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I. T H E D E T E R M I N A T I O N O F T H E KI A N D KA 

P A R I T I E S 

First let us review briefly the evidence bearing most 
directly on the KI and KA parities which has been 
obtained over the past year. Although it is not 
appropriate for us to analyze the data in detail here, 
it will be important for us to keep this evidence in 
mind in the later discussion. 

It now appears rather well-established that spin 
zero holds for the G H 4 , ^He 4 ) doublet. This con
clusion has been reached in at least three ways ; 

i) from the branching ratios observed in the 
7i~ decay of ^ H 4 by Levi-Setti etalP and by Block 
et al2\ taken together with the theoretical calcula

tions 3 ) on these decay modes. For this com
parison, the accurate determination of the form 
of the decay amplitude A-+p-\-n~9 carried out by 
Beall et al.4) and by Cronin et al.5\ has been 
essential. 

ii) from the short lifetime observed 6 ) for ^ H 4 (and 
for A H 3 ) , taken together with the theoretical 
calculat ions 7 ) of hypernuclear decay rates. 

iii) from the isotropy of ^ H 4 decay observed by Block 
et aL2) in the reaction sequence 

requires that the KA parity be odd. However, as is 
well known 9 ) , this otherwise convincing argument 
would not be completely conclusive if there were 
established the existence of an excited bound state 
(with J=l) for the G H e 4 , ^ H 4 ) doublet. 

Evidence on the KI parity has been obtained recently 
by Tripp et al10) in the course of their study of the 
1 5 2 0 MeV Y Q * resonance. The angular and energy 
dependence of the K~-p scattering and charge-
exchange processes shows clearly that the resonance 
is in the d3/2 wave for the KN channel. The inclusion 
of the strongly-absorptive ^-wave interactions together 
with the resonant amplitude suffices to give a good 
account of these data. The analysis of the angular 
distributions of the reactions K~ -\-p->I-\-7i, and of 
the angular and energy dependence of the I+ polariza
tion produced in the reaction 

deduced from the known asymmetry parameter for 
I^-^p+n0 decay, then leads rather directly to the 
conclusion the resonance is also in the d3/2 wave for 
the In channel, which requires that the KI parity 
is odd. More accurate data on the processes occurring 
in the neighbourhood of this resonance, especially 
on the I + polarization, would be very desirable in 
order to strengthen this conclusion, since it is not 
completely excluded that a much more complicated 
fit to the data could be obtained with the opposite 
parity assumption. 

for K mesons coming to rest in helium. 

This spin determination requires that the /1-nucleon 
interaction is most strongly attractive in the lS0 state. 
This conclusion has been supported also by the deter
mination of the spin value J = 1 for ^Li 8 from the 
analysis 8 s 9 ) of the angular correlations in the 
sequence 

With J = 0 for the C t He 4 , ^ H 4 ) doublet, the observa
tions of the reactions ( 1 . 1 ) and the related reaction 
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I I . H Y P E R O N - N U C L E O N F O R C E S 

The yl-nucleon potential is believed to be attractive 

in both and 3S1 states. The stronger 1 5 0 poten

tial may be estimated rather well from the analysis 

of the 4 H 3 system, since the mean potential (per 

nucléon) effective in this system is (3V0 + which 

is dominated by V0. The strong binding (BA = 

3.1 MeV) observed for the A particle in 4 H e 5 requires 

that the 3St potential is also attractive, since the mean 

potential effective in ^ H e 5 is (3V1 + V0)I4, dominated 

by Vt. The precise well-depth parameters obtained 

depend on the form of A-N potential adopted, espe

cially on the hard core radius. The calculations 

available on these systems for a realistic hard-core 

radius are still rather inadequate. 

On theoretical grounds, the range parameter for 

these potentials is expected to be of order (2JU)~ \ With 

this value, the potential strengths may then be charac

terized by specifying the zero-energy scattering am

plitudes. After considering the calculations available 

de Swart and Dullemond H ) have adopted the esti

mates 

For one-pion exchange, the potentials were calculated 

with the inclusion of the I-A mass difference; there 

is, of course, no contribution to VAA in this order. 

The two-pion exchange potentials were compu

ted following the prescriptions of Brueckner and 

W a t s o n 1 5 ) ; here the effects of the I-A mass difference 

on the potentials were neglected. These potentials 

were then inserted in the Schrôdinger equations for 

the hyperon-nucleon system 

and these equations were then solved for the 1S0 and 

the 3SX states, with the inclusion of the couplings 

to states of higher orbital angular momentum wherever 

appropriate. 

