) symmetry of strong interactions is gen-
erated by T’ alone. This assignment is the most
suitable for the purposes of constructing a model

similar to that of paper II, but does not indicate
the strength of quark decay into hadrons as was
possible in (6d). A simple Hamiltonian describing
such decays could be an expression such as Eq.
(24) of the third paper of Ref. 1, except now the
third and second triplets would have to be inter-
changed. Case (6f) does not admit 77 and V” cur-
rents, and thus is not very useful for building
models of this type.

In the following we will present two schemes
each for assignments (6d) and (6e). We will refer
to them as 1(a), 1(b) and 2(a), 2(b), respectively.
In schemes 1(a) and 1(b) baryon conservation
rules out a V" current between triplets; thus our
models will not be very closely analogous to that
of paper II.

Model 1(a). Here we construct commuting /,
and V, currents by using the antitriplets together
with the triplets. Specifically, we will consider

e (L))
]+u=t1a')’u ——2—5"5

— 1 - 1
[ (52 o -t (22) )
- 1
-t () 4 )

where t€ denotes the charge conjugate field to t,
given by t°=7, t* in the Dirac-Pauli representation
of the v matrices. These currents are shown in
Fig. 2, in which it can be easily seen that the last
three terms raise V spin. As the first term is an
SU(3)” singlet and an /; -raising operator, it com-
mutes with the combination of the next two terms
which behave as an invariant determinant under
SU(2) transformations generated by T/. It is clear
from the lower indices of the last term that it
also commutes with /.. Now we need a mixing
between quarks and antiquarks to recover a cur-
rent from (7) that can be considered effectively

FIG. 2. Charge-changing currents in model 1(a) are
represented by arrows. Dashed-line triangles denote
the antitriplets.
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equivalent to the Cabibbo current. As can be ob-
served in Fig. 2, this is a natural possibility in
the Han-Nambu model, where every quark has the
same quantum numbers (with the possible ex-
ception of baryon number) as at least one anti-
quark. One well-known transformation of the re-
quired type is the Pauli-Giirsey transformation.!®
In particular, we will take the following set of
Pauli-Glirsey mixings:

3= (3023 +09t S,

t3=(1-36%)t3+0yt52%,

t3=(1- 623 -0y (t1°+ 129, (8)
tl=(1- 562! -0yt 8,

t2=(1—36%)t2 = Oyt

where terms of order 63 and higher will be ignored
hereafter. We have chosen the above form by de-
manding that the transformations generate a model
Hamiltonian for allowing the decay of single quarks
into hadrons. For example, when (8) is applied

on a common quark mass term of the form
mt$§tg, the resultis

2m 013yl P+ Thyst & = [yt & - Lyl 52) + Hee,,

which happens to be an expression considered for
this purpose in Sec. III of the last paper of Ref. 1.
Returning to our original concern, we can subject
(7) to the transformations (8) and isolate the
SU(3)"” singlet part of the result to obtain

. 26%\ - 1+y,
]+u(eff)=<1—~?->tf‘yu< D) >ta

20 - 1+
t 3w (——"‘J) t3 ©)

which, for 6=0.333 gives the factors 0.926 and
0.222 in front of the /i and V| currents. Identifi-
cation of the former quantity with cosé. is pos-
sible if the radiative corrections® for G,/G, in this
theory are approximately 10% of the leading term.
The neutral current given by the commutator of
(7) and its charge-lowering counterpart is

—y (11— - (1= (1=
) e T () it (152 -1 (S52) 2],

(10)

Carrying out the steps analogous to those in obtaining (9) from (7), we derive the effective neutral current

Jaulef) = &[5V S 18 — (1 =69 £, 15

—92t§‘yu75t3] .

Again we see that neutral AS=1 terms are absent
in both (10) and (11).

Model 1(b). This model employs a mechanism
similar to that of Glashow, Iliopoulos, and
Maiani!! while retaining some properties of paper
II. It is based on the isospin-changing current

. - 1+ o« = 1+
]w:tf‘yu(—g)-/i) £ 412, (TV.1> ) (12)

shown in Fig. 3. The fields t; and t; are assumed
to be mixed through the rotation

tl=cos¢ t)+singp t;,
(13)
tl=—sing t+cos¢p ¢},

so that orthogonal combinations of {} and ¢} are
carried separately to ¢} and t2. Thus ¢} and ¢3

behave like the ® and the @’ quarks of Glashow,
Iliopoulos, and Maiani. Substituting (13) in (12)
and picking out the SU(3)” singlet part we find

