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Rare aQ =0, aS =1 Decay Modes of Hyperons and X Mesons*

K. TANAKA

Ohio State University, Colembls, Ohio

(Received 15 June 1965}

The b,Q =0, AS= 1 component of the unitary spin current is used in interactions that are both weak and
electromagnetic. The effective coupling constant is determined from the experimental decay rate Z+ —+ p+y.
Kith the aid of symmetry arguments, the rare decay rates of the modes 8 —+ B'+p, B ~ B'+e++e, and
E ~~+e++e are computed.

1. INTRODUCTION

HK invariance of the strong interactions under
the group SU3 of unitary spin rotations corre-

sponds to conservation of the eight-component unitary
spin current'

J,=TrBX;B, (i=1, —8),

where the spatial dependence is suppressed, X; are the
eight independent traceless 3/3 matrices, and 8 is the
familiar 3X3 traceless matrix representing the eight
baryons. Here Tr is the matrix trace over a three-
dimensional space that combines isotopic spin and
strangeness. The components J1, Jg, and J4, Jg are
characterized by the properties AQ=1, 4S=O, and.

) DQ
~

=
) 65( =1, respectively, and are useful in leptonic

decays when they are combined with weak lepton
currents. The components J3 and Js are characterized
by the property AQ= AS=0 and are useful in electro-
magnetic interactions. Then the only components of J;
which have not found their way into elementary inter-
actions are J6 and J7 which are characterized by
~Q=O, ~~5~ =1.

The purpose of this paper is to explore the possi-
bility of using these components in interactions that
are both weak and electromagnetic. To be sure, the
corresponding Lagrangian must be e6'ective, so we
examine the resulting leptonic process Z+ —+ p+y and
determine the eHective coupling constant. The rates
of the various rare decay modes that are computed can
eventually be compared with experiments.

The modes 8~8'+y and 8~ 8'+e++e are
studied in Sec. 2, and the decay rate of the mode E~ x
+e++e is estimated in Sec. 3.

coupling s

D= Tr(BBS+BSB)
=Z+p+=-Z- —(P/@2+X/g6) n

„o(Z0/%2+A/g6) (1)

F=Tr(BBS BSB)—
= Z+p —=Z-—(2'/v2 3X—/g6) n

+~(ZO/~2 —3A/+6), (2)

where S is the 3X3 matrix given by S= (&6+iX7) /2
The spatial dependence is suppressed.

The parity-violating part of the interaction of
B~ B +y for D-type coupling (which is CP-invariant)
can be written as

I 2+O.p po.Z—+ (Z'/—v2+X/+6)0. n

+no. (Z'/&2+A/Q6) —~O, (Z'/v2'+h/Q6)

+ (z'/v2+X/+6)0 ~jA. , (3)

where 0 =yg6 p8p and A is the electromagnetic 6eld
operator. We note that A transforms like the singlet
member (U=O) of the unitary octet and the AQ=O,
65=+1 current transforms into the AQ=O, 65= —1
current under the U-spin transformation Z+ -+ p,"'—+ n, . ~ Z—,Z'-+ (Z'+v3A)/2, A —+ (vs' —A)/2,
and A -+ A . As a result, Kq. (3) must be invariant
under the U-spin transformation.

When the U-spin transformation is carried out on
Kq. (3) and also on the corresponding parity-violating
part of the interaction for F-type coupling, both inter-
actions change sign and consequently vanish. ' In other
words, the parity-violating part of the interaction of
8~8'+y vanishes provided it is CP-invariant and
constructed from the AQ=O, ~45~ =1 component of
the unitary spin current.

The parity-conserving part of the interaction is of
the form

(dD+ fF)A+H. c.= {Z+p+ (d f)~~ Z Eon/@a-
—(d 3f)Xn/V2 (—d f)PZ'/l—l-

—(d+3f)~A/Q6) A+H c , (4)..

2. B~8'+y, B~B'+e++e
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' M. Gell-Mann, Phys. Rev. 125, 1067 (1962).

~The fact that the parity-violating parts of Z+-+ p+p and~X +p vanish is noted under more general conditions by
Y. Hara, Phys. Rev. Letters 12, 378 {1964).
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The amplitude of the decay mode 8 —+ 8'+p has
a parity-conserving part and a parity-violating part.
In general, both Parts can have D and. F-tyPe factors d -and f (d+f 1) dicate the rst f D to
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TABLE I. The decay rates and branching ratios of 8 -+ 8'+p.

