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It is shown that, if the divergences of the vector currents of the weak interactions satisfy a spectral
representation with at most one subtraction, the dominant term in the ratio of 6* to 6,° decay rates can be
computed without explicit introduction of the electromagnetic field. Furthermore, a wide class of reasonable
S-wave w*a? scattering phase shifts can account for the exact 6+/6° branching ratio. In particular, if one
accepts a T=1, 0" ¢ meson, the final result is remarkably close to the experimental /6 ratio.

I. INTRODUCTION

ERHAPS the most significant violation of the
|AT|=1/2 rule is presented by the decay K+ —
mt+a0. Previous attempts' to understand the 6+/6°
branching ratio in terms of a fundamental |AT|=1/2
rule have consisted of (a) a qualitative assertion that
electromagnetic effects reduce this rate by order o?
(as compared to the 6,° decay rate) followed by (b) a
calculation of the enhancement factor due to a strong
final-state interaction in the 7'=2, J=0 state.

A perturbation calculation of the electromagnetic
effects due to an internal photon line is a rather formid-
able task, the results of which may not be readily
interpretable due to renormalization difficulties. Also,
the assumption of a strong 7'=2, J=0 interaction seems
at variance with available data on the = interaction.?
Therefore, the 6+ puzzle remains.

In the present note, we propose a resolution of the
problem starting directly from the currentXcurrent
interaction. Our work is based essentially on the ob-
servation that the |AT|=1/2 rule emerges in the same
limit in which the strangeness preserving vector current
is exactly conserved.® This common limit is evidently
the one in which the isotopic multiplets are fully mass
degenerate.

II. DECAY AMPLITUDES AND FORM FACTORS

In this section we calculate the decay amplitude for
6t and 6° decays. We shall avoid any explicit intro-
duction of the electromagnetic field ; violations of iso-
spin conservation are introduced through the inequality
of charged and neutral pion masses as well as the in-
equality of the coupling constants associated with
charged and neutral currents. Obviously in this ap-
proach, the pion states should no longer be enumerated
as eigenstates of isotopic spin.
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We write the interaction density in the form
1
3 (x)=GeJ T (x)S(x)—-GNEJOT(x)So(x)-}-H.c. (2.1)

1
= GI:JJr (x)S(x) —EJOT (x)So (x):]

6GJT S H 2.2
v (®)So(w)+H.c. (2.2)

G=Gy—Ge¢, Ge=@G,

where, in isospace, (S,S0) and (Sof,ST) transform as
spinors and ((J4J1)/V2, (J—J1)/iV2, Jo) transforms
as a vector. We shall also make explicit use of the fol-
lowing (well-known) properties of the current

auJO“:O, (2.3)

[S*81=5 (2.4)

where 8 is the strangeness operator.* Furthermore, if

one writes J¢=3C,+3C_, 3¢, =+ P3C, P~} only 3C_ con-
tributes in 6 decay.

Consider now the transition amplitude due to a

specific term in 3C_, say J4-Sy. Denoting by pa, ps,

and £, the four-momenta and charges of the pions and
K meson, respectively, we have®

(p+p0| T 47(0)-Sv (0) | &4

=i / dy 6(yo)

eipo-y

[ )] P40 ), 4*Sv ] k)

+2 equal-time commutator terms (2.5)

L) 2ps) 1
X(n| Sy k) A(pr|T 4t | m)n| Lio(3),Sv 11 £4)]

-+equal-time commutator terms.

~ix [ 000 (4] Lio(9),7 471 )

(2.6)

We now assume that the most important contribu-
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tion to the sum in (2.6) comes from the vacuum state.
This approximation is equivalent to the assumption
that the strong interaction involves only a pair of
particles at a time and that the pair effects may be
additively superposed. Thus,

(P00 T 41 (0)Sv (0) | k1)
=(p+1747(0)|0)po| Sv (0)| &)

In this manner we obtain

(p+10|3¢_(0)| ky)

2.7)

=G[<p+|fvf| — pNO| Sl k) (o4 74T]0)
1
X{po|Sv| k+>—72<?0| Joa|0)p4|Sv| k+>]

i JoalO Sv|k 2.8
—6@01 04| 0)p+|Sv|ky), (2.8)

and

(b4p-13C_| ko) =G(p|J 4| OXp-| S¥| ko).  (2.9)

Using Lorentz invariance alone, the matrix elements
occurring above may be written in terms of invariant
form factors:

[(2n)32k 02 <0 S 4# | ky> = ki fi(mg?),  (2.10)
[(2m)22p "2 <O T 4#] py> = piHfrr(mas?),  (2.11)

L2m)%4p,0p 1% py | Tyt | — poy
= (pr—po)*F 4 ()+ (p4+po)*F_(s), (2.12)

[(2m)%4p, kO TV% p | S| ky)
= {(p++k) G () + (p1—k)*G_(s)}[— (3)*2]. (2.13)

R(Kt—7ta®) 1 R(Kt— rta®)
R(K— wtr) 2 R(KY— 7o)

1 oG
1‘»Am2[ e mED) fr (m?)F4.(0) ——\/—3eR°(”‘"2) Sfx(m2G4(0) +_G-\/% Fr(m2)G(0) (mg?—m,2)eRotma?)
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The factor of (3)2 arises from isotopic spin considera-
tions, since we consider only the T'=1/2 state of the K
system.

