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THE APPLICATION OF CHARGE INDEPENDENCE TO 
STRANGE -PARTICLE REACTIONS 

Tsuneyu.ki Kotani 

Radiation Laboratory 
University of California 
Berkeley, California 

March 1, 1957 

ABSTRACT 

Some restrictions can be derived from the application of the charge
independence hypothesis to the strange -particle reactions. Some graphs are · 
shown by which the contributions from various isotopic spin states can be 
easily compared. For K- capture by a proton, the contribution from the 
T = 0 state must be a little larger than that from the T = 1 state. For 
K+ scattering by a nucleon, we cannot state any definite conclusi.on from the 
experiment discussed here. The possibilities of determining the fr.action a 
of the_l\_0 hyperon that undergoes normal charged decay also are discussed. 
Further, a selection rule (..6.T = 1/2) for the weak interaction is discussed 

\ 
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THE APPLICATION OF CHARGE INDEPENDENCE TO 
STRANGE -PARTICLE REACTIONS 

. Tsuney.AAk.i Kotani . 

. ·. Radiation Laboratory 
University of California 
Berkeley, California 

March 1, 1957 

. I. INTRODUCTION 

It has been proved that the hypothesis of charge independence is useful 
in various fields of nuclear science. In particular, in the pion-nucleon system, 
this hypothesis has played an important role. In this case, only one state 
(T = 3/2) is predominant,

1
at least near the so-called resonance at a pion 

energy of about 1.90 Mev. This hypothesis has also been extended by many 
authors to the interactions of the. strange particles with nucleons. 2:, 3, 4 At 
present, there is no experimental verification of this application. 5 However, 
the isotopic -spin formalism and the accompanying strangeness selection rules 
seem .to be most successful in. classifying strange particles, as well as in 
explaining the strong and weak interactions. 6 In a strong interaction, the 
strangenes~ quantum number is conserved throughout the reaction. In other 
words, we can assign appropriate isotopic spins to strange particles in such 
a way that the isotopic spin assigned to a particle is1 cxm:sisten(w:ith::its :observed 
charge multiplicity anf at the same time the total isotopic spin T is conserved. 
Thus we hC~-ve AT = T - T 1 = 0, where the superscripts i and f stand for the 
initial and final states, respectively. In this case, the application of the 
charge .:.independence hypothesis seems to be valid .. 

If the total isotopic spin T is actually conserved in these strong re
actions, some restrictions can.be determined for the charge states of the 
product particles. 5, 7-11 . 

1 K .. A;. Brueckner, Phys .. Rev . .[§_, 106 (1952).. Also seeM. Gell-Mann and 
K. M. Watson, Ann. Rev. Nuclear Science 4, ( 1954). 

2 . . -
M. Gell-Mann, Phys .. Rev. 92, 833 (1953). 

3
K. Nishijima, Prog~ Theor:Phys. _lb_ 107 (1954): 13, 304 (1955). 

4
M. Gell-Mann and A. Pais, Proceedings of the Glasgow Conference· ( 1954), 

342. 
~T.D. Lee, Phys. Rev. 99, 338 (1955). 

f; Fowler, Shutt, ThorndiKe, and Whittemore, Phys. Rev. 98, ll.21 (1954). 
7s. Gasiorowicz, Isotopic Spin Conservation inK-Interactions with Nuclear 

Matter, UCRL-3074, July 1955. 
8 case, Karplus, and Yang, Phys .. Rev. 101, 358 (1956). 
9 . . -

D. Feldman, Phys. Rev. 103, 254 (1956). 
10

M. Kpshiba, Nuovo Cimento 4; 357 ( 1956). 
11 

Edwin:;L. Ilo:H, Interactions and Lifetimes of K Mesons, UCRL -3605, Nov. 1956. 



-4- UCRL-3702 

Usually, these restrictions are not sufficient to make unique predictions of the 
charge states of the product particles. This is because, even after application 
of charge independence, more than one (complex) matrix element exists. Each 
of these corresponds to a state of different total isotopic spin .. However, by the 
combination of experimental results, some additional inequalities can be derived 
for these strong reactions. Such restrictions are useful for the analysis of 
future experiments.· 

Recently, the production of strange particles by K- -meson capture i~:!' 
hydrogen bubble chamber has been studied by Alvarez and his co-workers. 
From their experimental results, we can learn many important properties 
of the strange particles; for example, the lifetimes of the ~hyperons, the 
angular dAstribution of the ~-decay products, the existence of the z0 hyperon 

·and the~ meson, their mass, and so on. Among these, one of the results 
that we will discuss in detail is ~-hyperon production by this capture process. 
The interference effect between the two isotopic spin states is quite large in 
this case. By considering this experimental result with the data obtained by 
the nuclear emulsion, we derive the following result: the contribution from 
the T = 0 state must be larger than that from the T = 1 state .. 