—(2+6%)E ¢ Syl s

(3 02)1 1 Yu‘yfj _3(1 - 92)[ 3 7;,’)’5
(11)
r
. 2+coso\+ 1+
Jeyleff) = <—3—9> 7 ("21"‘) L3
. S‘;“’ Tfy“<l—¥5>t§‘. (14)

For ¢ =41°, the two coefficients above become
0.920 and 0.220. Again the smallness of the fac-

FIG. 3. Currents in model 1(b).
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tor 0.920 necessitates large radiative corrections
for agreement with experiment to be possible. An
interesting point about this model and that of
scheme 2(b) is the closeness of the mixing angle
to “natural” mixing, ¢ =45°. In this case one gets
0.235 =sinf ., a value in excellent agreement with
a recent fit to octet baryon decays.!? However,
radiative corrections in this case would have to
be as large as 20%, which is rather unlikely. In
the subsequent discussions of this model we will
take ¢ =45° for calculational simplicity wherever
accuracy in the value of cos6. will not be needed.

As the two terms in (12) commute, we obtain
the strangeness-conserving neutral current

. vy 1+ - 1+
Jsu =%t?7u(—775> t;’—%t;’yu(——zli) 2

- (1 e
+%t§y“<—ii>t§—§t§y“<—:2ﬁ)t§. (15)

With the by now familiar procedure, the effective
neutral current turns out to be

Model 2(a). This is very similar to the model
of paper II, except now a mixing of t3 with t} and
t3 is inadmissible because of baryon number con-
servation. Thus we use the current (1) shown in
Fig. 4 and the simpler transformation of triplet
fields:

tl=cosBtl+sing 3,

1m)
t3=sinBt! —cosBt3 .
The charged effective current is now
. cosB+2\+ 1
J sy (eff) = <—§—>t fy“ (—;—75>1 s
2sinp + 1+
+ =5 B 72y, (—275>t§‘. (18)

Taking sinf=0.244 corresponds to setting 3
=21.4°, Then 3(cospf+2)=0.976, which is very
close to cosf.=0.972. The complete and the ef-
fective neutral currents are respectively the fol-

Fauleff)=15,=38 3y, <1—;l5> £y -%t_;"y“<liz)—/i> 1. lowing:
(16)
. , ” - 1+ - 1+ - 1+ - 1+
Jau=day +Vyy E%tf‘)@(‘%)tf—% 2N <—2—yi) ts+3t o, (—2—715-) fi‘%*éh("?ﬁ)t;, (19)
. - 1+ - 1+ sin - 1+ - 1+
Jau(eff)=%[ti’7,, (—225>t1’— 2‘*7“( 2’5>t;¥]+ [tf‘*/u (Tyi> L -1y, <_2_71> t;"], (20)

Model 2(). In this model we take the charged
current as indicated in Fig. 5:

. - 1+
g =Lty +8y, (—1i> t

2
- /1 - /1
= tf‘yu<%yi> g +t§yu<%y5->t§. @1)

The V ”-changing part of the current is now
(1/,8”)+(8%8"), but the two pieces still obviously
commute, eliminating first-order neutral AS=1

J3y

FIG. 4. Currents in model 2(a).

transitions. The mixing is of the form
tl=cos¢ ¢ -sing {3,
(22)
t3=sing tl +cosp t3,
with ¢ =41° as in case 1(b). Thus the effective
charged current is the same as that in (14). Also,

we will again set ¢ =45° for simplicity in the rest
of the discussion on this model. The two neutral

J3Y

s

ViV

FIG. 5. Currents in model 2(b).
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currents are
, - 1+ - 1+
=14, 438 () 8 -4 (52)8 @)

and

Jaleff) =13, . (24)

L. K¢—-u*tu

One very critical test of all theoretical mecha-
nisms designed to suppress AS =1 neutral currents
is whether they also suppress second-order in-
duced effects in agreement with experiment for
this process. Here we will consider only paper
II, identifying the basic fields with Han-Nambu
quarks, and models 1(b), 2(a)and 2(b). We will
not discuss model 1(a), as this was mainly in-
tended as an illustration of how the Stech mecha-
nism? might be applied with the baryon number
assignment (1,1, -1). Though the calculation of

this effect can be theoretically well defined only
in a gauge theory (thus also requiring a knowledge
of the leptonic spectrum), it would be unrealistic
to expect the necessary cancellations to take place
anywhere but between the quark triangle parts of
the relevant diagrams.!® We will show in the next
section that all the schemes in this section can

be extended to gauge theories, therefore all the
diagrams are finite and well defined. Thus a suf-
ficient condition for having second-order rates
compatible with experiment is that the quark
triangle diagrams vanish or cancel each other.
Mesons are SU(3)” singlets, thus we are con-
strained to have the same upper index on the out-
going down quark and the incoming strange quark.
Another point worth mentioning is that we must
now keep SU(3)” nonsinglet terms as 8”®8” con-
tains an SU(3)” singlet. Hence we must use the
full charge-changing currents after the mixings
have been applied. In paper II, these currents
are

