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Most of t h e  emphasis a t  t h i s  meeting has  been on ' t he  elementary 

+ 
i n t e r a c t i o n s  of kaons (K-, <) w i t h  nucleons. I would l i k e  t o  s h i f t  t h e  

emphasis f o r  a  moment t o  a  d i scuss ion  of p o s s i b i l i t i e s  f o r  t h e  study of 

1-4 
nuc lear  and hypernuclear s t r u c t u r e  physics  w i th  kaon beams . With t h e  

+ 
a v a i l a b i l i t y  of K and K- a t  CERN, Brookhaven, and KEK i n  Japan, 

t h e r e  has been increased i n t e r e s t  i n  t h e  l a s t  few y e a r s  i n  kaon-nucleus 

phys ics ,  p o r t i c u l a r l y , i n  hypernucleus formation.  I propose t o  review 

b r i e f l y  t h e  r ecen t  progress  i n  hypernuclear phys ics ,  i n  p a r t i c u l a r  t h e  

s t u d i e s  of A and C s t a t e s  v i a  t h e  strangeness-exchange (K-,IT-) r e a c t i o n .  

Prospec ts  f o r  f u t u r e  i n v e s t i g a t i o n s  with (proposed) i n t e n s e  kaon beams 

a r e  a l s o  eva lua ted ,  f o r  i n s t ance  t h e  product ion of h igh  s p i n  hypernucle i  

+ + 
v i a  t h e  (IT ,K  ) r e a c t i o n ,  and t h e  formation of s t rangeness  S = -2 hyper- 

+ 
n u c l e i  ( A A  o r  E-) by llleans of t h e  (K-,K ) process .  We c l o s ~  wit .h a very 

b r i e f  resume'of e l a s t i c ,  i n e l a s t i c  and charge exchange r e a c t i o n s  induced 

5 
by t h e  i n t e r a c t i o n  of K+ mesons wi th  n u c l e i  . 

+ 
To a p p r e c i a t e  t h e  s t r i k i n g  d i f f e r e n c e  between K- and K i n t e r a c t i o n s  

wi th  n u c l e i ,  i t  i s  worthwhile t o  review t h e  main f e a t u r e s  of t h e  elemen- 

t a r y  KIN i n t e r a c t  ions .  

+ 
The average i n t e r a c t i o n s  of K and K- wi th  nucleons a r e  very d i f f e r -  

6 
e n t  i n  cha rac t e r .  The .low energy K-N c r o s s  s e c t i o n s  f o r  i s o s p i n  I = 0,  

1 a r e  shown' i n  F ig .  1. The average K- c r o s s  s e c t i o n  is roughly 40mb, 

t y p i c a l  of hadron,ic proc-esses. The ex i s t ence  of a  number of S = -1 

* 
Y resonances i s  ev ident  from t h e  d a t a .  I n  F ig .  2 ,  we show f o r  compari- 

+ 7 + 
son t h e  K N c r o s s  s e c t i o n s  f o r  I = 0 , l .  I n  c o n t r a s t  t o  K-N, t h e  K N 

c r o s s  s e c t i o n s  a r e  small  ( =  10mb) and almost energy independent f o r  



< 700 MeV/c, below' t h e  onse t  of i n e l a s t i c  processes .  
'lab. - 

+ 
The oppos i t e  s t rangeness  S =:'+I f o r  K- p lays  ' t h e  dominant r o l e  i n  

understanding t h e  l a r g e  c r o s s  s e c t i o n  d i f f e r e n c e s  ev ident  from Figs .  1 

8 * 
and 2. I n  Fig. 3 ,  w e  i l l u s t r a t e  how S = -1 Y resonances a r e  formed 

i n  a n a t u r a l  way i n  t h e  quark model through t h e  a n n i h i l a t i o n  of a qq p a i r .  

* 
The Y resonances correspond t o  ord inary  low-lying t h r e e  quark s t a t e s .  

I n  c o n t r a s t ,  w e  s e e  from F ig .  3 t h a t  t h e r e  i s  no corresponding quark 

+ 
a n n i h i l a t i o n  process  I o r  K N,  so  p o s s i b l e  in te rmcdia te  s t a t e s  ( e x o t i c  

* 
Z resonances with S = +1) cannot be composed of t h r e e  quarks,  t h e  mini- 

mum complexity being sqqqq. 
Due t o  t h e  q u a l i t a t i v e  d i f f e r e n c e s  i n  t h e i r  elementary i n t e r a c t i o n s  

+ 
wi th  nucleons, t h e  K and K- a r e  q u i t e  d i s t i n c t  probes of t h e  nucleus.  

One way of express ing  t h i s  d i f f e r e n c e  is i n  terms of t h e  mean f r e e  p a t h  

- 1 - 3 
A = (pn) i n  nuc lear  mat te r .  Here p = 0.16fm. i s  t h e  nuc lear  ma t t e r  

d e n s i t y  and o  is  t h e  average t o t a l  c r o s s  s e c t i o n  ( a  + + a + ) / 2 .  For 

- K-p K-rt+ 
K , w c  have l fm 2 A I 2 f m  f o r  p < 800 MeV/c, whi le  f o r  K we o b t a i n  

K- . ,. l a b  - 
+ 5 

5fm S X < 7fm. The K mean f r e e  path is  predic ted  t o  be very  long , 
K+ - - - 

comparable t o  t h e  s i r e  of a l a r g e  nucleus l i k e  *08Pb. The 6,. on t h e  

o t h e r  hand, i s  a s t r o n g l y  absorbed p a r t i c l e  i n  nuc lk i ;  i ts  i n t e r a c t i o n s  

are thus  ' r e s t r i c t e d  t o  t h e  nuc lear  su r f ace .  

+. 
The K-, un l ikd  t h e  K , can t r a n s f e r  one o r  two u n i t s  o f .  s t rangeness  

t o  t h e  nucleus.  Some of t h e  s t rangeness  exchange r e a c t i o n s  which ' lead t o  

A and C hypernuclear formation a r e  t h e  following-: 



Another r e a c t i o n  which could be  used t o  produce hypernucle i ,  a l though 

under q u i t e  d i f f e r e n t  kinematical  cond i t i ons ,  is  a s soc i a t ed  product ion  

- 
F i n a l l y ,  5 hypernucle i  (S = -2) can b e  produced v i a  t h e  r e a c t i o n  

Systems conta in ing  a C o r  Z p a r t i c l e  a r e  uns t ab le  wi th  r e spec t  t o  s t rong  

conversion processes  of t h e  type  

One of our  t a s k s  w i l l  be  t o  e s t ima te  t h e  widths of C and 1 s t a t e s  a r i s i n g  

from such r e a c t i o n s .  