The predominant isoty~ic spin states for the K- +nucleon system and 
for the K+ +nucleon system need not, obviously, be necessarily the same .. 
This is because, according to the Gell-Mann and Nishijima scheme, it is 
assumed that the K- meson is the antiparticle of the K+ meson. Although no 
reliable experimental results even for the K+- nucleon scattering have as yet 
been obtained, such results can be expected in the near future. Therefore, 
graphs that will be useful for analyzing future experiments are shown. 

. 0 
Let· a be the fraction ofi't. hyperons that undergo normal charged de-

cays, and ( 1 -a) the fraction with an unobservable decay mode. No reliable 
explanation for this weak decay interaction' has yet been given, with the ex
ception of a nonconservation of the strangeness quantum number. 2 - 4 Some 
selection rules on the allowed changes in the total isotopic spin have been 
discussed. 14 -19 Since the unit change of the strangeness quantum number 
corresponds to the change of one -half in the z component of the isotopic spin, 
it has also been assumed that the change of the total isotopic spin is one -half 
for the weak decay interaction. According to this assumption, a for the.l\.0 
decay must be equal to 2/3. It is therefore important to know the experimental 

Alvarez, Bradner,. Falk, Gow, Rosenfeld, Solmitz, and Tripp, K-Inter
actions in Hydrogen, UCRL -3583, Nov. 1956. 

13The author wishes here to acknowledge some helpful discussions with 
Drs. M.A. Ruderman and J. V. Lepore on this point. 

14
G. Takeda, Phys. Rev. 101, 1547 (1956). 

15 . -
R. Gatto, Nuovo Cimento 3, 318 (1956). 

16 - . ' 
G. Wentzel, Phys. Rev. 101, 1214 (1956). 

17M. Kawaguchi and K. Nishijima, Prog. Theoret. Phys. 15, 182 (1956); 
C. !so and M. Kawaguchi, Frog. Theoret. Phys. 16, 171\1956). 

18
B. D 1Espagnat and J·. Prentki, Nuovo Cimento 3, 1045 (1956). 

19 -
R.H. Dalitz, Progr. Phys. Soc. 69A, 527 (1956). 

\ 



•' 

UCRL-3702 

value of a. •. Unfortunately, because of disagreement among the various experi
mental results.

2 
no accurate. value for 01. has been available so far from direct 

measurement. 0, 2 1, 22 • 23, 12 We therefore consider other experiments that 
could give indirect measurement" of a.·· 

One such possibility is the K-- capture experiments: Alvarez and his· 
co-workers have indicated that the lower limit for a is about 0.35 from K
capture in hydrogen. 12 This experiment does not lead to an upper limit for 
a, at least provided.the present experimental results are notdrastically altered. 
However, on the basis of results obtained from. the nuclear emulsion, it is' • 
possible to say that a may be less than 2/3. Future experiments on K
capture by the neutron will determine more accurate v3.lues for a. Other 
possibilities are hyperon production·from nucleons bombarded by pions and by 
protons. These possibilities are also discussed. 

20 . . .. · 0 
John Osher, 1T .Modes of Heavy-Meson and Hyperon. Decay, UCRL~3449, 

June 1956; Am. Phys. Soc. 1, 185 ( 1956); ( 
21 I -

Budde, Chretien,. Leitner, Samios, Schwartz, and Steinberger, 
Phys. Rev. 103, 1827 (1956). 

22 -
Ridgway, Ber1ey, aqd Collins, Phys. Rev. 104, 513 (1956). 

· 
23 

Letters from Professors. B. Rossi and J. Steinberger to Professor 
B. J. Moyer. (The author would like to express his thanks to Professor 
Moyer for his kind discussion and his information on these letters.) 
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II. THE INTERACTION OF NEGATIVE K MESONS WITH NUCLEONS 

The experiment on K capture by hydrogen has indicated that the con
tribution from one isotopic spin state (T = 0) is of ~he sarrie order of magnitude 
as that from the other isotopic spin state (T = 1). 1 In addition, it has deter
mined the lower value of the fraction for the normal charged decay mode of the 
AQ- hyperons.· For convenience,. its analysis is described in detail here. 

