
KN AND KN INTERACTIONS*

R. CAPPS

NORTHWESTERN UNIVERSITY, EVANSTON, IL L ., 
UNITED STATES OF AMERICA

INTRODUCTION

The general top ic  under d iscu ssion  is  the strange p articles  and som e 
o f the reson an ces and in teractions o f strange p a rtic les  that are particularly 
in teresting . A s is  w ell-know n, experim entell developm ents are com ing very 
fast in th is fie ld  nowadays so there is  som e advantage in being located  near 
an experim ental cen tre , such as CERN, o r  near one o f the United States 
experim ental ce n tre s . H ow ever, those fro m  m ore  isolated  p laces who are in 
th is fie ld  should not be too d iscou raged . F o r  one thing, having either been 
to  the CERN con feren ce  o r  talked to many people who have, they are c e r ­
tainly not behind on experim ental developm ents now. A lso  it is  true that 
sev era l o f the very  significant th eoretica l developm ents in th is fie ld  have 
been suggested by experim ents ov er  a y ea r  old , so that it is  not really  n e c ­
essa ry  to  be "on  top  of the new experim ental data".

TABLE I

ESTABLISHED RESONANCE WITH S /  0

B S I Name M r i

0 1 11 K* 888 ~50 !

1 -1 0 YO 1405 50? ?

1 -1 0 Y0* * 1520 16 3/2

1 -1 0 Y0* * * 1815 - ?

1 -1 1 $
Yl 1385 ~50 3/2

1 -2 i -  * ~ 1535 n  ~ 30) !

T able I is  a lis t I m ade o f the w eH -established  resonances of strange­
n ess unequal to  ze ro , and th is paper w ill include a ll these resonances and 
w ill be divided into fou r parts:

*  Text based on notes by E. Ferreira and G. Wolters.
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(1) The spin and p arities  of the strange p a rtic les ;
(2) The P -w ave m eson -baryon  resonances and their sign ificance;
(3) T h eS -w a v em eson -b a ry on in tera ction sa n d th e irp oss ib le  sign ificance;
(4) The 1815 MeV reson an ce .

T he fourth part is  very  short and is  n ecessa ry  because this resonance 
does not fit into what w ill be said in the fir s t  three points.

1. SPINS AND PARITIES OF THE STRANGE PARTICLES

T he parity o f the ca sca d e  partic le  is  not yet known, but quite a bit 
happened last y e a r  about the parities  of the A and E hyperons.

The usual convention a y ea r  ago (and even now) was to assign  a rb itra r i­
ly p ositive  parity  to the A p a rtic le , as to the nucleon, and then have the 
parities  of K and E taken from  the experim ents. This was a natural con ­
vention when it w as not known whether the neutral and charged K m esons
w ere m em bers o f an iso top ic  spin doublet, having the sam e p arities . It is
now reasonably c le a r  that iso top ic  spin is  a good quantum num ber, that the 
K is  a doublet, the E a trip let and so on. So, we adopt here the convention 
of ca llin g  K pseu d osca lar and then determ ining the parities of the A and 
E p a rtic les  fro m  the experim ents.

1 .1 . The A parity

Som ething new happened last y ea r  on the experim ental side concerning 
the A  parity, although the argum ents involved are a couple o f y ea rs  old . 
When K~ is  absorbed  in helium , it can produce, among other things, the 
AHe4 and AH4 hyperfragm ents:

K - + .He4 -  ^He4 + it- ( 1 )

-  XH 4 + 7T° (2)

Since the spins o f the K ", He4 and u a re  z e ro , if the spin J of the hyper­
fragm ent is  a lso  z e ro  (we assum e from  charge sym m etry that the spins 
o f aH4 and AHe4 a re  the sam e), the conservation  o f angular momentum im ­
p lies  con servation  o f orb ita l angular mom entum . Hence if J=0 and parity 
is  con served , the very  existence of the interaction  im p lies  that the A p a ri­
ty is  even. T h is  resu lt is  independent o f the angular mom entum  E o f the 
state from  w hich the capture takes p lace.

It is  not known whether the ground state o r  an excited  state of the hyper­
fragm ents is  produced in reaction s (1) o r  (2). If an excited  state is  produced, 
y  rays may be em itted b e fore  the decay o f the hyperfragm ent takes place; 
how ever, the experim enta lists have not yet looked carefu lly  to see them .
W e can d iscu ss  our doubt about the spin o f the states of the hyperfragm ents 
produced  in the K -  capture by considering two p oss ib ilit ie s , either o f which 
would invalidate the argument fo r  even A parity:

(a) The ground state is  produced directly, and its spin is  J f  0;
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(b) The ground state m ay have spin J = 0, but what is  actually p r o ­
duced is  an excited  state with J  ̂ 0.

M ost o f the things that happened during the last y ea r  con cern  the spin 
o f the ground state o f the^He4 andyfl4 , and they show that m ost likely  it is 
J = 0.

D A LITZ and LIU [1 ] ,  assum ing that the m echanism  o f the pionic de­
cay o f aH 4 is  the sam e as that o f the fr e e  A , com puted the ratio:

R = [ aH4 -* v -  + He4] / [ AH4 -»aH  7t~ m odes]

(an exam ple of one o f the other m odes is  aH4 -♦ it" + p + H3). Calling J the 
spin o f aH4, they found that

if J = 0, R = 1. 4 1 1 S |2 [1 . 84 | S |2 + 0. 35 | P |2
and
if J = 1 , R = 0 . 761 P p  [0.43 |s|2 + 1 . 1 2 1 P |2 ]_1,

w here S and P  a re  the m agnitudes of the S and P -w ave amplitudes fo r  
the A -» 7i— + p decay .T h e point then is  to  m easure experim entally the ratio 
R and the ratio  P /S  and see  which o f these form ulae  fits  better.

The ratio  R has been m easured  by AMMAR et a l . [2] in nuclear em ul­
sion s. They found R = 0.66 ± 0.06, a rather high value. Using the fo rm u ­
la e  above this im p lies  that fo r  J = 0 one should have | P /s|  SL 1.5, and fo r  
J = 1 th ere  should be a la rg e  amount o f P -w a v es , with | P /S  ] Si, 1.2. A m ea s­
urem ent o f the polarization  of the protons in the decay A-» p + may give 
in form ation  on the ratio  P /S . The param eters that are usually re ferred  to 
a re

2 Re (S*p) 2 Im (S*p) I s |2 - | p |2

|s|2 + |p|2 ’ P " |s|2 + |p|2 ' Y ’  | s|2 + |p|2 '

By m easuring the polarization  o f the em itted protons, B EALL et a l. [3] 
have recen tly  obtained

a  = -0 .67  ±  0.2 , y  = +0.74

By com bining th eir  resu lts  with those o f A m m ar et a l . and taking as ba­
s is  the ca lcu lations o f Dalitz and Liu, they found that the assignm ent of 
J = 0 to the ground state o f AH4 is  strongly favoured .

Thus we can im agine that what happens is  that the A decay goes e s ­
sentially through S -w aves and there is no need of spin flip  in the A-» p + n~ 
decay that o ccu rs  inside the hyperfragm ent, since both the in itial AH4 and 
the residual H4 have spin z e r o . The n~ just goes o ff in an S -w ave. This 
sim ple m echanism  is  perhaps what m akes th e AH4 -» He + ir~ so predominant 
am ong the other m odes o f decay into .

T here  is  still another experim ent that has been done concerning the 
determ ination o f the spin o f the aH4 . BLOCK et a l . [4] made the absorp ­
tion o f  K* at rest in helium  and then looked at the angular distribution of
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the products of the tw o-body decay m odes o f AH4 with respect to the d ir e c ­
tion o f the jt° f ir s t  produced (produced in the capture p rocess ):

K f + He4 aH4 + 7T°
I f  He4 + 7T- 

H 4 + 7T° .