In order to connect these potentials with our 

knowledge of the NN forces, the particular case of 

f i A = f n = /NN a n d even IA parity, known as " global 

symmetry ", was first considered, since the potentials 

(2.3) are then directly related with the meson-theoretic 

NN potentials. With the known coupling parameter 

INN = 0.081, de Swart and Iddings found that their 

calculated potentials gave an excellent fit to the 

scattering length and effective range for choice of 

the hard-core radius R0 = 0.5 F for the 1S0NN system, 

Rt - 0.46 F for the 3SiNN system. 

It is not completely unambiguous what hard-core 

radii should be used in (2.3). If the repulsive core 

is due to the exchange of a neutral vector meson 

coupled universally with the baryon current, then it 

would be reasonable to expect the hard-core radii in 

VYY to have essentially the same value, R & 0.5 F, 

as that found for the 1S0 and 3St NN systems. 

Alternatively, this assumption for R is certainly the 

most economical assumption which can be made for 

VYY , and this was the course followed, in general, the 

parameters flA and f£I being regarded as free para

meters available to fit the input data (2.1). The 

effects of TT-exchange have not yet been included in 

these potentials, but these are not expected to give 

rise to major modifications of the results, since they 

have short range and are suppressed by the presence 

of the repulsive core. 

Even IA parity. Here the couplings (2.2) were 

taken of the pseudovector form G-qJp. From the 

calculations for AN scattering at low energies, the 

fits to the scattering amplitudes (2.1) are shown on 

Fig. 1, for several choices of the hard-core radius 

R == x/p. It will be seen that flA is relatively well-

determined by the 1S0 potential alone. The 3St 

amplitude has more dependence on fIS, especially 

for negative fIS . For RA = R0 — 0.5 F, the two 

for the singlet and triplet amplitudes, respectively. 

At Chicago, it seemed of interest to us to calculate 

these potentials meson-theoretically, in terms of the 

general pion-hyperon coupling 

These calculations have been carried out by de Swart 

and Iddings 1 2 ' 1 3 ) . The hyperon-nucleon system has 

been considered as a two-channel system, AN and 

IN, so that a matrix potential (VYY) was calculated, as 

first done by Lichtenberg and Ross 1 4 ) , with elements 
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Fig, 1 For even SA parity, the lines for which o 0 = —3.6 F 
and ax = —0.53 F are plotted on the (fLL , f L A ) plane for several 
values of the hard core radii R0 = x 0 / / i , R{ = XX/JLI. Also shown 
is the line along which the spin-average ratio (S°/S°-\-A) of 
Eq. (2.7) has the experimental value 0.33, R0 and Rx both being 
chosen to have the value 035/JU. 

curves cross at the point fIA & fllt ^ fNN = 0.29, 
compatible with global symmetry. However, it is 
clear that fIS is relatively poorly determined, since 
the two sets of curves intersect at a small angle; 
large negative values off£I do seem to be excluded, on 
the other hand. The sensitivity of these curves to 
the scattering amplitudes used is shown in Fig. 2, 
from which it will be apparent that the uncertainties 
in the hard-core radii are of far greater importance 
than the uncertainties in the experimental data at 
present. 

De Swart and Iddings 1 3 ) have also made calcula
tions on the I~-p reactions 

However, in the I~-p atomic states, the spin-orbit 
potential is not symmetric in o \ and ap and can give 
rise to mixing of the 3(J)S and 1(J)J states; in this case 
it is conceivable that the relative magnitudes of the 
capture rates from singlet and triplet states should 
also enter into the expression for (r°/(I , °+/l)) e t> . 
This question has not yet been resolved and this 
uncertainty must be borne in mind, as the data (2.6) 
has been discussed in terms of expression (2.7). 

The curve of points (fSA , / i 2 ) giving the value (2.6) 
has been plotted on Fig. 1. The three curves shown do 
not have a common intersection. For the inter
section fSA = f£I =fNN mentioned above, the value 
calculated for I°/(Z°+A) is 0.45, two standard devia
tions too high. However, an acceptable fit to all 
three data can easily be obtained by relaxing slightly 
the condition 7?0 = Rt ; the values R0 ^ 0.48 F, 
R T & 0.51 F, fss & 0.2, fIA f& 0.29 achieve this 
purpose within the uncertainties. It is apparent 
that, if further reduction is permitted for R0 , values 
of f£I down to fIS = 0 can be permitted by the data, 
since the curve for ( l , ° / (Z°+y l ) ) e x p t runs roughly 
parallel with the curve for a1 in the range fXI m 0.2 to 
zero. 

