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The baryon-antibaryon contributions to the K, —K, mass difference are studied in an extended
fermion-loop model as a further consistency test of a current-current quark model. It is found that
contributions arising from the parity-conserving weak Hamiltonian phenomenologically constructed of
one-baryon octet matrix elements are negligible compared to the crude estimate of the K, mass shift,
h(m + ) = —(g/2r, )cotgss(mz'). Although the contribution to the K02 mass shift arising from the
parity-violating weak Hamiltonian via an S-wave effective meson-baryon-baryon interaction turns out to
be comparable to d(m» ) and negative, the extended loop model is not incompatible with present

1

theoretical understanding of the K, —K, mass difference.

I. INTRODUCTION

The fermion-loop model, ' suitably modified' for
strangeness-changing nonleptonic weak interac-
tions, has lately proved successful in providing
(1) a qualitative' explanation for K,'-yy decay, (2)
a predicted branching ratio for the CI'-conserving
decay K, -tr'tt y, (Ref. 3) r, =R(K,'-tr'tt z)/A(K,- all modes) = 3.0&& 10 ', consistent with the tree-
graph estimate, 2.6&10 '&F0+4~10 ' of Moshe
and Singer' and below the present' experimental
upper limit (re& 4&&10 4), and (3) a predicted'
branching ratio r, =A(K'-7r'tr'y; 55 & T„~ & 90
MeV)/B(K'-all modes) =1.56x10 ', in excellent
agreement with the recent experiment of Abrams
et al. ' As we noted in these earlier calculations, '
the extended fermion-loop model furnishes an
attractive alternative to the usual tree-graph de-
scription of these (B=0) processes4' [we have in
mind the most successful of such (current-cur-
rent) models, that of Moshe and Singer, ' which also
seems to be the "simplest" (i.e., with a minimum
of neutral currents)], since unlike the tree-graph
model, one obtains results with no adjustable
parameters. [Recall that the parameters of our
model are fixed in Gronau's' remarkable fit to
the experimental amplitudes for nonleptonic hy-
peron decay (B= 1 processes). ] In this paper, in
continuation of our program of analysis of (B =0)
strangeness-changing processes in terms of the

extended baryon-loop model, we discuss the bar-
yon-antibaryon contribution to the (d S =2) K,'-K',
mass difference.

It has long been argued'e from (a) the source of
the mass difference: the weak interactions, (b)
the difference in the respective lifetimes of K',
(- 10 ' sec) and K, (- 10 M sec), and (c) the pre-
dominant two-pion decay mode (principally in the
I=0 state) of the K„ that the mass difference may
be primarily due to the weak mass shift of the
Kt arising from its coupling to the (I=0) two-pion
state. This K', mass shift has been shown to have
the form"

~(mx&&) = — cot6„(s =mr' )27.
+ correction due to

left-hand contribution.

While we do not propose to deal here with the
problem posed by the correction term in Eq. (1),
we want to point out that if it is small (indeed it
vanishes in an effective-range theory of unitarized
current algebra which fits the "up-up" trtr data),
then the "main term, "

(S/2r, ) o-tc5(m )s=s-3.73x 10-s ey,

for 5ee(mr )di str

is rather close to the present experimental value, "
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&(m»o m»0), „=-(3.56 + 0.02) x10 ' eV.

A theory which finds a small K,' mass shift and a
small BB (baryon-antibaryon) contribution to the
K', mass shift would be consistent with this pos-
sibility [although, one can entertain as well the
possibility that &(m»o) may be of the order of the

2
main term in the absence of strict constraints on
the correction term]. With this in mind, we di-
rect our attention below first to the BBcontribution
to 4(m„o) from X„'~"'"""" ' in second order and

then to the analogous BBcontribution to &(~n»o)

from ZJ()")and the BBcontribution to h(m»o) aris-
ing from the K,'BB coupling (induced by the vector-
meson pole)' in second order.

II. BB CONTRIBUTION TO b,(m~It) FROM K~&')

The BB contribution to &(m»o) from X '~" (in
second order) is to be extracted from the diver-
gent matrix element

~ i4

Z(p', K', )(2m)'6(5) =, , d'x, (2p, )(K', (p) ~
T[SI7), (»,), Z(",„), (x,), Z (x,), N. (x,)] ~K', (p)&, (2)

where 2 is the equivalent weak Lagrangian"

g„=W2F Tr([B,B]X ) —&2D Tr((B, BjA. ), (3)

which yields the one-baryon octet matrix elements
of Gronau, '

subtracted (at p'= 0) (and finite) self-energy,
Z, (m»'; K', ), extrapolated to the physical kaon
mass, with the desired contribution,

Z, (m»', K', ) = 2m» b.(m»o)
~ ( —,) . (7)

(B; l&glB;& = (Bg I&.IB(&

=2v'2 u~ (-if„,E+ d„,D)u, . (4)

A straightforward, albeit tedious calculation
yields the negligible effect,

As in Ref. 9 we take the "best-fit" values, F
=4.7X10 ' MeV, D/F =-0.85. The effective La-
grangian for this extended baryon-loop calculation
ig, pi~&~~

n. (m»o) ~(
—

)