Let us con s id er  that the capture o f K " o ccu rs  from  an S-w ave (th is w ill 
be d iscu ssed  la te r ). The spins and the total angular mom entum in the left- 
hand side o f the above reaction  are  a ll z e ro , so that if  ^H4 had spin 1 , the 
7T° and aH 4 would have to  be produced in a state o f rela tive  orb ita l angular 
mom entum  £ = 1. If we quantize along the d irection  o f the orig inally  p ro ­
duced flO ,the z value o f the AH4 spin must be z e r o . When the AH4 decays, 
the ir~(or 7r0) and He4 (or  H4) then produced, both having spin ze ro , would 
be in a state o f re la tive  orb ita l angular m om entum  1 , with component zero  
along the d irection  o f the fir s t  ifi. The angular corre la tion  between the it0 
produced in the capture and the n~ (o r  jtO) em itted in the decay would then 
be o f the fo rm  c o s 2 0 . A ctually  with about 50 events it seem s that there is  
isotropy  in the angular co rre la tion . The sta tistica l data a re  not overwhelm ing 
but do give som e support to  the assignm ent o f spin z e ro  to the ground state
o f aH4 .

Let us now look  at p oss ib ility  (b) w here the capture p ro ce ss  may p ro ­
duce an excited  state with quantum num bers that a re  not known and that can ­
not be studied by looking at the decays o f the ground state. No theorist can 
te ll whether excited  states o f these hyperfragm ents exist o r  not. If such 
an excited  state ex ists , it is  probably not very  weakly bound since the hy­
perfragm ent form ation  probablilty  here is  above that expected from  a bind­
ing energy o f about 2 Me V (which is  the binding energy in the ground state). E x­
perim entalists w ill have to look  fo r  -v rays carefu lly  to try  to plug this loophole 
in the A parity  argum ent; it seem s probable , how ever, that the A parity  is  even.

Something should be said h ere about the orb ita l angular momentum state 
in th e 'K " capture, becau se  th is is  im portant fo r  severa l argum ents to be 
m ade la ter . This w ill be based  essentia lly  on the theory of DAY et a l. [5] 
which was produced  th ree  y e a rs  ago and which was one of the m ajor theo­
re tica l contributions to strange p article  ph ysics  that particu lar y ea r , even 
though it had little  to do with the strong in teractions. Only a very  s im p le- 
minded explanation o f the argument w ill be given h ere . This is  one o f those 
things that is  very  com plica ted  in detail but very  s im ple in e ffect. The question 
con cern s , what happens to a K’ m eson  caught in a high cou lom b orbit: what is  the 
angular m om entum  o f the state from  which it is  captured? Let us suppose 
the K " m eson  is  in an S -state orbit o f som e prin cipa l quantum num ber. We 
can ask the question o f how long it w ill live  b e fore  being captured. Knowing 
the probability  fo r  the K ” m eson  in such a cou lom b orbit being found at the 
orig in  and a lso  knowing the strength of the S-w ave capture interaction from  
doing experim ents on the capture of K “ in flight by nucleons, we can have 
an idea of the K~ life tim e  in any S-w ave orb it. We can a lso  estim ate the 
life tim e o f the m eson  in a P -w ave  orb it. This is  a rather rough estim ate b e ­
cau se , in the available data fo r  K “ nucleon capture c ro s s -s e c t io n  in flight.
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the P -w ave  contribution seem s to com e in very  slow ly, but an upper lim it 
fo r  the life tim e can be obtained. By doing th is.w e find that fo r  a given prin ­
cip a l quantum num ber the S -state lifetim e is  much sh orter than the P -state 
life tim e .T h is  is  a resu lt o f the fact that the range of the strong interaction fo rce  
respon sib le  fo r  the capture is  m uch sh orter than the radius of the coulom b 
orb it . In a P -sta te  the probability  o f the K “ being within the fo r c e  range is  
v ery  sm all com pared  with that in the S -sta te . The ratio o f the ranges essen ­
tia lly  gets cubed in the exp ression  fo r  the rates of the p ro ce sse s , so that 
there is  in fact a 105 o r  106 d ifferen ce , the S-w ave being much m ore  pow er­
fu l in capturing the K " m eson  than the P -w a v e . This might make one think 
im m ediately  that the K ” is  alw ays captured in the S -w ave, and that in fact 
would be the ca se , un less fo r  som e reason  the P -sta tes  have a trem endous 
head start in the ra ce  to capture the K. What w orried  the ph ysicists for  
quite a w hile w as that the P -w a ve  might have that head start, because it 
w as believed  that the m echanism  n ecessa ry  fo r  the K ” to change from  one 
cou lom b orb it to another w as sim ply radiative tran sition s. A  particle  
reach es a P -s ta te  b e fo re  an S -sta te  by cascad in g  down from  a state o f high 
£ va lue. It can a lso  be argued that the P -sta te  reached this way is  alm ost 
alw ays the 2P -sta te , and unfortunately the life tim e fo r  radiative transition 
in th is 2P -sta te  is  o f the sam e o rd e r  o f magnitude as the lifetim e fo r  cap ­
tu re . What Day, Snow and Sucher did was sim ply to show that in a liquid 
the K~ m o le cu les  going near the e le c tr ic  fie ld s  o f the other nuclei would 
be subject to a strong Stark e ffect, which cau ses transitions between the 
sev era l -s ta tes . The m echanism  of these transitions is  quite com plicated, 
but the essen tia l point is  that the transitions caused by this Stark effect o c ­
cu r in m uch sh orter tim es than the lifetim e fo r  P -w a v e  capture. Thus, 
even if  a P -w a ve  is  reach ed  f ir s t , it is  m ost likely  that there w ill soon be 
both P -an d  S -w aves , and the natural pow er o f capture from  S -w aves w ill 
a ssu re  that the capture w ill a lm ost always be from  an S -state. In detail 
this argum ent is  certa in ly  m ore  valid  fo r  hydrogen (o r  deuterium ) than fo r  
helium , but it is  probably valid  in a ll these ca ses .

1 .2 . The £ -parity

T h ere  are no stationary states of total spin z e ro  in which the £ -hyperon 
is  bound. Thus the m ethod used in o rd er  to determ ine the A parity cannot 
be applied h ere . The reaction

K ' + p -» £ + 7T (3)

is  a s im ple as we can find to study the £ [6] . The existence o f the in ter­
action  does not indicate the E -p arity  becau se of the possib ility  o f sp in -flip .

It is  w ell established  that fo r  K " mom entum  (lab) < 250 M eV /c  the an­
gular d istribution fo r  a ll three final charge states in (3), as w ell as fo r  the 
e lastic  and charge exchange p ro ce ss , are  essentia lly  is o t ro p ic [7] . However, 
at 400 M e V /c  a strong forw ard -backw ard  peaking is  observed . We now know 
that these are  the resu lt of a J = 3 /2  resonance (called  the ”55)**) [8] . How­
ever, we cannot distinguish am ong fou r p oss ib ilities  from  the angular d is ­
tribution m easurem ents in the resonance energy region . The resonance
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could be in any of the amplitudes P3/2 -» P3/2 . D3/2 -+ D3/2 » P3/2 -* D3/2 or 
D3/2 -» P3/2 . where the first symbol represents the K '-P  state and the sec­
ond symbol the it- £ state.

