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Approximate P-wave dispersion relations are derived, but not proved, for the processes K-\-N —» 7r+S 
(or A) under the assumption that all pion-baryon and 2£-baryon interactions are of the odd intrinsic-parity, 
Yukawa type. By comparing these equations with the analogous equations for pion-hyperon scattering, it 
is shown that a low-energy resonance is likely to occur in a particular combination of the isotopic spin one, 
P-l, 7r+A and 7r+2 scattering states, and this resonance should be recognizable in the ir-\-Y production 
processes. Despite complications associated with the unphysical region in the ir-\- Y production dispersion 
relations, and with the fact that the K interactions are moderately strong, the resonance should occur in 
the production process in a direct and simple way. Measurements of the cross section for production of this 
resonance state can give information about the strengths of the strong interactions, particularly the pion-
baryon interactions. The present experimental evidence concerning the existence of such a resonance effect 
in 7r+F production is favorable, but inconclusive. A short discussion is given of the additional experimental 
information needed to test the resonance hypothesis. 

I. INTRODUCTION 

IF, as is generally believed, the primary mechanism 
for the binding of A particles in light nuclei is the 

exchange of virtual w mesons between the A and the 
nucleons, the interactions of pions with A and 2 par­
ticles must be among the strongest of all particle inter­
actions. Hence, a knowledge of the TTAZ and the 7r22 
interactions is essential to understanding the strange 
particles. One of the best ways of investigating these 
interactions is to study the processes K-\-N~>7r+F 
(where F denotes either a 2 or A hyperon), since these 
are the only reactions involving a two-particle 7 r + F 
state that can be produced copiously with present ex­
perimental techniques. The interpretation of these 
7 r + F production processes depends on the general 
nature of the pion and iT-meson strong interactions; in 
this paper it is assumed that all meson-baryon inter­
actions are of the odd intrinsic-parity, Yukawa type. 
I t is further assumed that the spins of K particles and 
hyperons are zero and one-half, respectively, so that 
the initial and final orbital angular momenta are the 
same in the w+ Y production reactions. 

The 7 r + F production amplitudes have poles at un­
physical values of the center-of-mass system energy 
below the reaction threshold; the residues of these poles 
involve the product of one of the pion-baryon coupling 
constants (FNN, FW, or FAS) with one of the iT-coupling 
constants (GAAT or G^N). Approximate values of the 
iT-coupling constants may be obtained from the analy­
sis of other processes, such as i£-nucleon scattering. 
Hence, if the T+ Y production amplitudes satisfy dis­
persion relations, it may be possible to determine Fss 
and FAS by applying these relations to experimental 
hyperon-production data. Many authors have dis­
cussed the implications of the S-wave K~—p data with 
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respect to the pion-hyperon interactions.1 Unfor­
tunately, it is difficult to relate the size of 5-wave 
amplitudes to the strengths of coupling constants, be­
cause of the subtraction that must be made in deriving 
S-wave dispersion relations. In this paper we are con­
cerned with the P-wave amplitudes for 7 r + F produc­
tion. The strong pion-hyperon interactions are likely 
to lead to a low-energy resonance in some P-wave state 
of pion-hyperon scattering. Such a resonance should 
appear in the corresponding pion-hyperon production 
amplitude, in much the same way that the pion-nucleon 
P i resonance appears in photopion production. The 
measured characteristics of pion-hyperon production in 
the resonance region would yield information concern­
ing the pion-hyperon coupling constants. This pro­
cedure for measuring PAS and Pss has been suggested 
previously by Capps and Nauenberg.2 

In Sees. I I and I I I of this paper approximate P-wave 
dispersion relations are derived (but not proved) for 
pion-hyperon production by generalizing the procedure 
used for pion-nucleon scattering by Chew, Goldberger, 
Low, and Nambu.3 The starting point of the derivation 
is the fixed momentum-transfer hyperon-production 
dispersion relations of Jin.4 The P-wave relations are 
static in the sense that the particle center-of-mass 
momentum is considered small compared to the aver­
age baryon mass; however, it is not assumed that the 
iT-meson total energy, 7r-meson total energy, or the 
baryon mass-difference is small. 

Methods of solving the P-wave equations are dis­
cussed in Sees. IV through^ VII. Since crossing sym­
metry relates the processes K+N —* 7r+ F and w+N —> 

1 See, for example, D. Amati and B. Vitale, Nuovo cimento 9, 
895 (1958); Ken Kawarabayashi, Progr. Theoret. Phys. (Kyoto) 
22, 451 (1959); R. H. Capps, Phys. Rev. 118, 1097 (1960). 

2 R. H. Capps and M. Nauenberg, Phys. Rev. 118, 593 (1960). 
This paper will be referred to by the symbol CN. 

3 G. F. Chew, M. L. Goldberger, F. E. Low, and Y. Nambu, 
Phys. Rev. 106, 1337 (1957). 

4 Y. S. Jin, Nuovo cimento 12, 455 (1959). 
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K+Y, and since unitarity relates ir+Y production, 
7T— Y scattering, and K—N scattering on the one hand, 
and K+Y production, ir—N scattering, and K— Y 
scattering on the other, the dispersion relations are 
coupled integral equations for all the above processes. 
Fortunately, approximate solutions for the ir+Y pro­
duction amplitudes may be obtained by considering 
only these amplitudes and the pion-hyperon scattering 
amplitudes. These P-wave w+Y production dispersion 
relations will be useful only if a resonance exists in 
some 7T— Y P-wave state. The theoretical possibility 
of such a resonance is discussed in Sec. VI and the 
experimental evidence concerning the possible presence 
of a resonance effect in 7r+ Y production is discussed 
in Sec. VIII. 

II. THE COVARIANT DISPERSION RELATIONS 

We first express the reaction amplitudes and dis­
persion relations in terms of Lorentz-invariant combina­
tions of the momentum variables; later the relations 
will be specialized to the center-of-mass Lorentz system. 
We consider any strong reaction in which both the 
initial and final states consist of one spin-zero meson 
and one spin-J baryon. The four-momenta of the 
initial and final mesons are denoted by ki and kf, those 
of the baryons by pi and pf. The four-momentum-
transfer squared q2 and the covariant energy parameter 
v are defined by the relations, 

v=-(ki+kf)-(pi+p/), 

where the scalar product of two four-vectors is defined 
by the relation «•/? = «• (5— aofio. The constants ft and c 
are set equal to unity. If the relative parity of the re­
action is even, the covariant reaction amplitude T 
may be written in the form, 

T=A+h'(ki+kf)B, 

where 7 is the Dirac gamma-matrix four-vector, and T 
is considered as operating between initial and final 
baryon spinors. The gamma-matrices and spinors are 
defined in the manner of Schweber, Bethe, and de 
Hoffmann.5 

Crossing symmetry relates the process M1+B1-+ 
M2+B2 to the process M2+B1-*M1+B2, where M{ 

and Bi represent definite charge _states of the mesons 
and baryons, respectively, an_d Mi is the antiparticle 
of Mi (i.e., 7r+=7r- 7f°=7r°, K+=K~J K°=K°). Hence 
we define the crossed amplitude Tcr corresponding to 
the amplitude T by the relation, 

TC*(M i + £ i -> M 2+B2) = T(M2+B1 -> Mv\-B2). 

