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In t roduc t i on  

A lth o u g h  e v i d e nce  fo r  th e  q ua r k  m o d e l  is ve ry  s t rong,  th e  cor rect  qi j  qua r k  

m o d e l  a s s i g n m e n ts o f a l l  th e  k n o w n  m e s o n s  a r e  n o t c o m p l e te ly  c lear ,  a n d  con -  

verse ly ,  th e r e  a r e  seve ra l  l ow -mass  ( 2  2  G e V /c2) qi j  states fo r  wh i c h  th e r e  a r e  n o  
e x p e r imen ta l ly  d e tec ted  c a n d i d a tes.  S p ec i f ical ly, i n  th e  s u g g e s te d  a s s i g n m e n ts o f 
th e  P a r t ic le D a ta  G r o u p  [ 1 1 , th e r e  is c ons i d e r ab l e  c o n t roversy ove r  th e  a s s i g n m e n t 

o f seve ra l  o f th e  l ight  n on - s t r a nge  m e s o n s . Th is  is par t icu la r ly  t rue  fo r  th e  O + +  

m u l tip let ,  w h e r e  th e r e  a p p e a r  to  b e  to o  m a n y  c a n d i d a te  states, a n d  i n  th e  D -wave  

,. J p  =  2 -  secto r  th e r e  is n o  qi j  c o m b i n a tio n  w i th  g o o d  c a n d i d a te s  fo r  b o th  s ing le t  

a n d  tr ip let 2 -  states. Th is  is t rue  e v e n  fo r  th e  s t r ange  m e s o n  sector ,  wh i c h  is th e  
b e s t u n d e r s to o d  qi j  system. E v e n  th o u g h  th e  n u m b e r  o f s t r ange  m e s o n  states wh i c h  

h a v e  b e e n  o b se r v e d  is qu i t e  l a r ge  [2 ], w i th  o rb i ta l ly  exc i ted  states u p  to  5 -  a n d  
_  w i th  a  s ign i f icant  n u m b e r - o f t r ip let a n d  rad ia l l y  exc i ted  c a n d i d a tes,  th e  e x p ec te d  

l eve l  s t ructure is on l y  c o m p l e te  fo r  th e  S -wave  ( L  =  0 )  a n d  P -wave  ( L  =  1 )  g r o u n d  
states. In  fact  it is on l y  fo r  th e  g r o u n d  state P -wave  secto r  th a t b o th  s ing le t  a n d  

tr ip let states a r e  fu l ly  u n d e r s to o d . A lth o u g h  a  s t r ange  m e s o n  state o f Jp  =  2 - , 

& , (1770) ,  h  as  b  e e n  o b se r v e d  i n  seve ra l  e x p e r imen ts [3 ], n o  e x p e r imen t h a s  b e e n  

a b l e  to  r eso l ve  th e  s ing le t  a n d  tr ip let states. If th e s e  states we r e  obse rved ,  th e  

D -wave  m u l tip le t  w o u l d  b e  c o m p l e te , a n d  th is  w o u l d  cons i de r ab l y  s h a r p e n  c om -  

pa r i s on  o f th e  e x p e r imen ta l  d a ta  w i th  m o d e l s  o f th e  l eve l  s t ructure [4 ], pa r t icu la r ly  
a s  th e y  c once r n  s p i n - d e p e n d e n t fo rces.  