. . The strangeness -selection rule allows us to confine ourselves to the 
following reactions for K- capture by nucleons 7 ' 10 (the transition matrix 
elements corresponding to each reaction are also given): 

K 
- . . . + ' -

+ p~~ + -r:: (-1/2) J!'+(l//6) Jo, (2.1) 

.. 
0 

~~. 
0 

t'Tr: - ( 1/Vb) Jo, (2.2) 

- + 'Tr+; ( 1/2) J 1 + ( J/.16) Jo; {2. 3) _,~ 

K - 0 
(- 1/\[2) J1' ( 2.4) tn~~ + 'Tr : 

---7~ 
0 t'Tr: ( 1/VZ) J 1; (2. 5) 

K 
0 0 -

+ P-7n + 'Tr = ( 1/Vz) Gl; (2.6) 

K - ~ -+n t'Tr: Gl' (2.7) 

when~ J0 and J 1 are the transition matrix elements from the K + nucleon. 
system to the (~ + 1r) system with the T = 0 and T = 1 state, respectively, 
and • G 1 ·is th.e. transition. matrix element to· the (..!\+ 1r) system w1th the T = 1 
state. . · . · · · · 

In addl.tion, if the K-- beam energy is larger than the threshold energy 
(about 645 Mev), the following processes can be expected: 

K- + p~~H~.-+ K+: 1/2 I M1 + M 0 .1 2
, (2.8) 

(2. 9) . 

_. ,..--,- 0 
K + n~i~• + K : (2.10) 

These relations are the same as those for the K-meson scattering l:>Y nucleons. 

t 
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Therefore, the result is described at the end of the next section. 
24 

The ob8erved number (~0 obs) of'the ~O hyperon is given by a. ~O f~al' 
where the, ~ 

1 
is the real number of the produced L hyperon .. ·Even 

rea 
from the present experimental results, we can estimate comparatively 
accurate values for the following ratios: 

F (~:) = 

- :.. + 
K + P~L + 1T 

K- + P-'>~ + + 1T -

= -IJ372 
IM 

i-,1,.12 + x e 'Y 

xe i ·cj> .12 

(2.13) 

- - + - + -(K + P~L · + 1T ) t (K + P--7~ i + 1T ) .a. G 
- 0 0 

(K + p~ 1 + 1T ) rea 

f'Z.14) 

(2.15) 

This restriction is put on <j> only for simplicity. The ratio G means the 
ratio,ofall produced charged ~ hyperons to the observed neutral ~hyperons . 

. '• 

.
24

I£ the assumption proposed by Salam and Polkinghorne (Nuovo Cimento 
..1.z.. 286 (1955)) is used, there are other possible processes, 

7"- + p?:::::O' - + O,t 
1T • (2.11) 

'T- + n?.~'- + -, 0 
1T .• (2.12) 

-
This possibility was indicated by Mr. Minoru Takeda to the author. But 
there are some reasof\1 why their assumption may not be correct, as it was 
indicated by Feldman. · We do not consider these processes in this paper. 
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If we know the value of F from the experiment, we can obtain the 
maximum and minimum values of x; that is, 

1 ,j3T2 {(F +I)± 21'} (2.16) = 
(F - 1) 

For convenience, the relation between x and cp is shown in Fig~ ( 1a) for the 
various F values. If the experiment indicates that F is equal to or less than 
unity, the circumstances are a little more complicated .. Since Alvarez's group 
has obtained the result F""'2, only the cases in which F is larger than unity 
are considered. On the other hand, the other restriction for the minimum value 
of x is given from the relation·(2.14); 

(2.1 7) 

According to the experimental result, x . (Eq. ( 2.17)) is larger than 12 ··g m1n 
xF iliin (2.16). Therefore, the maxirrffim value of a cannot be determined 
from only this K- capture by protons. In order to indicate these circumstances 
clearly, the values for a are shown in Fig. lCb·) for various values of the 
ratios x and G. From this figure, it is clear that the minimum value of 
a. is about 0.3 5 for F""' 2 and G = 6. At the 'same time, from these 
experimental values, x must be between 0.86 and 7.1. That is, the contri
bution from the T = 0 state is larger than or nearly eq-qal to that from the 
T = -1 state. In addition, the value of x is positive, as shown from Fig. i. 
Therefore, we have to conclude that the T = 0 state interferes with the T = 1 
state destructively in the ~+ ¥1T- case, Eq. (2.1), and-constructively in the 
~- + 1T+ case,· Eq. (2. 3). 26 

These conclusions are, unfortunately, contraryto the previous results. 10 

From analysis, of the data on K- capture in nuclear emulsion, it was 'dof1·~ 
eluded that the T = 1 state is fundamentally important. Koshiba estimated a 
value of either 2. 7 or 3.1 for F 1

, Eq. (2.19). Even using these values, one 
can obtain the same conclusion with the results derived from the hydrogen 
bubble chamber experiment. In the previous analysis, it was difficult to 
esti~ate the lower limit <;?f x. This w&s because there _was no exact infor
mation on the process. K + p~~O + 1T (Eq. (2.2)). Th1s may be the reason 
for the apparently contrary conclusions. 
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·In order to obtain the more accurate value of a. by indirect measure-
·. m-ent, 'it is enough to know the ratio x. of contributions. from both. isotopic 

spin states .. Th~ measurement of the -.!: hyperons produ'ced from the J(
capture by neutrons (Eqs. (2.4)and (2.5)} determip.es the value o(- x directly.
This is done by comparing numbers of these !: hyperons with the numbers of 
!:O hyperons produced from the K- capture by protons: 