The ambiguity is reduced to two-fold by the following argument. The 
large isotropic cross-section  below 250 M eV /c follows the 1/\ law and 
therefore must result from  an S-wave of the K -  N system. The absence
of odd term s in cos  0 in the angular, distribution anywhere in or below the
resonance region then indicates that the resonance has the same parity as 
this low energy amplitude and must result fron a K - M  D-wave. The two 
possibilities for the two important amplitudes are

®l/2 •* ^ 1/2 ® i/2 "* P 1/2
or

^  ^ 3 /2  ^ 3 /2  ^ / 2  "*■ P 3/2 ’

The angular dependence of the polarization in the £*+ v~ events, measured 
later, supports this assumption of two strong amplitudes of the same parity.

The remaining ambiguity is a generalization of the Minami-ambiguity 
for ttN scattering. In this particular case it says that if the angular d istri­
bution and polarization data can be described in term s of the transitions,

S 1/2 -► S 1/2
(4)

•D3/2 -► D 3/2 •

then an equivalent description can be obtained by replacing these amplitudes 
by the amplitudes,

Pi*/2 -  P l /2

(5)
3/2 -* 3/2 ,

where the £-parity has now beenchanged. The asterisk indicates complex 
conjugate amplitudes. This ambiguity must be resolved if the £ -parity is 
to be determined. A distinction between (4) and (5) is possible because the 
Wigner theorem  [9] applied to the phase shift of a resonant state with nar­
row width has the form :

dn / dt  > 0 . (6)

The CM energy is called t.
If one also makes the reasonable assumption that the phase of the large 

non-resonant amplitude is changing less rapidly than that of the resonant 
amplitude, then the sign of the change in the relative phase is predicted, 
and this can be used to eliminate either possibility (4) or (5).
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The radius of interaction  must not be too la rge  fo r  (6 ) to be valid. As 
a consequence o f the narrow  width o f ~ 1 6  MeV the upper bound is as much 
as 15 fe rm i.

One can prove  (6 ) by con siderin g  the am plitude fo r  (3) as an analytic 
function o ft  in the upper half plane of the com plex  energy plane. The pole, c o r r e ­
sponding to the resonance, lie s  (in the unphysical sheet) just below the 
branch line in the t-p lan e  which is  along the rea l ax is. (Causality forb ids 
a pole  above the branch  l i n e . ) It is  easy to see that a pole just below the 
rea l axis leads to a positive  energy derivative o f the phase, provided this 
pole  is  the dominant singularity.

If one wants to apply the W igner theorem  fo r  the two possib le  cases
(4) and (5), it is  n ecessa ry  to know som ething about the in terference b e ­
tween the J = 1 /2  and the J = 3 /2  transitions in each ca se . This can be done 
by con siderin g  the p o la r-eq u a tor ia l ratio:

p = ( p -E ) / (p  + E) .

p and E stand fo r  num ber o f events, fo r  which | cos  e| >|, resp . <
H ere 0 is  the p olar angle in the CM system .

The m easured  values o f p are as foH ows:

Energy
(MeV) 370 390 410

P 0.36 0.50 0.36

fo r  the E+ it '  events. T his is  very la rg e . In fact even fo r  a pure Y = 3 /2  
transition , p is  only 0.375; and when one con sid ers  that the resonance bump 
h ere  is  sm a ller  than the non- resonant background, one would expect a p
o f only about 0.15, i f  there is  no i n t e r f e r e n c e . This suggests that the in ter­
fe ren ce  is  very  im portant in the resonance reg ion . The in terference term  
in the angular d istribution  is  given by

(6  C O S 2 6 - 2 ) f j / j  f  3 /2  c o s  n  . ( 7)

The m agnitudes o f the 1 /2  and 3 /2  am plitudes are represented by f ^ a n d  
f 3/ 2 , w hereas th e ir  re la tive  phase equals n . F rom  the large  m easured 
value o f p one can conclude that

co s  rj > 0 (8)

in the resonance region .
F inally , the E -p o lariza tion  w ill a lso contain a term  analogous to (7). 

T his term  is  proportion a l to

* fiA f 3/2 s ilir>- (9)
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T his d iffe rs  fro m  (7) in that the angular dependence is  left out here. It is 
not n ecessa ry  to the argum ent, although it has to be taken into account in 
the experim ent [10] . M oreover, a ± sign stands in front,w hich corresponds 
to the ca se s  (4) and (5) resp ective ly .

A ssum ing that the m agnitudes f do not change rapidly with t near the 
resonance peak, the energy derivative o f (7) is

T f l / 2f 3/ 2COS n (dr)/d t). (10)

It can be seen  by using (6 ), (8 ) and (10) that in crea se  of (9) correspon ds to 
odd E -parity, and d ecrea se  corresp on d s to even L -parity . One expects the p o la r i­
zation  to change rapidly with t going through the resonance energy and this w ill 
enable one to distinguish experim entally whether (9) in crea ses  o r  d e c r e a s e s .

The experim ental resu lt is  in agreem ent with even E -parity  only [10] . 
Of cou rse , the evidence obtained has still to be con firm ed  by independent 
determ ination o f the E -p a rity . The experim ent on the E° decay into Dalitz 
pa ir,

E° A0 + e+ + e" , 

seem s to be the m ost p rom isin g  attempt.

1 . 3.H -sp in

Severa l y e a rs  ago the spins of the baryons N, A and E w ere all de­
term ined  as 1 / 2 ; but only lim ited evidence ex ists  fo r  the spin o f ~ exclud­
ing spins £ 5/ 2 . SAMIOS et al .[11 ] and TICHO et a l.[12 ] have studied the 
chain of reactions:

K '  + p -> S ~ + K  + 7r, (11)

K '  +  p 5 °  + K  + tt, (1 1 a)

S A + 7T, ( 1 2 )

A -* p + 7T-. (13)

The ca sca d e  p a rtic le  w ill be po larized  perpendicu larly  to the production 
plane. One can m easu re  the up-down asym m etry in the decay p ro ce ss  (13). 
This asym m etry w ill depend on the product of the p arity-m ix ing  param eters 
a c  • a A . The resu lts  obtained are

f - 0.63 ± 0.20, SAMIOS et a l. f l l ]
’ a\ = 1

1 -0 .30  ± 0 .8 ,  TICHO et a l . [ 12]

F o r  A separately  one has [3]

aA = 0.62 ± 0.07 .
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T his indicates that m ost probably the value of a~ lie s  in between ~  - land
—  0.4 .

The test by LEE and YANG [13] can serv e  to elim inate values of 
the spin J >  3 /2  only if  the asym m etry  |o p | , p = average polarization , is  
> 1 /3 .

A s ap  in th e c a s e o f  optim al polarization  (p= 1) still may have a value 
~  1 /3 , it is  not p oss ib le  to exclude J = 3 /2  on the basis  o f the present data. 
H ow ever, J = 1 /2  seem s to be m ore  Hkely than J = 3 /2 .

2. THE P -W A V E  INTERACTION

Let us now d iscu ss  the strong P -sta te  in teractions. I shall try  to be 
ob jective  about the experim ental data, but the grouping together of certain  
reson an ces under the title  o f P -w a ve  resonance is  rather sub jective. That 
is , not everything d iscu ssed  here is  n ecessa r ily  a P -w ave resonance, but 
it is  hoped that there w ill be  no d ifficu lty  in distinguishing the subjective 
statem ents fr o m  the oth ers.

The f ir s t  P -w a v e  resonant in teraction  known was of cou rse  the 3-3 pion 
nucleon reson an ce . G lobal sym m etry p red icts  two spin 3 /2  pion-hyperon 
reson an ces, one with isotop ic  spin 1 = 1 , the other with 1 = 2 .