-- 
In  th i s  p a p e r , w e  p r e s en t th e  resu l ts  o f a  h igh-stat is t ics s tudy  o f th e  K w  

sys tem i n  th e  K 2 ( Ii’? ‘O ) r eg i on .  T h e  d a ta  we r e  o b ta i n e d  i n  th e  reac t i on  

K - p  +  K - ~ + m r ’p  ( 1 )  

a t 1 1  G e V /c us i n g  th e  L a r g e  A p e r tu r e  S u p e r c o n d u c tin g  S o l e n o i d  ( L A S S )  spec -  
_  t romete r  a t S L A C , wh i c h  is d esc r i b ed  i n  d e ta i l  e l s ewhe r e  [5 ]. S i nce  th e  L A S S  

spec t r omete r  was  n o t e q u i p p e d  w i th  a  p h o to n  d e tector ,  th e  7 r” i n  th e  fin a l  state is 

-no t  d e tec ted  d i rect ly,  b u t its p r e s ence  is i n fe r red  b y  ass i gn i n g  th e  r” m a s s  to  th e  
th e  m ? s i n g  m o m e n tu m  vecto r  i n  a  k i n e m a tic fit, a n d  th e n  obse r v i n g  a  s t rong  w  

s i gna l  i n  th e  resu l t i ng  ~ + K ;~ T O  e ffect ive  m a s s  d is t r ibut ion.  T h e  sensi t iv i ty o f th e  

e x p e r imen t is 4 .1  e v e n ts/rib, a n d  th e  K - w p  s a m p l e  o b ta i n e d  (- l o 5  e v e n ts) is a t 
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least 25 times larger than that obtained in any previous experiment. The accep- 

tance of LASS for reaction (1) is nearly uniform over almost the full 47r solid angle. 

Event selection and analysis 

Initially, events with four charged tracks at the primary vertex and with 

zero net charge are selected. The following requirements are then imposed: (a) 
for at-least one charged track mass assignment permutation, the missing mass 

squared (MM2) recoiling against K-&r-p must satisfy ]MM2] < 0.3 (GeV/c2)2; 

(b) with the assumption that the missing neutral system consists of a single r”, 
the effective mass of the three pion system for at least one of the surviving mass 

-permutations must satisfy rnsr 5 1.1 GeV/c 2. Each acceptable permutation is then 
subjected to geometric and kinematic fits. The fitting algorithm is described in 
detail elsewhere [6]. To distinguish reaction (1) from the background process, 

,. 

. ̂  _.. K-p 4 K-&r-p (2) 

a four-constraint (4C) fit to reaction (2) is performed, and events are removed if 

any mass permutation satisfies this fit with confidence level 2 lo-lo. The events 

removed by this requirement exhibit only a very small w signal in the 7rTT+~-7ro 
effective mass distribution when interpreted as reaction (1). For the surviving 

events, a one-constraint (1C) fit to reaction (1) is performed and only those events 

yielding a fit with confidence level 2 10e2 are accepted. To further purify the data 
sample, particle identification checks using dE/dx, time-of-flight, and Cherenkov -- 
counter information are made, and only those hypotheses consistent with all such 

information are retained. The four-momentum transfer squared between the target 
and recoil protons (t’ = It,,,] - ]tp+p]min) is restricted to the range 0.1 2 t’ 2 

2,O (GeV/c)2 in order to select events containing a peripherally produced Kw 

system; the lower cut-off is necessary since, for t’ < 0.08 (GeV/c)2, the resulting 

_ slow proton almost always stops in the target, and is not reconstructed, while 

for 0.08 2 t’ 5 0.1 (GeV/c)2 th e reconstruction efficiency increases rapidly and 

-becomes almost constant by t’ = 0.1 ( GeV/c)2. 
--.- ..L 

T& surfilving events yield 1.86 x lo5 &K-K’ combinations in the effective 

mass int.erval 0.64. - 0.92 GeV/c2. Of these, - 93 % are from events’ which have a 

unique represent at ion, and N 7 % are from events with two acceptable combina- 

tions. No events have three or more acceptable combinations. Monte Carlo studies 
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o f-K w p  e v e n ts i nd i ca te  th a t th e  w r o n g  7 rTT+7 r - 7 r o  c o m b i n a tio n s  resu l t i ng  f r om th e  

se lec t i on  p r o c edu r e  desc r i b ed  a b o v e  y ie l d  a n  a p p r o x ima te ly  l i nea r l y  r i s ing  back -  
g r o u n d  u n d e r  th e  w  s i gna l  d u e  to  cor rect ly  i n te rp re ted  e v e n ts. T h e  e ffect  o f s uch  

w r o n g  c o m b i n a tio n  e v e n ts is cor rect ly  ta k e n  in to  a c c o u n t b y  th e  b a c k g r o u n d  sub -  
t ract ion p r o c edu r e  to  b e  desc r i b ed  b e l o w . 

