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A method of treating weak interaction processes involving composite particles is for-
mulated on the basis of the theory of bound states of quantum field theory. The method
is applied to the analysis of the decay K*—>n0+4I+y. And it is shown that under a possible
set of assumptions &-value of this decay must lie between —1 and +1 irrespective of the
structure of 7 and K-meson.

Then the method is applied to the leptonic decays of hyperons and it is shown that if
we take K-baryon model for hyperons there is a possibility of understanding the smallness
of the decay rates compared to the ones expected from the universal coupling theory.

§ 1. Introduction

At the time of the proposal of composite model of elementary particles by
S. Sakata, it was pointed out that present status of the theory of elementary
particles should be compared to the early days of the theory of atomic nuclei.

After that, many investigations have been done along this line of thought.
In 1956, K. Matumoto® proposed the mass formula of composite particles, which
corresponds to Weizsidcker’s empirical mass formula for nucleus, and Z. Maki®
examined the possibility of the formation of 7-meson with a nucleon and an anti-
nucleon from field theoretical viewpoints, which corresponds to the deuteron
problem in the nuclear theory. In 1959, Ikeda, Ogawa and Ohnuki® have deve-
loped group theoretical investigations based on the assumption of the symmetry
among a proton, a neutron and a A-particle in the strong interaction,” which
corresponds to the group theoretical investigations of nucleus. Furthermore,
the analysis of various weak processes have been done from the viewpoints of
composite particles by Z. Maki, Y. Ohnuki, M. Nakagawa and other authors.®

Some of these investigations, especially the search for mass formula and
group theoretical investigations based on some symmetries were inherited by a
great many authors,” although from somewhat different viewpoints.

But if we take more seriously the above mentioned analogy between present
status of the theory of elementary particles and early days of the nuclear theory,
we should remember the various aspects of the developments of the nuclear
theory. When we review the developments of the nuclear theory, we will im-
mediately be aware of the roles played by quantum mechanics as the dynamics
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788 T. Kaneko

of nucleons, and also the roles played by weak interaction phenomena (-
decay).

Here we want to notice on these points, that is, weak interactions may play
important roles in revealing the structures of elementary particles, and also the
current quantum field theory may play the role of the dynamics of fundamental
particles.

From these points we believe that the investigations of weak interactions
based on composite model, with the use of quantum field theory, might have
very important meaning in the present days. Several authors have made some
works on weak interactions from such a viewpoint, for example, the above men-
tioned works by Z. Maki, Y. Ohnuki, M. Nakagawa and other authors.

But in these works, methods of treating composite particles were not so
general ones, and so, processes treated there were very limited ones. So we
intend in this paper to formulate more general method of treating composite
particles in weak interactions with the use of the quantum field theory and to
apply the method to the investigations of the real processes.

_ In §2, we take up the decay K+->n’+/+y as an example, and try to
formulate such a method on the basis of the theory of bound states of quantiz-
ed field.”’ The method we formulate here is general enough to treat various
weak processes involving composite particles. Also in §2, we show that our
analysis based on the composite model leads in scme approximations and under
a possible set of assumptions to the results which are essentially equivalent to
the ones derived from the conventional local interactions. In §3, we treat the
leptonic decays of hyperons with the use of the method formulated in § 2, and
show that if we take recently proposed K-baryon model for hyperons” we might
be able to understand the smallness of the hyperon leptonic decay rates (4S=0
and 1) compared to the ones expected from universal coupling theory. In the
Appendix we will derive the recursion formula for spin 1/2 composite particles.

