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The K~ -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(K2 )
—M(K~ ) = 0.49/v'(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. "'
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 Kg or K2'

due to the weak interaction is given by'

aE = Re . fd x[(K 'I T(P (x)FI. (0)) IK.')(2m)'

2i j w j
-(oiT(e ( )e (o))[0)], (i)

so that the K,'-K, ' mass difference is given
by

~m =~z(sc ')-~E(K&')

=-R (2')'ifd'(Edx'IT(H (x)FI (0))[Ed'). (2)

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

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

M —= ifd xe (K IT(J (x)J' (0))IK ),gv v

where J&(x) stands for the seventh component of the vector or the axial-vector current densities
[F& 7 or F& 7' in Gell-Mann's notation and (1/2i)(V&2'-V&3') and (1/2i)(A&2'-A&3') in the standard
SU(3) tensor notation]. Then integrating by parts we have

q q M =ifd xe (K IT([8 J (x)][8 d (0)])IK0)+ifd xe (K i6(x0)[J0(x), s J (0)]IK )
V Pv v v 0 0 0 '

p.

+q fd xe (K l5(x )[J (x),J (0)]IK ). (4)

The first term on the right-hand side of Eq. (4)
in the limit q- 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 q- 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 q .
For the second term we make the plausible
assumption that 8

&J& transforms as a compo-
nent of an octet; so that the equal-time com-
mutator again cannot lead to the ~S =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 q-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 Z =A vanish-

es:

lim R (q) =ijd~x(K-IT([s A (x)][9 A (0)])IK')
0

A V V

=0.

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

R (q)= i)d -xe

x(K IT([8 V (x)][8 V (0)]) IK ),
0 —0

is at least of the second order in the symme-
try breaking. Hence, the term q&qvM» must
be evaluated to the same order. Since we even-
tually have to go to the limit q-0, we shall
not discuss the multiparticle contributions.
The single-particle-state contributions due to
the m' and the g' must thus be calculated to the
second order, and only at the end shall we go
to the limit' q-0. We then have

[F (m'-K')F (K'-n')gM '-M ')+O((M 2-iIf ')')f (q)]g v pv (2w)'M + + K m K
K

+F (ri'-K')F (K -q')((M '-M ')+O((M '-M ')')f (q))].+ + K g K (7)

In Eq. (7), the F+ stands for the usual form
factors in the matrix elements of the vector
current between the states indicated. Also fv (q)
and f (q) are some q-dependent functions, whose
explicit forms are not relevant since they oc-
cur in terms of higher order in the SU(3)-sym-
metry breaking, and so must be taken as zero
for consistency. Making use of the SU(3) val-
ues of the E+, we obtain

lim q q M = ——
~ (4M '-3M '—M '). (8)

1 1

q-0

We thus obtain R V(0) in terms of deviations
from Gell-Mann-Okubo mass formula

IimR (q)=-, -(4M '-3M '-M '). (9)
1 1-

q-0

In the model" where the interaction Hamil-
tonian density for nonleptonic decays is taken"

737
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to be

H (x) =iX[8 (V
3

—V
2

)+s R 3
—&

2 )]g
, 2 p, p3 p2

= 2xa (6' + 6' '), (lo)

Thus we have from Eq. (2)
2

am = ——, , (»)3R (0).

In this model the K,' decay rate is given by'

where f~ stands for the decay constant of the

m&2 decay and has the value f„=M~.
In the alternative model' of nonleptonic de-

cays,

H (x)=g S '+g S, (13)

where S,' is the seventh component of an octet
of pseudoscalar densities transforming like
iqkzy5q, and S, is the sixth component of a sim-
ilar octet of scalar densities. Using partially
conserved axial-vector current in the form

(14)

we find directly, comparing Eqs. (2), (6), and

(9), that

~m =(~'/2M )(4M '-3M '-M ').
K K

It should be noted that, as seen from Eq. (5),
only the parity-conserving part of H~+ gives
a nonvanishing contribution to Am. 7he param-
eter X may be fixed from the K,'- 2v decay
rate, ' so that we have

16m f M (4M ' —3M -M ')
( m)T (Kl ) =

3 (M 2 M 2)2(M 2 4M 2)1/2P ( )
K m' K

1 g 2 1

I'(Z, ') =
( ). . .(M '-M ')'

x(M '-4M ')'".
K

(19)

From Eqs. (9), (18), and (19) we obtain again
the result (12), assuming gs =g~, as suggest-
ed" by the calculations on the ratio of (K-3v)/
(Z - 2~).

We thus f~nd that both the models lead to the
identical expression" for (dm)r(K, ') as given
in Eq. (12). Finally, we obtain the numerical
result

(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. '4

We would like to thank Professor R. E. Mar-
shak for useful discussions. One of us (R) is
also grateful to him for extending hospitality
at the University of Rochester, where this work
was carried out.

where

(M '- )9

and g 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 S, (belonging to the same octet as S,), we

may write

Es
S 6 (x) =i6m[S (x),F (x )]=5m—S (x), (16)

p. q
7

where 5m is the strength parameter for the
mass-splitting interaction. Then we have

R (q) =i(6m) —,'fd xe

x(z ir(s (x)s (0))IK ).
0 —0
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(1966)].

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

where the sum is over all tableaux of all pat-
terns of 3~. 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 Eqs. (6) replace

Nth basis (n =N)"):

by

B -=(N /G)(PQ) S 2T.n2 21 s~

nth basis (n =N)"):

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