If the amplitudes T are defined for complex values of 
v in such a way that T is analytic in the entire upper 

5 S. S. Schweber, H. A. Bethe, and F. de Hoffmann, Mesons and 
Fields (Row, Peterson, and Company, Evanston, Illinois, 1956), 
Vol. 1, pp. 17-20, 46-59. 

half y-plane, it may be shown by well-known methods 
that the crossing symmetry for the covariant ampli­
tudes A and B is4 

B*(v,tf) = -B*(-v,f). ( } 

In order to express the crossing symmetry in terms of 
hyperon-production amplitudes corresponding to defi­
nite isotopic spin states, it is useful to consider the 
following three processes: (a) K~+p —>7r°+2°, (b) 
K~+p-^ir°+A, and (c)>K-+n-+ir<>+Zr. The ampli­
tudes for these three processes are given, respectively, 
by 6~*7,os,' 2~*T,IA, and 2~*ris, where the first subscript 
denotes the isotopic spin, and the second denotes the 
nature of the hyperon involved.6 By considering these 
processes, one can show easily that the crossing rela­
tions for the different hyperon-production amplitudes 
are: 

r l s - = f r f s - | T p , (2) 
riA"=-(f)*2v, 

where T32, T&, and TxA refer to the processes ir+N —> 
K+Y. 

The residues of the poles of the hyperon-production 
amplitudes explicitly depend on the nature of the inter­
actions between the particles. We assume the usual 
five local, pseudoscalar meson-baryon interactions; the 
dependence of these interactions on the charge states 
of the particles is represented by the equation, 

H=FN>x- (N^N)-iF^- ( 2 X S ) 

+ [ F A * - SA+GA(ZliV)A+G s(ZTiV) • S + H . c ] ( 3 ) 

The quantities F and G are the w and K coupling con­
stants, « and 2 represent the isotopic vector w and 2 
field operators, and T and 1 are the isotopic spin and 
unit operator that operate between two isotopic spinors. 
Jin4 has derived the fixed momentum-transfer disper­
sion relations for 2 and A production, though these 
relations have not been proved. Expressed in terms of 
the quantities defined in this section, the ir+Y pro­
duction dispersion relations are: 

_2(wA-w)g J-(A) 2 0 s - O T ) g y ( 2 ) 

v—v\ v—v-z 

2(tn-tnN)S,{N) P r™ 1mAj(v',q*)dv' 

v+vN irJvkT v'—v 

P r™ ImAF{v'q2)dvr 

+ - / , / } , (4a) 
TT^VNT V -\-V 

6 Throughout^ this paper the relative phases of the different 
charge states differ from those that correspond to the Clebsch-
Gordan coefficients of Condon and Shortley only in that the 2+ 
and 7r+ phases are chosen opposite to those of this reference. See 
E. U. Condon and G. E. Shortley, Theory of Atomic Spectra (Cam­
bridge University Press, New York, 1935). 
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ReBj(v,qi) = 1 1 — 
v— VA V—VZ V-{-VN 

P r™ ImB,{v',q2)dv' 

TT^^ATT V'—V 

P r™ JmBj
m(v'qi)dvf 

— I , (4b) 

where P denotes the principal part of the integral, and 
j denotes the nature of the hyperon and the total 
isotopic spin. The quantities WA, m? and MN are the 
masses of the A, 2 , and nucleon, while m is the average 
of the initial and final baryon masses. The values of 
the energy parameter at the poles (VA, J% and VN) are 
functions of momentum-transfer and are given by the 
formula, va=2ma

2—mi2~mf2~/jLi2~iJLf2—q2 where ma is 
the mass of the baryon denoted by a, and m,-, m/, in, 
and M are the masses of the initial baryon, final baryon, 
initial meson, and final meson. The coefficients gy in 
the Born approximation terms (pole terms) of the dis­
persion relations are given in terms of the renormalized 
coupling constants of Eq. (3) by the equations, 

g0S (A) = 6*FAGA, SOS (2) = 0, Qos (N) = &FNG*, 

giz(A) = 0, g l s (S) = - 2 F s G 2 , Sis(A0 = - 2 i ^ G z , (5) 

gu(A) = 0, g1A(2) = 2*FAGZ, g1A(iV) = 2^FNGK. 

The limits of integration VAT and VN-K in Eqs. (4) are 
given by the formula vaTT~2(ma-\-ix-jr)

2—m?—mf—p? 
—jjif2—q2. I t should be noted that the lower portions of 
the dispersion integrals refer to unphysical energy regions 
below the thresholds of the K+N —> TT+ Y and T+N 
—•» K-\- Y processes. 

If one takes the energy parameter v in Eqs. (4) to be 
negative, and makes use of the crossing relations pEqs. 
(1) and (2)], then Eqs. (4) become the dispersion rela­
tions for the processes TT+N —> K+ Y. 

III. THE F-WAVE EQUATIONS 

In order to write approximate dispersion relations for 
P waves we must express the various quantities in 
terms of center-of-mass system parameters. We use the 
following notation for the particle center-of-mass mo­
menta and energies in any of the various meson-baryon 
production and scattering reactions: kt- and k/, three 
momenta of initial and final mesons; koi, &o/, and ko, 
initial, final, and average meson energies; Eiy E/, and 
E, initial, final, and average baryon energies; W—E+ko, 
total energy. Henceforth hi and kf denote the magni­
tudes of hi and k/, rather than four-momenta. The 
most important energy parameter to be used (denoted 
by o)) is defined as the average meson total energy plus 
the average baryon kinetic energy, i.e., 

oo= W—m. (6) 

The center-of-mass pion-hyperon production ampli­
tudes may be expressed in terms of the baryon spin 
matrices by the relation, 

T=Ta(W, cos0) + Tb(W, cos0)<r-ky«r-kt-, 

where 6 is the angle between the directions of k,- and 
k/. The expansions of Ta and Tb in terms of partial 
wave amplitudes are7 : 

CO 0 0 

Ta=kih, Z h+Pi+i(cose)-Z h-Pi-i'(cosd), (7a) 
1=0 1=2 

Tb = j : (t^-tl+)P/(cosd), (7b) 

where the Pi are Legendre polynomials and the prime 
denotes differentiation with respect to cos#. The ti± 

are the 7r+ Y production amplitudes for orbital angular 
momentum / and total angular momentum fctj. The 
partial wave amplitudes t for all processes discussed 
in this paper (j-\-Y production, TT—Y scattering, etc.) 
are normalized in terms of the corresponding matrix 
elements of the unitary S matrix by the equation, 

2 # = ( S - 1 ) (*<*/)-*, (8) 

where 1 is the unit, diagonal matrix. This normalization 
is not the most common one; it is convenient for P-
wave amplitudes, however. 