§2. On Kj-decays

In this section we treat K*—»>n"+/+v decays from the viewpoints of com-
posite model.
In the lowest order of weak interactions, S-matrix of this decay is given as

S= —i(©2m) 0 (P—Q— pi—p.) Ford) 5._2:@0 L Q1A(0) 0, P0) |[K*: P>, (1)

where P, Q, p, and p, are four-momenta of K*, 7°,/ and vy respectively. 4, P,
[ and v are the field operators of A-particle, proton, lepton (electron or x#-meson)
and neutrino respectively. G is the universal weak coupling constant, and
v, =72(1+75). 7° and K*-meson are considered to be composite particles of the
following configurations :

220z 1snbny |z uoi1sanb Aq gL1Z/81//82/S/zE/e1onie/did/woo dnoolwepede)/:sdyy woly papeojumoq



Three-Body Leptonic Decays of K-Mesons and Hyperons 789
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where P and N denote proton and neutron respectively.
With the use of the recursion formula for spin 0 composite particle,'” the
matrix element {z°: Q|4(0)v,P(0)|K*: P> in Eq. (1) can be expressed as

(n: Q1 A(0) v, P(O) |K* : P

= (=) j de dz, dy, dy, [ (X:8) K" Ky¥

< 0| T - 1/12 (P(a) P(2) — N () N(a) } 1(0) 0, P(0) - A( 32) P(3) |0}
Xfo (Y i), @

where

Kx"= DX - 7727r2a KYK: DY_ 7711(2, X=- ; . <x1 + x2) >

E=x1— s, Y:‘;' i+, N=Y1—"Ys,
and f,"(X:8), fp’<+(Y :7) are quite arbitrary except for the normalization con-
dition,
Ny =0 . . *]; D — N 0. :m,_,l,,,w
)défg (X:6)<0|T: V?{P(xl)P(xz) N(x) N(z)} |7 Q) 52" 3
|ancicr: PIT: AGO PG 107 ey = Lo @
‘ 22n)
For such f,""(X: &) and pr+ (Y :79), we can take as follows:
YD S | oo, L Bl — N
Jo"(X: §) 5@ C,,O(Q)<7z QT VE{P(JCJP(%) N (1) N(x)} [0, (5)
L= L 1T D) PO |KF P, ®

T2(2n)° Cer (P)
where C,.(Q) and Cg+(P) are defined by

CoulQ) = [az0iT 1;12 (P (L)p(—5)-F ()N (- o)
(

o Le($)7(-5)x (§)m

Ce+(P) =jd77<0[T v <~;7>P<—z> |K*: PY(K*: P|T: A(Z)? (—;l) 10>, (8)

2

220z 1snBny |z U0 1sanB Aq 81 ¥2/81//8./S/Z€/aI0me/d1d/Woo"dnooluspeoe/:sdiy Wol papeojumoq



790 T. Kaneko

With the use of Egs. (5) and (6), Eq. (2) is expressed as
{n®: Q| A4(0) v, P(0) | Kt : P>

Lo ] e I landndna

x{n°: O|T : 1/12 {P(xy) P(x;) — N () N(x;)} 10>
X Kx"Ky*<0|T : 1/1? {P(2,) P () — N(2:) N(22) } £(0) 0, P(0) - A( 32) P(32) |0>
XO0|T : A(y) P(y:) |K* 2 P). | 9)

In Eq. (9), we can interpret the factors <(z°: Q|T": ;,12~ (P() P (ay) — N() N} 10D

and 0|7 : A(y) P(y,) |K*: P> as the wave functions of 7’ and K*-meson re-
spectively. The factor ‘

" Ky*0|T - 1/12 {P (xy) F(-Zé) —N(z) *7\7(332) } /T(O) v, 7 (0) -4 (lyl) P(yz) |0>

can be interpreted as the contribution from weak vertex part involving the
corrections of the strong interactions.

Now we proceed to calculate the right-hand side of Eq. (9) approximately.
First we consider the vacuum expectation value

<O|T : V}Z P (z1) F(‘Tz) — N (z) iv(xz) h /T(O) v, P (0) ‘A(y1> Ij(yz) 10> .

We decompose T-products into N-products and pick up only the terms with the
simplest configurations. Then we get

L0|T: 1/15 {P(2:) P () — N (2) N(22)} £(0) 0, P(0) - A( ) P (3,)|0)

%52«{5}’ (r—2y:mp) [Se" (3 —0:m4) 0,5 (00—, mp) |

— Sy (=5 mp) [SE (31— 0 :my) 087" (0— 2, mp) |
=Sy (=2 my) [ Sy (31— 0: m)uaSy (0 —1y, s mp)]}, (10)

where mp, my and m, are masses of proton, neutron and A-particle respectively.
Sy’ (x) is a total propagator for spin 1/2 particle.
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Three-Body Leptonic Decays of K-Mesons and Hyperons - 791

In Eq. (10), the first and the third terms do not contribute to the matrix
element <(n°: Q|4(0) v, P(0)|K*: P> by virtue of the parity conservation in
strong interactions.

