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n°%-7° mixing induces calculable AI = 3/2 effects in AS = 1 nonleptonic weak decay amplitudes. These
effects are evaluated and compared to experimentally measured quantities.

A recent article by Gross, Treiman, and Wilczek
(GTW)! treated the effects of the u,d mass dif-
ference on isospin-violating processes. 'They
pointed out that m, —m,#0 induces n°-7° and
A°-Z° mixing, which leads to (generally small)
corrections to familiar results—e.g., the vanishing
of the vector coupling constant g,(0) in

Dr=A%te* iy,

is no longer required.

We wish here to note that similar considerations
lead to small but calculable violations of the Af
=3 rule in AS=1 weak decays. In order to esti-
mate the size of these effects, we note that in the
diagonalized mass matrix the physical 7°-7° states -
have the form

7°=cosA P ysin P®, n°=—sinA P®4+cosxP®  (la)
where the mixing angle is given by

\/§_ My -—MmM,
4 .

- (1b)

sin\ =
S
in the “tadpole” approximation.? There is pre-
sumably also an electromagnetic contribution,
but this vanishes in the soft-meson limits and will
be assumed negligible here.®

Because of this mixing the amplitudes for emis-
sion of charged and neutral pions are no longer
simply related by a Clebsch-Gordan coefficient.
Thus, for 7° emission

(m°B|H, |0y ~(n,38|H,|a) +sinMn B|H,|a), (2)

where 7° is the isotopic-spin partner of the charged
pions.

Consider, for example, the nonleptonic decays
K-2n. We can parametrize them as

A= 15) =~ (B,
AK®~m'17) = (B)V2f, + :/:i%——fs’ ®)

A(K‘ - 71*1r3) - (%)1/2f3 s

where f,, f, measure the intrinsic AI:%, % decay
amplitudes. Experimentally we find*

_ V2 AK*~71°)
y= 24 (K° - m*17) = A (K° ~ m°7°)
=0.032+0,001. 4)

Usually this is interpreted as a 3% AI=3 rule
violating component

(g)l/z% -0.032. (5)

1

However, including the effects of n°-7° mixing
we have

AWK =770 = _(-1%)1/2f3 +sinx A (K* - 7m*n),

AR =71 = = (3)M2f, + r__125 fs+2simA(K°~1°7),
1

AK =)= (3)*2 - 6

(KO =m*77) = (3)"2f, + N3 f (6)

Hence
(B)2f, + @) 2 sind A (K* ~7*n)
1 ’

Since such terms are already suppressed by
sin\ we assume AJ=3 dominance for A (K- m19).
Then

AE =11 =v2 AK® - 1)), (8)

(M

y=

and since the 7 is soft—q,*=m *—we can reliably
estimate these matrix elements using current-
algebra and PCAC (partially conserved axial-vec-
tor current) techniques®

i

AK® = 7°1°) —> — 57 (m°|H,|K%,
,~0 T . (9)
A(K° = 7°1) — 2; V3 (m°|H, |K% .
an‘O T
Thus we have
AK®~7°n) =~V3 A (K°—~7°1°) =f, . (10)
Then
S 2 .
y=(E)228 . —_sinn, (11)
K 5 f1 \/—3
Since
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2 1 m,—m
— sinn= = —4 . ~0.,0
5 sim= 3 - 12, (12)

we see that about forty percent of the experimental
Al =% violating amplitude is accounted for by

n°-7° mixing, so that only sixty percent need be

a result of intrinsic AI=2 terms—thus bona fide

AR~ 70m%%) = —3 V2 [3(ar, +VZ @) + M (B, +VZ B,)]

AI=3 terms are even smaller than usually be-
lieved

(-é-)"z%m.ozd. (13)

Now consider K — 37 decays. Here we assume
an amplitude which is linear in the pion energy

