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constructed by excluding the zero momentum state /(flkVk)^1"^ -> / (%Vk) (^~Lk Ik) 
from the original space. = f(aJ,a*)[N-~Ylk flk^k], 

If we construct the Hamiltonian W (or any operator) /(#k+,#k)#o2 —» y"(#k+,#k) 
in this V space such that X E ^ - E k T / k X ^ - Z k ^ - l ) ] * , 

W / K V k ) -> C(^ -Lkr 7 k +l ) ( ^~Ek^k+2) ]^ 
X/OkV k ) . (*tf; {,k'}, #* iV; {7?k})= ( $ { , k M , # '${„ k }) , (A3) 

the operator a J or #o in H can be seen to be replaced by In any case, e can be neglected compared with N—Xk »?k 
[iV—Ek ??k+e]% where e is a finite number. For if N—£k i?k is of the order of N, so that we obtain the 
example, Hamiltonian (4), (4a). 
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Under the hypothesis that the iT-meson interactions do not mask the symmetries of the pion-baryon 
interactions appreciably, the branching ratios of the K~-\-p reactions are studied to test the validity of global 
symmetry. The r -1-matrix formalism of Matthews and Salam is adopted to calculate the branching ratios. 
The new Dalitz-Tuan solutions for KN scattering lengths, which incorporate the (K+,K°) mass difference 
and the new branching ratios of the various Kr+p reactions, presented at Kiev, are adopted in the analysis. 
The errors in the experimental branching ratios are so chosen as to satisfy the Amati-Vitale inequality. I t 
is found that the a~ and b+ (also a+, though poorly) Dalitz-Tuan solutions can explain the branching ratios 
for K~ captured at rest. The extension of the analysis to 30-Mev incident K" mesons under the zero-range 
approximation leads to very poor agreement with experiments. 

I. INTRODUCTION 

IT is of great interest to ascertain whether the very 
strong pion-baryon interactions possess any sym­

metry higher than charge independence. It is now clear 
that experiments exclude1 the possibility of very high 
symmetry in both pion and iT-meson interactions. So 
the symmetries of the pion interactions, even if they 
exist in the bare Lagrangian, could be distorted badly 
by the i£-meson interactions. If so, such symmetries are 
not useful (except, possibly, at very high energies), 
since we cannot calculate accurately the consequences 
of strong couplings. In order to test the usefulness of 
the proposed symmetries of the pion interactions, we 
would therefore consider the possibility that the K-
meson interactions may not be strong enough to break 
the symmetries of the pion interactions appreciably, 
even though, to some, this may be of academic interest 
only. We would apply this hypothesis specifically to the 
K~+p reactions. 

* This work had its inception during the author's stay at the 
Summer School of Theoretical Physics, University of Colorado, 
Boulder, Colorado, in 1959, the stay made possible by the financial 
support of the U. S. Air Force through the Air Force Office of 
Scientific Research and Development Command. 

f Now at the California Institute of Technology, where this 
work was completed in the present form and prepared for publi­
cation with support from the Richard C. Tolman postdoctoral 
fellowship. 

1 A. Pais, Phys. Rev. 110, 574 (1958). 

It was first pointed out by Amati and Vitale2 that 
the low-energy Kr~-\-p reactions provide a good tool for 
testing the hypotheses of the restricted and global 
symmetries,3 if the iT-meson interactions do not break 
them badly. These authors established an inequality4 

involving the branching ratios of the various K~+p 
reactions on the basis of the restricted symmetry alone. 
This inequality will be referred to as the AV inequality 
in this paper. Starting with the work of Amati and 
Vitale, a number5"9 of works have appeared in the 
literature on the same problem, with stress on the 
individual branching ratios for the different reaction 
modes, in particular on the S -/^4" ratio. These various 
attempts may be classified into two groups on the basis 

2 D. Amati and B. Vitale, Nuovo cimento 9, 895 (1958). 
3 M . Gell-Mann, Phys. Rev. 106, 1296 (1957); J. Schwinger, 

Phys. Rev. 104, 1164 (1956). 
4 See Eq. (14) of footnote 2, which reads 

where Wa is the branching ratio for the reaction a. This relation is 
referred to as the AV inequality in this paper. 

