
IL NUOVO C I M E N T O  
R I V I S T A  I ~ T E R ~ A Z I O N A L E  

O R G A N O  D E L L A  S O C I E T A  I T A L I A N A  D I  F I S I C A  

S O T T O  G L I  A U S P I C I  D E L  C O N S I G L I O  N A Z I O N A L E  D E L L E  R I C E R C H E  

E D E L  C O M I T A T O  N A Z I O N A L E  P E R  L ' E N E R G I A  N U C L : E A R ~  

VOL. IL  A, N. 1 Serie decima 1 o ~Y[aggio 1967 

Strange-Particle Production at 2.75 GeV/c. 

I. -The YKr~ Final State. 
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S u m m a r y .  - -  The strange par t ic le  product ion  in r : - + p  react ions at  
2.75 GeV/c ~ a s  analysed.  The resul ts  concerning the  th ree-body  final 
s ta te  are presente4. The ra te  of product ion  of the  different known 
resonances is determined by  best  fit procedures.  The Y~(1405) was found 
at  1375 MeV, as was also found by  Miller et al. The one-K exchange 
p e r i p h e r a l m o d e l w a s  tes ted  by  the  Tre iman-Yang test ,  ob ta in ing  con- 
sistency when K*(891) product ion is favored.  The to ta l  cross-section 
was found to be ~ =  (1 .4+  0.1) rob. 

1 .  - I n t r o d u c t i o n .  

Previous experiments (1.e) on =p interactions producing strange particles 
with incident momentum up to a few GeV/c, have shown tha t  in the YK= 
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final s ta te ,  the  known  K*(891), u Yo(1405) and  u resonances  
are  p roduced  in a var iab le  degree,  the  p roduc t ion  angu la r  d i s t r ibu t ion  be ing  
cons is tent  w i t h  the  per iphera l  model .  

This  expe r imen t  was u n d e r t a k e n  to  s t u d y  the  r a t e  a t  which the  different  
resonances  are produced,  and  to  inc rease  the  knowledge  a b o u t  the  pe r iphe ra l  
na tu re  of the  p roduc t ion  mechan i sm.  

The to t a l  of 40000 p ic tures  ana l y s ed  was m a d e  wi th  the  80 cm hyd rogen  
bubb le  c h a m b e r  of Saclay,  exposed a t  C E R N  to a b e a m  of (2750=L15)~r ~ - .  

2. - S e l e c t i o n  cri teria .  

All the  film was scanned twice  w i t h  an  e s t i m a t e d  final efficiency of 99 %.  
_k to t a l  of 504 s t range-par t ic le  even ts  were  found,  115 of which  were  iden- 

tified unambiguous l y  as be ing  of one of the  different  classes of the  YK~: final 
s ta tes .  

All the  events  were processed b y  a bes t  fit p r o g r a m  similar  to  GUTS.  
As m u c h  as i t  was possible the  ion iza t ion  of the  t r acks  was d e t e r m i n e d  b y  
measu r ing  the  mean  gap length  on a microscope.  

The condit ions an  even t  had  to  fulfil in order  to  be  cons idered  ~lnambig- 
uous ly  classified were:  

1) 

2) 

To have  a Z~-value cor responding  to  a confidence level  h igher  t h a n  10 ~/o. 

The accepted  hypothes i s  shall  have  a g2-value wi th  a confidence level  
3 t imes  as high as t h a t  of the  following one. This  f ac to r  was  reduced  
to  2 when  the  bes t  hypo thes i s  was  AK~: and  the  fo l lowing Y~~ 
because  it is known  t h a t  t h e  errors  ass igned to the  Z o even t s  were  

over -es t imated .  

3) The  resul ts  of the  m e a n  gap  length  m e a s u r e m e n t s  were  cons i s ten t  

wi th  the  ca l ibra t ion  curves .  

3 . -  R e s u l t s .  