- - sinf — - - in6 —
3(1+cosh)tits —3(1 —cosO)lztl+ ;.;. t3t1+3(~1+cos0)t%t; +3(1 +cosb)t?t? + s‘/1_r21_ 123
3 _ _ 16— 06 — e _
+:gtg+g(1+cose)¢gt;+g(-1+cosa)tftg+%tgtg+ ﬂfg— 11y *i;;— 72t —cosf 13t , (25)
-

and its charge-lowering partner. The Dirac ma-
trices between triplet fields have been left out for
conciseness. This pair of currents gives rise to
the nonvanishing diagrams of Fig. 6. Clearly, the
contribution of diagrams 6(a)-6(c) can be made
arbitrarily small by assuming the masses of t}, t2
t3 are close enough. But diagrams 6(d) and 6(e)
add up, and it is well known'® that such terms

1
3 t2 13

3

sing sng o1y

V2 V2
(a) (b) (c)

[ 2 -
%(Hcosa) t 3 (4+cosp) ts cos@

FIG. 6. Diagrams contributing to K } —u*p~ for Ref. 2.
K is connected to the upper vertex and charged inter-
mediate bosons couple to lower vertices.

yield results approximately four orders of magni-
tude bigger than experimental rates. Hence this
model cannot be acceptable.

1(). Just as in the Glashow-Iliopoulos-Maiani
(GIM)** model, the nonvanishing diagrams 7(a) and
7(b) can be made to cancel if the masses of t} and
t3 are within a few GeV of each other. There is
nothing in the Han-Nambu model to prevent this
possibility.

2(a). Here diagrams 8(a) and 8(b) can cancel,
while 8(c) and 8(d) violate the experimental bound.
2(b). In this model only the currents leading to
8(a) and 8(b) of the above case are used, hence

the desired cancellation is possible.

-sin¢ 12 cos ¢ cos ¢ [ sin¢
3

(a) (b)

FIG. 7. Diagrams contributing to K 9_—-#"#' for model
1(b).
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IV. EXTENSION TO A GAUGE THEORY

Unless a model of the preceding variety allows ! ! ! !
the construction of a gauge theory of weak inter- Z \
actions, it must be considered fundamentally un-
satisfactory. We will show below that cases 1(b),
2(a), and 2(b) can be extended to SU(2), ® U(1) (o) (b)
gauge theories'® of weak and electromagnetic in-
teractions. The SU(2), generators are naturally

cosp sinf sinfB {3 -cosp
1

taken as the charges of the triplet of weak cur- ': ti tg '3
rents in each case. Calling these 7; (i=1,2, 3),
we only have to establish that for every se~t of | 3 sing | " sing
these charges, there is a U(1) generator Y satis- ! 2
fying the obvious conditions (c) (d)
Q=T,+ ¥ s (26) FIG. 8. Diagrams contributing to K { —u*p~ for model
- 2(a).
[r:, ¥]=0, (27)
where @ stands for the electric charge operator, multiplets for each model. However, we shall
given in the Han-Nambu model by not go into discussions of the choices of Higgs'®
lars and spontaneous symmetry breaking, as
=/ 1yrv I" 1 //' sca y
@=lg+2V "+ l5+2Y (28) this would involve making additional assumptions
We will also write down the form of the quark about the mass spectrum of the three triplets.

