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The K1°—K2° mass difference is calculated exactly from some recently suggested nonlep-
tonic decay models by use of the techniques of the algebra of currents. We find M (Kzo)
-M (K,")=0.49/7 (K,"), which agrees in both sign and magnitude with the recent experi-

ments.

Recently several authors have proposed!~®
effective Hamiltonians for the nonleptonic had-
ron decays, which are quite different in struc-
ture from the usual current-current model.
Through the use of the techniques of the alge-
bra of currents, these models have led to a
good description of the nonleptonic decays.!*2*®
In the present note we shall show, by using the
same techniques, that these models also lead
to an exact evaluation of the K,°-K,° mass dif-
ference. Both the sign as well as the magni-
tude of the mass difference are found to be in
good agreement with the experiments. It may
be emphasized here that an unambiguous eval-
uation of this mass difference has not so far
been possible with the current-current model.

The second-order self-energy of K,° or K,°
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due to the weak interaction is given by’
e l2m)® 0 0
AE =Re~%. fd‘x[(Kj IT@, (DH, () K%
-(0| T(Hw(x)Hw(O)) 10)], (1)

so that the K,°-K,° mass difference is given
by
Am =AE (K,°)-AE (K,°)

= ~Re(2r)% [d%(K°| T@H (OH, (0)IK). ()

Since the parity-conserving and the parity-non-
conserving parts of H,, do not interfere in Eq. (2),
we may consider their contributions separate-
ly.

Now, to get atAm by the techniques of the
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algebra of currents, we shall start by defining the following amplitude:

Ez’fd4xe_qu

(3)
I,

0 -0
K IT(Ju(x)JV(O)) K "),

where J “(x) stands for the seventh component of the vector or the axial-vector current densities
[fFu 70r F. 7% in Gell-Mann’s notation and (1/21)(Vu2 -Vu3°) and (1/21)(14“2 —Au32) in the standard
SU(3) tensor notatlon] Then integrating by parts we have

ququ

Ly =z’fd4x e

+qvfd4xe

The first term on the right-hand side of Eq. (4)
in the limit ¢ - 0 will be shown to be directly
related to Am. Before this is actually done,
we shall discuss each of the terms in Eq. (4)
for the cases J,, = V“ and J, =A  separately.
It is simple to see that the second and the third
terms on the right vanish in the limit ¢ - 0.
The third term involves an equal-time commu-
tator between a “charge” and a current density
which is calculable from the quark model and
cannot make the AS =2 transition. In any case
this term also vanishes due to the factor g9,
For the second term we make the plausible
assumption that o uJ u transforms as a compo-
nent of an octet; so that the equal-time com-
mutator again cannot lead to the AS =2 transi-
tion between K° and K°. Hence, these two terms
will be dropped from further discussion.

The left-hand side of Eq. (4) vanishes for
the case J,, =A ,, in the limit ¢-~ 0, since no
single-particle (scalar) state degenerate with
the K° is available. Hence the limit of the first
term on the right of Eq. (4) for Jll :AM vanish-

|

iqx(KOIT([auJ“(x)][auJV(O)])II?0>+if % P

—-igx

& 1602 lIo(),0 T O1K)

& 16(x o), T OIIE. )
I es:
lim R, ( q)_zfd4x<K°|T([a 4 (0]e A O)IK)
qg-0

=0. (5)

For the case where J u stands for the vector
current density V,,, since 8, Vy is nonvanish-
ing in the first order of the SU(3)-symmetry
breaking, the first term on the right,

4 =
RV(q)sijd xe ‘¥

0 =0
x (K IT([auV“(x)][aVVV(O)]) K, (6)
is at least of the second order in the symme-
try breaking. Hence, the term qquM“V must
be evaluated to the same order. Since we even-
tually have to go to the limit ¢ - 0, we shall
not discuss the multiparticle contributions.
The single-particle-state contributions due to
the 7° and the #° must thus be calculated to the
second order, and only at the end shall we go
to the limit® ¢ - 0. We then have

1
——[F (°~K)F (K ~1° ?)+0(M,2-M 2y
q,9M G K[ @~ KF B =11, -M %)+ O >~M *P)f (q)}
F (1] - F - 0 2_ 2 O 2_ 2\2
+F n°~KOF (K ~n"{(M M, )+0(01 Mn ) )fn(q)}]. )