With global symmetry, the 1S0 I' = 3 / 2 potential is 
known to be equal to that for the lS0 NN system. 
With fIS = 0.29 (and fIA - 0.29, R - 0.5 F.), the 
potential calculated actually predicts a bound state 
for the I~~n system. It is of interest to note that the 

zero-energy scattering amplitude predicted falls 

The interpretation to be given to this ratio is not 
completely clear. If the Z~-p capture is .y-wave (in 
high n orbitals, through the Stark-mixing mechanism 
of Day, Sucher and Snow) and if there is no mixing 
of singlet and triplet spin states for the 2T-p system, 
then this ratio would be simply the weighted average 
of the singlet and triplet capture ratios 

Fig. 2 The intersections of the curves of constant o 0

 a nd at 

calculated for the case of even EA parity are shown in detail in 
the (fES , f r ^) plane for R0 = Ri = 035/ju, in order to illustrate 
the uncertainties arising from the present uncertainties in a0 

and ai . 

with these potentials. For zero energy, the effects 
of the (!"", 1°) mass difference on these matrix elements 
have also been calculated and prove to be quite 
significant. The experimental data available refers 
to I~ capture from rest in hydrogen, giving l 6 ) the 
ratio 
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rapidly with decreasing flx. At fu = 0.2, this 
amplitude has fallen to 1.3 F ; at the value fss = 0, this 
interaction has become weakly repulsive, with scatter
ing length —0.13 F. 

The possibility f£I = 0 is of special interest, since 
the hypothesis of invariance with respect to hyper-
charge reflection discussed by several workers 1 7 ) 

excludes the interaction I-^I+n. In this case, a fit 
to the XS0 amplitude with R0 = 0.5 F, requires 
flA = 0 . 1 2 ; for the 3St state, such a large value of 
fiA (with ^ i = °-5 F) leads to a strongly attractive 
potential, sufficient to bind the AN system, contrary 
to observation. However, if the value of R0 is dropped 
as far as 0.42 F, then these three data can be fitted 
with R T = 0.53 F and f%A = 0.073. This remark 
illustrates the strong sensivity of the calculated results 
to the assumptions concerning the hard core radii for 
VYY. Clear-cut conclusions can therefore not be 
obtained from these comparisons until there is some 
understanding of the origin of the hard-core repulsion 
in the baryon-baryon interactions. 

Odd IA parity. Here the couplings were taken of 
the pseudovector form a-qjp, for f S I , but of the scalar 
form (1) for fIA . We note that, with fIE = 0, the 
couplings do not depend on the hyperon spin, so 
that no spin-dependence could then be obtained for 
the A-N interactions. As shown on Fig. 3, the triplet 

Fig. 3 For odd EA parity, the lines for which a0 = —3.6 F 
and at = —0.53 F are plotted on the ( f £ r , f E A ) plane for several 
values of the hard core radii R0 = X0/JU, Rx = x^jft. Also shown 
is the line along which the spin-average ratio (E^jE0~\-A) of 
Eq. (2.7) has the experimental value 0.33, R0 and R, both being 
chosen to have the value 0.35//t. 

Fig. 4 The intersections of the curves of constant o 0 and at 

calculated for the case of odd EA parity are shown in detail in 
the (fLE, f E A ) plane for R0 = Rt = 0.35//i, to illustrate the un
certainties which result from the present uncertainties in o0 

and a\ . 

potential calculated is insensitive to fss and the 
amplitude at determines a value f \ A « 0.6. This 
value is appreciably smaller than the estimate f\A& 1.5, 
which has been given in the literature, based on the 
I— A mass relationship and odd parity for the IA 
system. The singlet potential depends quite strongly 
on fI£ ; with R = 0.5 F, the intersection of the curves 
for a0 and a1 leads to f S £ « —0.15. Again, Fig. 4 
shows that the location of this intersection is far less 
sensitive to the uncertainties in a0 and at than to the 
uncertainties associated with the hard-core radii to 
be used. 

Calculations of the I~ —p capture ratio (2.7) have 
also been made for odd SA parity, as shown on Fig. 3. 
At the intersection of the curves a0 and ax for 
R = 0.5 F, the value (2.7) calculated is 0.21, too low by 
more than two standard deviations. It turns out to 
be quite difficult to improve this disagreement by 
independent variation of the radii R0 and Rt , unless 
very widely different values are used for RQ and Rx 

with values fIS and flA quite far from those mentioned 
above for R0 = Rt = 0.5 F . However, if the hard
core radii are to be allowed to differ, it is no longer 
clear what are reasonable assumptions about these 
radii; this is especially the case since the 3St (or XSQ)ZN 
states are coupled with the 3PX and 1Pi (or 3 P 0 ) AN 
states, whereas the 3St (or lS0) / I n s t a t e s are coupled 



Strange particle physics. Strong interactions (Theoretical) 395 

with the 3Pt and 1P1 (or 3 P 0 ) EN states, so that the 
AN and EN ^-interactions actually refer to two dif
ferent sets of states. We confine ourselves to the remark 
that for R0 — Rt = 0.5 F, it does not appear possible 
to fit these three data within their experimental 
uncertainties for one choice of (fIA ,fu). 