A  pion -lam bda resonance, which we are now ca lling  Y * , was d isco v ­
ered  two y e a rs  ago by ALSTON, GOOD, A LV A R E Z et a l.[14] and reported 
at the 1960 R och ester  C onference  [15] . Even though a lot of experim ental _ 
w ork  has a lready been done in studying this resonance, its parity and spin 
a re  not yet known. T h is is  an exam ple o f a ll the pain and struggle that are 
som etim es n ecessa ry  to determ ine whether a little  num ber is  1 /2  o r  3 /2 . 
A lston  et a l. looked  at the reaction

K " + p -* A + 7T+ + 7T" (14)

produced by a beam  o f 1.15 G e V /c  K " in a hydrogen bubble cham ber and 
studied the energy distributions o f the two pions in the- K "p  cen tre -o f-m a ss  
system . They found sharp peaks in these distributions and tr ied  to interpret 
them  in te rm s  o f the p oss ib le  m echan ism s o f the reaction  (14). They found 
that these peaks a re  th ose expected if  f ir s t  a tw o-body system  is  form ed:

K "  + p  -  Y** + 7T*, (14a)

w here Y f  has a q u a si-w e ll defined m ass o f about 1385 M eV and decays into 
a lam bda and a pion:

Y?* -  A + jt* + 130 M eV • (14b)

The iso top ic  spin o f the Y i state is , o f cou rse , 1, sin ce it decom poses into 
a A and a it. Then the question of determ ining the spin of this particle  a rose . 
The f ir s t  p rob lem  w as whether J = 1 /2  o r  J >  3 /2 . Several kinds of an iso-
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trop ies  and angular co rre la tion s  betw een the d irection  o f production of the 
Y *  and the d irection  o f em ission  o f its decay could possib ly  be observed 
fo r  J > 3 /2 , thus m aking a distinction  betw een J= 1 /2  and J>  1 /2  p ossib le . 
Thus, fo r  spin J= 3 /2  it is  expected that the A’ s w ill have an angular d is ­
tribution o f the fo rm  A + B  co s 2rj, w here n is  the angle between the d irection  
o f em iss ion  o f the A and the norm al to the plane in which Y f  and ir are 
produced . Thus, the polar-to-equatoria l ratio  about the norm al to the p ro ­
duction plane m ay be different from  1 fo r  J > 3 /2  but must be equal to l f o r  
J= 1 /2 .

At that tim e, with lim ited  sta tistics , A lston  et a l. thought they had 
seen  a definite polar-to-equ atoria l ratio different fro m  1 , thus giving an 
indication o f spin 3 /2  to the Tfr* . But shortly  a fter that, a lot o f exp eri­
m ents w ere  m ade applying severed kinds o f analysis o f angular corre la tion s, 
fo r  exam ple the fam ous ADAIR analysis [16] , and they seem  to have rather 
favoured  spin 1 /2 . BLOCK [17] produced Yi* in He and a lso  seem ed to get 
argum ents f o r  spin 1 /2 . But then a few  people began to point out that a lot 
of these experim ents w ere  not very  significant. P articu larly  DALITZ and 
M ILLER [18] showed that,because they neglected  the e ffects  of the sym - 
m etrization  o f the two p ions to be introduced to account fo r  B ose statistics, 
m ost o f th ese experim ents did not say anything about the spin o f the Y* . 
M ore  recently  in the last CERN C onference, B lock presented new data, but 
still noth ing-conclusive could  be extracted from  them [4] .

T here  is  one experim ent, how ever, which is  fa ir ly  significant, though 
not con clu sive . That is  the experim ent by E LY  et a l. [19] , with 1.11 G eV /c  
K “ m eson s in a propane bubble cham ber. They looked at the distribution 
o f the A’ s with resp ect to the norm al to the production plane and found that 
the best fit fo r  the law

1 + a c o s 2 (A , K X Yi)

is  obtained with
a = 1.5 ± 0.4 .

T h is resu lt favours J>3/2  but is  not con clu sive .
So it is  still a m atter o f opinion what the Y * spin, is , but there is  som e 

evidence in favour o f J= 3 /2 . One o f the reason s why people tend to believe 
in th is is  that things a re  fitting togeth er. F o r  exam ple, this fits  our argu­
m ents that the A -a n d  £ -p a r it ie s  a re  probably positive , sin ce  in this case 
globed sym m etry p red icts  such a J = 3 /2  reson an ce . A lso , there is  no longer 
any reason  to expect that the resonance might be a J = 1 /2  resonance of the 
D alitz-Tuan type, s in ce  the m ost recent analysis o f low  energy K -N  data 
does not y ie ld  a solution consistent with such a resonance in the 1 = 1  state. 
This S -w ave analysis w ill be d iscu ssed  la ter .

The next resonance we shall d iscu ss  is  one which has not been d is - 
covered ,and  thus it is  not known if it ex ists  o r  not. This is  the isotop ic spin
2, P3/2 » reson an ce . This resonance is  im portant because it is  predicted  
by global sym m etry .

, T here  a re  som e hints of the ex istence o f this resonance which w ere 
reported  about a y e a r  ago at the A ix -e n -P ro v e n ce  C onference, but nothing 
has happened s in ce  then and it seem s that nobody has rea lly  seen it. The
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A lston  group at B erkeley , who saw the Yi* resonance, has a la rge  number 
o f events of the type:

K -  + p -► L+ + 7T+ + IT ' + r

and the sam e with a ll the ch arges in the final state reversed ; the 1 = 2 , 7tL 
reson an ce could  show up in the analysis o f these events. T herefore  it 
begins to appear that the thing may not exist, although we cannct be sure 
sin ce  we do not know what would be the c r o s s -s e c t io n  fo r  producing it in 
th is particu lar p r o c e s s .

Now let us d iscu ss  one m ore  resonance, the 1 = 1 /2  resonance. It 
is  very  sub jective to group this together with the P 3 /2  resonances, since 
its spin has not been m easu red .

T his new resonance has been d iscov ered  by both TICHO et a l.[12j and 
the S yracuse-B rook h aven  co llabora tion  group and reported  at the last con ­
fe ren ce  in CERN. The two groups found about the sam e m ass o f 1535 MeV 
(80 M eV above the jtH threshold) but very  different widths: T icho et al. 
found 7 M eV and the other found 30 M eV . The surprising  thing is  that ex ­
perim ents seem  to have indicated isotop ic spin 1 /2  fo r  this resonance. G lob­
al sym m etry  b e lie v e rs  again expected that there should appear an 1 = 3 /2 , 
it S reson an ce analogous to the v N one, because E and N are both isotopic 
spin doublets .

Now, let us exam ine som e num bers which w ere  given by Sam ios at the 
CERN C on ference . (The only reason  fo r  giving these num bers rather than 
those o f T ich o  et a l. is  that Sam ios talked firs t  and the author was wide 
enough awake to w rite  down h is n u m b ers .) They absorbed a beam of 2 G e V /c  
K " m eson s in a hydrogen bubble cham ber, producing the reaction:

K ” + p _ > S + 7 r + K .

They found by kinem atic analysis o f the final products that there should be 
an interm ediate tw o-body  system ,

K " + p _» S* + K ,

with im m ediate decay o f the ST into 3 and ti. They looked at the charge state 
2*0 + k °  , m easured  the ra tio ,

R i =(H°*-> S '  + *+)/(S<>* -» HO + *°).

andfound5/0. Then they looked  at events producing the charge state + K+
and by observ in g  the fina l products, they m easured
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R2 = (H*- -> S° + 0 / ( 5 * '  -» S‘  + *°) = 3 /2 .