T h e  X + X - ~’ m a s s  spec t r um s hows  a  c l ea r  w  p e a k  (f ig. 1 )  w i th  s i gna l  to  
b a c k g r o u n d  ra t io  a b o u t o n e  to  o n e  i n  th e  s i gna l  r e g i o n  ( 0 .72  - 0 .8 4  G e V /c2). It is 

c l ea r  f r om th e  c o r r e spond i n g  Dal i tz  p lo t  (f ig. 2 )  th a t th e  K - w  r e g i o n  o f in terest  

1 . i n  th e  p r e s e n t ana l ys i s  ( m K w  2  2 .0  G e V /c2) ove r l a ps  w i th  subs tan t ia l  p r o d u c tio n  

o f seve ra l  b a r y o n  r esonances ;  fo r  th i s  r e a s on , e v e n ts w i th  m p w  <  2 .2 8  G e V /c2 o r  

m p K  <  2 .0  G e V /c2 a r e  e l im ina ted .  T h e  K - d r - n ” e ffect ive  m a s s  d is t r ibu t ion  i n  

th e  w  r e g i o n  (f ig. 3 a )  s h ows  p e aks  i n  th e  K w  th r e sho l d  r e g i o n  a n d  i n  th e  1 .7  - 
- 1 .8  G e V /c2 reg i on .  T h e  s h a d e d  h i s t og r am d i sp l ays  th e  e ffect  o f th e  m p K  a n d  m p w  

cuts. -Mos t  o f th e  h i g h  m a s s  K - w  e v e n ts l ie  i n  th e s e  ove r l a p  r e g i o ns  a n d  a r e  
r e m o v e d  by  th e  cuts. 

T h e  ana lys is ,  m o r e  d e ta i ls  o f wh i c h  c a n  b e  fo u n d  e l s ewhe r e  [7 ], is p e r f o rmed  

us i n g  th e  jo in t  d e c ay  sphe r i ca l  h a rmon i c  m o m e n ts desc r i b i ng  th e  a n gu l a r  d is t r ibu-  

tio n  o f th e  K w  system, a n d  th e  s u b s e q u e n t d e c ay  o f th e  w  in to  3 7 r ’s. Fo r  a  g i v en  

K - w  m a s s  interva l ,  th e s e  m o m e n ts a r e  o b ta i n e d  f r om th e  D  m a tr ices desc r i b i ng  

th e  K w  a n d  3 7 r  a n gu l a r  d is t r ibu t ions acco r d i n g  to  

- -  
( 3 )  

i = l  

th e  so l i d  a n g l e  fi i(& , 4 1 )  desc r i bes  th e  w  d i rec t i on  i n  th e  K w  rest  f r ame  wi th  

r e f e r ence  to  a xes  d e fin e d  s uch  th a t th e  z 1  ax is  is a l o n g  th e  K -  b e a m  d i rec t i on  

a n d  th e  yr  ax is  is n o rma l  to  th e  p r o d u c tio n  p l a n e  ( G o ttfrie d - Jackson  f rame) ,  a n d  

s imi la r ly  th e  so l i d  a n g l e  Rz (82 ,  4 2 )  d  esc r i bes  th e  n o rma l  vecto r  to  th e  3 7 r  d e c ay  

_  p l a n e  i n  th e  w  rest f rame,  w i th  th e  w  d i rec t i on  i n  th e  K w  rest  f r ame  as  th e  z 2  ax is,  

a n d y 2  =z l  xz2.  