J

Model 1(b). With 7, given by (15), we find ¥, using (26) and (28), as
1) [ [l+y - 1+y, 1+, - 1+,
=f '3\ <——i> ti+ 7% (—2—-’*> t} [tzn (—2—i> £+ 2y, <—§—5>t§]
13 1+y’ 13 liyi 3 2 1+75 2, 31 1+7’s 1 ‘
MR 2 £+ t37, D) ) tz:l = | t37 5 ) t3+ t37, 3 )t:ajl

o =%\ 5. (1=%\e = (L=%\0 7. (1=%
+[t"{74< 27>t§+tin< 27>ti‘—t5n< 2y>fé—tén< 2y>t§] - (29)

In spite of its complicated appearance, it is easy to see that this expression commutes with (15) and (12):
The last four terms are right-handed, and each pair of terms in curved brackets is an isoscalar under the
four isospin generators shown in Fig. 3. The multiplets are

t t3
< >(a=1,2,3), < ) ), (30)
t;‘ L té L

and their right-handed singlet counterparts.
Model 2(a). Here the T, are given by

o=+ VY, (31)
leading to the U(1) generator:

7= f dv f;{[?f‘yq(l Fyg )ty +_t‘§‘ Ya (1 +p)t5] —2[?‘3" Yo (L+pts] - [?&7’4(1 +¥)th +£ Sra(l+ytd ] +212 2¥a (1 +y)t2 )

-’5[2?? 74(1 ‘Ys)t? —7574(1 —Ys)tz - ta74(1 Ys)ta - 2t1 74(1 ')/5){3 +ti ( _Ys)t +t2 74(1 - Ys)tz]
(32)

Again, commutation with (31) is ensured because the last six terms are right-handed, the first three are
SU(3)” and SU(2);, singlets, and the next three are SU(3)’ and SU(2),~ singlets. The quark multiplets now
become
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t

Lo t5 tf o (Bt
- (t+t y ’ ) (t ) ) ’ 33
‘/'2' 1 2 té 5 tg A 3/L \/—2' ( )
ts L
and corresponding right-handed singlets.
Model 2(b). Using expression (23) for *,, we find
=~ 1 - L4y \,, — 14\ ., - 1+%\ . o 1+y:\ 2
P f g [ (55 o (5572 ] o[ o (537 o (57)
1= 1+ -, 1+, 1 [ 1+, 1+,
+ 5[‘37’4 <—2—y“‘> ff+f§n<‘2—"‘) f?] - g[féh <—g"‘> ts+157% —2““) té](
T3 1-%\. 0 1-%\2_ T 1-%\u_ T 1-%\ .
+ iy 5 ti+t7y, 2 t =127 2 tz =37, 2 tz . (34)

The first four pairs of terms are singlets under
the four separate SU(2) transformations generated
by the charges of this model, and the last four
terms are right-handed. Thus (27) is satisfied in
this scheme also. The multiplet structure is

£ t3
<to¢> (azly 27 3)) < 1> ’ (tg)L . (35)
2 JL t3 L

One important criterion for a gauge theory is that
it should be free of anomalies, which is expressed
by the condition'’

> @rire,=0. (36)

i =fermions

It can be easily checked that this sum vanishes for
the Han-Nambu quarks in all of the models dis-
cussed in this section. This necessitates the lep-
ton contributions separately adding up to zero. If,
in addition we demand that the neutral heavy inter-
mediate boson couple to leptons as suggested by
recent neutrino experiments,*5 the simplest lep-
tonic multiplet structure is

E+

Vv, E*
¢L=< _> » Yr={ E° |, ¢‘£=< ) . (37)
e /. E°/,

E-
Thus we need two new heavy leptons of both elec-
tronic and muonic types. This is the “2-3 model”
in Appendix A of Ref. 18.

Another immediate test is provided by the pro-
cess 71°—2y.!° As pions are SU(3)” singlets, we
must only take the /; part of our neutral currents
in the calculation. Then all the above models give

> =3, (38)

quarks

as required by experiment.

V. NEUTRAL CURRENTS IN INCLUSIVE
NEUTRINO-NUCLEON SCATTERING
Within the framework of a gauge theory, the
strength and the form of the coupling between the
neutral quark currents and neutrino currents are
uniquely determined. Though the results for these
neutral currents will involve one free parameter,
i.e., the Weinberg angle'® 6, it is still of interest
to see if the rates predicted by the above models
agree with the recent data for an acceptable value
of sinf,. As there is no evidence of production of
SU(3)” nonsinglet final states at Fermilab neutrino
energies, we will use the SU(3)” singlet parts of
our currents. We will also make the usual approx-
imations of neglecting the quark-antiquark pairs
in the nucleon and of taking sin6.=0. The latter
approximation corresponds in case 2(a) to ignoring
the mixing in Eq. (17). This is not possible for
the models with the mixing angle of 41°. In these
cases we will take it as 45° to simplify our calcu-
lations. Thus we have to use the quark currents
(16), (20), and (24), which become identical in this
approximation. The effective Lagrangian is given
by