From the transformation properties under Lorentz transformations, Eq. (10)
can be expressed as follows :

OIT: L {P(2) P(as) — N(2) N(a)} (0) 0, P0) - 4(3) P(3) [0

V2

~ 2 @9 5 (@) + 56 (@599

X AL Za® (3" + 242 (0D Joa[ = 7220 (27) + 2% () 1}, 1D

where 7(x1—232), 7y and 7x, are scalar products of two four-vectors, for example
7, and (xi—y) .. 2p0 (&Y, 2pP (), 2P (x?) and 2P (2") are defined by

Sy (x:mp) =723,P (2 + 2P (27, (12)
S (x:my) =722 P (x") + 2,5 (2. (13)

Here we assume that 1) 2,7 (2% and 2, (x") have non-zero finite value
at x=0 (for i=1 and 2),* ii) the space time region in which the decay
process K*—->n"+1+v occurs is wvery small, and therefore, in Eq. (11), terms
proportional to x,, x,, y. and y, give negligibly small contributions to the
matriz element compared to the terms Xp® and 3,P.

If we accept these assumptions, Eq. (11) can be approximated as

0|7 - Vlj{ﬂxa P(2) ~ N() N () } 2(0) 0, P(0) -4 () P(3) |0

”;gfpwxl — D E® () 02 (). (14)

Next we consider the wave functions {(z°: Q|T : 1;?12— {P(x) P(z;) — N(x)
X N(z5)} 0> and O|T : A(y) P(y) |K*: P> in Eq. (9). From the transformation
properties under Lorentz transformations, 7T-invariance and C-invariance in strong
interactions, these can be expressed in the following form :'”

0. D1
QT 2

=exp(—iQX)1:{/i"—1Q " —7E- Qi — (7E-7Q—7Q 78 f"}, (15)

{P(x1) P(x;) =N (x) N(2,)}|0)

*) Apparently the assumption i) in the text is not valid in the field theory, but we suppose

here that the field theory will be modified violently in the very small space time region and we -

should like to take the above assumption as the working hypothesis.
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792 T. Kaneko

O|T: A(y) P(y) |K*: P>
=exp (PY) 1 { L5+ P51y Pfi + (rp-r P— 1 Py fi5}, (16)

where f;"’s are functions of & and (Q%)?, f;*’s are functions of %’ and (Pp)°.
Here we assume that K-meson is a pseudoscalar particle and the relative parity
of N and 4 is even.

Then we consider the case in which the extensions of the wave functions of
7’ and K*-meson are negligibly small. In the conventional theory, these particles
are always considered to be point particles. But, in our theory, wave functions
of these particles include relative coordinates of the constituents. This fact
gives us a possibility to investigate the structure of these particles, but here, as
the first step, we consider only the case where the terms proportional to the

relative coordinate can be neglected compared to the other terms.

‘ In this approximation, Egs. (15) and (16) give

(2 O|T ;é{p<xl> P(x) —N(z) N(z)} |0

~~exp(—1QX) 7 fi"—f2" 70}, a7
O0|T: ACy) P(y) |K* 2 P)
~exp (i PY) 1:{ /A" + /257 P}. ' (18)

It should be noted here that even in the above approximation f;"’s and
1+%’s are not constants but functions of relative coordinate and center of mass
momentum. i

With the use of Eqs. (14), (17) and (18), Eq. (9) can be approximated as

{’: Q1 A4(0) v, P(0) |[K* : P>

—~

P _o4 ) e
~ [24(‘255.] e ( fdxldxgdyldyz exp (i PX—i0X)
X [f‘l”f‘ﬂK P, +f;”ﬂK Qx] K" KYK ZP(2) ( (xl —yz) 2) 2,1(2) (ylz) Z'P(g) (-fc22) . (19)