5 A. Salam, Ninth Annual International Conference on High-
Energy Physics, Kiev, 1959 (unpublished). 

6 B. D. Espagnat and J. Prentki, Nuovo cimento, 15, 130 
(1960). 

7 K. Kawarabayashi, Progr. Theoret. Phys. (Kvoto) 20, 117 
(1958). 

8 M. L. Gupta, Nuovo cimento 16, 737 (1960). 
9 M. Ross and G. L. Shaw, Bull. Am. Phys. Soc. 5, 504 (1960). 

See also, Phys. Rev. 115, 1773 (1959). 
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of their starting assumptions: one,5-8 in which the 
symmetries of the pion interactions are assumed not to 
be broken by the K interactions, so that one can obtain 
the pion-hyperon scattering phase shifts directly from 
the pion-nucleon scattering phase shifts (in case of the 
global symmetry); and the__ other,9 in which the effect 
of the presence of the (KN) channel on the pion-
hyperon-production amplitudes is taken into account 
approximately. Without further apology we would, as 
mentioned before, quickly include ourselves in the 
former group for the purpose of the present paper. The 
relationship of this work with that of Ross and Shaw9 

will be taken up in detail in a subsequent paper. 

In view of the fact that several attempts have 
already been made under the category of the first 
group, one could ask: What is the purpose of the 
present work? To answer this question we begin by 
summarizing the previous attempts.5 - 8 

I t was pointed out by Salam5 at Kiev that the energy 
dependence of 2~ :2 + :2° branching ratios is not con­
sistent with global symmetry. This analysis was based, 
however, on the old branching ratios (2~:2+ :2°:A° 
« 2 : 1 : 1 : J) which violate the AV inequality. Hence the 
disagreement with global symmetry is not unexpected. 
Furthermore, this analysis adopted the old Dalitz-
Tuan10 scattering lengths, which neglected (K+

yK
Q) 

mass difference. The work of d'Espagnat and Prentki6 

and Kawarabayashi7 are also based on the old branch­
ing ratios, and hence their conclusions need not hold. 
Recently Gupta8 has shown that it is possible to obtain 
a set of real values for the phase shifts11 a\ and a± of the 
pion-hyperon system, if one adopts the new12 branching 
ratios. From this, he concludes that restricted sym­
metry may be a useful concept. In his analysis, however, 
he chooses the mean values of the branching ratios, 
which contradict the AV inequality and hence the 
restricted symmetry. I t is not immediately obvious how 
sensitive is his analysis to the choice of errors13 in the 
experimental branching ratios. Hence, the conclusion 
on the usefulness of the restricted symmetry seems to be 
rather ambiguous. Furthermore, like the previously 
mentioned authors, Gupta also uses the old Dalitz-Tuan 
scattering lengths. 

In view of the above, it was felt necessary to test 
the validity of the global symmetry by adopting the 
new branching ratios12 and the new Dalitz-Tuan14 

scattering lengths which include the (K+,K°) mass 

10 R. H. Dalitz and S. F. Tuan, Ann. Phys. 8, 100 (1959). 
11 af and at denote the pion-hyperon phase shifts in / = § and J 

states, respectively, and are defined in Sec. III. 
12 L. Alvarez, Ninth Annual International Conference on High-

Energy Physics, Kiev, 1959 (unpublished). 
13 It is to be noted that the mean values of the experimental 

branching ratios12 (S~:S+:S0:A0«45:21:27:7) lead to a value of 
^ = (&2/&A)DKA)/<*T»,I(2)]«0.41, which is a parameter in Gupta's 
analysis. Gupta chooses />«0.5. However, if we choose the errors 
in the experimental branching ratios, so that the AV inequality is 
satisfied, then ^^1.36. 

14 R. H. Dalitz and S. F. Tuan, Ann. Phys. 10, 307 (1960). 

difference. We start with such choice15 of errors in the 
branching ratios, which satisfy the AV inequality. 