. .- Thcwe i gh t  fu n c tio n  w i  i n  E q  (3 )  is r e qu i r e d  i n  o r de r  to  pe r f o rm  th e  s u b trac- 
tio n  o h h e  b a c k g r o u n d  u n d e r  th e  w  s igna l .  A s  th e  X + C ~ T T ’ m a s s  spec t r um s h o w n  

i n  fig . 1  c o n ta i ns  a  s ign i f icant  b a c k g r o u n d  c o n t r ibut ion u n d e r  th e  w  p e a k , e a c h  m o -  

m e n t is b a ckg r o u nd - s u b t racted b y  set t ing w ; to  - 1  fo r  e v e n ts i n  th e  s i d e b a n d  con -  

t ro l  r e g i o ns  i nd i ca ted  b y  th e  s h a d i n g  ( 0 .64  - 0 .7 0  G e V /c2 a n d  0 .8 6  - 0 .9 2  G e V /c2), 
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to - + 1  i n  th e  s i gna l  r eg i on ,  a n d  to  0  e l sewhe re .  In  m a k i n g  th e  b a c k g r o u n d  s u b trac- 
tio n , it is a s s u m e d  th a t th a t th e  c o n t r ibut ions to  th e  m o m e n ts H ( LMZm)  f r om th e  

w  s i gna l  a n d  th e  n o n - w  b a c k g r o u n d  a d d  i ncohe ren t l y ,  a n d  th a t th e  b a c k g r o u n d  is a  

- l i nea r  fu n c tio n  o f r+ r -7 r” m a s s . In  gene ra l ,  th i s  a p p e a r s  to  b e  a  g o o d  a pp r o x ima -  
tio n . Howeve r , fo r  th e  H ( O O O 0 )  m o m e n t, wh i c h  r ep resen ts  th e  K w  m a s s  spec t rum,  
th e  b a c k g r o u n d  is n o t we l l  d esc r i b ed  b y  a  l i nea r  fu n c tio n . The re fo re ,  fo r  th i s  m o -  

- m e n t,*th e  a m o u n t o f w  s i gna l  i n  e a c h  K - r + r - r ” m a s s  b i n  is m e a s u r e d  b y  fittin g  

th e  w  l i n e shape  to  a  d o u b l e -Gauss i a n  reso lu t i on  fu n c tio n  m o d e l l e d  f r om a  M o n te  

,. Ca r l o  ana lys is ,  c o m b i n e d  w i th  a  n o n - w  b a c k g r o u n d  te r m  wh i ch  is p a r a m e te r i zed  

a s  a  q u a d r a tic fu n c tio n  o f r nsX.  Fo r  e a c h  o f th e  o th e r  m o m e n ts, th e  b a c k g r o u n d  
i n  th e  c o r r e spond i n g  r +7 r - 7 r” m a s s  p lo t  is we l l - desc r i bed  b y  a  l i nea r  fu n c tio n  o f 

. m s a  a n d  th e r e  is n o  s ign i f icant’d i f fe rence  b e tween  th e  resu l ts  o f th e  two  m e th o d s  

o f ex t rac t ing  th e  K w  s i gna l  c o n t r ibut ion to  th e  K - & n - r ’ in tensi ty.  

A fte r  b a c k g r o u n d  s u b tract ion, th e  a c c ep tance -co r r ec ted  m o m e n ts, H ,, a r e  o b -  
ta i n e d  by -mu l t i p l y i ng  th e  vecto r  o f m e a s u r e d  m o m e n ts b y  th e  i nve rse  o f th e  accep -  

ta n c e  m a trix fo r  th e  K w  m a s s  in te rva l  i n  q u e s tio n  ( the  l i nea r  a l g e b r a  m e th o d  [S ]). 