Here we define the weak form factors f: (s) and f_(s) in the usual way, that
is

{n®: QIA0) vy P(0) [K* : Py = £, () (P+ Q)+ /- (5) (P~ (20)
s=—(P—Q)*%.
Then we get from Eq. (19)

o o ) |
Fas) ”i[m%é] A Cer (P ) | iy

Xexp @ PY —iQX) [ /2" £/ "I Km Ky 23 p® (20— 32) ) 24P (0" 252 () .
' (21)
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Three-Body Leptonic Decays of K-Mesons and Hyperons 793

Furthermore, in order to see the magnitude of s-dependence of these weak
form factors, we take derivatives of f.(s) with respect to s, then we get

I

SO S et S s 2 S SR S0
270~ [2(2;;)3] V2C.(0) Ct (P) 2(P—Q),L§ jdmdzesdydy

X exp (PY —iQX) {26, Q& [/ £/ 1 — 21, - Pyl /v + £ 5]

— i (X+Y) (AL N5 K Ky  2p® (20— y2) ) 24% (") 25 (xzzz o)
' 22
where f;*’s and f;X’s are derivatives of f;"’s and f;%’s with respect to (Qf)?
and (P7)? respectively.

From these results we can derive the following conclusions :
i) If we assume that pion and K-meson have similar structures and we can put

fira~f%, then, in Eq. (21) we have fi"f;* —f"/1*~0, and therefore f_/f+==0.
ii) The integrands of Eq. (22) are all proportional to § or 7 or (X+Y),
therefore we can infer that df,(s)/ds< f.(s), according to the assumptions
stated below Egs. (12) and (13). In other words, we get the result

dff(-g) /fem=0
©ds * .

12)

I'(K,s)
r (K es)

iii) From 1) and ii), we get

-=~=0.5~1.

These three results are quite analogous to the ones where we consider K*
and 7’-meson as elementary particles, and introduce |4S|=1 weak current

In this case we get the following results:

D fo/fe=0.

ii) f. are constants.

i) I"'(K,s) /T (Ke) =0.7. ,

From these similarity, we may infer that physical meaning of the approx-
imations hitherto we adopted are essentially to reduce the composite particles
to the elementary particles. .

On the other hand, experiments show the following results:
1) fo/f+=0~2 or —6~ —9.

18)

i) When we express £,(s) as fi(s) =/ (0) [1”,»‘3;], 2. —0.036 - 0.045.
1,
T(Ky)

1i1) —#2 =(0.794+0.19 .
T(Keﬁ)
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794 T. Kaneko

If we make the following approximations :
£ (6, Q6D =17 (§=0),
[5G, (P)?) =/5(=0),
then we get the following expression for the &-value:

g::f}.:;f S SRS 1 —ab ) (23)
o TS + 27 1+ab
where a=1,"/f;% and b=1"/f".

In Eq. (23) we can expect that both a and & are positive. Because fi*
and 1% can be interpreted as the renormalization Z-factor of 7 and K-meson'
and therefore they are both positive.’” As to the value a, Z. Maki have already
estimated'® this value in the chain approximation and have got a’~0.8~0.9, and
a=1 in the full symmetry limit. So negative value for a seems unreasonable.

On these arguments, here we assume that both a and & are positive, then
we get immediately the following limitation on the &-value :

—1=¢&=1.

In other words, in our approximations, the &-value should lie in the region
—1 to +1 irrespective of the structures of 7 and K-meson, so this limitation
seems to be very stringent one. Therefore according to our arguments,
g~—6~ —9 is very hard to understand. The value £=0.66 (D. Luers et al.,
Phys. Rev. 133 (1964), B1276) seems to accord with our limitations on &-value.

The problem of what the effects of compositness of the particles are is
very interesting, but it is not so easy to derive clear-cut conclusions even in
our method of treating composite particles.