We assume the following in the analysis: 

, (i) A low-energy K~ (laboratory kinetic energy of 
iT~<30 Mev) is captured predominantly in the S state. 

(ii) K~ has odd16 parity relative to the hyperon-
nucleon system. 

(iii) The (S,A) parity is even. 
(iv) The (2,A) mass difference may be neglected in 

the dynamics of calculations. 
(v) The presently known baryon spectrum is 

complete. 
(vi) The pion-baryon coupling constants satisfy 

global symmetry, which is not masked appreciably by 
the iT-meson interactions. 

(vii) The new Dalitz-Tuan14 scattering lengths hold, 
and the zero-range approximation is valid up to a Kr 
laboratory kinetic energy of at least 30 Mev. 

In Sec. IIA we discuss the scheme of pion-baryon 
interactions to define the restricted and global sym­
metries. In Sec. IIB we develop the r - 1-matrix formal­
ism of Matthews and Salam for calculating the branch­
ing ratios of the various K~+p reactions. In Sec. I l l , 
global symmetry is applied to determine the pion-
hyperon scattering lengths from pion-nucleon scattering 
lengths and the results are used to determine the T-
matrix elements for the various reaction channels. In 
Sec. IV the results of the calculation of branching ratios 
for the various Kr~+p reactions are given for capture of 
Kr at rest and at 30 Mev laboratory kinetic energy. I t 
is found that there exist solutions for ar and b+ (also 
rather poorly for ar) Dalitz-Tuan scattering lengths 
which can explain the S~:S+:S° branching ratios 
reasonably well for K~ capture at rest. However, the 
agreement for 30-Mev Kr mesons is very poor. This 
casts doubts on the validity of the global symmetry. 
Thus the conclusion regarding the global symmetry 
hypothesis remains essentially the same as before,5 

even with the new12 data and the new Dalitz-Tuan 
scattering lengths. 

II. FORMALISM 

A. Pion-Baryon Interactions 

I t is well-known17 that under the hypothesis of 
charge independence, Yukawa-type interactions, 
equality of the (SAx) and (XXir) coupling constants, 
and assumptions (iii) and (iv), the pion-baryon inter­
actions take the form 

+g4#4*m#4-t t , (1) 
15 It is easy to check that this choice is very limited. 
16 The analysis is not sensitive, however, to the choice of this 

parity, essentially because both 5j and P{{ir — N) phase shifts are 
small at the energies involved. 

17 M. Gell-Mann, Phys. Rev. 106, 1296 (1957); A. Pais, Phys. 
Rev. 110, 574 (1958). 
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where 

ff-0- N"(r)-
 N"L\ w-C> 

F = ( A - 2 ° ) A 2 ; Z = ( A + 2 ° ) / v Z (2) 

The symmetry involved in Eq. (1), i.e., the isospinor 
description of all baryons, is referred to as "restricted 
symmetry." The hypothesis of "global symmetry" 
[[assumption (vi)] is to enlarge the above symmetry 
by assuming 

gl = g2 = g4. (3) 

I t is clear that Hv given by Eq. (1) conserves the 
usual isotopic spin T and the doublet18 spin I, which is 
J for members of the four doublets Nh N2, N$, and N± 
and 1 for the pions. Thus the TNI, TN2, TN^ and TNA 
systems can be in / = | and f states and the scattering of 
each of these systems in a given angular momentum 
state can be described by two scattering amplitudes,19 

one for the I=\ and the other for the / = § state. This 
is the outcome of "restricted symmetry." 

If we further assume global symmetry [Eq. (3)], the 
irN2 and TN% scattering amplitudes in I—\ and § 
states can be equated to the corresponding 7rJVi scatter­
ing amplitudes. The precise energy at which these 
should be compared is not clear, since the mass differ­
ence between nucleons and hyperons is large. However 
for low-energy K~ absorption the relative pion-hyperon 
energy is nearly that of resonance for the TNI system. 
At these energies the J=\ TNI phase shifts are small 
and slowly varying, so we will choose some mean value 
of these phase shifts. 