Mode Decay rate {10'sec ') Branching ratio

y+~ p+

zo

A ~ sy

23.3
0.3
0.2
7.8

11.9
0.3

1.8X10-&
5.5X10»
6.8X10-
2.4X10 '

&1.2X10 7

83X10-»

F-type coupling. ' The matrix elements of the various
B—+B'+y modes are related to that of the mode
Z+~ p+p by Eq. (4). For the numerical work, the
experimental value cf/f=1 7 that was found for the
axial vector part of the M= AQ= 1 current is used. '

The parity-conserving part of the amplitude of

8(P) ~ 8'(q) +y(k) can be written from invariance
arguments as

~=~fu(q) C(iv.k'+k.~)F.
+icr„„k,%F2jg(p) 4„/(2

~
k

~

'~'), (5)

where k=c=1, 2M=rrc(8)+cvc(8'), g=rw(8) —rg(8'),
G= 10 're '(p), e„ is the photon polarization, and f is
a dimensionless constant that characterizes the re-
duction in strength of the ~M~=1, bQ=O decay
modes due to the strong interactions. The electric and
magnetic form factors F~ and F2 are assumed to be of
order unity. It turns out that f is a few orders of
magnitude less than unity.

The decay rate of Z+-+ p+y with the aid of the
amplitude Eq. (5) is'

cu =4aG'f'M'Lc1/nz(8) j'
B=Z,

where (Fs('=1 is assumed, and a=e'/4n =1/137. From
the experimental decay rate' co~= 2.33)&10' sec-', we
obtain f =3.1?X10 4.

The decay rates of the mode 8 —+ 8'+y are obtained
from Eqs. (4) to (6) and are given in Table I together
with their respective branching ratios. The matrix
elements are related by symmetry arguments but the
kinematic corrections are taken into account. One
observes from Table I that the mode that is likely to
be observed is ~A+y, although perhaps it is dificult
experimentally.

The J4+iJy current (AQ=O,
~ M~ = 1) and the

J3+Js/v3 current (( AQ( =
) M) =0) are both com-

ponents of the unitary spin current so that the following

' In Eq. (4), one can also take (dD —fE)A vrhich veil lead to
different relations among the decay modes. The combination in
Eq. (4) favors the decay rate of Z+ —+ p+p for the d/f ratio that
is considered here.

4 H. Courant e4 a/. , Phys. Rev. 136, 31791 (1964).
» R. E. Behrends, Phys. Rev. 111, 1691 (1958);G. Calucci and

G. Furlan, Nuovo Cimento 21, 679 (1961).
» The value used for cy(Z+ ~ p+y)/au{2+ ~ p+x)=(0.37

%0.08)1M was reported in a recent publication I M. Bazin et al. ,
Phys. Rev. Letters 14, 154 (1965)j.

ce(Z+~ pe+e )= 1?6X10'sec ',
cd(P~Ae+e )=0 56X10' sec '. (10)

3. K —+ vc+e++e—

The c1Q=0,
~ M~ = 1 component of the unitary spin

current is also responsible for the decay mode K+(p) ~
v.+(q)+e (r)+e+(s). The amplitude can be written as'

OR= 2e'Gf(4404c» ) "'p„zc(r)y„v(s), (11)

where coI, and ~ are the energies of the kaon and pion,
respectively.

The decay rate with the aid of the amplitude Eq.
(11) is

cv = (a'G'f'ra'k/48m) F (m /m4), (12)

where F(x)=1—8x'+8x' —x' —24x' lnx. When F(rrc /
rrc, )=0.6 and f'=3.1?X10 are put into Kq. (12), we
find that

co(K+~x+e+e-) =3.8X10 sec '.
The branching ratio is about 10—' which is in agreement
with recent estimates. '

The EQ= 0,
~
4S

~

= 1 current for pseudoscalar
mesons is of the D type in order to insure the usual

~
dZ~ = xv rule. One obtains from Kq. (4) the following

' G. Feldman and T. Fulton, Nucl. Phys. 8, 106 {1958);L. E.
Evans, Nuovo Cimento 25, 580 (1962); C. AlE d fJI., Phys. Rev.
13i, 31105 (1965).