§3. On leptonic decays of hyperons

In this section we discuss the leptonic decay of hyperons. From the point
of view of Sakata model, S-particle is considered to be three body composite
particle and A-particle is an elementary particle. But, we may consider these
particles as effective two-body composite particles, that is, J-particle may be
considered as [4n] or [KN] bound state, and A-particle as [KN] bound state.
From these viewpoints, in this section, first we discuss Z*—A+7+p decay on
the basis of K-baryon model for hyperons. This model was adopted recently
by Z. Maki and M. Nakagawa in the analysis of nonleptonic decays of hyperons.”
They have shown that this model can offer a successful prospect of explaining
the decay of hyperons. Hence we also adopt this model* to discuss St A+1+y
process, and consider nucleon as elementary particle.

In this model Y and A-particle are composite particles with the following
configurations :
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Three-Body Leptonic Decays of K-Mesons and Hyperons 795

3r=[K,P], (24)
. ";l",., B T gy p
vaé[APJr K\N]. (25)

We consider S-matrix of the above process in the lowest order of weak
interaction. This is given as follows:

S=—-i@2n) " (P—Q~p.— P)(vab <A QIAO)[2F: Py, (26)

We apply the recursion formulas for spin 1/2 composite particles composed of
two particles (see the Appendix) to the matrix element <{A4: Q|J,(0)|2*: P) in
Eq. (26). Then we get

A4: QL) |27 P)

- (ded:cdy dys g (X ) [i7Q — ma] Da(X)

XL0|T: A(X:8) (O Z(Y: ) |0)D;(Y) Lir P—muslhs” (Y 1 7). (27)
where };Q" (X:8) and A7 (Y : %) are quite arbitrary except for the normalization
condition.

st Cx: ) <oIT (K@) Pe) + K () NG} 14: )= 5@1 o @)
P— 1*, S
2@n )3 '
We take as hQ (X:&) and hr7(X: &) which satisfy Eqs (28) and (29) the
following :

jds<2+ L PIT 2 Ko () P() [0k (X2 6) = (29)

' (X 8) = 01T LK (@) P(a) + Ko(2) N2} 105, (30)

2(2 )P Ca(@Q) V2

P (X)) = 562) CE(P)< |T: Ko* (20) P() |27 P> (31)

where we define C,(Q) and C;(P) as

Ci(Q) = jd$<A QIT: ;Z{K@)F( §>+K< )5

./
\
0| T : Vz{K*(é ->P<—-§>J}K0*<v§~->N< g)}m 0>, (32

— T+ . 54 D __é ., * 57 _fv v+ LD
Cs (P) _d(dg<z+.P|T.K0 (2 >P< : >|0><0[7 K, ( : >P< -4 )14 P,
(33)
With the use of Egs. (30) and (31), Eq. (27) is rewritten as
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{4:0]L(0)]|3": P)

(s, 1 ? 1
=) Jamdmdnas o[ o ey

% <A:Q|T: ;?{Km) P (@) + Ko(2) N(2) } |05

X [i1Q —m] D, (X)<0|T : 1/12 {K*(2) P(25) + Ko* ()N (25) } S, (0) Ko 31) P(32)| 0

% Ds(Y) [i1 P—my]OIT s Ki* () PCy) |57 1 P> (34)
where

X=- 1’ (x1 +$2) ’ Y=- 1” (y1 +y2> .
2 2
As in § 2, the wave functions of " and A-particles in Eq. (34) can be ex-
pressed in the following form:
OIT : K¢* (y) P(yn) |27 : P)
=exp G PY) 1 {fi* +7 P+ 70 Pofs+ -y P—y Py £} us (P)
=expGPY) 1A S5 +ims [ 77 <Pyfs +2GEmsyry— Py) 7 us (P), (35)

4 QIT: i/ié (K (@) P(2s) +Ko(a) N(a) } |05

=exp (—10X)us Q)1 { ' —7Q fi' =75 - Q" — (& -7Q—71Q -16) 11}
=exp(—iQX)us(Q)rs{ /1" +ima fy" =716 -QEf3" =2 mar§ + Q) /1. (36)

Here we assumed that relative parity of 4 and nucleon is even, and relative
parity of 2 and 4 is also even.™