A first e s t ima t ion  of the  to t a l  cross-sect ion gives a va lue  of (1 .4 :L0.1)rob,  
cons i s ten t  wi th  t h a t  found  b y  MILI~E~ et al. (1) in a s imi la r  e x p e r i m e n t .  

W h e n  the  isotopic  spin allows it ,  the  u  events  a re  d o m i n a t e d  b y  the  
K*(891) product ion ,  and  in t h a t  case the  charac ter i s t ics  of the  d i f ferent  classes 
of events  involved  are  s imilar .  F o r  t h a t  r eason  we g rouped  the  even t s  in 
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3 groups A, B, and C: 

(1) E - K  ~ ~+ ,  

(2) Zb K+~: - , 

(3) A K+r: - , 

A ,  

(4)  Z -  K + no ,  

(5)  A ~ K~  ~ , 

(6)  Z ~ K ~ ~~ , 

B ,  

(7) Z+K ~ ~-  , } C , 

in accordance wi th  the  a priori probab i l i ty  t h a t  the  K::  sys tem was in a I ~ � 8 9  
s ta te  which is e i ther  dominan t ,  n o n d o m i n a n t  or ~ero, respect ively .  The  re- 
suits confirmed the  convenience of t h a t  grouping.  

In  Fig. 1, a) the  Dali tz  p lo t  for  the  events  of the  first group is shown, and  
the  Figs. 1, b) and 1, v) show the  ideograms of the  p ro jec t ed  spec t ra  on the  
Kr: and  Y~ axes. 

F igure  1, d) shows the squared effective mass spec t rum of the  Kr: sys tem 
for the  events  of groups B~-C. This last  spec t rum is cons is tent  w i th  the  or- 
d inary  phase-space drawn in the  diagram.  

Ins t ead  of tha t ,  the  spec t rum of Fig. 1, b) for  the  events  wi th  an  I ~-�89 
s ta te  favored  a priori, shows a dominan t  p roduc t ion  of K*. The d is t r ibu t ion  
of the  K* events  in the  Oali tz  plot  does no t  show an y  in te r fe rence  wi th  the  
Y*(1385) t ha t  appears  in the  Yr: sys tem.  There  is also a b u m p  a t  1125 ~r 
with l i t t le  s tat is t ical  significance, a l though in the  Dal i tz  p lo t  two bands  in 
correspondence wi th  bo th  peaks are clearly seen. 

We t r ied  to fit the  M2(Kr:) spec t rum of Fig. 1, b) wi th  a combina t ion  of 
K* and  phase space, modified in order  to  t ake  in to  account  the  u and  
subject  to  the  cons t ra in t  of the  p ropor t ion  of A's and  Z's.  The  resul t  of the  
fit indicates 54 % of K*(891) and  46 % of phase  space, and  i t  was drawn in 
the figure. 

Fig. 2, a) shows the  Chew-Low diagram for the  event~ of group A, 
and Fig. 2, b) shows the  spec t rum of the  f o u r - m o m e n t u m  t ransfe r  to  the  
baryon .  Small  m o m e n t u m  transfers  are preferred,  and  toge the r  with the  k n o w n  
forward product ion,  there  appears  a smal! group of events  of low mass,  pro- 
duced backward  wi th  high m o m e n t u m  transfer .  

The curve drawn in (b) was made  on the  basis of the  per iphera l  model  (~), 

(7) G. F. C~Ew a n d F .  A. Low: Phys. Rev., 113, 1640 (1959). 
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Fig.  1. - a) Dal i tz  p lo t  for even t s  w i t h  K*  f avo red  by  i so topic  sp in ;  b) and c) are  t h e  
p ro jec ted  spectra ,  t he  curves  being t h e  best  fit and  the  o rd ina ry  phase  sp~ce, respec-  
t i ve ly ;  d) squared  effect ive mass s p e c t r u m  for even t s  w i t h  Z = �89 no t  f avo red  a prior i .  
�9 Z -K~  ~ Z~  o AOK+r=-; Yl~2zJ; ~ ' -K+~ ~ and  A~176 [---] ; ;E+K~ 76 even ts .  