We now give the relations between the covariant 
quantities of Sec. I I and the center-of-mass quantities 
defined above. These relations, for the covariant 
momentum-transfer and energy parameter, are4 : 

q2= -fjn2-jjif+2koikof-2ki'kf, (9a) 

v^2W2-mi2-mf
2-~fXi2~fxj2-q2. (9b) 

The relations between the covariant and center-of-mass 
amplitudes may be found by well-known methods,8 and 
are given by the equations, 

__ (Erhmi)*(Ef+mf)* 
J- a Ta) 

2m 
m 

ra=—ZA-B(W-m)'], (10a) 
W 

2m 

{Ei+mdHEf+Wf)^' 

1 
rb= l-A-B(W+m)J (10b) 

4mW 

One may write fixed momentum-transfer dispersion 
relations for the center-of-mass amplitudes Ta and Tb 

by taking the real parts of Eqs. (10), expressing ReA 

7 These equations are equivalent to Eqs. (2.18) and (2.19) of 
reference 3. 

8 See R. H. Capps and G. Takeda, Phys. Rev. 103, 1877 (1956), 
Appendix A. 
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and ReB in terms of the covariant dispersion relations, 
[Eqs. (4)], and then using the inverses of Eqs. (10) 
to express ImA and ImB back in terms of ImTa and 
ImTY A variety of dispersion relations for different 
combinations of the partial wave amplitudes may then 
be derived by multiplying by different Legendre poly­
nomials in cos# and integrating over cos0. However, in 
order to obtain simple equations involving only P-wave 
amplitudes, some sort of static approximation must be 
made. Since the X"-meson mass is not small compared 
to the baryon masses, the usual procedure of neglecting 
all terms of order co/m is not satisfactory here. We 
follow an alternate procedure, choosing as expansion 
parameters the two quantities, 

€i= (ki2+kf2)/(2(A)m) and e2~ (&*•&/)/(com), 

which are considered to be of the same order. (The 
symbol e will often be used to denote either of these 
quantities.) These two parameters remain fairly small 
in the low-energy region for the reactions K+N —» 
TT+Y, e.g., at 420 Mev/c lab iT-meson momentum, each 
of the two parameters is about 0.14 for T+X produc-

where the amplitudes are all evaluated at a fixed 
momentum-transfer q2. The Born approximation terms 
in these equations (denoted by B.A.) have not been 
written out; they may be computed easily from the 
Born terms of Eq. (4), by making use of the following 
relations, 

V—VY=2[OO~ {ntY—w)][w+mr+co), 

+ 4 k r k / ? (14) 

where Y denotes either the 2 or A particle. Nothing has 
been neglected in writing down Eqs. (12), (13), and 
(14); the only small terms not written out explicitly 
are represented by the symbol 0(e). 

In the small-momentum approximation the ampli­
tudes ra and Tb in the dispersion relations may be 
replaced by Ta and P&. In order to obtain simple equa­
tions some assumption must be made concerning the 
relative magnitudes of the fa±. We shall use the Born 
approximation as a guide in making such an assumption. 

H . C A P P S 

tion, and about 0.17 for 7r+A production. The approxi­
mation of neglecting ei and e2 compared to unity will 
be termed the "small-momentum approximation." 

The parameters vr and V'±LV occurring in the disper­
sion integrals of Eqs. (4) can be expressed in terms of 
the center-of-mass variables co', co, and k, • k/ by the 
relations: 

dv' = 4(ni+a>')da>', (11a) 

/ - P= 2(co'-co) (2w+co'-fco), ( l ib) 

v , + y = 4 w ( a > / + « ) [ l + 0 ( € ) ] + 4 k r k / , ( l ie) 

where O(e) denotes a quantity of order ex or e2 that 
depends only on co (i.e., is independent of cos0). In 
deriving Eqs. (11), explicit use is made of the fact that 
the momentum-transfer is fixed. We now write the 
fixed momentum-transfer dispersion relations for the 
7r+ Y production amplitudes by following the procedure 
described above, i.e., by making use of Eqs. (4), (10), 
and (11). For simplicity the relations are given for the 
amplitudes ra and r& of Eqs. (10) rather than for Ta 

and Tb, and the isotopic spin index j is suppressed. 

I t is easily shown from Eqs. (4) and (14) that in Born 
approximation, ti± is proportional to the Zth power of 
the expansion parameters e, i.e., ki~kfti±~FGrn~l(e)1. 
Hence, we assume that the actual amplitudes for all 
angular momenta greater than one are smaller than the 
P-wave amplitudes by at least one power of e. We 
further assume that the imaginary parts of the D 
amplitudes are smaller than the imaginary parts of the 
P amplitudes by a factor of e2, since this condition is 
true in perturbation theory. 

Similar assumptions are made concerning the partial 
wave amplitudes ti±

CT that refer to the "crossed" 
processes ir+N —> K+Y. The threshold for K+Y pro­
duction is sufficiently high that the small-momentum 
approximation is not accurate in the physical region for 
these processes. However, in the low-energy dispersion 
relations for 7r+ F production, the only large contribu­
tions to the crossed dispersion integrals are expected 
to come from the K+Y production amplitudes in the 
low-energy part of the unphysical region, where the 
small-momentum approximation is valid. We further 

ReT6(u) = B . A . - + J 
P r™ dai'itn+u') Im[(2m+oJ+a; ,)n(co /)+(4w2r1(co-coOTa(coOj 

Rera(co) = B.A.+ - f 

TrJixT+mA-m (a/~Co) (2w+C0+a/) (tH+Ui) 

P r™ do)f(m+cof) Im[(2w+a>-co /)r&
cr(co /)+(4w2)-1(4m+co+co0ra

cr(w /)] 
, (12) 

{ ( c o , + c o ) [ l + 0 ( e ) > + k r k / } 2 ( w + c o ) 

P r™ da>'(?n+a>') Im[(2m+w+aJ
/)ra(co /)+4m2(co-co /)r&(co /)] 

M7r+mA-w (a/—co) (2w+a)+a/) (w+a>) 

/•* ^co/(m+coOIm[(2w+co/-co)racr(co,)-4w2(co,+co)r6
Gr(co/)] 

I ? (13) 
((V4-a>Tl+0( €Vlra4-k,- -k , l2(m+^ {(co'+co) [ l + O ( e ) > + h • k/} 2 (m+u) 
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assume that the 5-wave quantity ^kikftoCT/m2 is small 
compared with /i+

er, since this quantity must be small 
compared to a large P-wave amplitude, and only large 
P amplitudes are expected to contribute appreciably 
to the "crossed" dispersion integral. 

