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It is shown that use of the unitary property of the S matrix makes it possible to obtain 
some information about the scattering of 1r mesons by A and I: hyperons from an 
analysis of the data on the interaction of K mesons with nucleons. The possibility of 
studying the 1r-A and 1r-I: interactions by examining peripheral collisions of hyperons 
with nucleons is discussed, 

THE study of the interactions of 1r mesons with 
hyperons is of special interest in connection with 
the determination of the symmetry properties of 
the interactions of 1r mesons with various baryons. 

1. Let us consider the reactions 

K+N-+K+N, 
K + N -+!:(A) +7t, 

I: (A) + 1t _.,I: (A) + 1t 

(1a) 
(1b) 
(1c) 

in a range of K -meson energies in which one can 
neglect channels in which two pions are produced. 
Since the elements of the S matrix for the reac
tions (1) are connected with each other by the con
dition of unitarity, the question arises as to what 
information about the scattering amplitudes I: (A) 
+ 1r - I: (A ) + 1r can be obtained by studying the 
cross sections and polarizations in processes (1a) 
and (1b). The first part of the present paper con
tains an attempt to answer this question. 

In what follows we assume that the spin of the 
K meson is zero and that the hyperon spin is i. 
We further assume that the interactions are in
variant under space inversion, time reversal, 
and rotations in isotopic space. 

The reactions (1) are described by elements 
of the T matrix (iT = S - 1 ) diagonal in the iso
topic -spin quantum number, 

where ak<ak) is the amplitude for scattering 

K + N - K + N in the state with the indicated 
value of the isotopic spin, 0 ( 1 )_.!, ab ( ab) is 
the amplitude for the reaction K + N - I: + 1r in 
the state with the isotopic spin 0 ( 1 ), and so on. 

(2) 

The spin structure of the scattering amplitude 
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aa can be represented in the form 

aa = Aa + iBa (a [nxn']), (3) 

where n (n') is the unit vector parallel to the mo
mentum of the particles in the initial (final) state, 
in the center-of-mass system; Aa and Ba are 
two complex functions of the energy and of n • n'. 

The reaction amplitude aa(3 has the form 

a .. p, = Aap + iBa{l (a [nx n'l), (4) 

when the product of the intrinsic parities of all four 
particles in the initial (final) states is IT = + 1, 
and the form 

ao.{l = A~13 (an)+ Ba/3 (an'), (5) 

when IT = -1. Here Aa(3 and Ba(3 are two com
plex functions of the energy and of n • n'. 

Let us turn to the analysis of the conditions for 
determining the T matrix from the experimental 
data. It can be seen from Eqs. (2), (3), and (4) that 
the number of real scalar functions involved in the 
matrixes T0 and T 1 is 13 x 4 = 52. The invari
ance of the interaction under time reversal means 
that the S matrix is symmetric, and this reduces 
the number of functions determining the T matrix 
from 52 to 36. It can be shown further that When 
the conditions for the S matrix to be unitary are 
taken into account, the number of independent real 
functions is decreased by a factor of two and be
comes 18. 

The same result is obtained if we use the gen
eral formulas obtained in reference 1. 

Let us now consider what information can be 
obtained by studying only processes (1a) and (1b). 
The number of real functions characterizing these 
processes is 5 x 4 = 20. They satisfy four rela
tions of unitarity. Therefore only 16 of them are 
independent. 
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Reaction 

(a) K- + p->K-+p 

(b) K- + p->KO +n 
(c) K~ + p->K?+P 
(d) Kg+ P--"K~+P 
(e) K- +P--"A+'"'0 

(f) K- +P->L-+'"'+ 
(g) K-+P--"Lo +'"'o 
(h) K-+P--"L++'"'-

Amplitude 

If, (ak +a~) 
lj.(ak-a~) 
lj2(ak- a~) 
lJ. (ak + a'k) 

aKa 
- (ahllf6+ab;/2) 

a'ki:/16 
- (ah/lf6-ab;/2) 

The table shows 8 reactions of types (1a) and 
(1b) and their amplitudes. The symbol K~ (K~) 
denotes the long-lived (short-lived) K0 meson; 
ak is the scattering amplitude of the K0 mesons, 
which is determined in the analysis of the scatter
ing of K+ mesons by nucleons. In what follows 
we assume that the amplitude ak is already 
known. 

In reality the reactions (c) and (d) in the table 
are the same process. By studying the time de
pendences of the scattering cross section and of 
the polarization after scattering (i.e., the depend
ences on the distance to the target), one can de
termine the amplitudes of reactions (c) and (d) 
separately. 