i 
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where the exchanged part icle  is a K meson (one-K e~change model  O K E ) .  
The exper imenta l  spect rum is more  peaked  t h a n  the  theore t ica l  predict ion.  
Tha t  is a resul t  a l ready known f rom p ica  production~ where the  reac t ion  seems 
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Fig. 2. - a) Chew-Low diagram for events of group A;  b) projected spectrum of A ~. 
The curve represents the ordinary peripheral-model p r ed i c t i on ;  c) Chew-Low diagram 
for events of groups B + C; d) projected spectrum of A 2. The curve is the ordinary 
peripheral-model prediction, a) . E-K~ u E~ o A~ e) �9 E+K%r-; 

t~ Z-K+r~o; o A~176 ~ 

also to be (< more  per ipheral  t han  the  per iphera l  m o d e l ,  (8), and where  the  
disagreement was ten ta t ive ly  solve4 wi th  fo rm factors  (9)or  wi th  the  absorp-  
t ive model  (10). 

Figs. 2~ e) and  2, d) are the  cor responding  diagrams for  the  events  of 
groups B+C. There  appears  to be a be t t e r  agreement  wi th  the  o rd ina ry  O K E  
model 

(s) N. SCHMITZ" Proceedings o] the 1965 Easter School ]or Fhysicists, CERN 65-24 
(1965), p. 28. 

(9) ]~. F E R R A R I  a n d  F .  S E L L E R I :  Nuovo Cimento, 21, 1028 (1961); 27, 1450 (1963); 
F. SELLERI: .Phys. T~ett., 3, 76 (1962). 

(lo) It. PILKVHN: .Proceedings o] the 1965 Easter School ]or Physicist, CERN 65-24 
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Fig. 3. - Treiman-Yang angle distribution 
for events of a) group A and b) groups B + C: 
a)i:::::i; bump, ~ ; K ' p e a k .  V-7; other, 
c = 0 ,  c ' ~ 0 ;  b) ~ ;  AOK~176 [ZZJ; Z -K  +z:~ 

; Z+K~ - ,  c = 0.24, c ' =  0.46. 

I n  :Fig. 3, a) t he  d i s t r i bu t ion  of 
t he  T r e i m ~ n - Y a n g  angle  (1~) (diT~) 

for  the  events  of g roup  A is shown. 
W i t h  the  only excep t ion  of t he  even ts  
cor responding  to the  b u m p  in the  
M2(K~) spec t rum (62 <M2(K: : )  < 76), 
which were d rawn  wi th  a dashed  
l ine a t  the  top  of t he  d i ag ram,  the  
d i s t r ibu t ion  for the  o the r  even ts  
seems to  be  un i fo rm,  t h a t  is, the  
necessary  condi t ion  imposed  b y  the  
T r e i m a n - Y a n g  t e s t  to  the  O K E  mod-  
el is fulfilled. 

We  h a v e  defined two  p a r a m e t e r s  
v and  c' to  give ~ g lobal  me~su re  of 
two different  k inds  of d e p a r t u r e  f r o m  

isot ropy.  The  p a r a m e t e r  c is defined to measu re  an  effect s imi lar  to t he  
fo rward -backward  a s y m m e t r y  in t he  o r idnary  angu la r  d i s t r ibu t ions :  

C - -  

2Y, : no. of events  with ~T.~ < 90~ 

N2: no. of events  wi th  ~5T. Y > 90 ~ 

The coefficient c' is defined to m e a s u r e  the  cop l ana r i t y  of the  two r e l evan t  
planes of the  Y a n g - T r e i m a n  tes t  ( the Y-p  a n d  the  K-7: p lanes) :  

N3+N,' 

N3: no. of events  wi th  0 ~  ~bT.y< 45 ~ or 1 3 5 ~  ~b~.y< 180 ~ 

N, :  no. of events  wi th  45 ~  ~T-Y < 135~ 

Bo th  coefficients are zero for  t he  even ts  of group A ( tha t  of t he  b u m p  
excluded). 