T h e  resu l t i ng  a c c ep tance -co r r ec ted  a n d  b a ckg r o u nd - s u b t racted K w  m a s s  spec t r um 

(Hc(O O O O ))  is d i s p l a yed  i n  fig . 3 b . 

T h e  m o m e n ts H ( L M Z m )  c a n  b e  e xp r e ssed  as  b i l i nea r  c o m b i n a tio n s  o f par t ia l  

w a v e  amp l i t u des  e a c h  o f wh i c h  is th e  p r o d u c t o f a  p r o d u c tio n  a n d  a  d e c ay  amp l i -  

tu d e  [9 ]. E a c h  par t ia l  w a v e  is cha rac te r i zed  b y  a  set  o f q u a n tu m  numbe r s *  J P A q L ’, .- 
w h e r e  J, P , a n d  A  a r e  th e  sp in ,  par i ty,  a n d  he l ic i ty  o f th e  K w  sys tem respect ive ly ,  

a n d  L ’ is th e  re la t ive  o rb i ta l  a n gu l a r  m o m e n tu m  o f th e  K -  a n d  w . T h e  va r i ab l e  

q  is te r m e d  n a tura l i ty  [lo ], s i nce  th e  c o r r e spond i n g  amp l i t u de  pro jects,  to  a  g o o d  

a p p r o x ima tio n , th e  c o n t r ibut ion to  th e  amp l i t u de  i n  q u e s tio n  resu l t i ng  f r om th e  

t - channe l  e x c h a n g e  o f a  sys tem hav i n g  th a t n a tura l i ty. 

T h e  8 9  m o m e n ts w i th  0  2  L  5  6 , 0  2  M  2  2 , I =  0 ,2 , a n d  - 2  5  m  2  2  

a r e  fitte d  u s i n g  a s  p a r a m e te rs  th e  r ea l  a n d  imag i na r y  c o m p o n e n ts o f a l l  o f th e  

.amp l i t u deshav i n g  Jp  =  O -, l+ , l-, 2 + , 2-,  a n d  3-.  D u e  to  th e  non l i nea r i t y  _ _ ’ .:- 
a n d  c o% p lex i iy  o f th e  fittin g  e q u a tio n s , th e  par t ia l  w a v e  ana l ys i s  ( P W A )  so lu t i ons  

a r e  n o t u n i q u e . Fo r  e a c h  in te rva l  o f K - w  m a s s , th e r e fo re ,  th e  P W A  fit is t r ied 

*The  cho ice  of the  q u a n t um  n umbe r s  fo l lows the  conven t i on  u s ed  in  the  t h r ee -body  i soba r  

mode l  (ref. [ lo]) except  that the  i soba r  is f ixed to ~ ( 782 ) .  

5  
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m a n y  tim e s  wi th  r a n d o m  p a r a m e te r  in i t ia l izat ions;  a n y  P W A  so lu t i on  wh i c h  h a s  

a  x 2  e x ceed i n g  b y  m o r e  th a n  1 0  un i ts  th e  m i n i m u m  va l u e  o b ta i n e d  i n  th e  in te rva l  
i n  q u e s tio n  is re jec ted.  In  m o s t cases  th e  a c c ep te d  so lu t i ons  ove r l a p  w i th  o n e  

a n o th e r  w i th in  o n e  s t anda r d  dev ia t i on .  T h e  o n e  s t anda r d  dev i a t i on  in te rva ls  f r om 

a l l  su rv iv i ng  so lu t i ons  a r e  c o m b i n e d , a n d  th e  s p a n  o f th e  c o m b i n e d  in te rva ls  is 
ta k e n  a s  th e  so lu t i on  in terva l .  T h e  c e n te r  o f th i s  so lu t i on  in te rva l  is ta k e n  a s  

- th e  e s & m a te d  va l u e  o f th e  fitte d  amp l i t ude ,  a n d  th e  ha l f - l eng th  o f th e  in te rva l  is 

conse rva t i ve ly  a s s i g n ed  a s  th e  o n e  s t anda r d  dev i a t i on  uncer ta in ty .  