AR ~m71%) =52 [0, +V2 0, + E(B, +V2 B;) + 3/VI0)(E.~ E,)v,],
AR ~mrr)=5V2{2(a, - VF @) + M —E)[B, - 3)28,] + O/2VI0)E_ - M v}, (14)
A =m 1= -5V2 {a, - (3)'?a,+E [B, ~ })/2B,] + (9/2V10)(E, - $ M)y},

where the subscripts 1, 3 represent the AI=3, §

contributions to the decay and E; represents the
energy of the ith pion. Now write the K — 3
amplitudes via

A(K—»n“ﬂ“nb)=Ao[1—)\3;nIz{ (Eb—%&>] ’ (15)

where A, is the mean decay amplitude and X is the
slope. We construct the AI=4 rule violating quan-
tities*
1 e\ 2
v, = Z(—‘:—‘:—_F) -1=0.216+0.020,
0 (16)
1 A

S Bk 1=0.308+0.051.
Using straightforward current-algebra PCAC
techniques® one can—neglecting 7°-7° mixing—cal-
culate v,,v, in terms of the parameter y which
measures A]=3 violation in the K =27 system.
We find in this way®

v,=6y=0.19,
=2L y=0.43.

(17
vz

Of course, here v,,v, are considered to arise
entirely from intrinsic AI=3 effects. Including
7°-7° mixing we must write

A(K°—371°) = A(K° -~ 37°) + 3 sin A (K° -~ 7°7°n) ,
AK®=7m71°) =2 A (K°—~ m* 1™ 7®)
+sinnA (K° —"11’11'17) .
AE~mrr)=AK ~11'77),
A K =1 7°1°) = A (K* - m*m3n3)
+2simA (K* = 7*7°n) . (18)

Requiring consistency with soft-pion and soft-n
limits in a linear approximation (again we em-
phasize that g,>=m _? so that this limit should be

r
as good as that expected for soft pions alone) we

find (using AI =3 dominance)

i
A(K°*W°ﬂ°n)=—'2—f:f1,

AK®—mt1n) = 2—;‘——fl(l+ M_Z__ (E. —E)) , (19)
T K

i 2
AK =71 1n) = ——f, —
VeF, ' My

The final result is then

V3 ( 1 >
o= =i f,(1+ = sin\
1 2Fﬂ» 1 \/3— ’

(E,-E,).

V3 .

My B, =i F_.fl(l +V3sinn),
T
Oy =— ZFW (_1%)1/21"3_‘_1 ?fl sinA, (20)
M, B.=i 5 &)ef, —4 3 f, sinx
K F3 ZFW 10 3 \[Z_F 1 ’

.3 V10, .

MKy3=1-——-—\/,2_F EfB”F fysink.

One can now calculate the AI=7% rule violating
parameters v,, v,

v,=6 \fﬁ_sinAfG(%)”z—;é =6y +2V3 sinr,
! 1)
v,=3V3 sin + 2L %)1/2—;1 =2ly - 6/3sinn.
1
Using the canonical value for sinX [Eq. (1b)], we
find
v,=0.036 + 6y = 0,228,

v, =-0.108+&y=0.32, @2)

which are in reasonable agreement with the ex-

perimental numbers. Again we see that a sub-



stantial fraction of the AI=3 rule violating am-

plitude (~30%) arises from simple 7°-7° mixing.
In the case of nonleptonic hyperon decay we

must also account for the effects of A°-Z°mixing,

A®=cospB® +sinpB?,

2%=—sinpB® + cospB?, (23a)
where
sinp~0.4 m_dyn:_m_“ ~0.0096 . (23b)

S

GTW have given arguments that again this should
be the dominant effect.
We find then

A= pr) =A(B®~p17) + 8inpA (B~ pr°),
A(A°~n7°) = A (B®~n1°) 4 sinpA (B*~nr®)  (24)
+SimA (B® —nn).

Using soft-m-n limits with PCAC, we can exploit
the property of the weak Hamiltonian that”

[F2,H,]=[F,H,], i (25)

where
Fi= [ axal&,0, F,= [axvign o (@6)

are the axial-vector and vector charges. Since
F,=I1,, a=1,2,3, )
(27
F,=3V3Y,

where I and Y are the isotopic-spin and hyper-
charge operators, respectively, we can write
(for S-wave amplitudes)?