By just w riting C lebsch -G ordan  coe ffic ien ts ,w e  find that,if the H*isotopic 
spin is  1= 1 /2 , we obtain Rj = R 2= 2, and if  I = 3 /2 , we obtain Ri= R 2= 1 /2 . 
The experim ental resu lts  given above seem  to indicate m ore  the value 2 
than the value 1 /2 . So we shall accept 1= 1 /2 .

In the p r o ce s s e s  studied here there a re  only fou r possib le  charge states, 
two in the K "p  system  and two in the 5* K system , so that we can form  only 
three independent ra tios , the H*"/s * °ratio being independent of the two a - 
b ove . Now, if  H* is  an 1= 3 /2  ob ject, then with the K produced it can form  
either isosp in  2 o r  1 . If S* has 1= 1 / 2 , then the final state may have isotopic 
spin 1 o r  0. But in the in itial state we have 1 o r  0, so that in the case of 
H* being isosp in  3 /2  the only possib ility  is  that o f total isotop ic spin 1, and, 
s in ce  one has only one am plitude, the 5*' /~*° ratio can be predicted  under 
the conditions and turns out to be 1. The experim ental value fo r  this ratio 
is  about 1. Of co u rse  no definite pred iction  can be 'm ade fo r  the case  of 
isotop ic  spin 1 / 2  assignm ent to H*, sin ce  then two am plitudes are involved. 
Thus this third ratio does not say anything.

E ssentia lly , this is  the evidence, which is  m eagre but supported by 
two independent groups, the evidence o f T icho et al. being sim ilar to the 
above except they have m ore  events. V ery  little  can be said about the spin. 
Sam ios has reported  that by m easuring the polar-to-equatorial ratio with 
respect to the norm al to the production  plane o f the final 5 ’ s, they found 
P /E =  1 5 /5 ,which is  s till m eagre evidence in favour of spin 3 /2 .

We group this%resonance together with the P 3 /2  resonances only b e ­
cause experim ents slightly suggest it and because nobody has a theory which 
p red icts  an S -w ave ttE reson an ce . T h ere  might be som ething like a D alitz- 
Tuan type resonance, but in this ca se  the resonance energy is quite a way 
below  the K j threshold , so that it look s as if  this cannot be so . It has also 
been suggested that this might be the second ir E resonance and not the firs t  
one. But it seem s probable  that,if this is  the second resonance, the first one 
should have been seen  in the sam e experim ent. So we shall group the E * 
with the P  3 /2  reson an ces just because this is  how som e people have expected 
it to be. T h is reson an ce seem s to fit into a multiplet which is  predicted 
by the ten -fo ld  representation  o f the unitary sym m etry.

Let us now very  b r ie fly  exam ine the sign ificance of this and in order to 
understand th ese things it is  very  im portant to know about both dispersion  
relations and group th eory . Even if  one p re fe rs  the fo rm e r , som ething should 
be known about the la tter . If one p red icts  som ething by group theory, a knowl­
edge o f d isp ers ion  rela tion s -  though m aybe not m uch m ore  than Chew-Low 
equations- is  essen tia l to  check  the pred iction  by experim ents, because 
m eans o f th is som e relations between widths o f resonances and coupling 
constants, and so forth  can be obtained. One can see from  unitary sym m etry 
that the tt is  analogous to the K ’ s and the n , but they have quite different 
m a sses  and this m akes quite a d ifferen ce ; and these d ifferen ces can best 
be seen when po les  and d isp ersion  relations are w ritten down. A lso  if the reason 
fo r  these m ass d ifferen ces  is  not known, the coupling constants, fo r  the n
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let us say, cannot rea lly  be known by com parison  with the coupling constants 
fo r  the 7r and K. This must be seen from  the data.

On the other hand, if one has to operate with d ispersion  relations, there 
are  certa in ly  advantages in knowing in what sym m etries  to believe . F or 
instance, con sid er  the p rob lem  o f the 7tN resonances as it was first d is ­
cu ssed  by Chew and L ow . They cou ld  w rite  down a d ispersion  equation and 
so lve  it essen tia lly  by the N /D  m ethod. They could  not predict the position 
of the resonance, sin ce  it depended upon the radius o f arbitrary  cu t-o ff they 
put in . But knowing the position ,they cou ld  pred ict the width in term s of the 
coupling constant. T h is m ethod was im proved  by Frautschi and W alecka, 
who m ade it re la tiv is t ic  and at the sam e tim e put in som e other fo r c e s . By 
m aking it re la tiv istic ,th ey  did not have to use an arb itrary  cu t-o ff, but one 
can see  that the con vergen ce  obtained cam e about at en erg ies in the integral 
o f the o rd e r  of the nucleon m ass, so  that essentia lly  in an attempt to predict the 
position  o f the resonance, fo r c e s  com ing in at higher en erg ies , i . e .  in term s 
o f configuration  space fo r c e s  o f short range, are  im portant sind nobody knows 
what the short range fo r c e s  a re . T h is is  very  physica l o f cou rse . It is  w ell 
known that both long-range and short-range fo r c e s  a re  im portant fo r  deter- 
m ing whether p a rtic le s  are  bound o r  w here a resonance is . But som e­
thing that has to do m o re  with the details o f the shape, like the width, may 
depend m ore  particu larly  on the long-range fo r c e s , i. e . on the c lo se  singu­
la r it ie s  in the energy plane. So one cannot rea lly  pred ict the resonance p o s i­
tion . On the other hand,people who w rite  down form ulae in group theory 
w rite  down these m agic m ass form ulae and say at what m asses they expect 
reson an ces to' ex ist, so it is  worthw hile asking if there is  any sense in these 
form ulae, which there should seem  to be. If only one resonance is  being d is ­
cu ssed , m ere ly  guessing about the high-energy region  is  a little wild, a l­
though it m ay be w orthw hile. But if one has two resonances which belong 
to the sam e sym m etry  m ultiplet, it might be a little  m ore  reasonable to 
assum e that the high-energy contributions might be the sam e fo r  both. One 
might com plain  about th is and point out that the long-range fo r c e s  are very 
different fo r  d ifferent m em bers  of the sam e sym m etry m ultiplet, because 
7r and n and so forth  have different m a sses , but it could  be that the short- 
range fo r c e s  being m ade o f many different contributions might be the sam e, 
o r  nearly  the sam e. In try ing  to predict the position  o f the things, it might 
be that m uch can be learnt by com paring the different resonances which are 
at the sam e sym m etry m ultiplet.

H ere a re  a few  specu lative rem arks about the fo r c e s  that might be im ­
portant in p red ictin g  the P -w ave  reson an ces. P eop le  like to believe that in 
the 7tN reson an ce the n p o les  which a re  c lo s e  act as the main fo r c e s  that 
produce the reson an ce . T h is is  a hope, m ade because things are s im pler 
if  it is  true than if it is  not true.

Let us suppose then that it is  true that in th is whole fam ily  o f resonances 
the poles  which are  caused by the interchange o f the pseu dosca lar m esons 
(tt, K, r/) a re  the main fo r c e s  which cause the reson an ces. What can we learn 
from  th is? W hich reson an ces exist, and which do not ex ist?  We shall be con ­
cerned  with the J= 3 /2  reson an ces only because they seem  to be the m ost 
im portant ones.



160 R. CAPPS

Let us w rite  the s im plest d iagram s, as in F ig . 1, making the static ap­
proxim ation . If we do not w orry  about isotop ic  spin fa cto rs  and the signs 
they introduce, a d iagram  like  that in F ig . la , with interm ediate state of

v/\

\

Cal Cb)

Fig-1

le s s  energy than the in itia l state, g ives r is e  to a repu lsive fo r c e ; and a 
d iagram  as in F ig . lb , with interm ediate state with higher energy, con trib ­
utes an attractive fo r c e . Both these diagram s contribute to a J = 1 /2  am pli­
tude. But fo r  a J= 3 /2  am plitude only the attractive graph ex ists . When we 
include the isosp in  fa c to rs ,F ig . 1 (b) may not always be attractive; but it 
is  still true that the J = 3 /2  is  the m ost attractive in general.