G v ; . .
£ch = 7’% [V‘Yu (1 +’}’5)VJ XZ(JS” - SanGW] ‘clm ) ,

(39)

where Gy is the usual Fermi constant and only the
SU(3)” singlet part of the electromagnetic current
enters j;“‘. The experimental quantities of inter-
est are

_ oy, +N=-v,+X)

v o(v, +N=-pu~+X’) (40)

and R;. N denotes an isoscalar nucleon target.
Defining the quantity x =1 —2 sin®6,, and using the
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standard methods of the quark-parton model,?® w
find

R,= & (10x2+7x+10), (41)

R;=£(10x* - 11x +10) . (42)

These are consistent with CERN-Gargamelle*

results if sin®6, =3. In this case,

R,=0.250, R:®=0.23+0.04

R;=0.413, RZ"=0.43:0.12 .

The quantity measured at Fermilab® is
0.63R,+0.37R;=0.20+0.05 ,

for which we predict with the above numbers
0.63R,+0.37TR;=0.31 .

The discrepancy indicated by the Fermilab result
is because of the same discrepancy between CERN
and Fermilab measurements and the fact that we
have chosen sinf to fit the CERN data.

VI. SU(3)” NONSINGLET THRESHOLD EFFECTS IN
INCLUSIVE NEUTRINO-NUCLEON REACTIONS

If we assume SU(3)” octet states can be produced
at finite energy, we will get different results than
the usual ones for nucleon structure functions in
deep-inelastic electron-nucleon and neutrino-nu-
cleon scattering above this threshold. For ex-
ample, in the former case, the prethreshold form
of Fg¥ is

FeV=3(FP+Fg) = ?—g [uy(x)+dy(x)] | (43)

where 4, and d, are up- and down-quark distribu-
tions in the proton. With the natural assumption

that a quark distribution for each triplet is 3 the

corresponding one-triplet model distribution, we
can calculate FZ¥ above the 8” threshold to find

F¥= 3 (u,+d,) (44)
almost twice its prethreshold value.

Now we will discuss color excitation effects in
inclusive neutrino-nucleon scattering

VuP )+ N=p (") + X (45)

with the currents of models 1(b), 2(a), and 2(b).
Factors corresponding to sinf. and antiquarks in
the nucleon will be neglected as is usual in such
quark-parton model calculations.

Model 1(). Here we will take the mixing angle
as 45°. Then the charge-raising current (12) be-
comes

o 1o, 1
J+u(mix) = ﬁ sa- i i
1 — — -
+ g it G+t (46)

where we have left out the y,[(1 +v,)/2] between
triplet fields. The terms with an initial ¢ quark
will not contribute as we are ignoring the strange
quarks in the nucleon. Thus for v, +#%—u" +¢3
via (46), we get (3+3+1+1)=3, equal to the pre-
threshold contribution of the /} current. The same
result holds for 7, +¢%—u* +¢), hence Fy¥, Fy¥
will remain unchanged above the 8” threshold.

Model 2(a). Above the color threshold, the cur-
rents V7 would contribute through the processes
(t2+~¢t3)and (£} —t}). The current (t3—1t1) will
not be involved as there are no strange quarks in
the nucleon. These have to be added onto the con-
tribution of the three components of the isospin-
changing current from each triplet; thus F}¥ and
F2¥ will be increased by a factor (£ +2)=%. Hence
the ratio 0;/0,=1/3 will remain constant although
both cross sections will exhibit a discontinuous
change as a function of neutrino energy. Also,
F2Y/FY will change from £ to &.

Model 2(). The mixed charge-raising current
is now

. . - 1 - -,

Joutmix)= d=Ti - Ty Taes
7343 1 - 1 7341
+iit,+ = lits+ t3t, . 47)

J2 s ‘\/'—2'
Just as in case 1(b), this does not allow SU(3)”

nonsinglet threshold effects to be seen in F4* and
Fir,

VII. THE NONLEPTONIC HAMILTONIAN
AND THE AT =% RULE

It has been shown?! that only the octet part of
the nonleptonic Hamiltonian is effective in weak
transitions between SU(3)” singlet baryons. How-
ever, this argument rests upon the antisymmetry
of the SU(3)” part of the baryon wave function. It
is therefore interesting to investigate whether the
rule could be derived as a property of the Hamil -
tonian itself for a new set of currents. Unfortu-
nately, the answer appears to be negative for the
models presented here, as will be shown below.