-” T h e  ~ p a r tia l  w a v e  st ructure 

T h e  l ow  m a s s  K - w  r e g i o n  is d o m i n a te d  b y  l+  waves  (no t  s h own ) , wh i l e  th e  
. m a s s  b u m p  a r o u n d  1 .7 5  G e V /c2 h a s  sp in -pa r i ty  (J’)  ma in l y  2-.  T h e  i ncohe ren t  
s u m  o f th e  in tens i ty  c o n t r ibut ions o f a l l  th e  Jp  =  2 -  waves  (f ig. 4 )  exh ib i ts  a  

l a rge ,  b r o a d  b u m p  c e n te r e d  a t N  1 .7 5  G e V /c2. T h e  m u c h  sma l l e r  K - w  decays  o f 

th e  K , * (1430 )  ( t h  n o  s  own )  a n d  th e  K $ (  1 7 8 0 )  a r e  a l so  obse rved ,  a n d  h a v e  b r a nch i n g  

f ract ions-  wh i c h  a r e  cons is ten t  w i th  th e  p red ic t i ons  o f SU ( 3 )  [7 ]. F i gu r e  5  s h ows  

th e  resu l ts  o f th e  P W A  fo r  th e  Jp  =  2 -  a n d  3 -  waves  wh i c h  a r e  s ign i f icant  i n  th e  

1 .7 5  G e V /c2 reg i on .  In  a d d i tio n  to  th e  b u m p  i n  th e  3 -  amp l i t u de  c o r r e spond i n g  

to  K , * (1780 )  p r o d u c tio n , th e r e  is s ign i f icant  a n d  ra the r  comp l i c a t ed  st ructure i n  
th e  2 -  amp l i t udes .  In  o r de r  to  desc r i b e  th e s e  fe a tu r es  i n  te rms  o f th e  p r o d u c tio n  

o f r e s o n a n t states, th e  fo l l ow i ng  p r o c edu r e  is a d o p te d : first, th e  3 -  amp l i t u des  a r e  
fit to  a  s i ng l e  B reit -W i gne r  r e s o n ance  i n  o r de r  to  d e fin e  a  r e f e r ence  w a v e  i n  th e  

_  1 .7 5  G e V /c2 m a s s  reg i on ;  th e n  th e  2 -  a n d  3 -  amp l i t u des  a r e  fit s imu l t aneous l y  w i th  

the i r  re la t ive  p h a s e s  a n d  m a g n i tu d e s  a s  f ree  p a r a m e ters.  T w o  d i f fe rent  desc r i p t i ons  

o f th e  Jp  =  2 -  waves  a r e  c o m p a r e d : th e  first a s s u m e s  th a t th e y  resu l t  f r om th e  

p r o d uc tio n  o f a  s i ng l e  r e s o n ance , wh i l e  th e  s e c o n d  a s s u m e s  th a t th e y  resu- l t  f r om th e  

c o h e r e n t supe rpos i t i on  o f th e  B reit -W i gne r  amp l i t u des  desc r i b i ng  two  r esonances .  

T h e  d o tte d  cu rves  i n  fig . 5  s h o w  th e  fit resu l ts  c o r r e spond i n g  to  th e  first 
h y p o thes is .  T h e  fitte d  m a s s  a n d  w id th  o f th e  2 -  r e s o n ance  a r e  1 7 2 8  f 7  M e V /c2 . -- 
a n d  2 2 & E  2 2 .M e V /c2, respect ive ly ,  a n d  th e  x 2  is 1 2 8 .9  fo r  1 1 6  d e g r e e s  o f f r eedom.  

