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Following the analysis of Nishijima and Sato, we use the chiral symmetric gauge
field model to compute the s-wave amplitudes of the nonleptonic weak decays. It is
pointed out that the weak interaction Lagrangian which has been derived from the
assumption of octet W bosons is consistent with experiment. The p-wave amplitudes
of the nonleptonic hyperon decay are obtained by using the sum rule that has been
derived by the author. The result for both s- and p-wave amplitudes, which is a theoretical
prediction with no adjustable parameter, is in fair accord with the experimental data.

1. INTRODUCTION

Recently, we proposed a model [1] of the weak interaction Lagrangian based
on intermediate vector bosons (W bosons) that transform as an SU, octet or nonet.
By imposing a phenomenological requirement that the 4S = 2 transitions be
absent in the lowest order of the Fermi coupling constant Gy, we were led, in a
natural way, to a theory which is intrinsically CP violating. The effective Lagran-
gian thus obtained has no 27 component, and the term responsible for nonleptonic
weak decays is given by?

| G o -
—~Llasi1 = g\/—% (J.J.) sin § cos 6 + h.c.

= ¢ V2 Grdg,eJ 2T 2 sin 0 cos 6,

4y

* Work supported in part by the United States Atomic Energy Commission.

1 The corresponding terms in Ref. [1] have phase factors which reflect the CP violating nature
of the basic Lagrangian. As was discussed in Ref. [1], however, these phases are unobservable
as far as a process of order G is concerned: we may remove them either by choosing the arbitrary
phase in a suitable way or by redefining the phases of the basis states of the SU; representation.
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W BOSONS AND NONLEPTONIC DECAYS 555

where

() = i A s (e b =1,2.3), 2

a=1
{oro)

are the octet or nonet hadronic V-4 currents
Jo=V.+ A 3)

A, dg, » and 8 are the Gell-Mann spin matrix, the symmetric coefficients of the
SU, group, and the Gell-Mann-Levy—Cabbibo (GLC) angle [2], respectively; and

& = 4/3 for the model with octet W bosons,
B “4)
= /2 for the model with nonet W bosons.

Notice that the Cabibbo Lagrangian gives £ = 1 if the octet is constructed by
adding a component of neutral currents or ¢ == 3/5 if the octet part is extracted
out of the charged current-current interaction.

A long-standing problem of nonleptonic weak decay in the current—current
Lagrangian is whether the suppression by the GLC angle [3]

sin 6 cos 6 = 0.23 (5)

can be compensated by a dynamical enhancement. The answer to this question
was once negative [4], but recently the possibility of an affirmative answer was
suggested by Nishijima and Sato [5]. Assuming the chiral symmetric gauge field
model and field-current identity, they assert that the mixing effect of the gauge
fields gives a desired enhancement. Since, however, it seems that some terms were
neglected in their analysis, we reinvestigate the gauge field model, hoping to be
able to determine which of the weak interaction models mentioned above is
consistent with the experimental data for the s-wave amplitudes (Section 2).
Section 3 deals with the K,® — 27 decay and Section 4 is devoted to a discussion
of the p-wave amplitudes.

2. THE s-wAVE HYPERON DECAY

As was pointed out in Ref, [5], we have to consider the mixing of the vector
field,

1 .
X = () = Szl

V2"
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and the axial vector field,

1 i
auﬂ = (au,)é = = alll’—zz’

V2

as far as the parity-violating (s-wave) amplitudes of the nonleptonic weak decays
are concerned. Following the prescription of the chiral symmetric gauge field
model [5-8], we may write down the relevant part of the Lagrangian in the following
form,

L=1Lg+ Ly+ Ly, (6)
where
—Lg = %{(va)* o+ @) aly + ml S oS + ma) a7
g ' g
+ (0.9 — —=2—a,") (0,0 — —2—a,"), 7
“he= 7% S — T% %] + he., (8)
and

—Lyw = Av,*)"a,” + h.c. 9

In the gauge field Lagrangian L. , we use the notation

I"llﬁ} - aquK - al/l.’lll( - i l‘u 3 UV K + a b aV K]’
V3 {[ I®+la,,al™;
. (10)
T T ja ™ Ig 77 Y -
A = 8uav — od, — :\75{[1’” s av] -+ [au R Uv] },
the mass terms obey SU(2) x SU(2) symmetry, i.e.,
m, = m,, (11)

and the third term breaks that symmetry, ¢ being the unrenormalized pion field.
The vector current 5 and the axial vector current £} **in the matter Lagrangian
Ly consist of hadronic fields. In the weak interaction Lagrangian Ly, , the coupling
strength / is given by

. 2 2
h=§\/2GFsin90050";” n%’ (12)
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where use is made of the relation

2Wgos) 21.F = I 4 be. — 2J,° (Jf + \7]? Jf), (13)

and the field-current identity [9]

A (14V)
and
ALz _ V2 2g’"’““ ar. (13A)

Incidentally, we notice that if we use the chiral-covariant combination for the
second term of Eq. (8),

g i, w \/Efo . ,
— = o NG — —— 4.9), )
V72 ( g )

and at the same time for Eq. (]14A),

1Hi2 \V2ml o V2 /s .
— 2 2e — 70 5
Al . (a. 5 ), (14A")
then our result will be unchanged, except for the reversal of the sign of the PCAC
constant.