I n  Fig. 3, b) the  cor responding  d i s t r i bu t ion  for  the  even ts  of  g roups  B-{-C 
is shown. I t  is significantly di f ferent  f rom the  p reced ing  one, d e p a r t i n g  f rom 
i so t ropy  ( c = 0 . 2 4 1 0 . 1 6 ;  c'----0.46/=0.15). T h a t  is, the  even ts  of g roups  B 
a n d  C do not  seem to be cons i s t en t  w i th  the  O K E  model .  

(n) S. B. TREI~AZ~ ~ and C. N. YA~a: Phys. Rev. Lett., 8, 140 (1962). 
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Fo r  completeness ,  in Fig. 4, a) the  spec t rum of the  squared  effective mass  
for the  u  sy s t em was represen ted ,  for  the  even ts  of r eac t ions  (2), (3), (4) 
and  (5), for  which t h a t  sy s t em can  no t  be  in a I = 0  s ta te .  The  curve  rep-  
resents  the  o rd ina ry  phase-space .  A fit to the  e x p e r i m e n t a l  d a t a  gives 1 4 %  
of Y*(1385) and  86 ~o of phase  space (modified in order  to t ake  in to  accoun t  
the K*(891)). 
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Fig. 4. - Squared effective mass distribution for a) events in which the Y~ system can 
not be in I = 0 and b) events for which I = 0 is possible. The curves are ordinary 
phase-space, a) E~ -,  A~ - ,  ~.-K+r: ~ A~176 ~ 61 events; b) E-K~ +, X+K~ - ,  

54 events. 

I n  Fig.  4, b) the  M2(YT:) was r ep re sen t ed  for  events  in which  the  Y:: s y s t e m  
m a y  be in a I = 0 s ta te .  The  curve  represen t s  the  o rd ina ry  phase-space .  The  
p e a k  a t  low energies is ass igned to the  Y*(1405), a l though  i t  appea r s  a t  1375 MeV, 
as was also found  in a s imilar  exper ience  b y  1V[ILLEI~ et al. (1). A fit to  t he  
expe r imen ta l  da ta  gives 17 ~o of Y*(1405 --> 1375), 14 ~o of Y*(1520) a n d  69% 
of phase  space (modified to  t a k e  in to  account  the  K*).  

We wish to acknowledge the  generos i ty  of Prof .  G. PuPPI  for m a k i n g  this  
film avai lable  to  us. 
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R I A S S U N T O  (*) 

Si ~ s tudia ta  la produzione di part ieel le  s t rane  nelle reazioni ~ - + p  a 2.75 GeV/e. 
Si presentano i r isul ta t i  r iguardant i  lo s ta to finale a t re  eorpi. Si de termina  con proce- 
dimenti  di migliore approssimazione il rappor to  di  produzione delle differenti  r isonanze 
conoseiute. Si i5 t rovato  1'Y*(1405) a 1375 MeV, dove i~ s ta to anche t rova to  da  Miller 
et  a l .  Si ~ eontrollato il modello di scambio periferico di un K con il metodo di Treiman- 
Yang, ot tenendo eompatibil i t~ quando ~ favor i ta  la produzione del K*(891). Si ~ t rova to  
e h e l a  sezione d 'ur to  totale  ~ a T =  (1 .4 •  0 . I ) rob .  

(*) Traduzlone a eura della Redazlone.  

P o ~ e H n e  CTpaUHmX yacrml npn 2.75 FaB~. 

I. Ir COCTOnUne YKr.  

Pe3EOMe aaTnprtM ~e npe~cTaBneHo. 