A lth o u g h  th e  x 2  p e r  d e g r e e  o f f r e e dom  is qu i t e  a c c ep ta b l e , th e  o n e - r e s o n a nce  fit 

d o e s  n o t r e p r o d uce  th e  b ehav i o r  o f th e  2 - l SF  w a v e  a t a l l  we l l ;  a lso ,  th e  d i p  a t 

N  1 .8 4  G e V /c2 i n  th e  R e ( 2 - O + P )  a n d  th e  ta i l  o f Re ( 2 -O+F )  a r e  n o t we l l  r e p r esen t ed  
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by the fit. On the other hand, the fit results corresponding to the two-resonance 

hypothesis, represented by the solid curves in fig. 5, reproduce all features of the 

- amplitudes- very well and provide a significantly better fit to the data, yielding a 

x2 of 70.6 for 110 degrees of freedom. The fitted masses of the two resonances 

are 1773 f 8 MeV/ c2 and 1816 f 13 MeV/c2, and the corresponding widths are 

- 186 fJ4 MeV/c2 and 276f35 MeV/ c2, respectively. The fit results are summarized 

in Table 1. 

The x2 difference is almost 60 units between the one and two resonance hy- 

potheses. Moreover, since the PWA typically has a number of nearby solutions, 

-the error bars shown and used in the fit tend to be overestimated. It follows that 
. the x2 values for these fits are underestimated, so that it is not possible to make 

a reliable quantitative estimate of the significance of the requirement for a sec- 

ond resonance: Nevertheless, the data clearly prefer the model with two Jp = 2- 

resonances. 
- _ 

Conclusions 

A partial wave analysis of the K-w system in a high-statistics (- 105) sam- 

ple of K-wp events provides good evidence for two 2- strange meson states with 

masses N 1773 and N 1816 MeV,c 2. These states are most naturally interpreted 

in the context of-the quark model as the ‘Dz and 3D2 ground states. The sin- 

- glet/triplet assignment of these states cannot be determined, since the strange 

- mesons are not eigenstates of charge conjugation. It follows from this that the ob- 

served states may even be mixtures of the singlet and triplet states, as is the case 

for the Kl( 1270) and Ki(1400). N evertheless, the observation of two 2- states 

means that the qtj ground state D-wave level structure is complete in the strange 

meson sector, the only such sector for which this is the case. 

It is interesting to note that Godfrey and Isgur [4] predict masses of 1780 

and 1810 MeV/c2 for the unmixed ‘D2 and 3D2 states respectively, values which 
. .,- 
are resarkably close to those obtained in the present analysis. Kokowski and Is- 

gur [ll] also predict that the pure states are essentially decoupled, with the lower 

mass state decaying mostly to P-wave and the higher mass state to F-wave. Ta- 

ble 2 shows the coupling strengths obtained from the fit. For the helicity-1 states 

produced by natural spin-parity exchange, the Kz(lSl6) couples most strongly to 

7 
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F -wave  (2 - l+F) ,  h ’ h  w  IC is a t least  cons is ten t  w i th  th e  Kokowsk i  a n d  Isgur  m o d e l . 

P roduc t i on  o f K 2 (  1 7 7 3 )  w i th  he l ic i ty -1  is s o  sma l l  th a t l itt le c a n  b e  sa i d  r ega r d -  

i n g  th i s  state. O n  th e  o th e r  h a n d , th e  2 -  states o f he l ic i ty-0,  p r o d u c e d  by  n a tu -  

- ra l  sp in -pa r i ty  e x c h a n g e , c o up l e  p re fe ren t ia l l y  to  P -wave  K w  fo r  b o th  th e  h i g he r  

(Kz ( l 816 ) )  a n d  th e  l owe r  (Kz ( 1773 ) )  m a s s  state. It s h ou l d  b e  n o te d , h oweve r , 

th a t th e  in te rp re ta t ion  o f th e  d a ta  o f Tab l e  2  is comp l i c a t ed  b y  th e  fact  th a t th e  

- q u o ted -c ross  sec t i on  v a l u e  fo r  e a c h  state i nc l udes  th e  e ffect  o f th e  c o r r e spond i n g  
p r o d uc tio n  amp l i t ude ,  wh i c h  m a y  we l l  d i f fer s ign i f icant ly  f r om state to  state. 