- 0 0 
K + P~!: + 1T = ( 1/3} 

2 
X (2.18} 

Thus, this x value gives the accurate restriction for the a. value. The 
experiment on K- capture by neutrons plays a quite important role in thi;s:: 
respect, as does J;h5 test case for the application of charge independence, as 
Lee has suggestefl. · 

However, the value of x can be estimated by using the data on K 
capture by nuclei. Observation of K- stars in nuclear emulsion gives the 
two following ratios: 

. F' ~~~) = 

R (:~} = 

Z(K + p ~!:- + 1T +> + (A - z) (K- + n--:>!:- + 1r
0) 

Z(K- + p~!:+ + 'YTIJ-) 

z (K- + p___,!:+ + TT-} +(A - Z) (K- + n~Y0 + 1T-} 

- - + Z( K + p ~!: + 1T ) 

( 2 .19} 

(2.20) 

where A and--' Z mean numbers of nucleons and protons -in the nucleus, 
respectively,_ and.- Y means the • !: or l\.hyperon. A relation among these 

-observable quantities depends on only one unobseiVable parameter (xJ; 
...... ,...~. ..... ..._ 

R (::j{: +(:' 1) -+ ~··(~' 1 )x2} (2.21). 

where 

0 0 Jo 
2 

~·= 
(K + P~!: + 1T ) 

1/3 and (F'/F) ~1. (2.22) = --
(K - ¥Y 0 + p-? + 1T ) Gl 

Although the values of R and F' obtained in nuclear emulsion include a 
quite large uncertq.ipty, the recent experimental results show that x is 
' ., " / 

' ~ l 

/ 
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larger tha~ unity. 2 7 Tha1t is, ihe ~ontribution fr~m ~he . T ; 0 st~t~.:nni.st l:>e 
larger th~n that from .T :: 1 state. Th'erefore the .mQst probable value of a 

'is nearlyequal toor, sm'all~r than'(?,./3),.as shownea_silyf_rom:fig:··(lb). 
This result is discussed in the final s·ection. ::·· :. . . . . . . . . . 

27 . 1 +0.50' 
If the values used are (G ..:.6, F- 2, 1.- 2., \ ~ = 0:57 _0 . 26 , . 

d 1/R 0 30 tO .4 1) h b b . 1 5 d . f. . 1 O - 12 d an =: •. · -0. 1 8'. , t e x must e etween . an· 1n 1n1ty, a-n 

o. is between 0.55 crnd 0.34. The estimated value of o. from the K- events 
is 0.5 ± 0.1. 12 The experiments on productbo~ 5of strange particles P by 
pion-nucleon collisions show that a:= 0.3 ~0~ 12 . 21 
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II I. K-MESON~SCATTERING BY NUCLEONS AND 
:---',-HYPERON PRODUCTION FROM .K--NUCLEON COLLISIONS 

The K-meson scatte.rl.ng by nucleons m~y be important for confirming 
the deeper character of the K meson, as stated in the introduction; that is, 
the I{- meson is an antiparticle of the K+ meson. This difference may be 
reflected in t~e beh~vior of the scatterin~ result. -Especially, th~ c:Jifference 
between the pre4omlnant states in the (K +nucleon) system and 1n the 

'.~(K,.,.. + nucleon) system may be observed. The experimental data on the · . · 
negative K-m_eson scattering by nucleons is poor now, but it seems to be 
necessary for future analysis t.o consider some relations derived from the 
charge -independence hypothesis. .When this relation is derived, consideration 
of the interference effe,ct between two isotopic spin states must be important. 
Ito and Minami have pointed it·but in their analysis of K-nucleon scattering. 28 
The experimental results of K- captu~e indicated that the interference effect 
is riot small, as given in the preceding section. Therefore,· it is convenient 
to have a graph by which to visualize this interference effect. 

For this purpose, the following quantities are defined for K+ -me·son 
scattering by the nucleon: 

(K+ + p -?{(+ + p) + (K+ + n-#-+ + n) 
+ . 

(K + n-7K + p) 

.+ . K+ + ~+ + 4 

2 
= 5 + 2 X COS <j> + X 

1 - 2 X COS <j> + X 

g = p p 
+ . + -K + n~ + ri 

= 
1 + 2 x cos <j> + x 2 .' I 

/ 

• (3. 1) 

( 3.2) 

where a. is .also the fraction of K 0 mesons that decays into ( 1T + + 1T-), and 
x and· <j> are defined as follows, 

( 3. 3) 

where M 0 and ML are the matrix elements forK-meson scattering by 
nucleons with the T = 0 and T = 1 states, respectively. In this case, 
( 1 - a.) means the fraction of .1}0 mesons that either are long -lived or have 
a neutral decay. 