I I I . P I O N - H Y P E R O N R E S O N A N C E S 

Next, it is of interest to consider the pion-hyperon 
resonances in the light of the above indications 
concerning the pion-hyperon interaction (2.2). 

For even EA parity, the possibility of j = 3/2 n- Y 
resonances analogous to the (3,3) resonance is 
very well-known, especially for the case of global 
symmetry. The existence of these resonances is 
governed by the baryon pole term, whereas their 
location depends also on the effective range of the 
interaction, which depends more on the distant sing
ularities (i.e. on the short range interactions). 
For the p3/2 state, the pole terms of the scattering 
amplitude are as follows 1 8 ) : 

where co denotes the c m . energy relative to mA

Jrmn, 
and A = mI—mA . Diagonalization of the matrix 
(3.2) with kv = kA - k and with neglect of A in the 
denominators gives an attractive pole term with 
residue Witi\fL+fli)-

We note that the existence of Y* and Y* resonances 
does not depend sensitively on global symmetry. 
Such resonances appear naturally if there is a suffi
ciently strong EAn coupling. Further, the attractive 
interaction is comparable in the 1=1 and 1 = 2 
configurations, irrespective of the value of fss . The 
experimental evidence on the Y* resonance does not 
yet allow the determination of its spin value. Some 

evidence has been published by Ely et al.19) that the 
decay angular distribution of Y* produced in 
1150 MeV/c K~p collisions has a strong anisotropy 
(of form 1+(1 .5±0.4) cos 2 ^) relative to the normal 
to their production plane, which was suggestive that 
the Y* spin is not less than 3/2; however, in a similar 
experiment recently carried out at 1220 MeV/c by 
Alston et al20\ the anisotropy observed is quite small. 
If j = 3/2 does hold for the Y* resonance, then it is 
natural to expect the existence of an / = 2 Y* resonance 
at a mass value in the region 1500-1600 MeV. 

If this is the interpretation of the F * resonance, we 
note that the (En)/(An) ratio of Y* decay will be 
sensitive to the coupling constant fIS . With fIS & fIA , 
the ratio predicted is about 11 %, whereas the experi
mental upper limit on this ratio is about 5%. It is 
clear that a value for f1£ in the range 0-0.2 allowed 
in the last section will lead to an acceptable prediction 
for this ratio. Trueman 2 1 ) has considered the effect 
of the KN channel on these simple predictions. He 
has found that the coupling to the KN channel tends 
to lower the Y* resonance energy, and to reduce the 
(En)l(An) ratio; for reasonable coupling strengths, 
(say, flK and fAK smaller than f£N by a factor 4), 
this reduction is only from 11 % to about 8 %. This 
evidence does appear to require that f2

s/f2

A be no 
more than about 0.5. 

From (3.3), the residue of the pole term for the 
1=0 state is (fiA-2fi^. When fXI = 0, this pole 
term is as attractive as for the / = 1 and 2 states, and 
it is well known that an / = 0 resonance is then 
predicted at the same energy as the 1=2 resonance. 
However, it is clear that the location predicted for this 
resonance does depend very sensitively on the precise 
value of fES . 

For odd EA parity, the only / = 1 n-A resonance 
predicted in this way is in the pi/2 state. In this 
resonance, the px,2 n-A channel is coupled with the 
Sij2 n-E channel; since the %AE coupling involves 
only s-wave pions, it is apparent that the existence of 
this n-A resonance requires the presence of a strong 
uEE coupling as well as of a strong nAE coupling. 
Under these circumstances, the prediction of a large 
E/A ratio follows naturally, especially as the n— E 
channel is ^-wave and the n-A channel /?-wave, so that 
there is no natural prediction for a Y* resonance 
with the observed properties, without an essential 
appeal to the coupling with the KN channels. 
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We conclude that the assumption of even 
IA parity, with f1A & fNN = 0.29 and 0 ^ / I I < 0.2, 
can account naturally for the spin-dependence of 
yl-nucleon forces and for the Z~ -p capture data. In 
this case, there is a natural interpretation of Y* as 
a p3/2 analogue to the (3,3) N* resonance, and a 
strong prediction of the existence of a p3/2 Y* reso
nance. On the other hand, with odd ZA parity, 
there is no such natural interpretation for the 
Y* resonance with the parameters appropriate to 
the hyperon-nucleon interactions. 