In the small-momentum approximation the dis­
persion relation for the P-wave spin-flip amplitude 
hs— (h~—ti+) may be derived simply by neglecting all 
terms of order e in Eq. (12), and making the above 
assumptions concerning the relative sizes of the ti±. 
The result is 

Re/y,is(o?) 

9 J ( A ) l 

4(WJW/) J (OT+W) [o>— (m&—m)~] 

9/ff) l 

4(wtW/)*(w+w)(w+W2v—co) [o)+(mN~tn)~] 

P r™ da>'1mtjtU(co') 

TT^n^+mA—m CO — 0 ) 

P z*00 duf Imtj is
cr(co') 

— J , (15) 

where j again denotes the nature of the hyperon and 
the total isotopic spin, and the Qj are given in Eq. (5). 

The dispersion relations for the amplitudes h+ may 
be derived by multiplying Eq. (13) by cos0, integrating 
over cos0, and dividing by 3k{kf. Terms of order e may 
then be neglected. In carrying out the integral it must 
be kept in mind that df (the angle corresponding to oo') 
and 6 refer to the same momentum-transfer q2 and 
hence are related to each other by the equation 

ki'kf COS0'— ko/ko/=kikf COSO—koikof. 

The resulting small-momentum approximation dis­
persion relations for fa+ are, 

Re/j,i+(co) 

2(f»<m/)*gi(A
r) 1 

3(m+o))(m+mN—co)2 QO+(WJV—?#)[] 

P /•" do*' Im*/,i+(a/) 

Tr^tiir+m\-~m CO — C O 

P /.- &/Imfry.x+^coQ+^.t- 'V)] 

7T*'fxT-\-mN-"m 3{0) "T"Co) 

(16) 

If the energy co lies in the unphysical region 
(co<iJLK+MN—m) for the process //, a slight modifica­

tion of the above procedure is required. In this region 
the momentum in the K+N state is positive imaginary 
kK=i\kK\, so that the P-wave term of Ta is equal to 
i\kK\klr(3 co$ff)tjti+. Hence, one writes the dispersion 
relation for —iTa, rather than for Ta, multiplies by 
cos# and integrates over cos0 and then divides by 
31kK\kT. The result is identical in form to Eq. (16). 

Equations (15) and (16) also apply to the x— F, 
/r—N, K—Y, and K—N elastic scattering processes if 
the constants gy, intermediate baryon masses {MN, WA, 
and ms), and the limits of integration are suitably 
modified. If the equations are applied to TT—N scatter­
ing and oi/m is neglected, the equations become identical 
with the usual static equations, except that the energy 
variable is co= W—m rather than the meson energy.9 

IV. THE UNITARITY CONDITIONS 

The approximate P-wave dispersion relations of Sec. 
I l l can be used to study the possible behavior of the 
hyperon-production amplitudes only after the real and 
imaginary parts of the various amplitudes are related 
by means of the unitarity condition. In applying uni-
tarity to inelastic processes, we assume that the phases 
of the various states are so chosen that the scattering 
matrix is symmetric in the angular momentum repre­
sentation; the time reversal invariance of the strong 
interactions assures that this can be done.10 This phase 
choice already has been made implicitly in the original 
derivation of the covariant dispersion relations in 
reference 4. 

We denote by ta/s the amplitude for the process a—>/3, 
normalized as in Eq. (8), (a and 0 may refer to the 
same state). Multiple meson processes and all weak 
processes are neglected, so that a and 0 and all states 
coupled to them are two-particle P-wave states. I t may 
be shown directly from Eq. (8) that the unitarity con­
dition in the physical region for the process a —•» 0 is, 

Imta/3 = !ET kyHay*tpy, (17) 

where the sum is over all open channels, and ky is the 
momentum in the state 7. All amplitudes refer to the 
same total energy. 

We will assume that this unitarity condition remains 
valid in the unphysical energy region below the thresh­
old for the process a—>0. This assumption has not been 
proved. However, a similar condition, used in the un­
physical region of the process N+N —> 2T by Fraser 
and Fulco,11 has been justified by Mandelstam on the 
basis of a few plausible assumptions and the known 
analytic properties of Green's functions and reaction 
amplitudes.12 

If a and 0 differ, and if only these two states con­
tribute to the sum over 7, Eq. (17) implies that the 

9 G. F. Chew and F. E. Low, Phys. Rev. 101, 1570 (1956). 
10 F. Coester, Phys. Rev. 89, 619 (1953). 
11 W. R. Frazer and J. R. Fulco, Phys. Rev. Letters 2, 365 

(1959). 
12 S. Mandelstam, Phys. Rev. Letters 4, 84 (1960). 
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phase of the inelastic amplitude tap is equal (within an 
additive factor of T) to the sum of the real parts of the 
phase shifts for elastic scattering in the channels a and 
j3. Such a phase relation applies in the physical region 
of the 7 = 0 , 7 r + F production amplitude, and is approxi­
mately valid for production in the 1=1 state also, pro­
vided that the two 1=1, T+Y states are chosen in 
such a way that the amplitude for transitions between 
them is small. J n the unphysical region below K+N 
threshold the K+N state_does not occur in the sum 
over 7, in which case no K—N phase shift appears in 
the phase condition. 

Pion-hyperon production, w—Y scattering, and K—N 
scattering are coupled by the unitarity conditions, as 
are iT-hyperon production, ir—N scattering, and K— Y 
scattering. Hence one must write dispersion relations 
for all these processes in order to get a closed system of 
equations for the P-wave amplitudes. All these P-wave 
dispersion relations may be written in the form of Eqs. 
(15) and (16) if the Born approximation terms and the 
limits of the dispersion integrals are changed appro­
priately. The Born approximation terms are given for 
pion-nucleon scattering by Chew, Goldberger, Low, and 
Nambu3 and for pion-hyperon scattering in CN. 