The permissible regioq. for these two ratios is the ar.ea surrou-nded by 
0 two curves for <j> = 0 in Fig. (2). It is clear that the point at a. f = 5 and 

g = 4 (x = 0 : M 0 = 0) is a singular point, as also is another point at a.£+ = 
1 and g+ = 0 (x = ± <ll>; M 1 = 0). 

28p . t . . r1va e commun1cat1on: It appeared in mimeographed circulars 
written in Japanese. 
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The ..: e: 4 p· e r,i me. n t repot.te~ has not yet given any accurate results, 
except a f+ - 5 ± ? and g+ > 1. The ref ore, if the inte_rference effect is 
considered, we cannot derive any accurate ·information about the order of (29) 
magnitudes of the contributions from both states, as easily shown in Fig" (2)" 
If future experiment indicates. a f+- 5 and g+ - 1, the contribution from the 
T = 0 state will be a little larger than that from the· T = 1 state, but the 
phase difference between these two isotopic spin states is large (abo1,1t 60°) 
if g+ is not less than L The scattering phase shift in the T : lstate has 
to have an opposite sign to that in the T = 0 state, if the energy of the incident 

K mesons is not high" On the other hand, if we h~we the results a f+ 2:4 .. ' 
and g+ 2:2,. the tonc.lusion. that the T = 1 state is do~inant will b,e confirmed" 
In this case, various phase shifts can be imagined, because, .as.·s-~~ted above, 
the point given by a f+ = 5 and g+ = 4 is quite singular, If th~ 'experimental 
results give these values, we may say that this scattering takes plac~ thiough 
the .so-called resonanc~ state with T = L · The character of scat~~r1ng phase· 
shift depends strongly on accurate values of 'g+ an~ a f+ .. However; for the 

1 low-energy scattering experiment, the latter case (in which g+ is n·earlY 
equal' to 4) may be natural, because it is supposed that the scattering phase 
shift is not so large" 30 If g+ is greater than uni\y, as is indicated by this 
experiment, it may be said that the possibility of the predominance of the 
T = 1 state is large" This point can be confirmed by obtaining res'ults on 
K+ -meson scattering by deuterons and hydrogen" 

If the interaction occurs predominantly in a T = 1 state forK+ -meson 
scattering by nuCleons, this is opposite to the conclusion de ri vedfrom the 
K- -capture experiment.· This difference may not, of course, be surprising" 
This difference may be due to the different characters of K mesons', that is, 
a K- meson is an antiparticle of K+ meson. In addition, the pr~sent infor
mation for scattering was obtained by using positive K mesons of relatively 
high energy. On the other hand, the capture experiment has beeri dpne by 
using a negative K-meson beam with q.uite low ~nergy~ .,lrhe:di:ffe.rence wh_h .. • 
tespec.t to the ·preJddminanLisotopic spin state may aris~ betaus.e the matnx 
elements for scattering are oi different character from those for the ~apture 
process, and also because different energy regions have been u§ed in the two 
experiments" ·At any rate, in order to obtain more detailed information about, 
this point, it is necessary to know experimental results from K- scattering by 
nucleons. 

29rt was indicated by S. Goldhaber and her co-workers on K+ scattering 
that we might say that there is some evidence that the interaction occurs 
predominantly in a T = 1 state. (S. Goldhabe r, "Proceedings of the Sixth 
Rochester Conference on High-Energy Nuclear Physics'' (1956), Chapter 6.) 

30rt is interest:iag to note that this supposition also gives another solution 
that g+ is less than unity. 

'· 
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ForK- -meson scattering, it·is possible to use the same figure (Fig. 2) 
by changing the definitions (Eqs. (3.1) and(3;2)) into the following: 

g 

(K- + n-7K + n) + (K + .p~ + p) 

(K- t p~K-O· + n) ·· 

= (K- + n~- t n) 

(K + p~K + p) 

(3.4) 

( 3.5) 

However, it is more convenient for us to use another quantity for negative 
K-mesons sca~tered by nucleons:: 

a.h = 
K + p~K + p 

- -0 
K +p--7!< +n 

(3.6). 

Figures 3 and 4 show the permissible regions for these quantities. 

If these scattering ratios are given with enoB"gh accuracy, w'e may have 
the possibility of determining the fraction (a.) of K mesons that undergo a 
normal charged decay by using the sarrie type of analysis as given in the 
preceding section. But the most convenient method for the determination of 
this value is by direct observation on the process K+ + n~KO + p. 