IV. THE KN s-WAVE INTERACTION A N D THE 
Y* RESONANCE 

There has been much progress recently concerning 
our knowledge of the KN s-wave scattering parameters 
from an unexpected quarter, namely the analysis 
of the K~p scattering data in the neighbourhood of 
the 1520 MeV Y%* resonance. 

Following the model discussed in Section I, the 
amplitudes for the Z± production reactions for K~p 
interactions near this resonance take the form 

that the phase difference (*A0 — they obtained 
(actually the phase difference between ^ 0 and 
at the KPn threshold) has the value +100° for solu
tion I, and —50° for solution II. The Z~/Z+ ratio 
is a sensitive indicator of the phase difference (ij/0 — ^t), 
since 

This ratio falls from 2.15 at zero energy, through a 
value of unity somewhere in the region 100-150 MeV/c, 
and then smoothly to a value less than unity at 
400 MeV/c. As pointed out by Akiba and Capps 2 3 ) , 
the continuity of this phase difference 0 A o ~ ~ a s 

function of energy and its negative value at 400 MeV/c 
jointly require that solution II holds for the low energy 
scattering amplitudes. 

With solution II, there is no possibility for the inter
pretation of the Y* resonance as an s-wave XNv i r tua l 
bound state, since ax has the value +1.2(4:0.6) F, 
which corresponds to an attractive KN potential but 
insufficiently attractive for the formation of a bound 
state. 

A preliminary least-squares analysis of all the K~-p 
interaction data in the range 350-450 MeV/c has been 
made by Watson 2 4 ) , with the inclusion of / = 0 and 1 
amplitudes for the plj2 and p3/2 initial states (but not 
including terms beyond cos 2 6 in the angular distribu
tion). Two similar sets of parameters, A and B, have 
been obtained to fit the data. The s-wave parameters 
for these solutions have been listed in Table I. For 
1=1, these amplitudes differ strongly from those 
obtained from the low energy data, the strongest 
energy dependence being that of ar . It is most appro
priate to compare the values of l/Ax at these energies, 
as follows 

so that the effective range must be large (R « 2/ F) 
and dominantly imaginary. The 1 = 0 amplitude has 
only a moderate energy dependence. It is of interest 
to note here that these energy dependences parallel 
those estimated by D a l i t z 2 5 ) (correcting and sim
plifying earlier results of Ferrari et al.26)) for KN 

Since the phase of the resonant amplitude is known, 
the absolute phases of m0 and m1 can be determined 
from the energy and angular dependence of the 
( I , ± 4 - 7 r + ) cross-sections in the resonance region 
(irrespective of the KI parity). From the diagram
matic analysis given by Tripp et al.10\ this phase 
(^o — ^ i ) m a y be read off as about —110°. The 
magnitude of (i^ 0 — xjj^ can be obtained from the s-wave 
cross-sections for the three I+n production reactions 
in this region; the determination of the sign requires 
a knowledge of the interference of the s-wave ampli
tudes with an amplitude of known phase. 

Humphrey and Ross 2 2 ) have carried out a detailed 
least-square analysis of all the data available on 
K~-p reactions from zero momentum up to 250 MeV/c 
in terms of the two complex scattering amplitudes, 
A0 and A1, of the zero range theory. They obtained 
two sets of amplitudes, listed in Table I under the 
headings " Solution I " and " Solution II ". We note 
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T A B L E I 

The s-wave scattering amplitudes AQ = a0 + ib0 , A{ = a1 + ibi (in unit F) for the KN 
s-wave interaction as obtained (a) by Humphrey and Ross 2 2 ) from the low-energy 
K -p interaction data, and (b) by Watson 2 4 ) from the analysis of K~-p interaction 

data in the region of the 1520 MeV YJ* resonance. 

potentials generated by p and co exchange, together 
with zero-range absorptive processes. In the work 
just cited, a strong energy dependence was found for 
the scattering amplitude A in the case of an attractive 
KN potential insufficient to generate a bound state, 
whereas relatively little energy dependence of A was 
found for an attractive KN potential sufficiently 
strong for the formation of a bound state (as may be 
the case for the / = 0 channel, see below). 