Now let us look  at som e states that can be produced by som e pairs of 
p a rtic le s . Let us fir s t  con sid er  those with hypercharge 2, which can be 
produced by a KN system . W e know that in the K+p system , which is  a pure 
1 = 1  state, no P -w a ve  resonance o ccu rs . Let us see  what the pole term s 
would be, that is , what we“would expect to com e from  diagram s of the above 
type. F o r  the 1 = 1  state, neglecting m ass fa cto rs  and the AE m ass d iffe r ­
ence (because w e do not know how big  the coupling constants are anyway), 
the residue is  p roportion a l to

3 ( g | zn + G ^AN).

T his g ives an attractive fo r ce , but we know from  experim ent that it is  not 
strong enough to produce a resonance. _

Now let us look  at the Y  = -2  states, which can be created  by the KS 
system . A resonance is  pred icted  fo r  I = 0 by unitary sym m etry. In this 
state the residue of the pole  is  proportional to

' * ( 3 G ^ - G | Ha).

This is  o f p articu lar in terest b eca u se ,if this pole term  is  strong enough to 
p roduce a resonance, th is might be an evidence fo r  a strong K m eson in ter­
action. T ill now there has been no indication that the pseudosca lar K -m eson  
baryon in teractions a re  strong.and th is would be the firs t  evidence o f it.

Now, if we look  at the other states, we run into the difficulty that we
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m ay have many p a irs  of p a rtic le s  that can produce them  and so many chan­
nels open. F o r  exam ple, fo r  hypercharge Y  = -1 , we have the follow ing 
system s: ttS, KE, KA, pH. In these ca ses  the correspon dence  between poles 
and graphs is  not so s im p le . If we use som e N /D  m any-channel d ispersion  
relation ,w e get a denom inator that starts out with 1 , includes term s that 
a re  quadratic in the coupling constants and have an energy dependence of 
the fo rm  (W -W0), and then fo llow  term s which are of the fourth order in 
the coupling constants, and so forth . If there is  only one channel open, then 
there are only the term s that are quadratic in the coupling constants. W here 
the denom inator is  z e r o  we say that we have a resonance. The quadratic 
term s are what we have when we look  at the e lastic scattering diagram s 
separately, not w orry in g  about th eir  being coupled. T o  get an idea o f what 
cou ld  happen, let us assum e that a resonance can o ccu r  only if  one o f the 
e lastic  scattering diagram s is  strongly a ttractive . This does not mean that 
the resonance would have to show up only in that particu lar state, since the 
states are a ll coupled . In other w ords, what we want to assum e is  that we 
need to have a strongly attractive term  in one o f the elastic  diagram s to 
obtain a resonance in one o r  m ore  o f the coupled  states.

Now fo r  the Y  = -1 system s in the 1= 1/2 (the state of the recently d is ­
cov ered  S * ) state we have the follow ing fa cto rs  in the low est ord er  elastic 
diagram s:

jtH - ( 2 /3 ) G l a .

KE - ( 2 /3 ) r  2 G  N£K

K A (2 /3 ) r  2
u  NAK

.3 [I] (2 /3 ) G 2„ h h

The fir s t  term , being strongly negative, is  not able to  produce a resonance 
in our m odel. The K £N  and the K A N  interactions w ere  not strong enough 
to produce a reson an ce in the Y  = +2 states, and so we m ay assum e that they 
are not strong enough h ere  either, although we have to admit that the poles 
a re  a little  c lo s e r  to the ph ysica l region  h ere .

In the nSS in teraction  we have the sign and perhaps the strength to p ro ­
duce a reson an ce . If th is resonance o ccu rs  at an energy below K A , K E and 
rj 3 th resh olds, it w ill decay into the only open channel, nZ .

^Now let us look  at the Y  = 0 states. T here  we have, fo r  1 = 2 ,  only 
the ttE channel, with a fa cto r  § (G 2az;+ G * ^  ). Since this is attractive, 
there a r is e s  the sam e question we had in the 1 = 1  state o f the KN system : 
why is  there no reson an ce? P erhaps, again, the coupling constants are  not 
strong enough.

F o r  1 = 1 ,  we have

ttE : (2 /3 ) (G in  -G *a£),

ttA  : (2 /3 ) g \ al  ,
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n £  t ( 2 / 3 ) G 27)m .

H ere the n E in teraction  might weH be partly respon sib le  fo r  the appear- 
.ance of a reson an ce in one of the above states. Hence strong n interactions 
a re  one p oss ib le  explanation fo r  the fact that a Y * ex ists , while a Yg does 
not seem  to  ex ist.

Thus in the future, with m ore  and m ore  data com ing in, we shall p e r ­
haps.have to start being w orried  with the rj and K in teractions. P articu ­
la rly ,w e shall perhaps have to see whether they are coupled to resonances 
that may be found in future experim ents.

Let us look  at one m ore  argum ent. If the irA E coupling is  strong enough 
to produce a resonance, what happens to the analysis o f the A -nucleon forces!? 
De Swart and Iddings have analysed the AN interaction  in term s of a few 
sim ple d iagram s,and fr o m  that they constructed  a potential to  d escribe  the 
AN  in teraction . F rom  a com p arison  of these resu lts with a potential obtained 
fro m  hyperfragm ent data they conclude that the strength of the >rAE cou ­
pling is  o f the o rd e r  o f the ?rNN coupling:

fff̂ AE ■» 0 .0 8  .

A  rough argum ent fo r  rem em berin g  this result is  the follow ing: W e know 
that the A in a hypernucleus is  bound le s s  deeply than a nucleon in a 
n orm al nucleus. But this does not mean a la rge  d ifferen ce  in potentials 
because,in  a three-body nucleus, a reduction of the depth o f the potential by 
a fa c to r  o f two cau ses the nucleons to fly  apart, the binding energy being 
so sm all. And in fact the hyperfragm ent data indicate that the A-N potential 
is  about 2 /3  as strong as the N -N  potential. On the other hand, the A does 
not have the on e-p ion -exch an ge diagram . If we take out the on e -p ion -ex - 
change te rm  in the nucleon fo rce ,th e  depth o f the potential is  reduced by 
about 1 /3  (this rea lly  depends on the spin state; in the deuteron th is number 
is  about tru e ). So h ere  in the A -N  ca se , as there is  no one-pion -exchange 
and the potential depth is  just about 2 /3  o f the nuclear potential, we may 
have the other things about equal, which im plies f f ^ i  ~  fj-NN ■ But if this 
is  so , why does no reson an ce o ccu r?  M aybe it is  because G„££ is  sm all, 
because the reson an ces are  produced by other singu larities, because this 
analysis is  w rong o r  because n and K ’ s a re  im portant in the A nucleon 
potential too .

3. THE S-W AVE INTERACTIONS

The strangeness +1 system  w ill be firs t  considered : the K + p interaction 
in the pure T = 1 state. No P -w ave reson an ces are present; in fact the e la s ­
tic  c r o s s -s e c t io n  is  iso trop ic  to 640 M e V /c  K+ m om entum . Some new data 
have recen tly  em erged . GOLDHABER, GOLDHABER et a l . [20] have made 
an analysis fo r  scatterin g  length. F rom  data, fo r  m om enta up to 355 M eV /c , 
they get

KN, KH : 0 ,
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a j = -0 .2 9  ± 0. 2 f e r m i .