8 L. B. Okun' and A. P. Rudik, Zh. Eksperim. i Teor. Fiz. 39,
600 (1960) t English transl. :Soviet Phys. —JETP 12, 422 (1961)j.

~ G. L. Glashovv and M. Baker, Nuovo Cimento 25, 857 (1962);
M. A. Baqi Bhg, Phys. Rev. 132, 426 (1963).

equality should hold in the present approach where the

Lagrangian is treated as effective,

ca(BIB'e+e )/co~—(8~8'y) =co(Z'~Ae+e )/cu(Z'~Ay). (7)

The amplitude of 8(p) —+ 8'(q)+e (r)+e+(s) is ob-

tained from Eq. (5) by the substitution

4„/(2 )
k

(
)'"~ ec4(r)y„v(s)/k' (k= r+s) .

We combine Eqs. (5), (6), and (7) and obtain the
ratio' of R=ce(8

~

8'e+e )/ce(8—/8'7);
CX

1 4' 2 —112
e

R=— dx (1—x)' 1—
4me jh~ AX

8 (FiF2*) 6' Fi ' 4h'
X —R 4 +—,(8)

)Fmjs ilf2 F, 3~2

where x= —k'/6', and rrc, is the mass of the electron.
If ~Fi~ = (Fm~, then the second and third terms on
the right-hand side of Kq. (8) are negligible because of
the factor 62/3P compared with the first term, so that

2a-
R=—ln/ —

/

—— (9)
3~ Im,) 3

The corresponding decay rates for Z+ and ' are from
Table I and Kq. (9),
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relations among the terms of the nonleptonic current: It also follows from CP invariance and conservation of

V2(E'~ ') =VX(E'[m )=/6(E'~g)= (ICg'[ ')
=VS(X20[g)= (re+—[~+), (13) ~(&2'I+"e )=~(nlIt~'e+e )=o

and
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Then we have from Eq. (13)

~(&ro~s e+e )=~-(rt~&Pe+e )=0—
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Starting from the Lagrangian theory of quantum electrodynamics with massive photons, we Gnd that
the lowest order radiative corrections to the fourth order "box" diagram of the Compton scattering ampli-
tude contribute terms proportional to (lnt) for large t, violating the Regge behavior if uncanceled. The
sixth-order ladder diagram and two others obtained from it by interchanging one of the external photon
vertices with a virtual photon vertex are re-evaluated. It is found that the unwanted terms contributed by
all these diagrams exactly cancel, proving that in this theory, the fermion lies on a Regge trajectory, up
to the sixth-order perturbation.

I. INTRODUCTION
' 'N quantum electrodynamics with massive photons,
~ ~ perturbation theory has been applied up to the
fourth order to investigate whether the fermion lies on
a Regge trajectory. ' The diagrams that contribute in
the second to the fourth order are shown in Figs. 1 and
2. Their sum gives'

BR„„=—y'1'g„(P —m) '(1+y'L (s—m')I, (s)
—(s—mP)Ii(s)] ln( —t)/8+)I'i„, (1)

where
s= (pg+kg)',

t= (p1—p2)',

I„(s)= x"dx/Pm'x+0(1 —x)—sx(1—x)1,

F2y —yp (kgk2y/kf ' k2) )

1'g, =y,—(lr2kg, /kg k2),

respectively, and p the coupling constant. ' Kith the
use of the external photon gauges F1„, F2„ instead of
y„, y„, all other second and fourth order diagrams do
not contribute.

The situation is more complicated in the sixth order,
where contributions come from more than one diagram.
In particular, when radiative corrections for the vertex
parts and the self-energy parts are inserted in Fig. 2,
terms proportional to Lln( —t)j' are obtained. We show
in this paper that the contributions from diagrams
3(a)—(f) in Fig. 3 exactly cancel the extra terms con-
tributed by diagrams 4(a)-(c) in Fig. 4, giving the
correct coetficient for Dn( —t)$' as required by the
Regge behavior. Thus the fermion is proved to lie on a
Regge trajectory, up to the sixth order of perturbation,
in the Lagrangian theory of quantum electrodynamics
with massive photons.

Pa

and m, X, are the masses of the fermion and the photon
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FIG. 1. Second-order Feynman-Dyson
diagram.

' Our metric is so chosen that p'= po' —P.
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