In computing the decay amplitude, we first diagonalize [5] the bilinear terms of
the gauge fields in Lg + Ly by the following transformation;

0, X = K. * + M, + ¢ d,m,
a,” = —AK ¥ + Ay, + cé,m, (15)
¢ = 2P,

where A, ¢; , and ¢, are constants to be determined by the diagonalization condition,
and the renormalization constant Z is necessary in order to have a correct coeffi-
cient for the kinetic energy term of the physical pion field = after the mixing, Eq.
(15). The coefficients thus obtained are, in the lowest order of the weak interaction,

/]
2 2 *
my = M.

h 1 (16)

- Co =
N 2 m, °’

€y == —
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and
Z =2,
where
Nigs = m,° ., (17)
mil = m,” + 2762,
and the Weinberg mass relation [10]
my, = 2m;, (18)
ie.,
g _ g, (19)

2/
has been used. The fields K, * and A, correspond to the physical particles K* and
A; respectively, and should satisfy the conditions
O (K> |7 =0
and
O]Ay,|m =0 (20)
Using these, together with Eqgs. (14)-(16) and (20), we have

ey o
ot a1 V2mgs2 .
OA ) i “<0/a, @

(21)
Mg o .
= —% 0 | O, |7,

which is nothing but the KSRF relation [11],
gfr = m, = m,, (22)

where f, stands for the 7 — uv decay constant.
The transformation (15) leads to the effective Hamiltonian for parity-violating
decay processes,

; h h
HPY g_ 4+15(K * A — P )
int V2 4L Wt mi— g, Y 2 m A uT
' i2 / 1 :
— Lt (- = K R A —— ) he (23)
V2 iy — nig, my
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The s-wave amplitude of the nonleptonic hyperon decay Y — Bm— then may be
computed as

. h o & adis | e
B | HY | Y, = -1 g5 garisyy
kol [ nt \ m:k*m,\l | \/2 1 Ve

I 5 & L4is o
T Bl STy e 0, (24)

The matrix elements in Eq. (24) are estimated by using the equation of motion for
the v, and q,” fields,

—eaX o N = —\/55 I ha, (25v)
and
o b T g ’ 1 i2 K
—oal, + mia,” — Zre o= S — I, 25a
A, VT \/2 (25a)
ie.,
(B \ f”” | Y> = nigs(B | (0,) | Y
¢ (26)
- 4445 1 N,
EBIVECY)
and

B RN = B @Y RGBS Y

i
—— . . / Y Kyt S
§ ( it 1) MBS Y @)

h , i3
- B,
V2 omy -y,

where Eq. (15) has been used in the derivation of Eq. (27). The matrix element of
the kinetic energy terms d,u,,, etc., were omitted because they vanish when
multiplied by (#— | ¢,7 | 0,,
Bl opk | Yoia | 8,700 = —ip, (B} & lvu 1Y) =z |7|0)
= —(B| 8,8, Y)(m 7| 0)
=0 for pY=pP+ps (28)
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.~ being the four momentum of particle X. Incidentally, we point out that it
follows from Egs. (15) and (25) that

o | P10 = | 50100 =0, (29)

as far as the last terms of Eq. (10) are neglected in computing the matrix elements

{a | 8,05, | 0, ete.
Commg back to the computation of the matrix element of the decay Y — B#n,

we obtain
{Br~ | Higt | Y
= INA(Y ) iig(p®) uy(p¥)
1IN
gh 1 44145 . )
== - — BV, Y 7 | a,m | 0)
V2Zmg, mi —mi, g
gh m,

= —-N ) C(B7 Y)(puy - puB) EB(pB) ')/uuY(pY)

3 11y2 2
V2m, my — M.

m
gh Ay _
\/2 mf(* HZZAI - ,n?(* C(Ba Y)(’”Y - InB) UB(pB) uY(pY)3 (30)

= —iN

according to Egs. (24), (26), and (27), where

mYmB

stands for a normalization factor, and C(B,Y) for the SU; Clebsch-Gordan
coefficients which are given in Table I.