The e ffective  range cou ld  not be m easured  very  w ell,and the resu lt obtained 
was

r2 = 0 .6  ±  0 .6  f e r m i .

The entire  m om entum  range up to 640 M e V /c  y ie ld s

a2 = -0 .2 9  ± 0 .2  fe rm i
and

r2 = 0. 5 ± 0 .1 5 fe r m i.

The phase shift rji goes up to -36°. T h is is  just what is expected from  a 
repu lsive c o re  in teraction .

The T = 0 in teraction  fo r  the strangeness +1 system  cannot be m easured 
as sim ply  as the T = 1 in teraction . A ll that is  known is  that it is  very  much 
w eaker than the T = 1 in teraction , and probably one has fo r  the scattering 
length

a0 < 0 . 1 0  f e r m i .

T here  has been a hint fro m  optica l m odel analysis that there might be som e 
P -w ave  in teraction  h ere . A lso  the T ich o  group has found som e indication 
that the P -w ave  might be as im portant as the S-w ave fo r  T = 0, but the 
strength o f the P -w ave  effect is  not known. Anyway, in the T = 1 channel 
there certa in ly  is  not appreciab le  P -w ave  in teraction .

Next we w ill d is cu ss  the strangeness -1 KN system . L arge S-wave 
in teraction  w as observed  in m eson -baryon  system s fo r  the firs t  tim e in this 
system . _

One can a ssocia te  a resonance with the la rg e  S-w ave KN interaction, 
as f ir s t  suggested by D ALITZ and TUAN [21] , and at the moment the only 
resonance one can think o f in this connection  is  Yo* at 1405 MeV and width 
~  50 M eV . H ow ever,till now there is  rea lly  no strong evidence that spin 
Y(f = 1 /2 . ALEXANDER et a l. [22] have observed  that the resonance peak 
is  cut o ff m ore  abruptly at the high-energy side than at the low -energy side, 
and th is must be expected  fo r  a D alitz-Tuan type o f resonance not fa r  b e ­
low  th resh old . But as th is data is  sp arse ,th is  effect cannot be considered  as 
strong ev iden ce . T he m ain reason  why the Yo* -sp in  is  thought to be 1 /2  is 
that th is fits  with other experim ental evidence on the KN system , as 
w ill be explained sh ortly . H ow ever, there is  at least one argument in favour 
o f the assignm ent P3/2 to  the Yo* . That is , assum ing that pion couplings are 
predom inant in p ion -hyperon  in teractions, one m echanism  that might explain 
why the Y * at 1305 M eV d isin tegrates a lm ost com pletely  in A +  tt (the ratio 
Ect/Act is  le s s  than 3%) is  that f  Iae »  f \zt‘ . The residu e of the C hew -Low 
p o le -term  fo r  T = 0, irL scattering in the P 3 /2  state, is  essentially
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C learly , if  f?A£ »  ffr££ » this would give attractive interaction in the P3/2 
state, and a resonance Yq is  th ere fore  expected  in the P3/2 state.

R ecently som e p ro g re ss  in  understanding the S-w ave interaction  has 
been m ade. But b e fo re  d escrib in g  it let m e review  a little . We con sider the 
absorption  p ro ce s s e s :

K " + P E+ + TT~ , (15)

K ' + P -> £° + 7r° , (16)

K " + P -* £ ’ + , (17)

which can be d escr ib ed  in te rm s o f two am plitudes fo r  isosp in  0 and 1: T0 
and Tx resp ectiv e ly .

At threshold , experim ental data give | T0 1 »  | Tj_ | and the relative phase 
(ftt = $0 -  $ 1  betw een th ese  am plitudes can be determ ined in magnitude:

<j>t = ± 60*. (18)

At 175 M e V /c  K " m om entum  (la b ), one finds about equal c ro ss -s e c t io n s  
fo r  (15) arid (17). Thus at th is mom entum the in terference  term  between T0 
and Ti vanishes, and th ere fore

<j>, = ± 90°. (19)

One expects that the positive  phases at threshold  and at 175 M eV /c  belong 
together and sim ilar ly  the negative phases, because the phase should not 
change too  rap id ly . In o rd e r  to get in form ation about <f>, at an interm ediary 
energy the K °n system  is  con sid ered . The threshold  is  here 5. 3 MeV higher. 
The R°n - K 'p  m ass d iffe ren ce  causes a cusp, as can be deduced using the 
D alitz -Tuan z e r o  range approxim ation [22] . B ecause the T = 0 absorption 
is  m uch b igger  than the T = 1 absorption, one finds that the phase <j>t must 
in crea se  betw een the K p  and K°n th resh olds. So one has at least the two 
sets o f phases:

K p threshold K°n threshold 175 M eV /c

OOC
O ~  80° 90°

- 60° ~  -  50°

eO

S everal y e a rs  ago it was observed  that K " capture on deuterium  gives the 
va lue 1 o f <j>r below  threshold  [21] . A ssum ing that the K ” is  caught from  an 
S atom ic state, in accord an ce  with the Day, Snow, Sucher argument, it was 
deduced fro m  equal £ + and L ~ ra tios  in
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K ' + d -» £ + + V  + n , 

K ‘  + d -» £ ’  + a* + n

that <j>t = ± 90° at E —  10 MeV (below K "p  th resh o ld ). The £ +  7r energy 
in the deuterium  experim ent is  that much below  the hydrogen experim ent 
becau se  o f  the deuterium  binding energy and the energ ies o f r e c o il  o f the 
neutron sind the £  +ir p a ir . It was assum ed in [23] that a strong dependence 
on the £ + n energy w as resp on sib le  fo r  the d ifferen ce  in the H and D ex ­
perim ents.

Now, in the z e r o  range approxim ation, one cannot have <4r firs t d e ­
crea sin g  and then in creasin g  around th resh old . This th ere fore  ru les the 
positive  set o f phases out. _

H ow ever, the fact that <j>t changes so rapidly below  the K p threshold 
suggests a reson an ce Y * . In fact the YJ w as pred icted  in this way [23] .

Additional in form ation  has been  obtained recently  [24] . The £ + sind 
E” ra tios  fo r  the Y0’ '* a re  such as to give <j>t = ±  110° . The sign can be ob ­
tained by studying the in terferen ce  between the S -w aves and the resonating 
D j wave am plitude. The con clu sion  is  that <j>, = -110° th ere , strongly sug­
gesting the negative sign at low er  en erg ies  as w ell. It is  n otices  that this 
a lso  in d irectly  supports the point of view  that Y0* is  an S-w ave resonance.

Last y e a r  Humphrey and R oss  determ ined two solutions in a zero -ra n g e  
approxim ation fo r  low  energy K N  in teraction . The solutions I and II c o r r e ­
spond to the m entioned two p oss ib ilit ie s  o f sign  of $r .

One has com p lex  scattering length in th is analysis because there is  ab­
sorption  into the Ett channels, even at threshold  A = a + ib . A ll the am pli­
tudes have the energy-dependent fa cto r  1 /(1 -iR A ) above threshold .

Below  threshold  one has to rep lace  k b y + i | k | . l f a < 0 ,  then one might 
have a pole  below  threshold  in the low er half plane which correspon ds to 
a bound state o f the KN system . If there w ere  no connection with the L it 
channel, b= 0, which then g ives a bound state pole .

Solution I seem s to be ruled out, becau se fo r  this solution ao ~  a i~  0.
So again th is con firm s fa < 0. Solution H reads as fo llow s:

ao ~  - 0 .6  fe rm i , 

a jÄ  1 . 2  fe rm i .