By measuring the differential cross sections 
and the polarization of the nucleons in reactions 
(a)- (d) as shown in the table, we can completely 
fix the scattering amplitudes ak and ak. The 
experimental data on the cross sections and po
larizations of the hyperons in reactions (e)- (h), 
together with the four relations of unitarity, en
able us to determine the reaction amplitudes 
ab, ala;, and aKA• apart from a common 
phase factor. 

Since the expressions for the cross sections 
and polarizations, and also the unitarity relations 
for reactions (1a) and (1b) are invariant under the 
replacement 

ah -~ eis, (E)ah, ah---+ ei5, (E)ah, 

(6) 

we cannot determine two phase factors ei0o and 
eiot, which are functions of the energy alone. 
This last follows from the relations that the am
plitudes (4) and (5) satisfy by virtue of the unitary 
property of the S matrix. 

Since the number of independent real functions 
involved in T0 and T1 is 18, and 16 of them are 
determined apart from two phase factors through 
the study of processes (1a) and (1b), for the com
plete reconstruction of the scattering amplitudes 
of pions by A and ~ hyperons in the states with 

isotopic spins 0 and 1, we need to determine in 
addition two more real functions of the energy and 
n • n', and two phase factors. 

For each state with total angular momentum j 
and orbital angular momentum l = j ± !, the T0 

matrix can be written in the form 

ip~I: exp (iohl ) , 

p~ exp (2io~) - 1 
(7) 

where the Pa are certain positive functions of the 
energy, and the 6a are the phases of the corre
sponding processes. 

From the conditions for unitarity of the S ma
trix it follows that 

oh = o} + o~, p~ = p~ = { 1 -- (p~1Y} ·;.. (8) 

The quantities Pk· ok, ob can be determined 
apart from a common phase factor by studying 
processes (1a) and (1b). The quantities p~ and 
6~ are then determined to the same accuracy 
from the relations (8). 

Thus for 7T-~ scattering the difference of the 
phases in the various states with zero isotopic 
spin is completely determined by the study of the 
reactions with K particles.* 

For the states with isotopic spin (1) we have 
instead of the matrix (7) 

(9) 

Here and in what follows, we shall write instead of 
Ph<oh) simply Pa(oa>· 

From the unitarity conditions we get 

(PKPKI:)2 + (PKI:PI:) 2 - (PKAPuJ2 

2PI:PK (PKI:)' 

cos (oi:A + 2oK - oKA- oKI:) 

(PKAPI:A) 2 + (PKPKI:) 2 - (PKI: PI:)2 

2pKAPI:APKPKI: 

COS (2oA + 2oK- 2oKA) 

(PKPKA) 2 + (PKAPA) 2 - (PKI:PI:A) 2 

2PAPK (PKA) 2 

(10) 

(11) 

(12) 

(13) 

*It may turn out that in carrying out an unambiguous analy
sis it will be helpful to take into account Coulomb effects and 
the energy dependence of the S matrix at low energies. 

We note that the Minami ambiguity exists for the reactions 
in question. 

Some possibilities for determining the parity of the K meson 
relative to the hyperons through the analysis of the reactions 
(1) have recently been discussed by Amati and Vitale. 2 
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It is easy to convince oneself that even when PK• 

Pia, PKA• o~, o:ra, and OKA are known, the 
unitarity relations (10) - (13) are insufficient for 
the reconstruction of the matrix T1• For this we 
need to know one more parameter in each state 
(for example, PL.). 

We note that the relations (10) - (13) lead to 
some interesting inequalities. Noting that Pa > 0 
and I cos 8 I < 1, we get from Eqs. (10) and (11) 

0 < p~ = 1-Ph- Pt" < 1-Ph, (14) 

I <r!irli~Y + <rfil;PJ;)2 

- P}A ( 1 -Ph- rV I < 2Prh (p!iE) 2 • (15) 

Let us introduce the new notations 

Ph+ Ph= a, PKPh = b, (pKpKll- Ph (l- P}E) =c. 

Then Eq. (15) can be rewritten in the form 

I ap~ + c I < 2bpE. (15') 

From Eq, (15') together with Eq. (14) we get 

max{o; ~-~ Vb2 -ac} < pE < min{Vl-ph; ! 
+ ~ Vb2 - ac}. (16) 

The inequality (15') holds only for b2 - ac 2: 0. 
Consequently, the observable quantities PK· PKA• 
and PKL. must satisfy this inequality. Similarly 
we have 

{v-- v-- b, < min 1 - ph; 1 -Ph ; a;-

+~Vbi-alcl}• (17) 

max {o; ~- ~Vb;- a 2c2} < P11. <min {VI- Ph; ~: 

(18) 

where 
a1=Pi<:A + PkE =a, b1-PKApKpliE' 