With the exception of F_(s), all these form factors
are well known and have been considered in the litera-
ture. Thus, fr and fr are related to the rates for K,
and m,e decays,® and G, are the form factors familiar
from K3 decays.”® If one assumes that G (s) as well as
the divergence of Sy [viz., (my*—m.2)G1(s)+sG_(s)]
satisfy once subtracted spectral representations it can
be shown that”

G (s)=eF19G.(0), (2.14)
G- (s)=[(mx*—m.*)/s]{eo®—eP1®}G,(0), (2.15)
where
o0 A A d ’
RiG)=" / A
TJ mgtmn? S’ (8" —s—1¢€)

Ay(s) being the phase shift for Kr scattering in the
T=1 state, angular momentum /. In the same manner
it can be shown that

Fi(s)=en®F,(0),
F_(s)= (Am?*/s)[ e — e O]F, (0).

(2.16)
(2.17)

with

% Nds'
=2 [ S0

) mn? s'(s’——s’ie)’

8:(s) being the phase shift for 7« scattering in angular
momentum /, and Am?=m  +2—m o2,

The ratio of 8+ to 8,° decay rates can immediately be
written in terms of these quantities. We have

ol

The only unknown quantities in this expression are the
measurable S wave Q=1, 77 and T'=1/2, Kr scattering
phase shifts. We now consider these in more detail and
simplify Eq. (2.18).

III. APPROXIMATE RATIO OF PARTIAL WIDTHS

The enhancement factors occurring in Eq. (2.18)
above are em™x” and eFotm«"), Since the K threshold
(mg—+m,)® is extremely far removed from the pion
mass, we can safely put efe=>=1, Since 6G/G~0(a),

Z (2.18)
(B2 (my2—m )R fr (m) G (0)
the above result can be approximated by
R(Kt —7tg%) 3 / Am? )2
R(KP — 7t1-)  4\mgi—m,?
2) 12 2 F 0 2
s PE s[O3
fr(mn‘z) G+(0)
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We next remark that any S-wave resonance in the
wtr® system will contribute to e70(); however small its
partial width for #*n° decay may be. This is because
¢”®) has been normalized to unity at s=0, and, for a
sharp resonance is independent of the partial width.
Thus, an S-wave multipion system [ (mass)?= Sz with
Q=1, decaying even electromagnetically into a =+ and
m° will give a phase shift of the form

8o(s)=m0(s—sg), (3.2)
and yield an enhancement factor
PV mE) =55/ (sp—mx?). (3.3)

For example, the recently discussed ¢ meson,® if it
has spin parity 0*, would provide such an enhancement.?

IV. NUMERICAL ESTIMATE

It was noted earlier that fx(mg®) and f.(m.?) are
expressible in terms of the rates for K, and . decays.
One obtains after an elementary calculation

P(an)= fx(mg?) 2( ﬁf(mﬁ—mf)z‘ @)
D(me) | fr(me?) | \mg/ \m—m,?
Using the known values for the decay rates,* we get
| fr (mx2)/ fo(ma?)|2220.076. (4.2)

Equation (3.1) still contains the unknown parameter
| F+(0)/G+(0)|% Bernstein and Feinberg? have esti-
mated this parameter on the basis of the known rate
for K3 decay and on the assumption that G.(s) is
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constant over the available spectrum, an assumption
that appears to be substantially correct. They obtain

|F4(0)/G4(0)|*=24. (4.3)

Using this figure, and Eq. (3.3) with sp=16m.2, one
finds

R(K*— 119 /R(K® — 7tr-)220.11X 102 (4.4)

According to the latest experimental data on K+
branching ratios,!! provided that two-third of all K
decays go through the charged mode, the experimental
ratio is ~0.2X 1072, Our calculated ratio is, thus, in
good agreement.

V. CONCLUSION

We have shown that, if the divergences of the vector
currents satisfy a spectral representation with, at most,
one subtraction,® the dominant term in the ratio of
0% to 0,° decay rates can be computed without explicit
introduction of the electromagnetic field. Furthermore,
a wide class of reasonable S-wave nn° scattering phase
shifts can account for the exact §+/6” branching ratio.
In particular, if one accepts a 7'=1, 0T { meson, the
final result is remarkably close to the experimental
6+/6° ratio.
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