The production of~ hyperons from the K- -nucleon collision can be 
·analyzed by using the same quantities; but now with these definitions: 

/ 

(K - - + - - 0 
a.£' = + p~8 + K ) + (K + n-7.::=::. . + K ) 

(K- + p~§J + K 0) 
( 3. 7) 

(K +n~3 - + Ko). g' = 
(K + p~.S- + K+) 

(3.8) 

a. h' = (K +P-?3 + K+) 
( 3. 9). 

(K - + p-?'"='- + n) 

where f, g, and h are also ahe observed ratios for these processes and a. 
means the probability of = -hyperon decay, which is observed directly by 
the charged decay mode. , 
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IV. STRANGE -PARTICLE PRODUCTION ·FROM NUCLEONS 
'BOMBARDED BY PIONS* 

According to the· ideas of Gell-Mann and Nishijima, we can expect the 
following reactions for hyperon pr~duction: · 

1T +p~~ 
- + + K.: f Z/3 M 1 + 1(3 M 3 l 2 

( 4.1) 
' 0 I +Vil3 (-Ml + M3) I + Ko 2 

(4.2) ~~ 

~~ 0 
. IM312' (4.;3) + K : 

- 0 
IJ2/ 3 N 1 I 2 ' ... ( 4.4) 1T +n~~ + K : 

where Ml' and M
3 

are the transition matrix elements from the (rr + nucleon) 
to th·e (~ + K) system in the T = 1(2 and T = 3(2 states, respectively. Also, 
N 1 is the transition matrix element to the ( /\..+ K) system in the T = 1(2 
state; a means the fraction of the charged decay for the./\..0 hyperon. Then, 
we can have the relations 

a a 
- ·. + 

.rr .+P~ +K = 
- - I o o 

rr + P4~ + K 

4. 2 1 y + 4y cos <I> + 

2y
2 

- 4y cos <I> + 2 
(4. 5) 

rr + p ~~- + K+ = 
.·. 0 

1T + n4~ + K 
,b = ( l/9)(4y

2 + 1:y cos <I> + 1); (4.6} 

waere (M/M
3

) - y exp (i<j>), and the ratio a is that of the ~- to the observed 
~ hyperons. These two experimental ratios must fall within the area 
surrounded by the two c~rves ·shown in Fig. 5 if the charge -independence 
hypothesis is applicable to these reactions ... · 

In:fhese reactions (Eqs. (4.5} and (4.6)), there are two ·isotopic spjn 
states, that is, T = 1/2 and T = 3/2. Generally, it is said that the pion
nucleon scattering cross section has a second maximum around 0.9 Bev, 
and this maximum may occur through the T = 1/2 state .. 31 If this idea is 
correct, the ratio y ( = I M 1jM31 ) may beco!De quite large. Of course, the 
matrix elements of these production processes are different from those of 
scattering phenomena.·· Although the more detailed structure for these pro
duction processes ought to be considered, measurement of the ratio b-
(Eq. (3.6)) offers the direct test for this speculation. if b is quite large, V{e 
may be able to obtain information about the upper limit of a. For instance, 
let us consider the extreme case in whi:ch y is equal to infinity (M

3 
= 0}. 

* In this section, the Shyperon and the heavier hyperons are not considered. 

31 
Cool, Piccioni, and Clark, Phys. Rev. 103, 1082 ( 1956}. 
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Then the value of b- also goes to infinity, andthe value of a a- must be 2~ 
Therefore, we will be able to determine the upper and lower limits· of a. by 
using the observed ratios of a- and b-. In addition, the more accurate value 
of a for the ('IT+ t n: -) decay mode of KO can be obtained directly by observation 
of the process 

- - 0 
'IT + n~:E + K ( 4.4) . 

21 
The 'IT + p r_eaction ha.s already been observed by Budde et al. , but the 
experiment on the 'IT- + n reac.tion has not yet been done. 

+ ' 
If we. could obtain the moderate 'IT beam, we could also ucSe the same 

figure (Fig. 5) by changing the definition as follows: 

+ a a 

+ 
b = 

'IT++ n~:E+ + K 0 

+ 0 + 'IT- tn4:E + K 

'IT+ + n4:E+ + KO 

( 4. 7) 

(4.8) 

However, in tpis_ case, there are the possibilities of determining the fractions 
(a) for~ the charged decay mode of neutral hyperons and the ('IT++ 'IT-) decay 
mode of K0 mesons by direct observation. of the production process from· 
deutero~s. This method is more convenient than the other production process, 
which was described in the preceding sections, because, in production by 
positive pions, one of the produced particles must be a charged particle and 
the other is a neutral or charged one. 

It is sure that,, if the production experiment by proton -nucleon collisions 
is possible, it will also give valuable information. The possible reactions 
and matrix elements are given in the Appendix. 