V. OUTLINE OF METHOD FOR 
SOLVING EQUATIONS 

When the unitarity conditions are all specified, the 
dispersion relations for the various P-wave processes 
are a closed system of coupled equations for the ampli­
tudes. If explicit values are assumed for the coupling 
constants of Eq. (3), some type of successive approxi­
mation procedure can be used to seek approximate 
solutions. For illustrative purposes we outline below 
an iteration method that is useful if the ratios of K-
coupling constants to 7r-coupling constants are small. 

The pion-hyperon and pion-nucleon scattering equa­
tions are first solved, with the contribution of K-
particle processes neglected in the unitarity conditions. 
Appropriate linear combinations of the 7 = 1 , T T + A and 
7r+2 states are chosen so that the ir— Y scattering is 
diagonalized, approximately. One then solves the equa­
tions for 7 r+F and K+Y production, neglecting the 
K—N and K—Y scattering phase shifts in the uni­
tarity conditions. Since the unitarity conditions specify 
the phases of the hyperon-production amplitudes, the 
method of Omnes13 should be convenient for solving 
these equations. Because of the crossing terms, even 
this step involves an iteration procedure, i.e., one first 
solves for the ir+Y and K+Y production amplitudes 
by neglecting crossing terms; these amplitudes are then 
inserted into the crossing terms and the equations are 
solved again, etc. The result of this sub-procedure gives 
the first approximation to the general iteration method 
for the 7r+ Y production amplitudes. 

The second approximation is carried out in the fol­
lowing way. The results of the first approximation for 

13 R. Omnes, Nuovo cimento 8, 316 (1958). 

w+Y production are now included in the unitarity 
conditions for the TT—Y scattering equations, and these 
equations are solved again to give a second approxima­
tion to the ir—Y scattering amplitudes. A simultaneous 
step is the solving of the K—N scattering dispersion 
relations, including in the unitarity condition only the 
K+N—>7r+F amplitudes calculated in the first ap­
proximation. One then uses these K—N phase shifts, 
and the improved w— Y phase shifts, in the hyperon-
production dispersion relations to calculate the second 
approximation for 7 r+F production. One could con­
tinue in this manner to higher approximations. The 
effective expansion parameters in this general procedure 
are the squares of the coupling constant ratios G/F 
[See Eq. (3)] so that the procedure is expected to be 
convergent if the pion-hyperon interactions are of 
comparable strength to the pion-nucleon interaction. 
The fact that the K+N rest mass is larger than the 
7r+ Y rest mass also helps the convergence. 

The existing experimental data is so sparse that a 
lengthy calculation using the above-outlined method, or 
some similar method, is not justified at present. Fur­
thermore, because of the neglected high-energy con­
tributions, the solutions to the disperison relations are 
expected to be reliable only for a channel in which a 
low-energy resonance occurs. The considerations of 
Sec. IV and this section are useful primarily because 
they can be used to show that a P-wave ir+ Y resonance 
should produce easily recognizable effects in the 
K+N—>w+Y amplitudes, despite the complications 
of unphysical regions, moderately strong K coupling, 
and many coupled channels. In the next section we will 
discuss the possibility of such a resonance and the 
information obtainable if one exists. 

VI. A POSSIBLE RESONANT AMPLITUDE 

We now consider the questions of whether or not a 
7 r+F P-wave scattering resonance exists, and in which 
angular momentum state it may occur, using as a guide 
the static ir— Y scattering dispersion relations of CN, 
and neglecting X-meson effects. Throughout the rest 
of this paper, the X—A mass difference will be neglected, 
and the hyperon mass taken as the average of the ex­
perimental S and A masses. 

In order for a low-energy resonance to exist, it is 
necessary that the Born approximation terms for the 
elastic scattering amplitude in question be positive, i.e., 
represent an attractive interaction. The signs of the 
Born contributions to many of the TT—Y amplitudes de­
pend on the value of the coupling constant ratio P S / P A ; 
several authors have listed the various states which 
may be resonant for different values of this ratio.14 If 
the coupling constant ratio is in the range \< ( P S / P A ) 2 

14 Michael Nauenberg, Phys. Rev. Letters 2, 351 (1959); 
A. Komatsuzawa, R. Sugano, and Y. Nogami, Progr. Theoret. 
Phys. (Kyoto) 21, 151 (1959); Yukihisi Kogami, Progr. Theoret. 
Phys. (Kyoto) 22, 25 (1959); D. Amati, A. Stanghellini, and B. 
Vitale, Nuovo cimento 13, 1143 (1959). 



D I S P E R S I O N R E L A T I O N S F O R P I O N - H Y P E R O N P R O D U C T I O N 1759 

< 2 , it may be seen from Table I of CN that a ir— Y 
P-wave resonance is possible only for angular mo­
mentum § and isotopic spin 1 or 2. The possibility of a 
P | I—\ resonance is most easily investigated if or­
thogonal combinations of the w+A and T + S states are 
chosen in such a way as to approximately diagonalize 
that part of the scattering matrix referring to these two 
channels. For simplicity we choose the states (denoted 
by \f/r and ^ s) that lead to diagonalization in the Born 
approximation; the coefficients relating these states to 
the 7r+A and x + S states may be determined from 
Table I of CN, and are given by 

(P s
2 +2F A

2 )Vr=vXF A ^ 1 A , 1 + +P^ (18a) 

( F S
2 + 2 F A

2 ) V S = F ^ I A , I + - V 2 F A ^ I S , I + . (18b) 

Even though the amplitudes are expected to differ 
markedly from the predictions of the Born approxima­
tion, we believe this choice of \pr and \p8 approximately 
diagonalizes the actual scattering, for the following two 
reasons: (i) In the first approximation for the solution 
of the T—Y scattering dispersion relations, in which the 
crossing terms are neglected, diagonalization is achieved 
by the same choice of states that produces diagonaliza­
tion in Born approximation, (ii) Even if the crossing 
terms are included, this choice of \pr and \ps leads to 
diagonalization in the three special cases F?=01 F A = 0 , 
and the global symmetry case Fs=F A . 1 5 

We denote the TT~Y elastic scattering amplitudes by 
tj,i±T) where j indicates the isotopic spin and the nature 
of the initial and final hyperons. If the P-wave equa­
tions of CN are written in the form used in Sec. I l l of 
this paper (i.e., co/m terms included) and m^~mA neg­
lected, the equations for the P§, TT—Y scattering am­
plitudes become 

Ret/,i+*(o>) 