TABLE I
The SU, Clebsch-~Gordan Coefficients Defined by

- . Mmynig
(B| V45 1Y>y =iC(B,Y
FVe=e1 ic( )\/ FyEp HpY Uy

Y — Bn CB,Y)
A — pm— ,\/g
E-— An- V3
2= —na- —1

2t — nat 0
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The s-wave amplitudes A for various hyperon decays then read

m;l
A(A%) = f\/ —=sin § cos O f, ————— (m, — my),

ml, — mi,

mil
AE ) = — \/ sinfcos b f, —————— (mz — m,),
(&) 52\/21 fm _mz(_ )

K=*
G mil
AZ ) = ¢ :/% sin 8 cos 8 1, P (s — my),

m, — mi,

AX ) = 0. (32)
Using the known values for the parameters
(f, = 134 MeV, G = 1.026 x 107> my?),

we compare the prediction (32) for the octet W-boson model (§ = 1/3) with the
experimental data in Table II. The agreement is fair. Certainly the octet W-boson
model is better than any other model: For the latter the prediction is much smaller
than the experimental values [12].

The result (32) is the same as that of the vector dominance model [4] as far as
the relative magnitudes of various amplitudes are concerned. In fact, the first
term of Eq. (24) gives the result of a simple vector dominance model. It is, therefore,

TABLE 11

Comparison of Theory and Experiment® [12] for the Nonleptonic Hyperon Decays
(in the Units 10° sec=!/?)

\//;L_ﬂ A Vi B
Experiment Theory Expenment Theory
A0 1.53 = 0.02 [.5 10.51 = 0.32 12.
B - —2.07 + 0.02 —1.7 7.08 4- 0.70 5.1
z 1.96 + 0.02 1.7 -0.754 4+ 0.219 0
DA 0.06 4- 0.02 0 1940 + 0.19 18.
y -0 1.43 £+ 0.09 —13.11 - 0.98
P 1.2 —13.
y <0 1.31 + 0.09 —1433 +0.79

“ The armplitudes 4 and B listed in the usual compilations such as in Ref. {12] correspond to
Viur A and Vv, Bin our notation.
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essential to take into consideration the second term of Eq. (24} in order to obtain

the enhancement factor 7} [(my — my.). As was noticed in earlier works, the
Lee-Sugawara relation [13]

AU + 5 AE )+ S UE ) = AS ) =0 (3

is satisfied by the amplitudes of Eq. (32) provided the Gell-Mann-Okubo mass
relation is valid.

3. Tue K,° — 27 DECAY

A similar consideration immediately leads to the K® — 77— amplitude,

m>

_ Ay , N 1
lata= | HRW K = h g (7t | uﬁ*” | K% (o= | o,m] 0>
LN my,
m

) h A, 2 ?)

N f/i i ! (1x . P (34)
N, g M
where
, 1

N =0 (35

V8w SO wK
Neglecting the small CP violating effect, for the CP even state,

i(K® — K9)

K, = ,
! %)

(36)

we obtain

m,

! p® —
+ K% = N'gh — . 7
<’f T I int | 17 & }nzAl - n/l%(* rnzK* (3 )

This is not the whole story for the K,® — 27 decay, however. In the chiral sym-
metric gauge field model, we have extra terms other than Eq. (7) which contribute
to the K,® — 27 process. In order to see this we notice [8] that the last term of
Eq. (7) is the first term of the expansion in f;@ of

8f; Tr{(D M)T (D M)b (38)
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where
_ LT in®
M= = ife®’
DM = ¢, M — igv,*M + igMuy R,
and
) 1
U{; ® = T/—j (Du :{: au)>
with
A LS
v, = oL a, = —= o
' \/2 Z ik

That is, in the expansion

Tri(D,M) DM}
8fl) (4% ) ity

- %Tr (aucb — T/%ZM — \"/2 j( 5,D — szo u) [vu@]%

1

the second term contains terms responsible for the decay K, — wt7—,

~ e k) . 9)

g g T ks i
e I (%‘P — \/271 au\i (Li+ 1— - h. L)
JoO
g is n 1-i2 ‘
+ _4_?.7 glt*' ( P — \/gf au) -+ h.C.§.
0
Note that since
1
(FKO — _{/_7 (pﬁ i,
@ transforms as ¢’ and %" as ¢°, where
Ky’ = (K° K9

is the CP odd state.
The weak interaction Lagrangian

‘ 1 mps
—Lw = h{©X"a, -+ he — aks’ (v,f’ + — vu") T §

V3 ms

+ e

563

(39)

(40)

(41)

(42)

43)

(44)

(45)
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mixes the a*:’ field with p, w, or ¢, but not the @*+" field. Therefore, it is sufficient to
consider the strong mixing of the K,° field and affl“ field in the gauge field Lagran-
gian,