Earlier, data obtained by Luers et al21) on the 
(K°1p)l(Yn) ratio in the reactions 

for K°2-p collisions in the momentum range 250-
500 MeV/c had been claimed as evidence favouring 
the solution I parameters. We now see that the 
comparison made with the low-energy amplitudes 
A0,At is invalid because of the strong energy-
dependence of A1 . In fact, we may note that these 
K\-p processes depend only on the K°-p amplitude, 
i.e., on the 1=1 KN amplitude A1 , and on the 
K°-p elastic scattering amplitudes. In the region of 
400 MeV/c, the At of Watson's amplitudes are quite 
similar to the value of At of the old solution I. In 
other words, the agreement found previously for the 
old solution I now holds just as well for the new 
energy-dependent solution II. 

Similarly, the relation of the K~-d cross-sections to 
the K~-p cross-sections depends primarily on the 

magnitude of the additional K~-n interactions, which 
correspond to the / = 1 amplitude alone. The old 
solution II disagreed with the data on K~-d cross-
sections in the range 200-300 MeV/c because the 
additional / = 1 scattering predicted was too strong. 
Although the calculations have not yet been made, it 
seems probable that the new energy-dependent solu
tion II will give K~-d cross-sections in adequate 
accord with the data. 

Finally, the data on the branching ratios for K~-d 
capture from rest has provided a puzzle for several 
years. Since the final pion spectra show no indications 
of secondary scattering and the n N cross-sections in 
the energy range appropriate are known to be small, 
we may calculate the total rates for reactions leading 
to 7 1 ± mesons with momenta in the peak (qs) corres
ponding to the primary capture reaction KT +p~>IJr7t. 
Neglecting the effects of initial state scattering, these 
expressions are as follows : 

where M0 , M1 denote the reaction amplitudes appro
priate to the KN capture at zero energy. The rate 
(4.4b) represents the total of all reactions giving 
a negative pion of momentum ql, including those 
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Expression (4.4a) and the first term of (4.4b) represent 

the intensity of K~-p capture, the second term of 

(4.4b) represents the intensity of K~-n capture, This 

additional term in (4.4b) is in the right direction for the 

change indica ted in (4.5) but is far too small to account 

for this change, for it is well established that the 

1 = 0 absorptive rate is much stronger than the / = \ 

absorptive rate, i.e., that \MJM0\
2<^ 1. 

Since the KN interactions in the K~-d system are 

essentially at zero energy, the most plausible way in 

which the ratio of (4.4a) and (4.4b) may be changed 

from the value expected from the K~-p capture data 

is by a change in the relative phase of MQ and Mt , 

to carry this from the value —60° appropriate to 

the K~-p situation to a value beyond —90° for K~-d 

capture. Two mechanisms which have this effect 

have been discussed: 

i) Capps and S c h u l t 2 8 ) have suggested that the 

presence of a Y* resonance not far below the KN 

threshold and with the same quantum numbers as 

the / = 0 KN .y-wave system would give rise to a 

rapid fall in phase for the reaction amplitude M0 

effective for the /C"-/;capture in the K~-d system 

as the energy of the recoil nucléon increases (i.e., 

as the energy of the final n-Z system decreases). 

This possibility is qualitatively in accord with 

solution II, since the sign of a0 is consistent with 

the existence of a virtual KN bound state resonance, 

so that d®K may be positive and greater than 90° 

at the KN threshold. Since the phase of the 

K~ d~~>nZN amplitude appropriate to / = 0 .y-wave 

KN absorption will be <5°„ in the approximation 

discussed h e r e w , the fall in è°1% through the 

resonance value with decreasing %Z c m . energy 

leads directly to the required decrease in the phase 

of (MJMi) in (4.4). It was pointed out by 

Capps and Schult that, with the use of the zero-

range KN s-wave amplitudes, a suitable phase 

change would require that a0 be at least as negative 

as —1.3 F, and emphasized that at present the 

value of a0 = (—0.6+0.5 F) is not at all well 

known. The data presented at this conference 3 0 ) 

has given very strong confirmation of the early 

ind ica t ions 3 1 } of an 1=0 Y* resonance at 

1405 MeV, which may well be die resonance 

required by Capps and Schult. However, the 

Y* spin value has not yet been directly established. 