_j 
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V. DISCUSSION 

The problem of weak interaction remains substantially unsolved. Recent 
experiments by Wu and others have confirmed the theory'proposed by Lee and 

Yang that the weak interacti~ ~ay not be invariant under a space inversion ( p) 
and charge conjugation (c). 2 - 4 The absolute in variance under time reversal 
is still an open question. The experiments by Wu and Garwin and their co
workers were done for !3 decay and tJ.-meson decay. But it is natural to assume 
that these characters of the weak interadions, p and c, ar~ reflected in the 
·decay process of strange particles. ·Therefore, let us consider that the K+ .· 
meson is all of one .kind and has various decay modes. 35 On the other hand, as 
stated· in Section I; a 'selection rule on the allowed changes of the total isotopic 
spin (~T = l/2) has been suggested to explain the decay of strange particles. 
Theoretical results derived from this selection rule are compared with experi
mental results in this section. 

Here, we assume that the angular momentum is conserved and that the 
strong interaction between nucleons and ·pions is charge -independent. One of 
the direct and clear tests for this selection ruled~ T = 1/ 2) is given by the 
fraction a for the charged -decay mode of the~ hype ron. According to this 
selection rule, the fraction a must be (2/3), even if the weak interaction is 
not inv·ariant under time .reversaL Some experimental results m'ay be smaller 
tha?- (2/3), as stated at the end

0
ofSection I. The o_ther tes

0
t .is the branching, 

rat1o of Z1r decay modes for· K ·mesons. ·If the sp1n ·of K · 1s even, then we· 
have~ · 

= ~ 0 . + -
P( e ~1T + 1T ) 

= 1/2 . ( 5.1) 

If the spin of ·B
0 

is odd, we have 
, . , ·a· 
R(B)=O. ( 5.2) 

These results are inde8endent of the invariance characters of the weak inter
action. The spin of K seems to be zero, according to a recent experiment. 36 

32
T.D. Lee andC.N. Yang, Phys. Rev. 104, 254(1956). 

33 
Wu, Ambler, Hayard, Hoppes, and Hudson, Phys. Rev. (to be published). 

34
Garwin, Lederman, and Weinrich, Phys. Rev. (to be published) 

35
I£ we assume t~at the pr~bability for transition of the K meson into the· 

2 'IT state is about 10 ° (sec)- and the other decay probabilities into the 31T 
or (lepton+ pion) state are about 108 (sec)-1, a consistent explanation is 
possible. The ratios among these transitions, except for the K+2 1T decay mode, 
are on the orders of magnitude of phase -space volumes .. For the K+2 1T mode, 
it is assumed that the transition rate is slowed down by some restrictions, for 
example, the ~T = l/2 selection rule .. 

36
see Orear, Harris, and Taylor, Phys. Rev. 102, 1676 (1956) for recent 

experimental results. 
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23 
But other recent experiments indicate that this ratio is quite small. . The 
third test is a transftion probability from the K+ meson l.nto the ·2'1T system. 
The selection rule (.6.T ;, 1[2) forbids this transition. · But this decay mode is 
about 30'/o of all K+ d~cay. 37 It may be quite difficult to explain this P.ecay 
mode theoretically. 3~ Though this information about the fail:ure of th,is . 
selection rule (.6.T = 1/2) has not yet been confirmed thoroughly, it might be . 
said that it is necessary to consider the other possibilities: 3 9 for example, the 
contribution from the greater changes of the total isotopic spin (.6.T = 3/2, 5/2 
and so on). 

· As an example, let us consider the fractio8 .o. for the charged decay mode 
ofL\0 hyperons .. Since the isotopic spin of the~ hyperon is assumed to be 
zero, the final isotopic spin states (T = 3/2 and 1/2) correspond respectively 
to .6.'t) = 3/2 and .6.T = 1/2, the change of total isotopic spin. The fraction a 

for./\ decay is expressed as 

1\0 -
a. = (.t l. ~p + 'IT ) 

0 . 0 0 
( ~ -4n + 'IT ) + ( A ~p + 'IT-) 

( 5. 3) 
3 ( 1 .t x) 

where the parameter x means ;the ratio of the matrix elements for decay 
into pion-nucleon states with the isotopic spin T .= 3/2 and for decay into pion
nucleon states with T = 1/2; p is a complicated function consisting of the 
decay matrix elements, their phase differences, and the phase shifts of the . 
pion -nucleon scattering obtaining .at the energy corresponding to the Q cralue of 
.L1, 0 decay and at the angular momentum corresponding to the spin of~ -
hyperons. The absolute value of p is between zero and unity. The shaded 
area (Fig. 6) shows the available region for the fraction· o. against x. A 
more accurate value of a will give information concerning the lower limit 
of the .6. T = 3/2 contribution . 