2fyiY$j 1 P z*00 dw' Imty,i+T(w') 

3 ( w r + c o ) ( 2 w r - co)2 6$ ir^ix* co' — oo 

P /•» dia' Im[t / l l + * '«(« , )+2t i i i - , r ' o r (« / ) ] 
+ - , (19) 

TJUTT 3(a)'+<b) 

where a>= W—MY (W is the total center-of-mass system 
energy). The constants SFy, in the \fsr—ips representation 
defined by Eqs. (18), are $rr=FA

2+Fz2, $SS=-FA
2, 

and the off-diagonal term 5>s is zero. From these values 
of £Fy it is seen that the state yp8 cannot resonate but yj/r 

is of the resonance type. In the case of global symmetry 
the state \f/r is analogous to the (f ,f) pion-nucleon state.15 

However, it may be seen by comparing the above result 
with the ir—-N dispersion relations that, for any value 
of Ps /P A , the Born term for scattering in the state \pr 

may be obtained from that of the resonant T—N ampli­
tude by replacing mN by MY and FN

2 by i(FA
2+F^). 

In order to see how a resonance in the state \pr may 
18 D. Amati and B. Vitale, Nuovo cimento 9, 895 (1958). 

appear in ir— Y production, we must compare the corre­
sponding dispersion relations for w—Y scattering and 
production. The amplitude tr for production of the 
state \pr is the linear combination (F^-\-2FA

2)Hr 

=v2PA£iA,i++P2/i2,i-f; the dispersion relation for tr is 
the corresponding linear combination of the relations 
given in Eq. (16). In order to compare the dispersion 
relations we write the average baryon mass of Eq. (16) 
in the form W = J ( W F + W J V ) . Furthermore, since the 
unitarity condition relates the amplitudes at the same 
total center-of-mass system energy W, we express the 
7r+ Y production energy parameter co = W— ^MN+MY) 
in terms of the ir— Y scattering energy a>=W— my of 
Eq. (19), i.e., co= o)+^(mY—WIN). The dispersion rela­
tion for the production amplitude tr is then, 

2(mYM^ 1 
Re/r(co) = 

3(mY-\-o))(2m^~o))2 cb 

2FN(FAGA-F2G?) P p" du'ImirW) 
X + - I 

(PS
2+2FA

2)* vJnr a'-a 

+crossing term. (20) 

Since the only amplitudes discussed in the remainder 
of this section and Sec. VII refer to Pa states, the angu­
lar momentum subscripts 1 + will be consistently 
omitted. 

In order to illustrate the basic connection between 
the T + F production and scattering amplitudes, we 
make the simplifying assumptions that only the terms 
of lowest order in the K to T coupling constant ratios 
(G/F) need be kept, and that the crossing terms in all 
the dispersion relations may be neglected. [A correction 
for the appreciable size of the (G/F) is made in Sec. 
VII . ] The terms of lowest order in G/F of the unitary 
conditions of Sec. IV for scattering and production in 
the state ypr satisfy the relations, Imt r r

x=^ 7 r
3 | t r r

7 r | 2 and 
cf)r=dr7r provided that the x— Y scattering is approxi­
mately diagonalized. The quantities <j>r and Br* denote 
the phase of tr and the real part of the phase shift for 
the elastic scattering process trr*. The phase condition 
applies to the 7r+ Y production amplitude both in the 
physical and unphysical regions, so that it is not neces­
sary to distinguish between these two regions in solving 
the equations for small (G/F). Since the ratio of the 
inhomogeneous terms (Born terms) of Eqs. (19) and 
(20) is nearly energy-independent in the low-energy 
region, it is seen from these equations and the phase 
condition </>r=5r

x that the ratio of the amplitudes tr 

and tr/ is nearly energy-independent and is given 
approximately by the Born terms. If we set (MN/MY^ 
X(2mY—co)2/(2mN~ co)2^ (WF/WAT) § =1 .36 , and make 
use of the condition 5vr = PA

2+Ps2 , the proportionality 
relation becomes 

2P^(P A G A -F S G S ) 
* r=# r r *; { = 1 . 3 6 - - . (21) 

(PA
2+PS

2)(PS
2+2PA

2)* 
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Hence, in this approximation, a scattering resonance in 
the state \pr appears in the 7r+ Y production in a direct 
and simple way. If such a resonance exists, three dif­
ferent types of information concerning the coupling 
constants can be obtained from the following three 
types of measurements in the resonance region. 

(̂ 4) Ratio of resonant 2) to A production. I t is seen 
from Eq. (18a) that the relative probabilities of 7r+S 
and 7r+A pairs in the resonant state depend on the 
coupling constant ratio F^/F\. Hence, if protons are 
bombarded with K~ at energies in the resonance region, 
the ratio of Tpk+S^ production to 7r°+A production in 
Pf states is a measure of F^/FA- (The process K~+p —» 
7r°+S° corresponds entirely to isotopic spin 0 and thus 
should show no resonance.) 

(B) Width of resonance. If the energy dependence of 
either the 7r±+S : f or 7r°+A production cross section in 
the resonant state can be measured, it is easy to use the 
proportionality of Eq. (21) and the known relations be­
tween the center-of-mass momenta of the x + F and 
K+N states to compute the shape of the T—Y scatter­
ing cross section in the resonance state. The magnitude 
of the energy at the peak of the resonance cannot be 
related directly to coupling constants, but if this reso­
nance energy is known, the width of the resonance is a 
measure of FA2+F%2. Measuring the resonance width is 
equivalent to extrapolating the amplitudes to the zero-
energy poles; this could be done by means of an effective 
range plot, similar to that used for w—N scattering.9 

(C) Height of production resonance. The size of the 
7r+ Y production cross section in the resonant state at 
energies near the peak of the -IT— Y scattering resonance 
is a measure of the coupling constant ratio of Eq. (21). 
If the four constants FA, F%, GA and Gs are all appreci­
able, this ratio is very sensitive to the relative signs of 
the constants.16 If global and cosmic symmetry were 
both valid, i.e., FA~F? and GA=G:s, the resonance 
would not appear at all in the ir+ Y production process.17 

If the ir+ Y production cross section in the resonant 
state is large, one should include effects of higher order 
in G/F. These effects and the contributions of various 
crossing terms may be calculated by using the pro­
cedure discussed in Sec. V. However, if such corrections 
are important, the relations between the coupling con­
stants and the experimental data are not as simple as 
they are in the above illustration. 
__ The proposed resonance might also show up in elastic 

K—N scattering. In order to study this possibility we 
write the dispersion relation for the 7 = 1 , P§ K—N 
scattering amplitude t i^ in the small-momentum ap-

16 The relative phases of the 2, A, and K-\-N states may be 
chosen so that the signs of FA, FS, and GA are the same. The sign 
of Gs is then fixed, and must be determined by comparison with 
experiment. 