In Eq. (7), the F, stands for the usual form
factors in the matrix elements of the vector l . 0) ; L
current between the states indicated. Also f;(g) We thus obtain RV( ) in terms of deviations
and fp (¢) are some g-dependent functions, whose from Gell-Mann-Okubo mass formula
exphmt forms are not relevant since they oc-
cur in terms of higher order in the SU(3)-sym- lim R (q) 1 - (4M 230 2—p1 2). (9)
metry breaking, and so must be taken as zero g-0 T en® 8M n 7

for consistency. Making use of the SU(3) val-
ues of the F , we obtain
1

~Gn® 8M aar My

lim ¢ qM

2-3M 3
qo“ U]

Ly = —Mﬂz). (8)

In the model®® where the interaction Hamil-
tonian density for nonleptonic decays is taken®
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to be
—; 2_ 3 2_4 3
Hw(x) z>‘[a“(vu3 VM2 )+a“(A“3 12 )

=28 (F +F ° 10
u( w7 u,7)’ (10)
we find directly, comparing Egs. (2), (6), and
(9), that

Am = (A2/2MK)(4MK2—3MUZ—M1T2). (11)

It should be noted that, as seen from Eq. (5),
only the parity-conserving part of H,, gives
a nonvanishing contribution to Am. The param-
eter A may be fixed from the K,° ~ 21 decay
rate,® so that we have
1 2 2_ 2_ 2

6 f M (4M 3Mn M_?) 12

2_ 2)2 2_ 2\1/27
3 B4, P-M PO, =AM D)

(Am )T (K]_o) =

where f; stands for the decay constant of the
m,,2 decay and has the value f7 = Mj.

In the alternative model'™® of nonleptonic de-
cays,

- 5
Flw(x)—gsc‘i7 +8pSe) (13)

where 8,° is the seventh component of an octet
of pseudoscalar densities transforming like
igr;v59, and 84 is the sixth component of a sim-
ilar octet of scalar densities. Using partially
conserved axial-vector current in the form
5 _ 2
augu 7 '"(fﬂ/@MK P> (14)

b

where

2_| =p8 5 1

W 2-0)g, =bS, (15)

and b is a scale factor, we see from Eq. (2)

that the contribution to Am from the parity-
nonconserving part again vanishes. For the
parity-conserving part, assuming that the SU(3)
symmetry-breaking interaction transforms

as 8 (belonging to the same octet as §;), we
may write

5 § (x)=iom[s (x),F, (x )]:mﬁs (x), (16)
wou,T 8 "1 2 677

where 6m is the strength parameter for the

mass-splitting interaction. Then we have

RV(q) =i(5m)2%fd4x e—iqx
0 -0
x (K JT(sG(x)s6(0))lK ) (17)
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Thus we have from Eq. (2)
4 g,
P . 3
Am==g G (2m) RV(O). (18)

In this model the K,° decay rate is given by?
1 2 1
s

FE.,)=5or oy 7o 2
17 321 (6m) fﬂ MK

(MKz_Mﬂz)z
X WK2_4MTT2)1/2' (19)

From Egs. (9), (18), and (19) we obtain again
the result (12), assuming gg=gp, as suggest-
ed" by the calculations on the ratio of (K —37)/
(K - 2m).

We thus find that both the models lead to the
identical expression'® for (Am)7(K,°) as given
in Eq. (12). Finally, we obtain the numerical
result

Am7(K,%)=0.49. (20)

We find that K,° is heavier than K,° in agree-
ment with recent experimental measurements.'?
The magnitude of the mass difference also is

in good agreement with experiments.'*
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ERRATUM

EQUIVALENT REPRESENTATIONS IN SYM-
METRIZED TENSORS. Donald R. Tompkins
[Phys. Rev. Letters 16, 1058 (1966); 17, 622(E)

(1966)].

In order to be general, Eq. (2) [hence, Eq. (5)
also] must either contain modified idempotents
(PQ");* = (PQ);* + (additional terms) or else

be replaced by

e=2; ﬂ(N”/G)z(PQ)Z.”,

where the sum is over all tableaux of all pat-
terns of 8,.. The above equation displays a res-
olution into two-sided ideals rather than a Peirce
resolution. Either alternative only adds terms
to the special resolution given in the Letter;

so the arguments and results are not changed.

In Egs. (6) replace

B *F=w"/0)(P@) *s .T.
n n n

Nth basis (z =NH):
by

B “=w"/0) (@) s .T
n n n

nth basis (e =NH):

274y,

2 2'1...1'7'

and in Ref. 5 replace (a,b,c)=(1,-++,n) by (a,

b’c):(l’...’m).
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