React ions  (1) and ( 2 )  a r e  d i s t i ngu i shed  by t h e  momentum t r a n s f e r  q ,  f o r  a 

nuc lear  t a r g e t  a t  r e s t  i n  t h e  l a b  system. The va lue  of q a t  8 = O0 
LAB 

is p l o t t e d  i n  F ig .  4 a s  a func t ion  of meson inc iden t  l a b  momentum. For 

t h e  r e a c t i o n  (K,IT), t h e r e  e x i s t s  a "magic momentum" such t h a t  t h e  A o r  

C is  c rea t ed  a t  rest i n  t h e  l a b .  The importance of t h i s  f a c t  f o r  hyper- 

9 
nuclear  product ion was emphasized by Feshbach and Kerman . The A o r  C a t  

r e s t  has  a s i z a b l e  " s t i ck ing  p robab i l i t y "  f o r  remaining bound t o  t h e  

+ 
nucleus.  The e x c i t a t i o n  of 0 conf igu ra t ions  where t h e  A o r  C coherent ly  



r e p l a c e s  t h e  l a s t  va lence  nucleon (. i .e. ,  occupies  t h e  same s h e l l  model 

o r b i t  as vacated by t h e  nucleon) is  favored.  The magic momenta a r e  

..about 300 MeV/c f o r  C O  and 530 MeV/c f o r  A product ion.  Curren t ly ,  kaon 

beams i n  t h i s  momentum region  a r e  no t  a v a i l a b l e ,  s o  experiments a r e  done 

i n  t h e  700-900 M ~ V / C  reg ion .  However, from Fig .  4 ,  we s e e  t h ~ t '  q remains 

smal l  ( 5  50 M ~ V / C )  compared t o  t h e  nucleon Fern-i momentum p  = 270 ~ e V / c  
F 

for p 5 800 MeV/c, so  coherent  s u b s t i t u t i o n a l  processes  are. j - ~ u p n r t a n t  
Yc- 

a t  0" i n  t h e  whole low momentum region .  The s i t u a t i o n  i s  quite.  d i f f e r e n t  

+ + 
f o r  the IT n + K A r e a c t i o n ,  a s  seen i n  F ig .  4.  Here q 2 pF f o r  a l l  

momenta of i n t e r e s t .  The - low s p i n  s t a t e s  emphasized by t h e  (K-,IT-) pro- 

+ + 
c e s s  w i l l  be only  very  weakly exc i t ed  i n  (IT , K  ). In s t ead ,  t h e  A has 'a 

measurable " s t i c k i n g  p r o b a b i l i t y n  only i n  h igh  s p i n  con f igu ra t ions  i n  

+ + 
(IT ,K  ), because i t s  Large l i n e a r  momentum can only  be  matched t o  a  cor-  

- 
respondingly h igh  angular  momentum. The same is  t r u e  f o r  a  r produced 

+ 
i n  a  (K-,K ) r e a c t i o n .  We r e t u r n  l a t e r  t o  a  d i scuss ion  of t h e s e  reac-  

t i o ? . ~ .  

The (K- , T-) experiments which have been done t o  d a t e  wi th  

nuc lea r  t a r g e t s  have had energy r e s o l u t i o n  i n  t h e  range AE = 2.5 -6 MeV. 

With such coa r se  r e s o l u t i o n  experiments,  one s e e s  only  t h e  energy-averaged 

-1 
gross  s t r u c t u r e  of hypernucle i ;  t h a t  is,  A pa r t i c l e -neu t ron  ho le  (An ) 

s t a t e s .  As a n  example, cons ider  t h e  hypernucleus YO. The gtound s t a t e  

double t  of 160 a r i s e s  by r ep lac ing  t h e  neutron i n  t h e  last valence  o r b i t  
A .  

(nPlI2) by a A i n  t h e  lowest  l y ing  o r b i t  We thus  o b t a i n  



- .  

I n  hypernuclei ,  t h e  n a t u r a l  p a r i t y  member of t h e  ground s t a t e  double t  

J 
(T  = (-) ) lies' lowest  i n  energy. The ve ry  smal l  s p l i t t i n g  of t h e  

double t  cannot  be  reso lved  experimental ly .  Note t h a t  t h e  c r o s s  s e c t i o n  

t o  t h e  0- s t a t e  i s  e s s e n t i a l l y  zero  i n  t h e  (K-,T-) r e a c t i o n ,  except  f o r  

p a r i t y  v i o l a t i n g  e f f e c t s .  I n ' g e n e r a l ,  (K,*rr) c r o s s  s e c t i o n s  t o  o t h e r  

+ + 
unna tu ra l  p a r i t y  s t a t e s  (1.  ,2-,3 , e t c . )  , which r e l y  on s p i n - f l i p  ampli- 

tudes  f o r  t h e i r  p roduct ion ,  a r e  a l s o  ca lcu la ted13  t o  be  smal l ,  even f o r  

€IL # 0'. W e  neg l ec t  t h e s e  i n  t h e  fo l lowing .  The low-lying exc i t ed  

16 
n a t u r a l  p a r i t y  s t a t e s  i n  O ate A 

The experimental  spectrum f o r  t h e  (K-,n-) r e a c t i o n  on 16  and 40Ca t a r -  o 
g e t s  'Oyl' i s  shown i n  F ig .  5. The CERN 0' d a t a  f o r  12c, 3 2 ~  and 209~i  

a r e  given i n  Fig.  6. I n  very l i g h t  hypernuc le i ,  such a s  YC and 'f0, 

- 1 
t h e  narrow peaks due t o  p a r t i c u l a r  A pa r t i c l e -neu t ron  h o l e  s t a t e s  (An ) 

dominate t h e  spectrum. For heavier  systems, t h e  q u a s i e l a s t i c  p a r t  of 

t h e  spectrum becomes r e l a t i v e l y  more important .  This  process  involves  

t h e  emission of a  A i n t o  t h e  continuum. This  l e a d s  t o  a  s i z a b l e  "back- 

ground" c r o s s  s e c t i o n ,  f o r  i n s t ance  i n  209~i ,  which makes i t  d i f f i c u l t  
A 

, '  t o  r e s o l v e  i nd iv idua l  hypernuclear  s t a t e s .  

I n  t h e  d i s t o r t e d  wave impulse approximation (DWIA) , t h e  (K-, n-) 



c r o s s  s e c t i o n  a t . 8  L = O 0  on a s p i n  zero t a r g e t  t akes  t h e  form'  

-1 -1 
where t h e  f i n a l  An s t a t e  has  quantum numbers I J") = (At P j P @ n ( t h j h )  ) 

oO JIT ' 

I n  Eq. ( 7 ) ,  (daIds-2) fn--* is t h e  O0 l a b  c r o s s  s e c t i o n  f o r  t h e  elemen- 

t a r y  K - ~ W - A  process ,  and N ~ : ~  is  t h e  e f f e c t i v e  number of ncutronc,  given 

hy14 

Note t h a t  a t  O O , o n l y  n a t u r a l  p a r i t y  s t a t e s  a r e  exc i t ed ,  so t h a t  P p + l h t ~  

must he even. The form f a c t o r  F J (q) involves t h e  r a d i a l  over lap  of t h e  

- 1 
A and n wave func t ions  wi th  .kaon and pion d i s t o r t e d  waves: 

I n  p lane  wave approximation (PWA), j 
* 

reduces t o  t h e  usua l  s p h e r i c a l  

Bessel  func t ion  j (q r )  .   he formulae (7)-(9) can e a s i l y  be  genera l ized  
5 

J 

Near t h e  "magic momentum" f o r  t h e  (K-,IT-) r e a c t i o n ,  €IL = O 0  cor- 

responds t o  q r 0. I n  PWA, we s e e  immediately from Eq .  (9) t h a t  only 

+ 
F (q)  d i f f e r s  from zero f o r  q 2 0; t hus  0 s t a t e s  w i l l  dominate f o r  
0 

e~ = O D .  A s  we inc rease  O L ' q a l s o  becomes l a r g e r  and Fo(q) decreases ;  

o t h e r  form f a c t o r s  F J (q) f o r  J # O  cone' i n t o  p lay .  The h igher  s p i n  states 

n o t  seen a t  O 0  can be revea led  by t h e i r  c h a r a c t e r i s t i c  angular  d i s t r i b u -  

t ions .  