In their mixed forms, the currents of models
1(b), 2(a), and 2(b) have the structure (8’,1")
+(1’,8")+(8%,8"). Thus the SU(3)” singlet non-
leptonic Hamiltonian involved in hadronic weak
decays of observed strongly interacting particles
will in general have a piece (8’ ®8’,1") originating
from the term (8’,8"”)®(8’, 8”). Therefore it
must be seen if the combination of the former
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with the term (8'®8’,1”®1”)=(8'®8’,1") results
in an effective Hamiltonian®* transforming as
(8’,1"). Briefly, the reason this fails is that the
1” terms obtained from the decomposition of
8”®8" are approximately one order of magnitude
smaller than the usual part of the Hamiltonian,
and thus cannot significantly change its transfor-
mation properties. We will present the argument
using case 2(a), but the same conclusion holds for
1(b), 2(b), and the model of paper II.

The singlet part of a product of octets T7%,T",
is equal to

(£6%,0" 5 = 206%,0" )T, T", . (48)

Of course, in terms of quark fields,

T2, 12" =[q%q,- 3" ,(q39,)] [a3a,~ 3\ (a%q)]
=lgg 09 59r~ 5a3a,)qtqs)] . (49)

We must now apply the mixing (17) on the AS=1
nonleptonic Hamiltonian

a_ G T T
K "= 7 (7))l +%)03]  (50)

and extract the SU(3)” singlet terms from the re-
sult. These arise from 1”®1” and 8" ®8” as
mentioned. In the latter case we have to use Egs.
(48) and (49) in the SU(3)” space. After repeated
applications of the Fierz transformation to simpli-
fy the answer and dropping one term approximately
0.3% of the leading one, we obtain

JCﬁf{ “1(eff) = %{(2 sinB(cosp +2) _ smﬁcosﬁ)?f‘yu(l ) tﬁf)/u(l +y5)tf3

9 8
sing

- =2 cosﬁ_t-g”y,J Q1 +y5)tg—tfy,,(1 +y5)t:i3 - 27;")/“(1 +ys)t.§‘?.f yu(l +75)t2B

24

+cosBI%y,(1 +y5)zg?f‘y,,(1+y5)ff]} . (51)

The first term corresponds to the usual
% sinf cosf(pn)(Rp)

of the one-triplet model with Cabibbo currents,
and the rest are peculiar to our model. These are
roughly 18%, 13%, 13%, and ™% of the first, thus
not affecting its transformation properties very
appreciably. The weights of the AT=3 and AT =3
pieces now become approximately

0.8
1", ~2)+ g 3¢5, —2)

instead of the usual

1
RW(%) —%) + "/’_ZGCW(%) _%) .
Hence the modification does not explain the AT =3

rule. The same conclusion has been found to
apply in cases 1(b), 2(b), and in paper II.

VIII. SUMMARY AND DISCUSSION

Using the mechanism given in paper II as a the-
oretical framework, we have presented four mod-
els of weak currents based on Han-Nambu quarks.
It is possible to suppress first-order AS =1 neu-
tral currents in all of these models, but as we
have shown in Sec. II, only models 1(b) and 2(b)
avoid conflict with experiment when induced sec-

r

ond-order effects are considered. The mechanism
and the currents have the theoretically desirable
property of being convertible to gauge theories of
weak and electromagnetic interactions and are
compatible with existing data on sinf. and on neu-
tral neutrino currents. A crucial experimental
test of these schemes would be provided if the pre-
cise magnitude of the radiative corrections to
G,/G, were known in these gauge theories. This
is also of interest in view of the closeness of
1/3/2 to experimental values of sinf, but this
closeness may very well be fortuitous. We have
seen that the neutral-current data fix the Weinberg
angle of the theory so that sin®6,=0.33, approxi-
mately the same value as in other popular gauge
theories. Thus the mass of the neutral inter-
mediate vector boson M, must not be much larger
than 100 GeV, and this makes it unlikely that ra-
diative corrections attain the required magnitude
through typical logarithmic dependence on M, .%*
Therefore, the smallness of the suppression fac-
tor corresponding to coséf . appears to be the most
problematic aspect of our models. Still, these
calculations are model-dependent and in fact in-
volve undetermined constant terms not expressible
as logarithms of the cutoff M,. Hence it should

be a fair statement that models 1(b) and 2(b) can-
not be conclusively ruled out by the measurements
of G,/G,. Finally, in Sec. VII we proved that the
AT=3 rule cannot be understood in the context of
this theory alone.
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