B. T^-Matrix Formalism of Matthews 
and Salam 

Let us consider the reactions involving two particles 
in, and two particles out, with n possible channels, and 
let us assume that only ,5-wave interaction is important 
in the energy region of interest. Following Matthews 
and Salam,20 we define the T matrix in terms of the 
S matrix by 

Sfi=bfi+2i(kf)
x*Tfi(ktf, (4) 

where ki and kf denote the relative momenta measured 
in the cm. frame in the initial and final channels, 
respectively. The unitarity of the S matrix implies that 
it can be written in terms of a Hermitean matrix as 
follows: 

S= (l+ik*Kki)/(l-ik*Kki), (5) 
where 
_______ (**)</^M*/)*. (6) 

18 A. Pais, Phys. Rev. 112, 624 (1958). 
19 These amplitudes are necessarily the same for 71-̂ 2 and TNZ 

systems because of Eq. (1). 
20 P. T. Matthews and A. Salam, Nuovo cimento 13, 381 (1959). 

By Eqs. (4) and (5) 

{T^)if^(K-l)if-ikibif. (7) 

By time-reversal invariance, S and hence K are sym­
metric. But K is Hermitean by unitarity of the S 
matrix. Hence K is real and symmetric. So also is K~l. 
This reduces the number of parameters needed to 
describe the T~l matrix [see Eq. (7)] and makes the 
kinematic structure of T~l particularly simple. This is 
the motivation for adopting the jH-1-matrix formalism. 

For a system with only one channel. K~l is related 
to the S-wave phase shift a by 

K~l = k cota = Z, (8) 

where k is the relative momentum in the two-particle 
center-of-mass system, and Z is the inverse of the 
scattering length. 

C. T~l Matrices for Kr+p Reactions 

The following three21 channels are to be considered 
for K~+p processes in the energy region of interest: 

K-+p-

K-+p-

K-+p-

>K+N, 

•A + 7T. 

(9) 

The initial state can have isotopic spin 0 or 1. So the 
T~l matrix for the above processes can be decomposed 
to (T~l)° and (T -1)1, where the superscripts denote the 
isotopic spin of the system. By Eq. (7) and the fact 
that K~l is real and symmetric, we can write 

(T-i)o= 

(T~iy-

KN 
STT 

KN 
do—iki 

h0 

KN 
KN 

STT 

Air 

'a—iki 

h 

- g 

STT 

h 
bo—ik2 

J 

27r Air 
h g 1 

b—ik2 f 

f c—ik2\ 

(10) 

(11) 

ki, k2, and &3 denote the relative momenta in the center-
of-mass system in the KN, Sx, and Ax channels, 
respectively. The nine parameters ao, ho, bo, a, h, g, b, f, 
and c are real and determine the {T~~l) matrix com­
pletely. Denoting the KN, 2w, and Aw channels by the 
numbers 1, 2, and 3, respectively, we have from Eq. (10) 

rn°=-
[ao—h2/(bo—ik2)~] —ik\ 

--1/iZo-ih), (12) 

where Z0 is the inverse of the complex Dalitz-Tuan 
scattering length for the 7,==0 state of the KN system. 

21 We neglect (A7r7r) and (^TTTT) channels, since their cross 
sections are very small compared to (Air) and (2x) channels in the 
energy region under consideration. 
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Writing Zo=Xo—iY0, we have 

X o = a 0 - ( W V W ! + £ 2 2 ) , 

Y<,=hfk*/(bf+kt). 

From Eq. (10) we also have 

— ho/(bo—iki) 

(13) 

where 

By Eq. (11) we have 

' l 2 ° = 

[a0—h<?/(bo—^2)]—iki 

(Yo/k^f" 

ZQ — iki 

tan0o=&2/&o. 