The goa l  of t h e  theory is  t o  p r e d i c t  t h e  va lues  of N f o r  v a r i o u s  
e f f  

- 1 
An conf igu ra t ions ,  i .e. t h e  (K-,TT-) " s t rength  funct ion".  Some t y p i c a l  

1 5  
r e s u l t s  due t o  Bouyssy a r e  shown i n  Fig.  7 .  The con t r ibu t ions  of 

-1 
ind iv idua l  An s t a t e s  a r e  i nd ica t ed  by dashed l i n e s ;  they have been 

spread ou t  i n  energy t o  s imula te  t h e  r e s u l t s  of a  coa r se  r e s o l u t i o n  

-1 
experiment. The envelope corresponding t o  t h e  sum of a l l  An contr ibu-  

t i o n s  is showi-~ a s  a s o l i d  l i n e ,  w i th  t h e  corresponding CERN d a t a  d isp layed  

i n  t h e  i n s e t .  The low s p i n  s t a t e s  a r e  seen t o  dominate, and t h e  compari- 

-1 son wi th  d a t a  enables  one t o  a s s i g n  experimental peaks t o  p a r t i c u l a r  An 

-1 
s t a t e s ,  a t  l e a s t  i n  l i g h t  hypernuclei ,  where t h e  An c.onfigurat ions of a  

given s p i n  J a r e  wel l  spaced and only weakly admixed14y15 by t h e  r e s i d u a l  

-1 
AN i n t e r a c t i o n .  The p o s i t i o n s  of t h e  An peaks a r e  c l o s e  t o  t h e  unper- 

-1 
turbed p a r t i c l e - h o l e  energ ies .  The n s i n g l e  p a r t i c l e  energ ies  a r e  taken 

from observed sepa ra t ion  ene rg i e s ,  and information on t h e  A binding i n  

t h e  S s t a t e  is  a v a i l a b l e  from emulsion da t a  on hypernuclear ground 
112 

s t a t e s .  To p r e d i c t  t h e  A binding ene rg i e s  i n  exc i ted  s t a t e s ,  we need a  

model f o r  t h e  s i n g l e  p a r t i c l e  p o t e n t i a l  V ( r )  i n  a  hypernucleus.  W e  
A 

t a k e  a  convent ional  Woods-Saxon form 

- 1 . I13  wi th  f  ( r ) -  = ( 1  + exp (r-R)/a) . The geometr ical  parameters R = r A , 
0 

r = l . l fm,  a  = 0.6fm a r e  assumed t o  be  s i m i l a r  t o  t hose  f o r  t h e  nucleon 
0 

A A 
p o t e n t i a l .  The depth parameters V and VLS f o r  t h e  c e n t r a l  and spin-  

0 

o r b i t  p o t e n t i a l s  have been dqtern inedl7  by a  f i t  t o  t h e  observed peak 

p o s i t i o n s  i n  t h e  (K-, IT-) r e a c t i o n s .  The r e s u l t s  a r e  
17 



V A : 32 + 2 .MeV 
0 

A 
v~~ : 4 + 2 MeV 

16 
The dep th  V %s c o n s i s t e n t  w i th  t h e  emulsion r e s u l t s  . The new in fo r -  

0 

I mation gained from t h e  CERN (K,n) d a t a  is  t h e  va lue  of VLS, A which is  

much smal le r  than t h e  va lue  V - 20 MeV f o r  nucleons. The f a c t  t h a t  1,s 

t h e  A sp in -o rb i t  p o t e n t i a l  i s  small  can be  seen ,  f o r  i n s t ance ,  from the 

16 
A 

0  spectrum of Fig.  5 .  The observed s p l i t t i n g  between t h e  

)  and ( P 
(nP3/2 @ "  '3/2 o+ A 1 / 2  

@ n P~;:) 0+ conf igu ra t ions ,  about 6MeV, 

can  be a t t r i b u t e d  t o  t h e  nucleon sp in -o rb i t  s p l i t t i n g ,  w i th  no need f o r  

a  l a r g e  va lue  of V A Simi lar  conclus ions  fo l low from a n  in spec t ion  of-  
LS ' 

t h e  40Ca spectrum i n  F ig .  5 .  
A 

The A sp in -o rb i t  p o t e n t i a l  has  been t h e  ob jec t  of some r e c e n t  theo- 

r e t i c a l  work 18'19y 20' based on meson exchange models o r  t h e  quark-gluon 

p i c t u r e .  The gene ra l  .conclusion of t h e s e  au tho r s  i s  t h a t  V A should be  
L  S  

silall. Note, howcver, t h a t  t h e  older a n a l y s i s  of p-shel l  hypernucle i  due 

t o  D a l i t z ,  Gal and sopert'  y ie lded  a  l a r g e  sp in-orb i t  p o t e n t i a l  f o r  t h e  

A ,  of oppos i t e  s i g n  t o  t h a t  f o r  a  nucleon. 

The CERN d a t a  a t  O 0  a r e  u s e f u l  f o r  determining t h e  s i n g l e  p a r t i c l e  

p o t e n t i a l  of a  A i n  a  nucleus.  These p r o p e r t i e s  can a l r eady  be determined 

from t h e  low-spin p a r t  of t h e  hypernuclear spectrum. The presence of 

h igher  sp in  s t a t e s  (J r 2)  can  only be  e s t ab l i shed  by measuring t h e  

(K-, n-) angular  d i s t r i b u t i o n s .  I n  a  r e c e n t  experiment12 a t  t h e  Brook- 

haven AGS, t h e  angular  d i s t r i b u t i o n s  i n  Fig.  8  were obtained f o r  the. 