This picture of the K~-d reaction processes suggests 

that the n + /n" ratio for the reactions n±Z:fn 

should vary rapidly with Q(rcZ). A detailed 

study of the n±ZTn spectra in K~-d capture at 

rest by Alexander et al.32) shows no evidence of 

this effect. However, this expectation ignores the 

distortive effect of the strong ZN final state inter

actions in the n~Z+n system, which might con

ceivably act to mask this effect. In fact, no 

direct indications of the Y* resonance have been 

found in the at-rest or in-flight K~-d reaction data. 

ii) Multiple scattering effects in the initial KNN state, 

including the effects of virtual charge-exchange 

scattering, may also produce a phase change in 

(M0/Mt). Calculations of this e f f ec t 3 3 ) show 

that, for capture at NN separation i?, the capture 

amplitudes are changed as follows : 

(*) Note that the reaction amplitude used by Capps and Schult for negative KN kinetic energy may be written in terms of the phase 
ô%n ? given by 

n~Ap events which have resulted from Z-A con

version. The puzzle consists of the contrast between 

the n+/n~ ratios observed with excellent statistics 

for K~-d and KT-p capture, 

where D(R) is common to both amplitudes. Since 

the major contributions to the capture rate result 

from the region between R 1 F and R — 2 F, 

the large values of A0 , Ax lead to appreciable 

in terms of the reaction matrix elements a, />, y, as follows 2 9) : 

where (as pointed out to me by D. Miller) a convenient expression for the first factor is 



Strange particle physics. Strong interactions (Theoretical) 399 

phase change for {M0jM^)tSm . This phase change 
is in the desired direction only for solution IL 
Some results of calculation 3 3 ' 3 4 ) are given in 
Table II , as function of the poorly known amplitude 
A0 , the phase angle 0/fo — at zero energy being 
always adjusted to give agreement with the n+/n~ 
ratio in K~-p capture at rest. As a0 becomes 
more negative, both of these ratios fall. For 
A0 = ( — 1.4+0.9/) F , for example, the (n+/n~)d 

ratio is 0.95, not yet in agreement with the experi
mental ratio but shifted far in this direction, whereas 
the fraction of direct An" p events (i.e., for which 
the pion momentum is in the peak qA) is 7.0%, 
in agreement with the data. 

Each of these mechanisms requires that a0 be 
large and negative, and therefore the second mecha
nism probably also requires the existence of a 
1=0 KN virtual bound state, which may be the 
observed Y* resonance. Hence it appears that 
the two mechanisms cannot really be discussed 
independently. These two effects are distinct 
and need both to be taken into account at the 
same time. This will not be an easy task, for it 
will require a complete three-body treatment of 
the K~-d interaction, including the effects of 
nucléon recoil. 

Finally we comment that the nl resonance resulting 
from a KN virtual bound state actually occurs for the 
KN momentum \k\ = — CLQ I, since 

in terms of the / = 0 /^-matrix elements a, /?, 7 (cf. 
Réf. 2 9 ) ) . However the scattering amplitude is given 
by 

T A B L E I I 

The calculated {7i+J7rr)d and (yrvlp/Total capture rate) r f ratios are given for several values 
of A 0 = a 0 + /b 0(F), Ai being held at the value (1.2+0.56/)F. 
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of importance for the location of the peak of the 
nl resonance (i.e., the energy for which b\n = 90°). 
ft is of interest to note that the phase of M0 at 
400 MeV/c can be deduced directly from the diagram 
given by Tripp et al.10\ with the value +140° . Since 

we can deduce the value qzy0 = —0.5, and therefore 
y0 = —0.37 F, at this energy. If we assume that y0 

is constant, we then obtain A0?xyo — —0.78 F at the 
KN threshold, quite an appreciable value. However, 
it is the sign of this term which is important , since 

Even with a0 = —0.6 F , the value obtained for a 0 

is quite large, oc0 = —1.38 F. With neglect of 
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as we have seen), the value of a 0 necessary to put 
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term 3 5 ) would now seem rather desirable. 
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D I S C U S S I O N 

B L O C K : I would like to comment that later in the meeting 
there will be evidence presented from the helium bubble chamber 
for the spin 3/2 assignment of the Yf, which is shocking tome 
as well as to Dalitz, and furthermore a very preliminary 
indication on the branching ratio into the ETC mode indicates 
a number not incompatible with the order of 10%. 

C U T K O S K Y : 1 would like to comment on some things that 
Tarjanne, Kalckar and I have been studying in connection with 
the hyperon resonances. Now we feel that it is necessary to 
take into account the K nucléon channel on the same footing 
as the other channels for the reason that in the N/D method 
the main contribution to the D integral comes from energies 
at which the K N phase space is equal to that for En. If you 
do this, you get a smaller branching ratio, something like 7 
or 8 %, but you also get a different prediction with respect to 
the other resonances. In fact we find that any 7 = 2 resonance 
should lie at a much higher energy, but there are indications 
that a 7 — 0 resonance with / = 3/2 might be lower. 