• 
37

Birge, Perkins, Peterson, Stock, and Whitehead, Nuovo Ciminto 4, 834 
(1956). All earlier data are referred to in this paper. 

38
Mr. R. Sugano informed t~e author in his letter that he could derive the 

co~rec~ o'rd0r of magnittid~ ( 1? (sec) - 1) for the decay probability of the. 
(~~'IT. cr'IT) mode by taklng lnto account the mass dlfference between 

. 'IT and 'IT • 
39rn the case of ~-hyperons, the· experimental data do not contrad,ict re

sults derived from the ,6.T = 1/2 selection rule .. Even if the weak interaction 
is invariantunder the time reversal, we can derive a result consistent with 
experiment. 
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. Concerning the 2Tr decay mode of K mesons, we mightsay that there is 
s orne evidence that' it is not enough to include only the .6. T = f/2 c-ontribution, 
if the we'ak interaction is invariant under the tiine reversaL 4 Even so, the 
contribution from .t:.T = ·3/2 is quite small. Mote detailed discussion will he 
given in another report. · 
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----:J If th~ ':"eaki~teraction is i~v~riant under the time rev:ersal and.most of 
the s~ort.-hved.K mesons .decay 1nto ~~e. 2Tr state, dhe AT = 1/2 and_ .t:.T = 3/2 
contnbutlons giVe the possible lower htnit for R(B ) (Eq.{ 5.1)). Such a lower 
limit is abciuf 0.27. Th:l.s lower limit seems to be a little l~rger than there'ceri't 
experimental values (R(BO) ~o.1). 
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APPENDIX 

The fraction a· for the .normal charged decay mode of neutral strange 
particles is given also by the process of production of these particles in 
proton -:proton collisions. Jn this case, both incident particles are charged. 
Therefore, the number iof real neutral particles is easily determined, as well-' 
as their energy, momentum, and so on, if it is confirmed that no neutral pions 
a!'e produced. By use of the same classification as for the production _of pions 
in nucleon-nucleon collisions, alL possible reactions can be expressed in terms 
of conv~nie~t matrix el~ments, w.hich.we shall denote by '"'13' ~1 ~nd r 01', 
The notlon 1s the -follow1ng: .the f1rst 1ndex represents the 1sotop1c sp1n of tlie 
initial state, and the second is twice the combined isotopic spin of the final 
state. of two baryon~, nucleon .. and hypero~~1, 1. There. is no r 03 , since this 
matr1x element cannot conserve the 1sotop1c sp1n. · 

The possible reactions and matrix elements are given as follows: 

' 0 + 
p + p--}K + ~ + p: 

+ 0 
-7K + ~ + p: 

Ko .+ 
n + P-7 + ~ + n: 

V17lz r~l3 +Y273 G1' 
ff6 rl3--~vm ~1' 

I 

1'11' 

(A .1) 

(A.2) 

(A. 3) 

(A.4) 

V1il2 rl ·3 + l{i]lz ~ 1 +ft!Ti r o 1, 

(A. 5) 

. 0 0 r;-r-;-:; 
~K + ~- + p: 1/ 2/ 12 n 3 -j'i7i2 n 1 -/1/ 12 ro 1' 

+ -
~- +~ +p: 

+ 0 '"""'?K + ~ + n: 

0 . 0 
--.>K +~ + p: 

· · (A.6) 

-fl7l2 G3 -J2/12 Ill +/2/12 ro1' 
(A. 7) 

-/2/12 ~3 +Jili2ji1 -JiTi2ro1' 
(A.8) 

1/2rlll + l/2 rol' 

(A.9). 

1/2 r~'1, -1/2ro1' 

(A.10) 
41

A.H. Rosenfeld, Phys. Rev. 96, 139 (1954). 
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If we can distinguish these ~ productions from the A. 0 
production and 

other production processes, including neutral pions, we shall be able to analyze 
the data for the proton-proton colli.sions , as described in Section H. 

·Thus, it is sure that, if it is possible, the experiment on production by·· 
possitiv:e particles will give valuable information.· 

-· - - - -· - -' 

Note added: After finishing the writing of this report, the author heard 
from Dr. Robert D. Tripp that Steinberger and his co-workers had reported at 
the 1957 New York Meeting .of the American Physical Society that the fraction 
a for the charged decay mode ofA is 0.66 ± 0,03. 
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Fig. ·.1. (a) The relations between the ratio x and the phase difference 
(y) (Eq. (2.15)) for the process K~ + p.-'+ L: + 7T. The fraction 
a of the charged decay of/ P is plotted against x. ·(b) The maximum 
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relation is derived for the producti·on of :·.:;:·; hyperons from the 
K- -nucleon collision. 
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