17 It is also true that the / = §, TT-\-N —> 2C+2 amplitude, which 
is of the same isotopic spin as the -K—N resonance, vanishes in the 
case of simultaneous global and cosmic symmetry. This has been 
pointed out by A. Pais, Phys. Rev. 110, 574 (1958), Eq. (26). 
Pais shows that this assumption (FZ=FA and GZ—GA) is con­
tradicted by experimental data. 

proximation, again using the energy variable to = W—my 
(rather than the natural K—N scattering variable 
W—MN). The equation is 

P /^co ' I imY^co ' ) 
Retix(co) = - I • [-crossing term. (22) 

The unitarity condition for ti^, to the lo_west order in 
G/F, may be obtained by omitting the K+N channel 
from the sum in Eq. (17). The condition is then the 
same in the physical and unphysical regions, and may be 
written ImtiiC==&7r

3(|/r|
2+ | / s | 2 ) , where kv is the mo­

mentum in the 7r+ Y states. If the contribution of the 
nonresonant state \ps to this condition and the crossing 
term of Eq. (22) are neglected, then this equation ex­
presses tiK directly in terms of tr. 

The Born approximation terms vanish for the ampli­
tude t i^ as well as for the P§, K—N elastic scattering in 
the isotopic spin 0 state.18 Therefore, any low-energy 
P | resonance in the strangeness (—1) states must be 
"driven" by the pion-hyperon interactions, rather than 
the K interactions, even if the w and K interactions are 
comparable in strength. This circumstance lends addi­
tional support to the general method of approach used 
in this section and in Sec. V. 

VII. RESONANT PRODUCTION AMPLITUDE FOR 
SPECIFIC CHOICE OF COUPLING CONSTANTS 

(MODERATELY SMALL G/F) 

In this section we assume a T— Y scattering reso­
nance does exist in the state \f/r. In order to determine 
the possible magnitude of ir+Y production in \pr, we 
set the coupling constants equal to the following values, 
F2 = FA=FN=(U)^ G A = - G S = ( 2 . 2 ) * . The propor­
tionality constant £ of Eq. (21) is then equal to 0.62. 
Since this ratio is not small we will correct the uni­
tarity condition for TT—Y scattering to include the 
effects of the K channel. The phase condition on the 
production amplitude will not be corrected, i.e., we 
continue to assume that the phases of the production 
and scattering amplitudes are the same. The mass 
difference rn^—niA and the crossing terms in all dis­
persion relations are still neglected. The proportionality 
of Eq. (21) then remains valid, and may be combined 
with Eq. (17) to give the modified unitarity condition 
for the scattering, 

Imt r r *=* , 8 | t r r ' |
2 / 3 ; f3=l + e(kK/Kyr)(u), (23) 

where rj(cb) is the step function defined to be unity at 
energies above the K+N threshold and zero at energies 
below. 

18 This may be understood from the following argument. The 
Born approximation terms for any of the amplitudes discussed 
here are all associated with one-particle intermediate states either 
of the process itself or of the crossed process. Since the baryon 
spins are J, only the intermediate baryons associated with the 
crossed process can contribute in the case of a P\ amplitude. How­
ever, there are no one-particle intermediate states associated_with 
K—N scattering, which is the crossed process for K—N 
scattering. 



D I S P E R S I O N R E L A T I O N S F O R P I O N - H Y P E R O N P R O D U C T I O N 1761 

For simplicity we neglect terms of order io/tn in the 
7T— Y scattering dispersion relation, Eq. (19), and solve 
this equation and Eq. (23) in the effective range 
approximation of Chew and Low.9 The result of this 
procedure is, 

r K*(FA*+FJ)ur 

trrT(«)= ; r = —, (24a) 

*r(«) = ftrr*(«), (24b) 

where £=0.62, (3 is given in Eq. (23), and ccr is the 
resonance energy, assumed to be arbitrary. The cross 
section for T+Y production in the resonant state 
calculated from Eqs. (24) is shown in Fig. 1, for two 
different choices of the resonance energy. 

The inclusion of the iT-meson effects (£2 term) in 
Eq. (23) is important because it leads to cross sections 
that are consistent with unitarity; the predicted elastic 
cross section is never larger than the maximum con­
sistent with the predicted value of the inelastic cross 
section. The effect of the moderately strong K coupling 
has been omitted from the unitary condition on the 
inelastic amplitude, however. Despite the crude nature 
of this calculation, it is believed that Eqs. (24) should 
provide a reasonably accurate indication of the type of 
energy dependence to be expected if a P§ resonance in 
the state \pr exists. 

VIII. THE EXPERIMENTAL SITUATION 

We continue to assume that orbital angular mo­
menta greater than one may be neglected for K mesons 
of lab momenta less than 500 Mev/c incident on nu-
cleons. If the target is unpolarized the angular dis-

O 200 400 600 700 
C P L 0 b / M e v 

FIG. 1. Total calculated cross section for production of the 
resonant P$, 1=1, ir-\-Y state if/r from iT~-mesons incident 
on protons, as a function of the K lab momentum. The cross 
section is calculated from Eqs. (27) and the relation a = 4irkKkw

s 

X | tr 1
2. The quantity ET denotes the assumed resonant energy 

in terms of the pion kinetic energy in the hyperon rest frame in 
Mev. The peak of the Ew= 165 curve is shifted to the right of the 
indicated resonance position because of the kx dependence of the 
cross section, while the Ev—295 curve is shifted to the left of the 
resonance position because of the k* and /3 dependence. 

tribution for any K+N—^T+Y process is given in 
terms of the S and P amplitudes by the equation, 

(K*kK)-lda/cm= | / 0 ] 2 + | / i + | 2 + | M 2 

- 2 Re/i+**i_+cos0[2 Re/ 0 *(24 f +/ i - ) ] 
+cos20[3111+12+6 Re*i+**i-]. (25) 

I t is seen from this equation that a large cos20 term in 
the angular distribution indicates a large P% amplitude. 