—L'élo = lmz (aK 24~ (“uqol\'l" —

2 Mk B2 (46)

g ](10 l
v ) R

fx being the bare mass of K° particle. Equation (46) can be diagonalized by

K" __ K,’ N
asr = A% + mK*mKA 0 Kl
and
¢’ = ¢&' = VZc Ky, (47
where
mg, = mg» +m,’? (48)
and
o anA
VZ = e (49)
The physical mass of K° is then
- my
e = VZx i = —— fix - (50)
K*

According to Egs. (15), (16), and (44)-(49). we have an additional interaction
Hamiltonian for the process K,* — 7¥7—,

Htrilinear = i h RS ad Klo(a w'r 4 710 77)
V2 my
A
my \'
. 05 Ao !
Pge Kl duﬂ' (’uﬂ')’ (51)
which gives the matrix element
Hig 9
_ \ : gh 5 A +
+ H K05 — N/ — K)2 ( ) wt g
<7T T [ trilinear | 1/ \/2 ’71K*’nA1’77KA P‘JL ) + g (pu Pu )

(52)
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Combining Egs. (37) and (52), we conclude that
rtnT | Hiny + Hyiinear | Ky = N AKK" — 7i77), (53)
where

AKL® — 7im)

o
] m>
ghp® A

2

AI (l » )
42 2 2 2
N lmAI ms,, MK

1 . 1A e 2u.t
. 2 oel L] e U )|

m?
s,

1 g 1A
my = my, V2 1177171: ( 2 ( m . ) )g (54)

K *

= £GE sin ¢ cos 0 f,pg®

In the last expression, the pion mass has been neglected.
The numerical result is given in Table 11I. The second term of Eq. (54), which
TABLE IiI

Comparison of Theory and Experiment for
the K,* — 27 Decay (in the Units 10-%)

Experiment Theory
AK® — 7t77) 3.98 4 0.02 35
A(K,® — 7°7%) 2.69 + 0.03 2.5

stems from the additional Hamiltonian Hipjinear , is responsible for bringing the
theoretical prediction closer to the experimental data. The A = { rule, of course,
predicts

A(K —> 707" = 715 AK® — 7).
4. THE P-WAVE AMPLITUDES
The sum rule between the s-wave and p-wave amplitudes of the nonleptonic

hyperon decay has been derived by using PCAC, current algebra, and the infinite
momentum technique [14]. The agreement of the theory and experiment is excellent

595/62[2-22
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if the s-wave amplitudes are taken as an input information. In this section, never-
theless, we use the sum rule of Ref. [14] and the theoretical result for the s-wave
amplitudes obtained in this article, Eq. (32), in order to make a complete set of
theoretical predictions.

Since the s-wave amplitudes, Eq. (32), satisties the Lee-Sugawara relation,
Eq. (33), and the constraint A(X,*) = 0, the sum rule [14] reads

2
nry

BE) = g TN 45y g, 9 Gin 6 cos B, g (s + my),
M — My V2 my, — M,
B(E_-) =0,
N My~ My 0 2 My + Py
B(Ay) = g4 My — fiy A \/3D My — Py A7)
= e
3Gp . . A1 2
= {g, \/ET/FZS“I/G cos ejnﬁ my + My — 3D T F(mz + M)t
and
B(E_ ) = —(D — F)MLA( )
Mg —
2 (55)
my,
= §D — F)\/ —£ sin f cos 6 7, —»——2—— (mg + my),
Ay — M
where the parameters are given by [3]
D =0.74 4002, F =049 4-0.02,
and
ga = D +F — 1.23 £ 0.03. (56)

We notice that the amplitude B(A_°) is expressed as

BA) = | g4d(A) — \/ DA )% Mo T
— niy

in Ref. [14). This formula, however, was obtained in the soft pion limit, and
the limit my — m, = 0, so that we encounter the ambiguity concerning
the masses of 2 and /A in using the sum rule. We have chosen Eq. (55) for the
amplitude B(/_%) since it leads to a simpler result.

The numerical estimate of Eq. (55) is listed in the last column of Table II. We
emphasize that the theoretical prediction of Table 11 has no adjustable parameter.
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Finally we give a comment on the Lee-Sugawara relation for the p-wave amplitu-
des. The validity of such a relation implies the relation
D 3 (Zmg 4 my + my)

F  2(4ms + 3m, — 3my)

1.47, (57)

according to Eq. (55). The left side gives D/F = 1.51 + 0.10, which is remarkably
close to the value of the right side. In the SU, symmetric limit, Eq. (57) reduces to

=z, (58)

F )SU3 symmetriclimit 2

( D
This is the same value as in the SU, theory [15].

In conclusion, our analysis favors the weak interaction Lagrangian based on the
octet W bosons.?
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