In Eqgs. (35) and (36) we can consider that the last two terms (propor-
tional to & or %) give negligibly small contributions in the integral in Eq. (34)
compared to the first two terms, according to the assumptions in § 2. There-
fore we may use the following approximations :

A QIT: Z 4K (@) Pe) + Ko(w) N (@)} [0 [irQ = mi]
~exp (—iQX) u (Q)7:{ /1" +imaf"} [i71Q —ma] =0, (37)
[iy P—ms]<0|T :K*( y1) P(y,) ]2+ : P
iy P—ms]exp (PY) s fi* +ims it us (P) =0, (38)
where the last equality is derived from the relation

Ly P—ms]7sus (P) =0, ~ (39)
wus(Q)7s[irQ —my] =0. (40)
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T'hree-Body Leptonic Decays of K-Mesons and Hyperons 797

From Egs. (37) and (38), we can conclude that, in our approximations, matrix
element {A4:Q|J,|2": P> is equal to zero. This result is due to the factor
(GyP—my) and (iyQ—my,) in Eq. (834). If we consider 2* and A-particle to be
elementary particles, these factors do not appear in Eq. (84), therefore we may
consider that the origin of the fact that main parts of the above matrix element
vanish is the compositeness of 2% and A-particle.®

This fact suggests that, if we assume the universal coupling theory, the
matrix element of the decay 3*—A+4/+v is considerably small compared to
that of nucleon beta decay, in the composite model adopted here, because in the
ordinary beta decay there do not appear any composite particles. Furthermore,
we can show that even if we take another model for 2* and A4-particle (we
may consider the model in which A-particle is elementary and 2* is [4n*] com-
posite particle and also the model in which 4 is elementary and 3* is [K,P]
composite particle) the main parts of the matrix element {A4:Q|J,(0)|2": P>
vanish as far as we assume Pyy=P;;=+1 with the use of the method for-
mulated in this paper. '

On the other hand, in the usually accepted theory of I*—>A-+7+4y decay,®™
where contributions from vector current are negligibly small because of the con-
served vector current hypothesis and contributions from axial vector current
are estimated with the use of Goldberger-Treiman relation, decay rates of the
above process is about factor 3 smaller than that expected from universal coupl-
ing theory without corrections of strong interactions.

Next we should like to point out that this viewpoint may be extended to
the other leptonic decays of hyperons.

Experimentally, rates of leptonic decays of hyperons seem to be about one
order small compared to the value expected from the universal coupling theory.'”
In order to understand this discrepancy, it is believed in general that strangeness
changing weak interaction coupling constants are about one order smaller than
the one which does not change strangeness. _

Recently several authors® succeeded in constructing such a theory of weak
interactions. But here we show, in quite a different way, that if we take an
appropriate composite model for hyperons, we might be able to understand
above mentioned discrepancy between universal coupling theory and experiments.

Here we consider K-baryon model for hyperons. According to this model,
nucleon can be considered to be elementary, A-particle is [KN];0 composite
particle, 3 is [KN],., composite particle and H-particle is the superposition of
[KX];-1. bound state and [KA]; ., bound state, that is

A= [EN]I=O » 2= [EN]ISI ’
E=a[K31-1p+b[KA] 1212, (41)

#) It will be necessary to make clear the physical meaning of these points. We shall now
study this point.
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798 T. Kaneko

where we suppress the various factors which emerge from the isotopic spin
space and represent the configurations symbolically. ‘

In this model, matrix elements of the leptonic decays of 4, 2 and E-particles
necessarily contain the following factors respectively :

iy P—ma]<0lA(Y : ) |4 P
= [ir P~ mJ<O0|T : K* (y) N(y2) 14 P)
for the decays of A-particles, (42)
Ly P—ms]<0[ 2 (Y i) [2: P)
=iy P—my]<0|T : K¥(y) N(y2) |2: P
for the decays of X-particles, (43)
[y P—m:]<OIE(Y : ) |E: P
= [ir P—mzJ<0[T: {aK*(y)2(y) +0K* (y) A(y)}|E: P
for the decays of E-particles. (44)

It should be noted here that an ordinary nucleon beta-decay matrix element
does not contain the factor [iyP—my].