(14) 

(15) 

TV= 

'JW= 

r,oi= 

An 

~ D " 

A12 

=—= 
£> 

^4 13 

Zi 

1 

—ik\ 

^ 1 2 / ^ 1 1 

Z i —iki 

4 1 3 / ^ 1 1 

(16) 

Z) Z i— i k i 

where £> denotes-the determinant of the (T - 1)1 matrix, 
and Zi^Xi—iYi is the inverse of the complex Dalitz-
Tuan scattering length for T= 1 state of the KN system. 
The quantities A f-ys are given by 

where 

Au=(b-ikiXc-ikB)-p, 

A12= —h(c—ikz—xf), 

An=h{f-(b-ik2)}, 

x=g/h. 

(17) 

(18) 

If we assume the validity of restricted symmetry 
[Eq. (1)]] and that the i£-meson interactions do not 
break it appreciably, the four real parameters b0, b, f, 
and c for pion-hyperon scattering can be expressed in 
terms of two parameters (i£-1)i and (K~l)% correspond­
ing to /-spin = J and f, respectively, as follows2: 

b^i^lK-^^^UK-'h+UK-'h 

€7=<A^|JC-MA«->1=iC2(is:-1)t+(^-1)*3, 

(19) 

The subscripts 1 and 0 correspond to the usual 
isotopic spin 1 and 0, respectively, while J and f 
correspond to / - sp in=J and f, respectively. 

If we assume global symmetry [Eq. (3)], we can 
evaluate {K~A)\ and (K~~^)?i from the known experi­
mental data on pion-nucleon scattering. This gives us 
four of the nine parameters needed to specify the (T~l) 
matrix elements. Four more parameters are given by 

the two complex Dalitz-Tuan scattering lengths. To 
determine the remaining, one parameter, we use one 
experimental number involving the branching ratios. 
for 2 and A production. We choose this number to be 
^absorption(^ = 1)A(A). Thus we determine all the 
parameters of the (T - 1) matrix. 

III. APPLICATION OF GLOBAL SYMMETRY 

The quantities {K~l)x and {K~1)* referring to the 
pion-hyperon scattering can be written in terms of the 
relevant phase shifts as 

where 
{K~l)i-=t]xcotah 

rjv = k7r/mir. (20) 

K denotes the relative momentum in the cm. frame 
of the pion-hyperon system. We adopt the units, in 
which n=c= 1 and represent all lengths in units of pion 
Cornpton wavelength. By global symmetry, we relate the 
pion-hyperon phase shifts a± and a$ to the corresponding 
pion-nucleon phase shifts. As a convention, we compare 
these phase shifts for the same pion-baryon relative 
momentum in the cm. frames. Since these phase shifts 
are small, 7\v cotai and rjT cota§ may be approximated by 
V-jr/ai and rjw/a^ respectively, which are nearly con­
stants for low energies. The outgoing pion kinetic 
energy in K~+p—>S(A)+7r is nearly 90 (150) Mev in 
the cm. frame for S (A) production. Using the values22 

of rin/ai and ^ / a | for 5-wave irN scattering around 
these energies, we adopt23 

(K~%~+6, 

( t f - i ) l « - 1 0 . 

By Eqs. (19) and (21), we have 

h=+6, 

(21) 

b = l 

/ = -
c= -

t 

-7.5, 

-14/3 

(22) 

Capture of Kr at Rest 

The relative momenta ki, ^2, and k% in the cm. frame 
in KN, 27r, and Aw channels are given by 

M 
mp

2(Ek
2-mk

2) 

mk
2+m^+2mpEk

1^ 

[ £ * 2 - (m 2 , A +w T ) 2 ] [£* 2 - ( W 2 , A - w.)2] 

4£*2 

(23) 

22 G. Puppi, 1958 Annual International Conference on High-
Energy Physics at CERN (CERN Scientific Information Service, 
Geneva, 1958). B. Pontecorvo, Ninth Annual International 
Conference on High-Energy Physics, Kiev, 1959 (unpublished). 

23 The analysis is not very sensitive to slight alteration of the 
values of {K^)h and (K~l)h 
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where E* denotes the total incident energy in the c m . 
frame and ER the total energy of the K meson in the 
laboratory system. For capture of K~ at rest, we obtain 

ifej£-l. 3mrj (24) 

By Eqs. (17), (22), and (24) we have 

4 n « - 6 2 . 3 + 5 . 9 * , 

A12~-h(-U/3+7.5x-LSi\ (25) 

An~+h(-7.5-%x+1.3xi). 