-1

5l |#, |B%)

" +sinp( |H, | B3)

AN —=pr) =

.- \/2_<P ’Hw '2"))] ’

. (28)
1

oF,

AN =)= =—[®|H, |B®(1 - V3 sin\)

+sinp(n |H,|B%)].

Now use the observation that the SU(3)-octet con-
tribution to BB matrix elements is the dominant
one to write
-1
AN =pr7) =
V2°F,

AW =n1)= SE [(0+3F)(1 VB sim)

s

[D +3F ~V3 sinp(D = F) +0,],
(29)

+V3sinp(D - F) - 20,],

where D, F are the octet (B’|H, |B) coupling con-
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stants, and o, is a bona fide Al=3 amplitude con-
tributing to the decay. For an estimate, we use
the empirical value F ~~2D.° Then
_ AN~ pr) 4 V2 A(A°=n1°)
AT V2ZAN - pr) = AN =nn)
D-

F
= (22 gin — 2(2)1/2 o
=@)2sin - 2@) Sinp F—gp +2 (30)
~0.018 +z,
where
V2 o
£= D+3F3 ’ (31)

to be compared to the experimental value
RT”‘=_0.0271 0.008. (32)

" Thus the 7°-7° mixing effect in this case is op-

posite in sign to the experimental AJ=3 violating
effect, so that the intrinsic AI=3% amplitude is not
the simple value

z=-0.027, (33)

derived neglecting 7°-7° mixing but rather the
larger value

z2~-0.043 . . (34)
In a similar fashion we find
-1

V2 F

T

A(E = A77) =

[D - 3F - V3 sinp(D +F) + 0],

i
2F

T

A(E =A%)~ [(D - 3F)(1 ~ VT sin) (35)

+V3 sinp(D +F) - 207] .

Then
_ A(E ~AT)+V2 A(E°~ A1)
 VTAE ~AT) =AE - AT)
. . D+ F
= (3)2sinx - 2(&)2sinp 5—3F +%’
~0.011 427, (36)
where '
,o 2o
2= 5oap @7

Here again comparison with the experimental value
Rg*t=_0.030+0.011 (38)

implies that the n°-n° effect goes in the opposite
direction from the experimental number, so that
the bona fide AI=3 amplitude z’ is not given by

its naive value

2" ~=0.030 i (39)

calculated omitting n°-7° mixing, but rather is
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given by
z'~-0,041, (40)

Finally, for Z-hyperon decays we have

-1

A(E*»nw*)gz—fz—}qu ,
i 3 on
Az -.M):F, [E(D—F)+4ﬁ ‘73]7 (41)

A@ = pr%) = -2;— [V6 (D = F)(1 - V3 sin)) - 0/],

so that

A =nm*) =AE =n17) +V2 A(Z* = p7°)

Ry=

AC -nr)
=_v3 sin\ +2”
~~0.018 +2”, (42)
where
W3 o7
”— _ —3 43)
2T 4E D-F (

to be compared to the experimental value

RE®t=0.1240.05. (44)

Here also then the bona fide AI=3 term is modified
by mixing from its naive value

z7=~0.12 (45)
to
z"=0.14. (46)

We conclude that 7°-7° mixing effects, although
small, have a significant effect on the “measured”
size of intrinsic AI=3 weak amplitudes. For
kaon (hyperon) decays the required AI=3% ampli-
tude is smaller (larger) than usually assumed.
These changes do not necessarily pose particular
theoretical difficulties, inasmuch as there exists
atpresentno reliable means of calculating non-
leptonic weak amplitudes. Nevertheless, they
could prove troublesome in that the “enhancement
factor” for the purely weak Al=3% amplitude rel-
ative to the AI=% amplitude in K = 27 is now roughly
30 instead of 20. Renormalization-group quantum-

- chromodynamic enhancement calculations,!® which

have had difficulty in generating this factor of 20,
may be hard pressed to attain a factor of 30.
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