If we assume that P,y (relative parity of N and 4), P, and Py, are all
even, wave functions of A, Y and EF-particles in Eqgs. (42), (43) and (44) can
be expressed in the following way :

OIT: K*(yoN(y)4: P

=exp (PY) 1A i Hima /' + vy Pofs+ Qv P—y Py fi'yua(P),  (45)
QOIT: K*(y)N(y2) |2: P

=exp (PY) 1o { A7 +ims 5+ 19 Pofs™ + G- r P=1 Py fhus (P), (46)
OIT 4aK*(y) I () +bK* (y) A(y)} | E: P)

=exp G PY) 75 /¥ +ims i+ 10 Py fiE+ gy P=1 Poyn) fy us (P). (47)

In these equations, we may consider that the first two terms form the main
terms according to the assumptions in §2. Then Egs. (45), (46) and (47) are
approximated as

[iy P—my)exp GPY) s { 1 +imafy'y ua(P) =0, (48)
Lir P—mz]exp GPY) 1 fi* +ims fi} us (P) =0, (49)
lir P—mz]exp GPY) 1 { ¥ +imef7}uz(P) =0. (50)

Therefore we may conclude that the main parts of the matrix elements of
leptonic decays of these hyperons vanish in K-baryon model for hyperons.
Combining with these results we may infer that matrix elements of the
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leptonic decays of baryons (4S5=0 and [4S|=1) are much smaller than that
expected from the universal coupling ‘theory, with the only exception of the
ordinary beta-decay of nucleon.

Since the numerical estimations of these decay rates cannot be made in
this stage of our theory, in some sense the above statements might be only a
conjecture.

§ 4. Conclusions and discussions

In this paper we have formulated a method of treating weak processes
where composite particles are involved. Our method is based on the bound
state theory of quantum field theory and therefore it can be constructed rigorous-
ly on the axioms of quantum field theory. (See the Appendix.)

In §2 we took up K*—n"+/+p decay as an example and made approx-
imations that can be considered to diminish the properties of compositeness of
the particles, and we get the results that are essentially equivalent to the
conventional elementary particle theory. This result seems to give a support
to our treatment of composite particles. But our method of approximations are
not well-examined ones and further improvements are hoped.

In § 3 we discussed the problem of leptonic decays of hyperons. The method
of treatment is essentially equivalent to the one adopted in §2. And we got
promising results to understand these experiments. It should be noted here
that the results of §3 are independent of the method of calculation of contri-
butions from weak vertex part. Therefore we may consider that these results
are the more reliable ones. ,

On the other hand, the analogous results to ours in § 3 were derived by
various authors, as was mentioned in § 3, in quite different ways. Therefore it
is very interesting to explore the relations between these methods and ours,
but up to now this has not been done. We, however, should like to note here
the following point.

In §2 we adopted the Sakata model and in §3 we adopted the K-baryon

model for hyperons. Therefore it might be objected the inconsistency with our
arguments. But we should like to remember that in the history of nuclear
theory a-particle model for nucleus played important roles as well as the in-
dependent particle model. We believe that such a flexible viewpoint will be
needed also in the present stage of the elementary particle theory. The re-
lations between the Sakata model and the K-baryon model should be searched
for in the course of such investigations.
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Appendix

Derivation of recursion formula for spin 1/2 composite particle
Recursion formula for spin 1/2 composite particle can be derived in a
quite analogous way to that of spin 0 composite particle (see reference 9),
especially K. Nishijima: Phys. Rev. 111 (1958), 995).
First we assume asymptotic conditions in the following way (in the sense
of weak convergence):

AM(X: ) =A4(X: §) +5dX’S"’(X— X imyg) Dy (X AKX 2 6), (A-D)
AM(X 8 =4(X: ) +jch'SA(X—X’ ) Dy (X)) A(X7: 6), (A-2)
S(X:8)=5(X:8) —d(dx’f(X’ :€) Bz (XD SUX = X my), (A-3)
(X8 =2(X:8) —SdX’f(X’ :€) BE(X’)SR(X’~X: ms), (A-4)

where X is coordinate of center of mass of composite particle and & is relative
coordinate, S* and S* are retarded and advanced functions for spin 1/2 particles,
and

— My .