D A L I T Z : Trueman at Chicago has also made calculations 
on the effects of the coupling to the K N channel on these reso
nances. His conclusion was that the qualitative predictions 
were relatively insensitive to these couplings, except perhaps 
for the 7 = 0 7 >

3 / 2 resonance, and I think that his results are 
essentially in accord with what you have just said. 

C U T K O S K Y : Well, I think it makes them a little better. 

D A L I T Z : Y O U probably have some freedom in choice of 
signs for the coupling parameters. 

C U T K O S K Y : We just took those from the unitary symmetry 
model. There is then no arbitrariness. 

C A P P S : One question about the energy dependence. As 
you say, clearly there must be some energy dependence. Does 
it have to be in the / = 1 channel ? I mean, since the low-
energy data is partly near threshold and partly up to 200 MeV/c, 
if you put in the energy dependence I had the impression this 
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might change the low-energy parameters so that one might 
get by with an / = 1 amplitude that is fairly small everywhere. 

D A L I T Z : Well, I think this has still to be tried quantita
tively. You will note, of course, that the error on the amplitude 
ax obtained from the Humphrey-Ross analysis of the low-
energy region is, in fact, rather small. This amplitude appears 
relatively well determined and in fact its value has remained 
rather stable through all the changes in the data as the K~p 
experiment progressed. This may not be a very strong argument 

against your suggestion. On the other hand, I should remark 
again here that the calculations made by Ferrari, Frye and 
Pusterla, and by myself, found that, for the case where the K 
nucléon interaction was attractive but not sufficient to give 
rise to a bound state, there followed a rather rapid energy 
dependence of the scattering amplitude. It has been difficult 
to understand intuitively why this rapid energy dependence 
should occur, and we are still looking into this question, but 
at least, the rapid energy dependence observed may not be in 
disagreement with those results. 

THE EVIDENCE OF O D D K E N PARITY 

R. H. Capps 

Northwestern University, Evanston, Hi. 

(presented by R. H. Capps) 

Recently Tripp, Watson, and Ferro-Luzzi have 
presented evidence that the intrinsic KZN parity is 
o d d 1 , 2 ) , using a general method suggested by the 
au tho r 3 ) . The particular method of analysis used 
by TWF consisted of assuming specific forms for 
the K~ + N-^K~ + N and K~~ + N-+n+Z amplitudes, 
fitting them to the angular distribution data, and then 
showing that these assumed amplitudes are consistent 
with the I-polarization data only if the KIN parity 
is odd. In such a curve-fitting procedure it is not 
clear to what extent the parity conclusion depends 
on the specific assumptions regarding the forms of 
the amplitudes. In fact, Adair has recently ques
tioned the validity of the parity conclusion 4 ) . The 
purpose of this note is to present an analysis that is 
less subjective than the method of fitting curves to 
the data. 

We shall consider only the K~+p->n~+Z* data, 
since reliable polarization measurements have been 
made only for these events. We first list four key 
assumptions used in the parity determination; the 
detailed justification of the first three assumptions is 
given in references 1 ' 3 ) . 

1) The 3 9 5 MeV/c resonance occurs in the D 3 / 2 , 
K~ + N state (amplitude denoted by / 3 ) . 

2 ) The only non-resonant amplitude that is large in 
the resonance region is produced from the S1j2, K~ + N 
state (amplitude denoted by 

3 ) In the energy region of the resonance, the relative 
phase of / 3 and fx increases with energy. (This assump
tion comes from the well-known Wigner theorem.) 

4 ) The proton helicity in the Z+-+p+n° decay is 
negative 5 ) . 

The simplest way to obtain the conclusion of odd 
KZN parity from the above assumptions and the 
data of TWF is as follows. The polar-equatorial ratio 
in the angular distribution {Rpe = (P—E)/(P+E)} 
is very large in the resonance region, i.e., 
Rpe = 0.36±0.08, 0 . 5 0 ± 0 . 8 and 0 . 3 6 ± Q . 0 8 at 3 7 0 , 

3 9 0 , and 4 1 0 MeV/c. Since the background cross-
section from f{ is larger than the resonance bump for 
the I + ~ T T ~ events, and since Rpe = 0 . 3 7 5 for a pure 
/ = 3 /2 amplitude, a value of R p e approximately 
equal to 0 . 1 5 would be expected in the resonance peak 
if there were no interference between ft and f3. 
Clearly, this interference term must be such as 
to increase Rpe. Since this term has the form 
(6 cos 2 0 — 2) I f3 ft J cos rj9 where r\ is the relative 
phase, we conclude that cos r] is positive in the region 
3 7 0 - 4 1 0 MeV/c. 