The only remaining unknowns in the T matrix are 
the parameters h and x or, equivalently, h and g. We 
proceed to determine x first by using the following 
relation: 

0-absorption(r=l) k2 \AU \ 2 + h |-413 | 2 

*(A) 

2(2++2-)-42°+2A° 

A0 

or 
2/h\A1 

= [ 2 ( S + + S - ) - 4 Z 0 ] / 2 A ° = Q : (say). (26) 

By Eqs. (25) and (26) we can evaluate x provided 
we use the experimental value of a. The branching 
ratios reported at Kiev12 are: 

# - + £ - > 2-+7T+, 45±1; 

£-+£•-> 2++T-, 21±1; 

Z-+^->2°+7r0 , 27±2.5; 

K-+p-*A°+T°, 7±1.5. 

(27) 

I t is pertinent to notice that if we choose the mean 
values Bo of the above branching ratios, then there is 
not much point in proceeding further, since Bo violates 
the AV inequality. We therefore choose the following 
branching ratios (roughly consistent with the errors 
in Eq. (27)) for our analysis. 

2-:2+:20 :A°~43.5:20:29:7.5. (28) 

The above choice is rather limited in order to satisfy the 
AV inequality. By Eq. (28) we have24 

-0.75. (29) 

Equations (25), (26), and (29) yield a quadratic 
equation for x, solving which we obtain 

( + i - 8 1 ) . 
V -0.344/ 

(30) 

24 Note that the mean values of the branching ratios in Eq. 
(27) lead to a « 1.7. 

We shall henceforth represent the results by a two-row 
matrix; the top row corresponding to #=1.81 and the 
bottom row to # = — 0.344. By Eqs. (25) and (30) we 
have 

4 n ~ - 6 2 . 3 + 5 . 9 i , 

(31) 

We determine the only remaining unknown parameter 
h by using the unitarity condition on the T1 matrix 
elements, which gives 

ImTn^kilTn^+k^T^+kzlT^lK (32) 

By Eqs. (16), (31), and (32), we obtain 

\ 2 3 . 2 / ' 
(S3) 

The inverses of new Dalitz-Tuan14 scattering lengths 
in units of pion mass are the following: 

Z i s X i - f F i = (0.831-i0.208) (a+) 

= (-1.3.7-i0.246) (a~) 

= (+1.84-i0;577) (b+) 

= (-1.30-*1.97) (fr-)' (34) 
and, 

Z 0 - X O - ; F O = (+0.415-^1.66) (a+) 

= ( -0 .160- i0 .853) (a~) 
= (+0.442-^0.442) (6+) 
= ( -0 .706- i0 .235) (b~) (35) 

By Eqs. (33) and (34), 

a+ a~ b+ Ir 
/1 .78 1.94 2.97 5.48 

*= (d=) ( 
V2.19 2.39 3.65 6, 

.48\ 

.75/ 
(36) 

The top row, as mentioned before, corresponds to 
%= +1.81 and the bottom row to x= —0.344. The four 
columns correspond to the four possible Dalitz-Tuan 
solutions for the KN scattering lengths. 

We have now determined all the parameters of the 
T° and T1 matrices and can proceed to calculate the 
2~:2 + :S° branching ratios from the following expres­
sions for the matrix elements of the various K~+p 
reactions. 

2-+7T+: ( l / V ^ T V + i T V ; 

2++7T-: <(l/v /6)r1 2°-ir1 2
1; 

2°+7r°: ( l / v ^ T V ; 

A0+7T°: (1/V2)2V. 

(37) 

-0.160-i0.853
-0.706-i0.235
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IV. 

A. Resul ts for Capture at Res t 

The results of the calculation of the branching ratios 
for a± and b± solutions of .KTV-scattering lengths are 
given below. 