- 12 * 
r e a c t i o n  l z ~ ( ~ - , n  ) A C a t  a n  inc iden t  momentum of 800 MeV/c. The d a t a  



have been i n t e r p r e t e d  i n  Ref.  (13) . i n  DWIA.  The angular  shape f o r  t h e  

1 2 C  ground s t a t e ,  wi th  a  peak a t  about 10°,  i s  c h a r a c t e r i s t i c  of a  1- 

s t a t e .  This  is what one a n t i c i p a t e s  f  ram t h e  ( S @ n ~ ~ 7 ; ) ~ -  con- A 112 

f i g u r a t i o n .  The angular  d i s t r i b u t i o n  f o r  t h e  group of s t a t e s  a t  11 MeV 

A 1 / 2  
- I )  2+ e x c i t a t i o n  r e q u i r e s  more i n t e r p r e t a t i o n .  One expec ts  t h e  ( P @ n  Pj12 

and ( P 
A 312 

s t a t e s  t o  l i e  i n  t h i s  reg ion  of e x c i t a t i o n .  A 

coa r se  r e s o l u t i o n  experiment cannot s e p a r a t e  t hese .  I f  t h e  A sp in -o rb i t  

+ + +  
p o t e n t i a l  i s  indeed small ,  t h e  energy s p l i t t i n g s  of t h e  0  ,2  ,2  t r i p l e t  

come only from t h e  r e s i d u a l  AN i n t e r a c t i o n ,  which t y p i c a l l y  produces 

s p l i t t i n g s  of 1 MeV o r  l e s s .  Thus t h e  d a t a  shown i n  t h e  lower ,ha l f  of 

+ + + 
Fig.  8 r e f l e c t  t h e  summed s t r e n g t h  f o r  t h e  0  ,2 ,2 s t a t e s .  The presence 

of t h e  2' e x c i t a t i o n s  i s  revea led  a s  a  shoulder  i n  t h e  angular  d i s t r i b u t i o n  

+ 
i n  t h e  reg ion  from 10" t o  20". The ca le i l la ted  contribution from t h a  0. 

s t a t e  a lone  is  s e v e r a l  o r d e r s . o f  magnitude below t h e  d a t a  i n  t h i s  reg ion .  

The DWIA theory13 g ives  a  good account of t h e  shape of t h e  angular  d i s -  

+ + 
t r i b u t i o n .  This is  s e n s i t i v e  t o  t h e  r e l a t i v e  s i z e  of t h e  0  and 2  con- 

t r i b u t i o n s ,  which t h e  theory g i v e s  c o r r e c t l y .  Agreement i n  a b s o l u t e  s i z e  

of t h e  (K,n) c r o s s  s e c t i o n s  r e q u i r e s  m u l t i p l i c a t i o n  of t h e  t h e o r e t i c a l  

va lues  by an o v e r a l l  normal iza t ion  f a c t o r  of about 112. The o r i g i n s  of 

t h i s  discrepancy a r e  d iscussed  i n  Ref. (13) .  I n  any case ,  t h e  d a t a  in 

+ 
Fig. 8 provide c l e a r  evidence f o r  t h e  presence of t h e  expected 2  

s t r e n g t h ,  no t  seen i n  t h e  0' d a t a .  

+ 
The CERN group has  a l s o  inves t iga t ed  t h e  (K-,IT-) r e a c t i o n s  i n  t h e  

2  2  
C reg ion  . Some of t h e i r  r e s u l t s  a r e  shown i n  F ig .  9  f o r  t h e  

' ~ e  (K-,n-)'~e r e a c t i o n s  a t  720 ~ e V / c .  The i n c i d e n t  momentum i s  chosen 
A 



t o  correspond t o  a peak i n  t h e  elementary ~-nurr-C' process .  The presence 

of (unbound) C states is  suggested by t h e  s t r u c t u r e s  l oca t ed  wi th in  

20 MeV of t h e  threshold  corresponding t o  zero C binding (BC = 0 ) .  Since 

t h e  momentum t r a n s f e r  q i s  s t i l l  reasonably small  (=  130 ~ e V / c ) ,  w e  

+ 
expect  t h a t  t h e s e  s t a t e s  would correspond t o  0 o r  1- e x c i t a t i o n s .  The 

s u r p r i s i n g  f e a t u r e  i s  t h e  narrow width observed f o r  t h e s e  s t a t e s  

(rI: 5 1 0  MeV). It had been assumed that the s t rong  conversion mechanism 

CN + AN would l ead  t o  very  broad 2 s t a t e s  (1' 1 3U M ~ v ' ) .  A rough e s ~ h a L t :  

of t h e  C width i n  n u c l e i  can be ohtained from t h e  pe r tu rba t ion  theory 

r e s u l t  

where u (r) I s  the C r a d i a l  wave func t ion ,  p (r) i s  t h e  protun d e n s i t y  
nf- P 

and ( V O ) * ~  is  t h e  Fermi-averaged I - ~ + A ~  c r o s s  s e c t i o n ,  v being t h e  r e l a -  

t i v e  v e l o c i t y .  The experimental da t a23  on t h e  E - ~  +An process  may be 

parametrized i n  t h e  form 

= ( v 0 ) ~ / ( 1  + av) (V ' )L-~  -+ An . 

where (vo) ;: 65 lab, a ' 20. For a 'C- a t  r c o t  i n  t h e  nucleus,  t h e  Fcrmi 
0 

averaging over t h e  nucleon motion y i e l d s  (vu) 
AV 
C-p+An 2 14 mb. Note t h a t  

( V O ) ~ ~  i s  only about  115 of t h e  threshold  va lue  ( ~ u ) ~ ,  which was used i n  

AV e a r l y  e s t ima te s  of t h e  C width. Using t h e  smal le r  va lue  (vo) , w e  g e t  

t y p i c a l  widths 2 4 

IS z 23 MeV, rC lp : 1 3  MeV (14) 

f o r  ':c. For t h e  1P 1 - s t a t e ,  t h e  va lue  of I. i n  Eq.  (14) i s  a l r eady  
C 

t a n t a l i z i n g l y  c l o s e  t o  t h e  width of t h e  s t r u c t u r e s  seen i n  F ig .  9 .  



~ d d i t i o n a l  reduct ion25 of t h e .  C width c a n  a r i s e  i n  l i g h t  n u c l e i  because 

t h e  low-energy CN-tAN conversion mechanism is s t rong ly  s p i n  and i s o s p i n  

dependent ( t h e  3 ~ 1 ,  I = 112 channel dominates).  I n  systems l i k e  ';c and 

7 
C 
L i ,  t h e  "core" seen by t h e  C is  no t  sp in- i sosp in  sa tu ra t ed .  Thus . the  

mat r ix  element o f  t h e  CN-tAN amplitude between C and A hypernuclear wave 

func t ions  w i l l  d i f f e r  from t h a t  obtained by neg lec t ing  t h e  sp in- i sosp in  

dependence ( a s  done i n  Eq. (12))  .. One can . thus  o b t a i n  e i t h e r  l a r g e r  o r  

smal le r  widths than  from Eq.  (12) .  Detai led e s t ima te s  of C widths have 

+ 
been c a r r i e d  ou t  i n  Ref. (25) .  It was found t h a t  0  s t a t e s  w i th  I = 312 

enjoy an  apprec i ab le  suppression of t h e  C width r e l a t i v e  t o  t h e  l i m i t  

where sp in- i sosp in  e f f e c t s  a r e  ignored. The width suppress ion  e f f e c t  is 

+ 
l im i t ed  t o  only a  f'ew s t a t e s :  1- and 0  , I = 112 s t a t e s  i n  ':c and 1160 

a r e  broadened ra ' ther  than  narrowed. D e f i n i t e  p r e d i c t i o n s  f o r  t h e  quan- 

2  5 
tum numbers of narrow C s t a t e s  i n  l i g h t  n u c l e i  have been made . These 

cannot be f i rmly  e s t ab l i shed  on t h e  b a s i s  of t h e  0" d a t a  a lone ;  angular  

d i s t r i b u t i o n s  a r e  requi red .  