.” A c k n o w l e d g m e n ts 

W e  a r e  ve ry  g ra te fu l  fo r  th e  s u ppo r t o f th e  techn i ca l  staffs o f th e  co l l abo ra t -  

. i n g  inst i tut ions. 
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Tab l e  1 : T h e  resu l ts o f th e  B r e i t -W igne r  fits to  th e  2 -  waves.  

Fit M o d e l 

o n e  2 -  r e s o n a n c e  

Mass  W idth  

(  M e V /c2 )  (  M e V /c2 )  

1 7 2 8  f 7  2 2 1  f 2 2  

x2/dof.  

1 2 8 .9 /1 1 6  

two 2 -  r e s onances  / :,:‘,“f,“, 1  / 7 0 .6 /1 1 0  l.l~  ZJ Il.: 

T a b l e  2 : T h e  s t rengths  o f th e  two Jp  =  2 -  s t r ange  sta tes, K 2 ( 1 7 7 3 )  a n d  

K2 ( l g lS ) ,  i n  th e  p a r tia l  w ave  a m p litu d e s . T h e  n u m b e r s  r e p r e s e n t th e  e f- 

.- fect ive c ross sect ion  ( i n  p b )  o f e a c h  sta te  c o n t r ibut ing to  th e  c o r r e s pond i n g  

p a r tia l  w ave . 

wave  

2 - o + p  

2 - O + F  

2 - l + P  

2 - l +F  

& (  1 7 7 3 )  K 2 (  1 8 1 6 )  

w  w  
7 .6  f 1 .2  6 .4  f 1 .4  

1 .1  f 0 .5  0 .2  f 0 .2  

smal l ,  n o  B - W  fit 

0  f 0 .0 2  0 .8  f 0 .4  

1 0  
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Figure 1: The x+?r-?r’ invariant mass distribution for combinations that 

pass the confidence level and particle ID cuts, and satisfy 0.1 < t’ < 

2.0 (GeV/c)2; the signal region is diagonally-lined while the background 
_ -- co<Fol regions are shaded. 
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Figure 2: The Dalitz plot for reaction (1) for events with 0.1 5 t’ 5 

2.0 (GeV/c)2 and 0.72 < mz+x-qo < 0.84 GeV/c2. The production of 

A(1520), an additional broad enhancement for mPK N 1.8 GeV/c2, and a 

_ -- low-mass enhancement in mP are seen to yield background contributions in 

t&.&gidii of Kw mass considered in the present analysis. 
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Figure 3: The K-&n-no invariant mass distribution for events with 
0.1 < t’ < 2.0 (GeV/c)l. (a) The unshaded curve contains all events that 
satisfy 0.72 < m ,+,-, o < 0.84 GeV/c2 while the shaded portion contains 
only events with rnp > 2.28 GeV/c2 and m ,K > 2.0 GeV/c2. (b) The 

_ .. background-subtracted and acceptance-corrected Kw differential cross sec- 
&ii: the goints with error bars are the measured values and the points dis- 
played by various symbols are the PWA-fitted values shown for comparison. 
Cokctions have been made for unseen w decay modes. 
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. Figure 4: The differential cross section corresponding to the summed inten- 

sities of the 2- waves; corrections have been made for unseen w decay modes. 

The integrated cross section for mKw 5 2.0 GeV/c2 is (4.68 f 0.33) pb. 
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Figure 5: The real and imaginary parts of the K-w Jp = 2- and 3- 

’ ti es ro '.- qt d. P d uced by t-channel natural parity exchange; the curves show 

the’resulti of the fits described in the text. 
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