Although the present w+Y production data is 
sparse, the Berkeley hydrogen bubble-chamber experi­
ments provide definite evidence for a large P wave in 
the processes K~+p - » TT ± +S = F at 400 MevA lab K 
momentum.19 The total K~+p absorption cross section 
at this energy (^38 mb) is much greater than the 
maximum possible for S waves (—20 mb). Further­
more, the differential cross sections for both the 7r++2~ 
and the w~~+2+ processes are much larger in the front 
and back quadrants (|cos0| >0.5) than in the central 
quadrants, indicating large cos20 terms. In fact, this 
experimental data is consistent with the assumption 
that almost all the T T ^ + Z ^ cross section (about 9 mb 
for each process) occurs in the P§ state. Although these 
cross sections are based on a total of only 42 events, 
it is extremely unlikely that the large cos20 terms will 
disappear with the accumulation of further data. Thus, 
these limited measurements suggest a total P§ cross 
section for charged 7r+2 production in the range 10-18 
mb. There is a slight hint of smaller cos20 terms in the 
K-+p - » 7 ^ + 2 * measurements at 240 Mev/c.19 Other 
than this there is no evidence concerning the energy de­
pendence of the P§ cross sections. 

The fact that the P§ parts of the charged 2 cross sec­
tions appear to be about equally large is consistent 
with an 1=1 resonance, since the 7 = 1 , 7 r + 2 state 
occurs with 50% probability in each of the 7r++S~ 
and 7r~+2+ states. If these cross sections result from a 
resonance in the state \pr C

see Eq. (18a)], the K~+p —> 
7r°+A angular distribution should also contain a large 
cos20 term, while no such term should occur for the 
7 = 0 , K~+p—>7r°+2° process. The angular distribu­
tions for these two processes are not known, but the 
total cross section at 400 Mev/c is about 1\ mb for 
7r°+A production, and about 6 mb for 7r°+2° produc­
tion. This ratio of TT0+A to 7r°+2° events is in strong 
contrast to the corresponding ratio of (—i) that exists 
at threshold.19 

The angular distribution for K~—p elastic scattering 
at 400 Mev/c also appears to contain a large cos20 
term, and is consistent with the assumption that most 
of the (—50 mb) cross-section results from scattering 
in the P§ state.19 This is additional evidence for a reso­
nance effect. However, since the resonance proposed in 
this paper is "driven" by the w—Y interactions (see 
Sec. VI) such a large K~—p elastic scattering cross sec-

19 L. W. Alvarez, Proceedings of the 1959 International Con­
ference on Physics of High-Energy Particles at Kiev, July, 1959 
(to be published). 
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tion is consistent with the proposed resonance only if 
the resonant K~-\-p —>7r+Y cross section is quite 
large, on the order of 15 mb or larger. 

I t is seen from the above discussion that the existing 
data is insufficient for one to conclude that the front-
back peaking of the 7r±+S::F production data results 
from the resonance process predicted here. In order to 
test the resonance hypothesis, one needs to know the 
approximate energy dependence of the P§ cross section. 
If future measurements verify that this energy depend­
ence is of the general type predicted by Eqs. (24) then 
information concerning the coupling constants can be 
gained. Of the three measures of the coupling constants 
discussed in Sec. VI, the relation between the resonance 
width and the sum P S 2 + P A 2 probably is the least 
sensitive to some of the effects neglected in Sees. VI 
and VII, such as the contribution of the state \f/s and 
the 1=0 state to the P§, 7 r ± + S T amplitudes, the effect 
of the 2—A mass difference, and the contributions of 
the crossing terms in the dispersion relations. Thus, 
measurements of the energy dependence are crucial, 
not only to verify the resonance hypothesis, but to 
make it useful. More accurate angular distribution 
measurements of the K~+p —> 7 r ± + S T processes for 
K lab momenta in the range 200-500 Mev/c are espe­
cially needed. I t would also be interesting to see if the 
postulated large Pa cross section were present for the 
process K~+p —> T°+A. 

If we assume that future measurements will verify 
the existence of a large P§, 71-^+2^ production cross 
section with a resonance-type energy dependence, then 
the present experimental data suggest the following 
conclusions. These conclusions are related to the effects 
(A) and (C) discussed in Sec. VI. 

Ratio of Ps to PA. The ratio of the 7r+2 and 7r+A 
contributions in the resonance state \pr depends on the 
coupling constant ratio P S / P A . In fact, Eq. (18a) im­
plies that the experimental ratio (V(2+)+o-(2~)]/<r(A) 
is equal to J P S V P A 2 , for 7r+ Y production in the reso­
nant state. If this relation were taken at face value, the 
experimental indication that the Pf, charged 7r+2 pro­
duction cross section is greater than the total TT+A 
cross section at 400 Mev/c would imply that Ps 2 > 2PA2. 
Such a quantitative conclusion is not justified, however, 
because the ratio of charged 2 to A production cross 
sections may be influenced greatly by effects we have 

neglected. Nevertheless, we feel that a large resonance-
type P§, 7r±+Across section implies that | P s | is not 
small compared to | PA |. (We recall from Sec. VI and 
CN that if Ps is small, the states 7r+2 and 7r+A nearly 
diagonalize the 1= 1, P§ part of the scattering matrix, 
and the 7r+2 state is characterized by a repulsive 
interaction.) This conclusion concerning F% is significant 
in view of the fact that the existence of hyperfragments, 
which is the one solid piece of evidence we have for 
strong pion-hyperon interactions, tells us essentially 
nothing about Pz. 

The K to IT coupling ratio {magnitude of 7 r+F pro­
duction at resonance). The magnitude of the resonant 
7T+ Y production near the resonance peak is a measure 
of the coupling constant ratio of Eq. (21). The expres­
sions of Eq. (24) are too crude to be used for a quanti­
tative estimate of this ratio, even if the size and shape 
of the resonance were well known. Nevertheless, the 
apparent large P§, T±+^ cross sections are evidence 
for a large value of FAGA—F^G^. If PA and Ps are of 
comparable magnitude, and if GA and Gs are of com­
parable magnitude, a large resonance effect in the pro­
duction of w+Y pairs in the state \pr implies that one 
of the coupling constants has the opposite sign from 
the others.16 

The experimental determination of the P§ ampli­
tudes is difficult at K momenta less than 400 Mev/c, 
because of the large 5-wave contributions to the ab­
sorption processes. In the cases of 2 + and A production, 
the separation of the S, Pi , and P§ amplitudes may be 
facilitated by polarization measurements on the hy-
perons, since the decay asymmetries of these particles 
provide direct measures of their polarizations. 

The formalism and conclusions of this paper depend 
upon the assumption that the xSA, KNA, and KNX 
parities are all odd. If this parity condition is violated 
by the K interactions, but not by the xSA interaction, 
the P§ resonance in the state \pr could just as easily 
exist, but might be difficult to detect in the K-\-N —> 
7 r + F process, since Z)§ waves of the K+N system 
would be involved. 
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