A p a r t i c u l a r l y  i n t e r e s t i n g  case  i s  t h a t  of ':o. The two s t a t e s  which a r e  

candida tes  f o r  narrow s t r u c t u r e t 5  a r e  t h e  1=3/2,  ( P Q n  P~;:)~+, and C 312 
-1 

(C~112'@ n  P112)O+ conf igu ra t ions .  I f .  t h e  sp in-orb i t  p o t e n t i a l  f o r  t h e  

C is  weak, t h e s e  two s t a t e s  a r e  pred ic ted  t o  be  f a i r l y  broad and separa- 

' , t e d  by about 6 MeV. On t h e  o t h e r  hand, i f  t h e  C sp in -o rb i t  p o t e n t i a l  i s  

+ 
comparable t o  t h a t  of the nucleon, t h e  two 0  s t a t e s  w i l l  s t rong ly  mix 

and - one of t h e  diagonal ized conf igu ra t ions  c a r r i e s  almost a l l  of t h e  

+ 
(K ,T)  s t r e n g t h .  We then  expect - one q u i t e  narrow 0  , I = 312 s t a t e  i n  

0  NO d a t a  on ':0 i s  y e t  a v a i l a b l e  t o  t e s t  t h i s  p red ic t ion .  For C 



+ 
s t a t e s ,  it i s  important t o  measure both t h e  (K-,v-) and t h e  (K-,V ) 

r eac t ions ;  t h e  l a t t e r  process  f i l t e r s  ou t  t h e  I = 112 s t a t e s .  

There have a l s o  been some r ecen t  measurements of hypernuclear y 

r ays ,  i n  p a r t i c u l a r  f o r  :H, iJ3e (26) and f o r  i ~ i  (27).  The importance 

2 8 
of y r a y  measurements has  been emphasized by D a l i t z  and Gal . The c a s e  

of :H, :He is  i n t e r e s t i n g ,  s i n c e  i t  bea r s  on t h e  ques t ion  of charge 

symmetry breaking.  E a r l i e r  experiments were i n t e r p r e t e d  In  terms of 

26 
a s i z a b l e  C 0  - A mixing, but  t h e  more r ecen t  r e s u l t s  r e q u i r e  much less 

8 
v i o l a t i o n  of charge symmetry, The resi11. t~ f o r  L i  can be compared wi th  

A 
2 8 

e a r l i e r  pr ' ed ic t ions  . The t h e o r e t i c a l  r e s u l t s  a r e  s e n s i t i v e  t o  t h e  

spin 'dependence of t h e  AN r e s i d u a l  i n t e r a c t i o n ,  which we hope t o  test 

wi th  such d a t a .  

The previous  s e c t i v n s  Lave been devoted t o  a  b r i e f  review of t h c  

experimental d a t a  on hypernuclei .  One may now ask:  what a r e  t h e  f u t u r e  

p rospec t s  f o r  kaon phys ics?  Several  p r o j e c t s  f o r  improved kaon beams 

a ~ e  i n  the planning o r  dcvclopmcnt ctag0.  A t  CERN, a R- beam a t  45n 

3 0 
MeV/c i s  under cons t ruc t ion  . Thc low momentum w i l l  b e  more f avo rab le  

f o r  t h e  study of C hypernucle i ,  s i n c e  one i s  then  c l o s e r  t o  t h e  "magic 

momentum" ( s e e  F ig .  4 ) .  A workshop group is  developing a  proposal  f o r  a  

dedica ted  kaon beam a t  t h e  Brookhaven AGS wi th  an i n t e n s i t y  of perhaps 

4 
50 t imes c u r r e n t  va lues  (2 x 10 kaons lburs t ) .  Such a  proposal  could 

a l s o  inc lude  an  i n t e n s e  pion beam i n  t he  1 - 1 .5  GeV/c range. There 

a r e  a l s o  longer  range d i scuss ions  under way, f o r  i n s t a n c e  a t  LAMPF and 

TRIUMF, concerning t h e  p o s s i b i l i t y  of a  "kaon fac tory" .  Some of t h e s e  

3 1 
cons ide ra t ions  were reviewed a t  t h e  r e c e n t  Kaon Workshop a t  ~ a n c o b v e r  . 



I n  view of t h i s  d i scuss ion ,  i t  i s  important  t o  provide a phys ics  j u s t i -  

f i c a t i o n  f o r  a  new kaon f a c i l i t y .  I w i l l  mention h e r e  only a  few of t h e  

unique p o s s i b i l i t e s  f o r  kaon physics .  A number of o t h e r  t o p i c s  have 

a l s o  been explored,  f o r  which t h e  reader  is  r e f e r r e d  t o  t h e  l i t e r a t u r e  
31-34 

I n  heavy hypernuclei ,  we expect  t h a t  c o l l e c t i v e  "s trangeness  analog 

35 
resonances" (SAR) w i l l  b e  formed . A s  f o r  i s o b a r i c  analog states, t h e  

-1 SAR involve  a  coherent  supe rpos i t i on  of An s t a t e s  coupled t o  3' = 0'. 

I n  a  somewhat i dea l i zed  t h e  SAR wave func t ion  remains a n t i -  

symmetric wi th  r e spec t  t o  t h e  in te rchange  of t h e  A wi th  any neutron,  even 

though t h e  A does no t  need t o  s a t i s f y  t h e  P a u l i  p r i n c i p l e .  Theore t i ca l  

3  6 . . 

c a l c u l a t i o n s  . i n d i c a t e  a  tendency t o  develop such c o l l e c t i v e  s t a t e s  i n  

heavy n u c l e i .  Since t h e  q u a s i e l a s t i c  c o n t r i b u t i o n  t o  t h e  (K-, IT-) r e a c t i o n  

is l a r g e  i n  heavy n u c l e i  ( s e e  * 0 9 ~ i  i n  F ig .  6 ) ,  experiments w i th  b e t t e r  A 

energy r e s o l u t i o n  w i l l  be  requi red  t o  s e e  t h e s e  narrow c o l l e c t i v e  s t r u c -  

t u r e s .  These experiments w i l l  become f e a s i b l e  if new in tense  kaon beams 

become a r e a l i t y .  

I n  a d d i t i o n  t o  t h e  SAR, o t h e r  "supersymmetric" con f igu ra t ions  should 

3 7 
e x i s t  i n  hypernuclei  . These s t a t e s  a r e  pred ic ted  t o  l i e  we l l  below t h e  

analog s t a t e s  (by 10-20 MeV) and correspond t o  symmetries t h a t  cannot be 

r e a l i z e d  i n  ord inary  n u c l e i  because of t h e  P a u l i  p r i n c i p l e .  For example, 

cons ider  t h e  ( l p ) 5  conf igu ra t ion  o u t s i d e  t h e  c losed  (1s)  s h e l l .   he 
o r b i t a l  permutation symmetry f o r  t h e  ground s t a t e  of '8e is  dominantly 

9 * [41] ,  which then  a l s o  holds  f o r  t h e  SAR i n  ABe . However, llsupersymmetric" 

9 * 
s t a t e s  of Be a l s o  e x i s t  wi th  o r b i t a l  symmetry [ 5 ] ;  t h e s e  s t a t e s  permit 

A 

more r e l a t i v e  s - s t a t e  bonds than  [41] s t a t e s ,  and hence they  l i e  lower 



9 * 
i n  energy than  t h e  SAR. The B e  e x c i t a t i o n s  may be grouped37 i n t o  SU(6) A 

m u l t i p l e t s ,  i f  one n e g l e c t s  t h e  s p i n  dependence of AN and NN f o r c e s .  