D.(X) :rq% Y mg, Ds(X) =1, 6,?{

» »

From Eqgs. (A-1) and (A-2) we get
{T:4(X:8)¢(Z) -}

”

={T : A" (X:8)¢(Z) -} —jdX’SR(X—X’ 2 ) Dy (XD AT : AX :6)(2) -},
(A-5)
{T:AX:8)9(2) -}
={T :A"(X:8)¢(Z) -} —jdX’SA(X— X cm)Dy(XN){T : A(X : )¢ (Z) -},
(A-6)
where ¢(Z)--- is the product of arbitrary kinds of field operators including

fermion fields of even number, and {7": ---} means T-product of field operators.
Then we subtract Eq. (A-:5) from Eq. (A-6) and get

A X AT (2} — AT (2 -} A" (X 1 §)

zde’[SA(X~X’ cmy) —SEX =X :m) 1D X)AT : AX: 8)¢p(2) -}
(A-7)
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:SdX’S(X—X’ cmg) Dy (XAT - A(X ) (Z) -},
where

S(X—X :my) =S (X—-X :m,) —STX-X :m,).

We take the vacuum expectation value of Eq. (A-7) and devide it into the
positive and the negative frequency parts, then we get

235014 (X &) |B)}BIAT : ¢(2) -} 0>
:SdX’S”)(X— X img) Dy(XD)OHT - AKX 69 (Z) ---}]0),  (A-8)

where |B) represents physical one particle state corresponding to the field
operator A(X: &), and Xz means the summation over these states if there exist
many such states. Furthermore, in deriving Eq. (A:8), we have used the
equation for one particle states

0[4°(X: §) | B> =<0[4(X: §)|B).

For S (X—X":m,) in Eq. (A -8), it is convenient to use the following
expressions :

SEO(X~X":1my) = ]:Tﬂé»(—-:-)gw}—(:;)— - ”’AJ AP (X=X my)
[n»é(_}z—@;@) o ] sy R AE(X X)) (B mi=0)
2(2 )3 2pliy Pp—mylexp (i Pp(X— X")). (Ps'+ms =0)

With the use of this expression, from Eq. (A-8) we get the following relation :
OIA(X:6) [A4: Q<A QI{T : ¢(Z) -} 0>

:v__:;rim.j X' [i7Q —m4]exp GQ (X — X’))DA(X’)<OI{T A(X 6 ¢(Z)-}10y,
(A-9)

where [4:Q)> means the physical one particle state of A-particle with four-
momentum Q. Next we define 4" (X :¢) which satisfies the following normaliza-
tion condition :

|aehat (x: &) <0l4(X: 914 Q= oss (A-10)
From the translation invariance of the theory, we can proof that A¢! (X : €) which
satisfies condition (A -10) has the following properties :
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Ao (X :8)expiQ(X— X)) =ho (X : 8). (A-11)

Here we multiply Eq. (A-9) with %¢"(X:&) from the left-hand side and
integrate with &, and use the properties (A-11), then we get the following
recursion formula :

A QT - p(Z)---} 10>
= i |dXds Ry (X: &) [irQ —m ] Di(X)CONT s ACX: ) p(Z) -} [0) .
’ ' (A-12)

In quite analogous way, from Eqgs. (A-3) and (A-4) we obtain the recur-
sion formula of the following form:

QOUT = ¢(2) -} 12 P

=1 (dXdS(O[ {T: 2(X:5Z) -} IO>B;(X) Lir P—ms1hs" (X : €),(A-13)

J

where hy"(X: &) satisfies the following normalization condition :

Sdé<2: PIE(X:8)[00h (X 8) = T (A -14)
' 20@2m)°
and has the property
A (X:8)exp((P(X — X)) =h, (X :8). (A-15)

Equations (A-12) and (A-13) are desired recursion formula for spin 1/2 com-
posite particles composed of two fundamental particles.
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