G2-P'h-I-Pb=a, b2=p1<(pKA)2, 

C1 (pKpKE)2- Ph (1- Ph), 

C2 = (pApKA)2 - Pb (1- Ph)· 

2. Recently Chew and Low, and Okun' and Pom
eranchuk, 3 have suggested that peripheral collisions 
be studied as a method for determining interactions 
between unstable particles. We shall assume that 
this method can be used for the determination of 
the scattering amplitude for L. (A) + 1r - L. (A ) + 1r 

through studies of the processes L. + N - L. (A) + 
N + 1r and A + N - L. + N + 1r. The key point of 

the method is that the amplitude for the reaction 
L. + N --+ L. (A ) + N + 1r, regarded as a function of 
(PN -pN )2, where PN (PN) is the four--vector 
momentum of the nucleon in the initial (final) 
state, has a pole in the nonphysical region, 
(PN- PN )2 = JJ-2 (J.J. is the mass of the 1r meson). 
It is shown that the virtual process 

N-.. N +It, E (A)+ 1t-.. E (A)+ 1t (19) 

corresponds to the pole term, whose residue is 
proportional to the amplitude for 1r- A ( L.) scat
tering. Assuming that in the physical region near 
the pole the reaction L. + N - L. (A) + N + 1r is 
determined by the process (19), one can extrapolate 
its amplitude into the nonphysical region and sep
arate out the residue of the pole term. 

To estimate the effect of other terms in the 
physical region near the pole, we shall formulate 
certain rules that must be fulfilled if the contribu
tion of the pole term in actually predominant in 
this region. 

a) In the regioyear the pole the amplitude of 
the reaction L. + + p - L. + + p + 1r0 is equal to that 
of the reaction L.- + p - L.- + p + 1r0• This rule 
follows from the invariance of the virtual process 

Ito + L± -..Ito + I:± (20) 
under rotations in the isotopic space. Similarly it 
can be shown that the amplitudes for the following 
pairs of processes are equal: 

I;+ + p _,.Eo+ p + It+ and E- + p-.. L0 + p + 1t-, 

A + p _,.I:+ + n + Ito and A + p-.. L0 + n + It+, 
Tt+-j-p-..!t+-J-~to+p and rr--J-p->-Tt--j-Tto-j-p etc. 

b) Near the pole the amplitudes for the reactions 

I;± (A)+ p __,..I:± (A) + p + 1to 

and.}';± (i\) + p _.,I;± (A)+ p +Ito 

are equal to each other. This rule follows from 
the invariance of the virtual process (20) under 
charge conjugation. In our case it is not of any 
great practical importance, but it can be of inter
est in other cases. For example, it can be shown 
that the amplitudes for the reactions K± + N -
K± + N + 1r0 are equal. This equality is useful 
for the determination of the interaction of K me
sons with 1r mesons, and has been noted by Okun' 
and Pomeranchuk. 

c) If the 'nucleons are unpolarized in the initial 
state, then they remain unpolarized in the final 
state also. 

Let us consider a reaction of the type 

I;+ + p __,..A + p + 1t+ (21) 

in the region llear the pole (PL. -PA) 2 = JJ-2• We 
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assume that the dominant process in this region 
is 

I:+->A+rt+, rt++p~rt++p, (22) 

the amplitude for which is proportional to 

u (p A)fu (Pr;) 
-:-(P_A __ ..:..:.._P_r;-;-;) ,;---_=-l"-.2 artp, (23) 

where r = 1 if the re1ative parity Il of the I: 
and A particles is -1, and r = y5 if Il = + 1; 
anp is the amplitude for the scattering 'If'+ + p -
'If'++ p. The amplitude for the process (22) does 
not contain any dependence on the spin operators 
of the hyperons for Il = -1 (more exactly, it con
tains a term proportional to uy, but with a small 
coefficient); on the other hand, if Il = + 1, the 
amplitude is proportional to uy • k, where k is 
the unit vector parallel to the difference 

Pr; I (Er:, + MI:)- p A I (EA + MA)· 

If in the initial state the I:+ is polarized (po
larization vector P), then it Cllf be shown from 
Eq. (23) that in the final state the polarization 
vector P' of the A particle is given by 

P' = P for TI = - I, 

P' = 2 (Pk) k- P for TI = + I. (24) 

Thus if in the region where the pole term pre
dominates one could measure the polarization of 
the A particles produced in the reaction (21) with 
polarized I:, then it would be possible not only to 

evaluate the effect of the non -pole terms, but also 
to get information about the relative parity of the 
A and I: hyperons. 

In a number of cases the study of the polariza
tion of the products from peripheral collisions can 
be a source of information about the parities of un
stable particles.* 

The writers express their deep gratitude to 
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*The possibility of determining the parities of particles by 
the study of peripheral collisions without considering the po
larization has been discussed recently by Taylor.• 