The SU(6) symmetry would imply t h a t  a  number of non-analog states would 

be  roughly degenera te  wi th  t h e  SAR, l ead ing  t o  an  i n t e r e s t i n g  f i n e  s t ruc -  

t u r e  a r i s i n g  from t h e  d i s t r i b u t i o n  of t h e  s t r e n g t h  of t h e  SAR over t h e s e  

s t a t e s .  Data w i th  much b e t t e r  energy r e s o l u t i o n  a r e  requi red  t o  see 

t h i s  f i n e  s t r u c t u r e .  The search  f o r  such approximate symmetries i n  hyper- 

nuc lea r  s p e c t r a  is an  e x c i t i n g  prospect  f o r  kaon physics .  

Previous ly ,  w e  have d iscussed  t h e  simple A pa r t i c l e -neu t ron  h o l e  

model f o r  hypernuclei .  Experiments w i th  poor energy r e s o l u t i o n  a r e  sens i -  

-1 
t i v e  only  t o  t h i s  g ros s  An s t r u c t u r e .  The next  genera t ion  of experi-  

ments should be a b l e  t o  d e t e c t  "core exc i ted"  s t a t e s  i n  hypernuclei .  For 

28 
cxomple, ~ a l i t a  and Gal have est imated t h e  (K,IT) c r o s s  s e c t i o n  t o  the 

"core exc i ted"  s t a t e s  i n  12c I n  p a r t i c u l a r ,  a  1- s t a t e  c o n s i s t i n g  of 
A ' 

nS112 
coupled t o  t h e  low-lying 112' s t a t e  i n  "C was p red ic t ed  t o  l i e  

12 
ahnnt .  3-4 MeV above t h e  *C ground s t a t e ,  and t o  be  populated with appre- 

c i a b l e  i n t e n s i t y  i n  t h e  (K-,IT-) r e a c t i o n .  No evidence f o r  t h i s  state 

was seen  i n  t h e  BNL data1'; explana t ions  f o r  i t s  absence a r e  

d iscussed  i n  Ref. (13) .  These "core exc i ted"  s t a t e s  may a l s o  be viewed 

a s  a r i s i n g  from ground s t a t e  c o r r e l a t i o n s  i n  t h e  t a r g e t ,  i . e .  YC is a 

poor "closed s h e l l " ,  conta in ing  apprec i ab le  two-particle-two-hole c o r r e l a -  

t i o n s .  Pa r t i c l e -ho le  e x c i t a t i o n s  may also be  c rea t ed  by i n e l a s t i c  

s c a t t e r i n g  of t h e  kaon o r  pion.  Such dynamical e f f e c t s  can in f luence  

c r o s s  s e c t i o n  e s t ima te s  based on pre-ex is t ing  ground s t a t e  c o r r e l a t i o n s .  

The (K,IT)  r e a c t i o n  has  been exp lo i t ed  t o  produce low s p i n  hypernuclear  



3 8 
s t a t e s .  The c r o s s  r e a c t i o n  (.n,K) has  r e c e n t l y  been discussed a s  a 

p o s s i b i l i t y  f o r  producing hypernuclei .  Since t h e  momentum t r a n s f e r  f o r  

+ + 
IT n+K A i s  l a r g e ,  a s  per  Fig.  4 ,  a s soc i a t ed  product ion w i l l  p r e f e r e n t i a l l y  

popula te  high s p i n  s t a t e s ,  n i c e l y  complementing t h e  (K,IT) measurements. 

An a t t r a c t i v e  experimental f e a t u r e  of t h e  (IT,K) process  is t h e  a v a i l a b i l i t y  

of l a r g e  pion f luxes ,  t y p i c a l l y  l o 4  n ' s  per  K a t  t h e  Brookhaven AGS. This  

permi ts  t h e  measurement of much smal le r  c r o s s  s e c t i o n s  ( 1  p b / s t  i s . a c c e s s i -  -.. . 

b l e )  than  f o r  (K, IT) w i th  c u r r e n t  beam i n t e n s i t i e s .  

3 8 
The con£ i g u r a t  ions which a r e  pred ic ted  t o  dominate t h e  (IT,K) reac- 

t i o n  a r e  t h e  n a t u r a l  p a r i t y  " s t r e t c h  s t a t e s "  obtained by coupling An-' t o  

s p i n  J = 1 + lh. I f  we cons ider  nodeless  o s c i l l a t o r  wave func t ions  f o r  
P 

L 2 2 
which ~ ~ ~ ( r )  - ( r / b )  exp (-r /2b ) ,  t h e  form f a c t o r  FJ(q) of Eq. (9) 

bccomcs 

2 
where z = (bq) /2. Note t h a t  F (q) vanishes  a t  q = 0 f o r  J # 0 and 

J 

assumes i ts  peak va lue  f o r  

2 
J = (bq) / 2  

The cond i t i on  (16) r e p r e s e n t s  t h e  optimum matching of momentum t r a n s f e r  

q and t o t a l  s p i n  J f o r  t h e  o s c i l l a t o r  model. Note t h a t  €IL = O0 cor- 

responds t o  a l a r g e  va lue  q = q ' va lues  of q<q a r e  not  a c c e s s i b l e  t o  
0 0 

experiment. The va lue  q u s u a l l y  exceeds t h e  optimum v a l u e  ( 2 ~ ) ' / ~ / b  
0 

of Eq. (16) ,  so t h a t  one is  a l r eady  p a s t  t h e  peak of F (q) f o r  €IL = 0°,  
J 

+ + ' 

and t h e  (IT ,K ) c r o s s  s e c t i o n  i s  a decreas ing  func t ion  of OL. 

The ques t ion  now a r i s e s :  What i s  t h e  h ighes t  s p i n  An-' state t h a t  



one can manufacture i n  a given hypernucleus? I f  one assumes t h e  p o t e ~ l t i a l  I 

V A  ( r )  of Eq. ( l o ) ,  t h e  spectrum of A s i n g l e  p a r t i c l e  s t a t e s  can b e  ca l -  
11 

c ~ l a t e d ~ ~ .  One can  a l s o  seek guidance from Hartree-Fock c a l c u l a t i o n s  
39 

f o r  A hypernuclei .  For systems wi th  A>40 o r  so ,  t h e  A o r b i t  correspond- 

i ng  t o  t h e  last  bound nucleon o r b i t  is a s i n g l e  p a r t i c l e  resonance i n  t h e  

continuum. For tgplcal s y s i r u ~ s  l i k e  4 8 ~ c i ,  'Oer, 138~a  and 2 0 8 ~ b j  whkh 

have c losed  j - 1 + 112 neutron s h e l l s  w i th  l = 3,4 ,5  and 6 ,  r e s p e c t i v e l y ,  

t h e  corresponding A o r b i t s  l i e  a t  roughly 5-6 MeV i n  t h e  continuum. The 

e l a s t i c  width of t h e s e  A s t a t e s  becomes narrower a s  A i nc reases  