This is  the m ost acceptable  solution . However, the negative value o f ao is  
not too w ell determ ined. It depends on the assum ption that the effective 
range is  very  sm all. It may be that ao Ä  -1 . 2 f, as pred icted  by Schult and 
Capps. A  la rg e  negative a 0 can give a resonance o f the D alitz-Tuan type, 
and th is may be the Yo* .

The nature o f the fo r c e s  leading to S -w ave resonances is not too w ell 
understood. T h ere  is  one m odel which tends to predict the signs o f things 
co r r e c t ly . T h is m odel, based on the exchange o f ve cto r  m esons p and u, 
has been d iscu ssed  by Sakurai.
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If the m odel is  c o r r e c t , the fact that the KN system  is coupled to the 
E 7r system  suggests that the graph in F ig . 2 is  im portant where the in ter­

m ediate line is  a v e cto r  m eson  o f strangeness 1 o r  -1 . It would be hard to apply

Fig. 2

the m odel if one only had z e ro  strangeness v ecto r  m eson s. Some years ago 
the A lston , T icho group d iscov ered  the tt-K  resonance K *. H ow ever, its spin 
is  not, yet known, so we shall now d iscu ss  the evidence fo r  the spin of K*.

Two kinds o f m easurem ents have been done on the K* spin, and the r e ­
sults w ere  presented  at the CERN C onference, 1962. The T ich o group 
studied the p ro ce sse s

K " + p -» K* + p 

K*-» K +  7T

by looking fo r  any sort o f  asym m etry in the K* decay. If spin K *= 0, no 
asym m etry  can o ccu r , but asym m etry can exist fo r  spin 1. No asym m etry 
was found.

The second  m easurem ent is  the experim ent on pp annihilation by Arm en - 
te r o s  et al. at CERN. The analysis requ ires  knowledge of the orbita l state 
fro m  which p is  caught. If the Day, Snow and Sucher argument applied,this 
would be an S -sta te . T h ere  is , how ever, a better argument in favour of an 
S -sta te . C onsider the p ro ce s s  p + p -* K° + K°. The K° and K °being m ix ­
tu res o f the eigenstates K° and K§ o f Cp, one expects to see the decay 
m odes of the fo llow ing com binations:

K? K? (20 )

K°2 4 (2 1 )

K°! K°2 (2 2 )

Suppose the in itial state is  an S -sta te . B ecause p and p have opposite p a r i­
tie s  w hereas K° and K° have the sam e parity, the final state has odd orbital 
angular m om entum . It has to be a p -sta te , and the in itial state is  3S1 . This 
state is  odd under ch arge  conjugation . B ecause in the final state only Kj 
K°2 is  odd under C , only the decay m odes o f (22) should o ccu r . The exp eri­
ment g ives

(20) : (22) = 0 : 54 

The Padua group has seen  one event.



KN AND KN INTERACTIONS 167

If the in itial state is  a P -sta te ,on e  finds in a s im ila r  way that type (1) 
is  a llow ed. The experim ent th ere fore  g ives strong evidence fo r  annihilation 
in an S -sta te .

B e fo rea d iscu ss ion o fth em ea su rem en ton th eK ''' spin, it is  noticed that 
the experim ental result excluding (20 ) and (2 1 ) seem s to contradict the 
Sakata m odel. In th is m odel K° and K° are  com posite  pa rtic les  (NÄ) smd 
(NA) resp ectiv e ly . A s p, n and A fo rm  the b asic  trip let o f the m odel, there is  
sym m etry fo r  interchange o f neutron and A and hence o f K° and K°. In p a r­
ticu la r  the am plitude fo r  the p ro ce s s , in which K° m oves in a given direction, 
is  equal to  the amplitude fo r  K° going the sam e way. This is  not the case 
i f  the final state is  a P -s ta te .

A fter having determ ined that the p + p capture o ccu rs  in the S-state, 
A rm en teros et a l. com plete  the argument about the K* spin in the follow ing 
way: They look  at the fo llow ing type events:

p + p -» K j  + K *0 and 

-» K l  + K * .

They detect these events fro m  the tt+ + it~ decay of the JC® and con sider even 
events w here the K j energy corresp on d s to K* form ation . Let us assum e 
now that the K *spin  (and K'1' spin) is  0. S ince the K -1' decays into a ir + K, and 
the tr is  p seu dosca lar, the K*m ust then have the opposite parity from  the K, 
so the in trinsic p arities  o f p + p and K + K* (o r  K + K*) are  equal. Hence 
the K +  K’r must o ccu r  in the S -sta tes , and angular mom entum  conservation  
im plies that the in itial state is  a singlet, i. e . .

The -teo state is  even under charge conjugation so the final state must 
a lso  be even under ch arge  conjugation . T h is, together with the fact that the 
observed  K produced with the K* is  a Kj , im p lies  that the neutral decay m ode 
o f the K *(or R*) must be K0! + 7r« . No + 7r® is  allow ed. A rm enteros et a l. 
m easure the ratio ,

K® + [K j (v is ib le ) + it0 ]
K® + [ K (invisib le) + 7r0] '

w here the K in the square brackets is  the K fro m  the K* d eca y . A KSj w ill 
live  so long as to be invisib le  and the + ir° decay m ode of the K® w ill be 
in v is ib le . Now, if J(K*) = 0, the K of the K* decay is  always the K f ; this 
ratio w ill be sim ply the ratio  o f the (tt++ Tr~)/(i° + ir° ) decay rates of the K®, 
i . e .  2. R cannot be m easured  exactly  by experim ent because of the d iffi­
culty o f separating K* events from  the non-resonant background, - but the 
data (with lim ited  sta tistics) c lea r ly  shows that R is  appreciably le s s  than 
one. H ence, it is  reasoned , the J(K*) = 0 assignm ent must be wrong.

T his m easurem ent is , o f cou rse , a long way from  conclusive;and since 
the. C a liforn ia  data favou rs J(K*) = 0, we must conclude that the spin of the 
K* i s  not yet known.
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The 1815 reson an ce  has baryon num ber one and strangeness -1 and 
lie s  above the K + N th resh old , so it may be produced without accom panying 
p a rtic les  in in teractions such as K + N -> K + N and K + N -» ir + L [25].
T he I-sp in  o f th is reson an ce was prev iously  known to be z e ro . Keefe et al. 
exam ined angular distribution  in the resonance region  carefu lly  and concluded 
that, if  w aves o f J >  7 /2  can be neglected , the resonance must have angular 
m om entum  5 /2 . P erhaps this resonance is  part o f a fam ily  that includes 
the F 5 /2  7r -N  reson an ce .

In conclu sion ,th ree  o f the m ost interesting questions about strange p a r ­
t ic le  ph ysics  w ill be repeated sin ce  much th eoretica l and experim ental work 
should be done on these questions in the next few yea rs :

(1) Is the exchange o f v e cto r  m esons the sou rce  of the large S-wave 
m eson -baryon  in teraction s? If not, what is ?

(2) A re  the p seu dosca lar i)-baryon  in teractions strong and is  the rj
a brother to the pion in som e sym m etry schem e such as the un itarity-sym - 
m etry?

(3) A re  the pseu d osca lar K -m eson  baryon interactions strong? The 
fact that certa in  p r o c e s s e s  involving K m esons are strong clea rly  shows 
that som e K m eson  in teractions a re  strong, but there is  still no very  good 
evidence that the pseu d osca lar K baryon in teractions are la rge  at a ll. They 
m ay be n early  z e r o . A ccord in g  to unitary sym m etry, o f cou rse , they are 
la rg e .

A s has been dem onstrated, it would seem  that the E and A parities are 
even. In any ca se  it is  c le a r  that the rapid developm ent o f strange particle 
ph ysics is  not going to slow  down in the next y ea r  o r  tw o.

4. THE 1815 MeV RESONANCE
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