2 ( g' ) &m, - l ' 1

8.', = (g/2m) f Tr([By"y„B])).,)s&(t),

(g/2m)d Tr({By"-y„BjX,)8& Q, ,

~esh ruse X 4 ib /IO 4.~ 4Ln 4-van real n ~ rst ~ ~~~»

+ & (D'f'+F'd')

+~DEdf]
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c = 3.2X 10 ' MeV '. (10)

[It is assumed in this last calculation that the
weak parity-violating MV coupling has the form
d, „s&P,. P", , which allows 68 as well as 63 tyansi

(~,. (q)B, (p,. )out~X,""'(0)~&,(p, ) )

6
= -iu (p, )cd .„., ~f„, '+ .—d„.,) (m, -m, )u(p, ),

(9)

where O/Q is the D/+ ratio for the y~ coupling at
the strong VBB vertex" and the constant c is ob-
tained from the measured Ks -m'rr decay width,

tions. ] The ~& matrix element above in turn
suggests a weak effective Hamiltonian,

4j cd'81 if &qa + dt's y Paar & & (11)

which, if assumed valid for off-baryon-mass-
shell calculations as well, also determines (in the
extended fermion-loop model) the rates for such
processes as K'-w'yy decay and direct (electric
dipole) emission in K'-w n'y without adjustable
parameters. " In the present instance, we find
after a subtraction at P'=0, that the convergent
part of

ii2
Z (p';I~')(2~)'i(0) = „d'x, d'x, (2p, ) &Z', (p) ~T [a„'(x,)~.'(x, )] II'', (p)),

extrapolated to P'=m~', yields a contribution to
b. (m~&&),

C 5lK (~)16~'

= -5.2&& 10 eV, (13)

h(mp) ~&
—

~, „&
=-2.9x10 ' eV, (14)

a not unacceptable value. (Note that in this case

which is somewhat larger in magnitude than the
contribution of the two-pion state" to the K', mass
shift (b, (mzo)- -3.7x10 6eV). On the other hand,

1
if we take the point of view of Moshe and Singer'
and discard the 68-coupling in &~/"'(meson-meson)
-d«, &„Q,Q,", since this term is unnecessary in
Gronau's fit, we find

the calculated mass difference retains the correct
sign. )

In summary, one finds, in the extended baryon-
loop model, contributions from the parity-con-
serving weak Hamiltonian (in second order) to the

K,'-K', mass difference which are negligible com-
pared to the contribution of the two-pion state to
the E, mass shift, but a sizable contribution to the
A, mass shift from the parity-violating effective
weak Hamiltonian emerges. However, these re-
sults are not incompatible with our present under-
standing of this problem.
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The prediction of these rates would then constitute ad-
ditional tests of the extension (11). These calculations
will be taken up in later communications.

~GThis is, of course, under the assumption that the
correction term is "small. "
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The long-standing discrepancies between theory and experiment in the magnetic elastic and inelastic
scattering of electrons from the deuteron at high momentum transfer are reexamined, It is concluded that
the predictions using most deuteron models agree with the elastic scattering data if one employs the
presently accepted dipole fit {with scaling) for the proton and neutron form factors. A second conclusion is
that the inelastic scattering to the 'S, state is not affected by small changes in the nucleon form factors, but
is completely dominated by dynamic effects such as those due to meson-exchange diagrams.

I ~ INTRODUCTION

Since 1965, theoretical and experimental studies
of both elastic magnetic e-d scattering and inelas-
tic magnetic scattering near threshold have shown
apparent discrepancies. The highest momentum
transfer experiments were done at Stanford by
Buchanan and Yearian' and by Rand et al.' They
extend up to q' =14 fm ' in the case of elastic
magnetic scattering and up to q'=10 fm ' in the
case of inelastic scattering. In both instances the
observed cross sections appeared to be as much
as a factor of 2 too high in comparison with cal-
culations based on the usual deuteron models and
the (then) accepted values of the nucleon form fac-
tors. In contrast, the electric scattering (charge
plus quadrupole) in the elastic channel were in
quite good agreement with theory and this has re-
mained true in subsequent experiments' done at
much higher momentum transfer.

The lack of agreement between theory and ex-.
periment in the magnetic channels extant in 1967
is displayed in Fig. 1, which is taken from Rand
et al. ' The top figure (a) compares the inelastic
data to the predictions of the impulse approxima-

tion calculations. ~ The lower figure (b) compares
the elastic data to the prediction based on one of
the standard deuteron models (in this case the
Partovi model' ). As one can see, the experimen-
tal data are almost twice the theoretical predic-
tion at the higher-q' points. The experimental
groups are identified in Ref. 2. In Fig. 2 we show
the essential agreement between the data and the-
ory in the deuteron's electric form factor I here
identified as A(q')] up to q' =25 fm a. The figure
was taken from Elias et a/. ' The solid curve is
one calculated using the Hamada- Johnston' poten-
tial for the deuteron, which is essentially the
same as the Partovi model. ' The two broken
curves are for rather extreme deuteron models,
which are described in Ref. 3.

Several investigators have suggested that meson-
exchange diagrams could contribute to the deuter-
on's magnetic form factor with very little effect
on the electric form factor. Two calculations have
actually been performed, "both of which have as
a normalization condition the fitting of the deuter-
on's static magnetic moment while using a deuter-
on wave function with a 8/q D-state probability.
However it turns out that the 'effects are either