4 8 (rEL : 2.4 MeV f o r  t h e  i f  i n  A Ca, I' EL r 0.3 MeV f o r  t h e  J li i n 2 1 8 p b j ,  

-1 
so they  should be  observable  a s  r e l a t i v e l y  narrow An s t a t e s ,  even though 

-1 
they are unbound. The h ighes t  s p i n  narrow An s t a t e s  t h a t  we a n t i c i p a t e  

-1 
a r e  then  obta ined  by coupling t h e s e  s i n g l e  p a r t i c l e  resonances t o  n 

states : 28~i ,  A 4 f ~ a ,  ':~r, ' i 8 ~ a ,  and 2 0 8 ~ b  A a r e  good cand ia t e s ,  s i n c e  

-1 
n a l s o  has high  s p i n .  We can a l s o  couple t h e  A i n  t h e  next  lowest  

-1 
o r b i c  r o  n , g iv ing  a t a t c c  with one less u n i t  of J .  We f i n d  

and so  f o r t h .  I n  F ig .  10, we show t h e s e  h igh  s p i n  s t a t e s  on a J v s .  A 



p l o t ,  a long  wi th  continuous curves corresponding t o  t h e  optimum matching 

cond i t i on  (16) .  The A dependence of t h e  optimum J a r i s e s  from t h e  

113 o s c i l l a t o r  r a d i u s  parameter b, which we have taken a s  p ropor t iona l  t o  A . 
Note t h a t  q decreases  wi th  inc reas ing  p ( s e e  F ig .  4 ) ,  so t h a t  by vary ing  

IT 

+ + 
P,, 

w e  sweep ou t  a band of optimum J va lues .  The elementary a n+K A .  

c r o s s  section4'  peaks near  p = 1.04 GeV/c, bu t  remains s i z a b l e  up t o  
' 

IT 

about 1 .5  GeV/c. From Fig .  10, we see t h a t  f o r  l i g h t  systems such a s  

2:~i o r  4 8 ~ a ,  t h e  h ighes t  s p i n  s t a t e  is  very  we l l  matched a t  1.04 GeV/c, 
A 

+ + 
so t h e  l a r g e s t  (a  ,K ) c r o s s  s e c t i o n s  a r e  t o  be  expected f o r  t h e s e  s t a t e s .  

For heavier  hypernuclei ,  we a r e  no longer  we l l  matched a t  1.04 ~ e V / c ,  so  

+ + 
smaller  c r o s s  s e c t i o n s  w i l l  r e s u l t .  I n  Ref. (38) ,  e s t ima te s  of (IT ,K ) 

c r o s s  s e c t i o n s  a r e  given f o r  a range  of t a r g e t s  and inc iden t  momenta, 

us ing  PWA, DWIA and e ikonal  approximations. A t y p i c a l  DWIA t h e o r e t i c a l  

3 8 * p r e d i c t i o n  is  shown i n  F ig .  11 f o r  4 0 ~ a  (TT+,K+) 4 R ~ a  a t  1.04 GeV/c. 

The c r o s s  s e c t i o n s  f o r  s t r e t c h  s t a t e s  decrease  when J is  decreased,  bu t  

by l e s s  than a f a c t o r  of two per  u n i t  of J .  Hence s e v e r a l  states should 

have measurable c r o s s  s e c t i o n s .  The r e s u l t s  shown i n  F ig .  11 a r e  reduced 

by only about a f a c t o r  of '5 -10  wi th  r e s p e c t  t o  PWA e s t ima te s ,  s i n c e  t h e  

+ .  
K is  weakly absorbed i n  t h e  e x i t  channel.  

+ + 
The (II ,K ) r e a c t i o n  could open up a new domain of hypernuclear  

s t r u c t u r e  physics .  The h igh  s p i n  " s t r e t ch"  s t a t e s  d iscussed  h e r e  a r e  of 

-1 
a p a r t i c u l a r l y  simplc s t r u c t u r e ,  s i n c e  only - one An conf igu ra t ion  of t h e  

maximum, J e x i s t s .  I n  heavy systems, t h e  "spreading width" of very  h igh  

s p i n  s t a t e s  w i l l  be l e s s  than t h a t  f o r  lower s p i n s ,  s i n c e  t h e r e  is a lower 

d e n s i t y  of compound s t a t e s  (2p 2h, e t c . )  of t h e  same sp in .  Thus narrow 



e x c i t a t i o n s  may e x i s t ,  even q u i t e  h igh  i n  t h e  continuum. There is a s  y e t  

+ + 
no experimental d a t a  on t h e  (-IT ,K  ) r e a c t i o n s ,  bu t  a n  experiment i s  being 

planned41 f o r  t h e  Brookhaven AGS.. 

A s  a f i n a l  t o p i c  of t h e  " fu tu r ' i s t i c "  type,  we cons ider  t h e  p o s s i b i l i t y  

- 
of producing : o r  AA hypernucle i  v i a  t h e  double s t rangeness  exchange 

+ 42 
(K-,K ) r e a c t i o n  . Such s t u d i e s  would be  of fundamental i n t e r e s t  from 

s e v e r a l  p o i n t s  of view: a )  explore  a new type of hypernuclear  spectroscopy;  

b) shed some light on t h e  n a t u r e  of =W. and Ah inee racc i an ,  chereby exrend- 

ing our  knowledge of t h e  SU(3) s t r u c t u r e  of baryon-baryon f o r c e s ;  c )  possi-  

b i l i t y  of narrow 5 s t a t e s  i n  n u c l e i ;  and d) provide a p o s s i b l e  t e s t  f o r  

Bag model p r e d i c t  ions43 of a s t rangeness  -2 dibaryon . 
Two events  correspofiding t o  double hypernucleus product ion a r e  known 

44 6 
from cmulsion work (A,, He and ii~e). These a r e  i d e n t i f i e d  by t r a c k s  

corresponding t o  two success ive  weak decays A-rpn-. I n  t h e  c a s e  of 
6 
A A ~ ~ ,  

t h e  f i r s t  s t e p  is  a K- + p + K+ + s- r e a c t i o n ,  followed by t h e  slowing 

down of t h e  E- i n  t h e  emulsion, and f i n a l l y  t h e  c a p t u r e  process  

Second order  processes  f o r  t h e  formation of AA hypernucle i  have been 

evaluated i n  Ref. (42) .  These correspond t o  t h e  graphs of F ig .  12 .  The 

+ 
0' c r o s s  s e c t i o n  f o r  t h e  K - ~ - + ~ " A  followed by n0p-tK A r e a c t i o n ,  summed 

over a l l  f i n a l  AA hypernuclear  s t a t e s ,  is given42 i n  rough approximation by 



where 

. . Here t a r e  t -matr ices  f o r  processes  1 and 2 and 5 t akes  account of 
132 

t h e i r  angular  dependence. A Glauber approximation has been used t o  

3 -, -+ 
reduce t h e  d Q i n t e g r a l . t o  a two dimensional i n t e g r a l  over Q (x ,y  com- 

I 

ponents) .  The e x i s t i n g  experimental data44 on b -t nA andirN -t KA can be 

used t o  o b t a i n  

f o r  p  - = 1.1 GeV/c, p,,, = 1.02 ~ e V / c .  This  cho ice  of momentum corre-  
K 

sponds t o  t h e  peak i n  t h e  product of do/dRL f a c t o r s .  Using t h e  va lues  i n  

2 2 - 1 
(201, and t ak ing  <l/r  > r 3pF 120 z 0.028 mb from t h e  Fermi gas  model, 

we o b t a i n  

+ 
f o r  t h e  summed (K-,K.)  c r o s s  s e c t i o n .  