"/1.2 1.5 \ /1 .5 1.2\ 
S - : 2 + : S ° ~ ( ) : ( 1:1 (a+) 

\2 .0 0.7 / V0.7 2 .0 / 

/0 .7 1.4 \ / 1 . 4 0.7 \ 

M ) ( ):1 (TO 
V1.3 0.9 / V0.9 1.3/ 

/0 .7 1.5 \ / 1 .5 0.7\ 
~ ( ) : ( ) : 1 (8+) 

Vl.6 0.5 / V0.5 1.6/ 

/0 .7 2.3 \ / 2 . 3 0.7\ 
= 4 ) : ( ) : 1 (*") (38) 

V2.8 0.28/ V0.28 2 .8 / 

The first and the second row in each parenthesis 
corresponds to # = + 1.81 and —0.344, respectively 
[see Eq. (30)], while the first and second column in 
each bracket corresponds to positive and negative signs 
of h, respectively, [see Eq. (36)3- Comparing with the 
observed branching ratios 2 ~ : 2 + : 2 0 ^ 1.5:0.7:1 [see 
Eq. (28)], we notice that there exist solutions, in 
particular for the ar and b+ Dalitz-Tuan scattering 
lengths, which can explain reasonably well the observed 
branching ratios at threshold. The agreement is not too 
bad for the a+ Dalitz solution (consider the set 2:0.7:1) 
while it is rather poor for b~. From this, we may 
conclude that the data on the branching ratios at 
threshold are consistent with global symmetry. 

We next extend the same procedure to capture of K~ 
in flight with low enough energy so as to permit the 
assumptions (i) and (vii). As an example, we consider 
capture of Kr at 30 Mev of laboratory kinetic energy. 

B. Capture of Kr at 30 Mev 

We assume the zero-range approximation [assumption 
(vii)], by which we treat the parameters a0, ho, bo, a, h, 
g, by f, and c as constants. Thus we take their values at 
30 Mev to be those at threshold. The change in the 
matrix elements occur only through a change in the 
values of the relative momenta ki, hi, and k$. Their 

values for EK— (mK+30) Mev are [see Eq, (23)]: 

kL^0.S09mr, 

£2«1.44wT, (39) 

&3~1.93wT. 

By following the same procedure for the calculation of 
the branching ratios, as at threshold, we obtain 

/0 .6 2 \ / 2 0.6\ 
2 - :2+:2°c- ( ) : ( 1:1, {a 

V2.4 0 . 3 / V0.3 2 .4 / 
0 

/ 0 . 4 2 \ / 2 0.4\ 
( ) : ( ) : 1 , (<r) 
\1 .7 0 .7 / V0.7 1.7/ 

/0 .7 1.9\ /1 .9 0.7 \ 
( ) ( 1:1, (8+) . 
\2 .3 0 . 3 / V0.3 2 . 3 / 
/0 .3 3 .7 \ /3 .7 ' 0 . 3 \ 
( ) : ( 1:1, ( * i . (40) 
V4.0 0 .0/ VO.O 4 .0 / 

All of the above results are clearly in contradiction 
with the experimental branching ratios25 ( 2 ~ : 2 + ^ l : l ) 
at 30 Mev. Thus one may conclude, granting the 
validity of the assumptions (i), (ii), (hi), (iv), (v), and 
(vii), that, 

(i) either global symmetry does not exist even in the 
bare pion-baryon interactions, or 

(ii) it exists in the bare interaction, but is heavily 
masked by the i£-meson interactions, so that it is not a 
useful symmetry at low energies. At very high energies,26 

experiments may still confirm its validity. 
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25 There is not any reliable data for the S°-branching ratio 
around 30 Mev kinetic energy of K~. For the 2~/2+-ratio a t 30 
Mev, see M. F. Kaplan, 1958 Annual International Conference on 
High Energy Physics at CERN (CERN Scientific Information 
Service, Geneva, 1958). 

26 There is some hope that the symmetries of the bare re-
normalisable interactions may be exhibited in the limit of certain 
high energies [M. Gell-Mann and F. Zachariasen, Phys. Rev. 
(to be published)]. 