Note t h a t  t h e  sum over  s t a t e s  inc ludes  t h e  q u a s i e l a s t i c  con t r ibu t ion ,  

(one o r  both A ' s  i n  t h e  continuum) which is a s i z a b l e  p a r t  of t h e  t o t a l ,  

-1 -1 
s i n c e  q is l a r g e .  The c o n t r i b u t i o n  of d i s c r e t e  AAp p s t a t e s  t o  (21) 

w i l l  a r i s e  mainly from high  s p i n  s t a t e s .  The f i r s t  A ,  produced i n  t h e  

low q process  ~ - ~ - r r r O A ,  would have maximum "s t i ck ing  p robab i l i t y "  i n  a low 

+ 
s p i n  s t a t e ,  bu t  t h e  second A ,  produced i n  t h e  high q process  aOp+K A ,  can 

+ 
s t i c k  only i n  a h igh  s p i n  s t a t e .  Thus t h e  (K-,K ) c r o s s  s e c t i o n s  t o  

d i s c r e t e  s t a t e s  may be too  small  t o  mcasure wi th  c u r r e n t  K-beams, a l though 

this react ion remains very  promising f o r  f u t u r e  f a c i l i t i e s .  

Rather than  cons ider ing  Ah hypernucleus formation,  we may look a t  t h e  
- +- one s t e p  process  K p+K =. The r e a c t i o n  E - ~ + A A  then se rves  t o  provide t h e  

- 
E state wi th  a conversion width, analogous t o  t h e  s i t u a t i o n  f o r  ~ - p A n .  

- 
The two-body threshold  f o r  t h e  product ion i s  a t  p - r: 1.05 G ~ v / & ,  so  

K 
t h e  formation of hypernucle i  is  k inemat ica l ly  separa ted  from t h a t  of AA 

hypernucle i  ( t h e  Q va lue  f o r  E - ~ + A A  is  30 MeV). The summed c r o s s  s e c t i o n  

+ 4 2 
' a t  0' f o r '  a E hypernucleus i n  a (K-,K ) r e a c t i o n  is  

where Z is  t h e  e f f e c t i v e  proton number 
e f f  . 

a n d  a =  ( 1  - q/v.,~=). I n  Eq. (231, x C f )  a r e  d i s t o r t e d  waves obta ined  - 
K 

from t h e  o p t i c a l  model. We e s t ima te  
4 2 

'eff 
t o  be  of t h e  o rde r  of 1 and 



4 5 a t  p - % 1.26 GeV/c, from experiment . This  g i v e s  
K 

f o r  E hypernucleus formation. Since q z 400 ~ e V / c ,  on ly  d i s c r e t e  - s t a t e s  

+ 
of high s p i n  w i l l  be  populated i n  t h e  (K-,K ) r e a c t i o n .  The q u a s i e l a s t i c  

process  r e p r e s e n t s  much of t h e  sum of Eq. (25) .  

The Har t r ee  p o t e n t i a l  f o r  a i n  t h e  nucleus and t h e  width r- a r i s i n g  - - 
from G - ~ + A A  have been est imated i n  Ref. (42) .  Because of t h e  smal le r  

. . . . 

phase space f o r  t h e  conversion process ,  5 widths a r e  i n t r i n s i c a l l y  smal le r  

than  E widths.  The quenching mechanism discussed  e a r l i e r  f o r  Z widths2' a l s o  

ope ra t e s  f o r  t h e  Z ,  s i n c e  a t  low energ ies ,  t h e  process  E - ~ + A A  t akes  p l ace  only  

4 2 from t h e  I = 0, 'S channel.  Very narrow 5 s t a t e s  may thus  be  a n t i c i p a t e d  . 0 

In t ense  kaon beams a r e  requi red  t o  f i n d  them! 

' + 
There a r e  a l s o  a number of unique p o s s i b i l i t e s  f o r  t h e  K a s  a probe 

+ 
'of nuc lear  s t r u c t u r e .  The $ does no,t t r a n s f e r  s t rangeness  t o  t h e  nuc leus ,  

b u t  i t s  weak abso rp t ion  makes it d i s t i n c t i v e  among hadrons. Its f e a t u r e s  

5,46-48 
have been d iscussed  i n  some d e t a i l  i n  t h e  l i t e r a t u r e ,  so  we only  

+ 
g ive  a ske l e ton  o u t l i n e  here .  The K should i n  p r i n c i p l e  be u s e f u l  f o r  

a )  e x t r a c t i o n  of information on neut ron  from e l a s t i c  s c a t -  

t e r i n g ,  a s  we l l  a s  s p i n  f l i p  form factors4 ' .  This  r e q u i r e s  a good know- 

+ + 
l edge  of t h e  elementary K N ampli tudes;  b) K i n e l a s t i c  s c a t t e r i n g  s t u d i e s  

+ + 
of g i a n t  i s o s c a l a r  0 and 2 resonances and h igh  s p i n  unna tu ra l  p a r i t y  

s t a t e s .  It would be  i n t e r e s t i n g  t o  compare t h e s e  r e s u l t s  t o  n, p and e- 



i n e l a s t i c  s c a t t e r i n g  t o  t h e  same c l a s s  of s t a t e s ;  c )  charge exchange 

+ 0 5 
(K,K ) r e a c t i o n s  t o  look  a t  t h e  i s o s p i n  s t r u c t u r e  of g i a n t  resonances; 

+ + 
d)  i n v e s t i g a t i o n  of nucleon q u a s i p a r t i c l e  p r o p e r t i e s  v f a  t h e  (K ,K p) 

knockout reac  tion4', and comparison wi th  ( e ,  el p) and (p, 2p) r e s u l t s .  

+ 
There i s  some r e c e n t  data5' on K- e l a s t i c  s c a t t e r i n g  on 12c and 40Ca a t  

800 j l e V / c .  'Ill~isc data have been diocuoood i n  the context of the optiral 

4 8 
model 

w i th  no 

. A f i r s t  o rder  p o t e n t i a l  ( l i n e a r  i n  the nuclear  d e n s i t y  p ( r ) )  

+ 
f r e e  parameters  gave e x c e l l e n t  wi th  t h e  K e l a s t i c  

~ ~ s t t e r i n g  d a t a .  

I have t r i e d  t o  i n d i c a t e  some of t h e  i n t e r e s t i n g  ques t fons  which 
, . 

a r i s e  i n  kaon-nucleus phys ics ,  bu t  . t h e  . .  l is t  has  been f a r  from complete. 

There a r e  many open ques t ions  and o p p o r t u n i t i e s  f o r  advances i n  our  

understanding of how s t r a n g e  mesons and baryons i n t e r a c t  w i th  n u c l e i .  
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