
L]~TT]$RE AL NUOVO CIMENT0 VOL. 22, N. 8 24 Giugno  1978 

Resonant  K*(892)  Production in Multihadron e+e - Annihi lat ion.  

B. ]~SPOSIT0, F .  FELIC]BTTI (*), A. I~ARINI, F .  RONGA, 

B. S~CHI-ZoRN (**) a n d  G. T. ZOR~ (**) 

I s t i t u t o  IVaz ionale  d i  F i s i c a  IVucleare - S e z i o n e  di  .Frascat i ,  I t a l i a  

~abora to r i  N a z i o n a l i  d i  F r a s c a t i  - ~ r a s v a t i ,  I t a l i a  

A. NIGRO a n d  F.  VANOT.: 

I s t i t u to  N a z i o n a l e  d i  F i s i c a  N u c l e a t e  - S e z i o n e  d i  N a p o l i ,  I t a l i a  

D. BISELLO, IV[. NIGRO a n d  L. PESCARA 

I s t i t u t o  di  F i s i c a  d e l l ' U n i v e r s i t h  - J)adova,  I t a l i a  
l sb i tu to  N a z i o n a l e  eli F i s i c a  N u c l e a t e  - S e z i o n e  di  P a d o v a ,  I t a l i a  

R. BERNAB~.I, S. D'ANGELO, P.  MONACELLI, M. MORICCA, L.  PAOLUZI, P.  PATTERI, 
G. PIANO-]~ORTARI, P.  ROSINI, A. SCIUBBA a n d  F.  SEBASTIANI 

I s t i t u to  d i  F i s i c a  d e l l ' U n i v e r s i t h  - R o m a ,  I t a l i a  
I s t i t u t o  s  d i  F i s i c a  N u c l e a t e  - S e z i o n e  d i  R o m a ,  I t a l i a  

( r icevuto  il 18 Maggie  1978) 

P r e l i m i n a r y  r e su l t s  on  r e s o n a n t  K*(892)  p r o d u c t i o n  in e+e - a n n i h i l a t i o n  a t  cen t r e -  
o f -mass  e n e r g y  W _  ~ 2.1 GeV h a s  a l r e a d y  b e e n  p r e s e n t e d  b y  t h e  M E A  e x p e r i m e n t a l  
g r o u p  a t  A d o n e  (~,2). Our  a t t e n t i o n  was  f i rs t  d i r e c t e d  to  t h i s  e n e r g y  reg ion  d u r i n g  a 
s ea rch  for  J / ~ - l i k e  r e s o n a n c e s  in  t h e  m u l t i h a d r o n  cross -sec t ion .  No e v i d e n c e  for  such  
n a r r o w  r e s o n a n c e s  was  f o u n d  in t h e  e n e r g y  i n t e r v a l  e x p l o r e d  (~) b u t  some  a n o m a l i e s  
in  t h e  b e h a v i o u r  of t h e  y ie ld  of d e t e c t e d  m u l t i h a d r o n  e v e n t s  were  o b s e r v e d  in  t h e  i n t e r v a l  
2.070 < W <  2.200 GeV,  ca l l ed  d a t a  s a m p l e  I .  S u b s e q u e n t l y  a d d i t i o n a l  d a t a ,  d a t a  sam-  
p le  I I ,  were  co l l ec ted  a t  W = 2.13, 2.25 a n d  2.30 GeV to  i n v e s t i g a t e  t h i s  a n o m a l o u s  
b e h a v i o u r .  T h e  y ie ld  of m u l t i h a d r o n  e v e n t s  w i t h  a t  l e a s t  3 c h a r g e d  pa r t i c l e s  d e t e c t e d  
is shown  in fig. 1. 
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Fig. 1. - Yield of multthadron events with a least 3 charged particles detected vs.  total c.m. energy W. 

T h e  e x p e r i m e n t a l  a p p a r a t u s  is desc r ibed  in de ta i l  e l sewhere  (4). T h e  d e t e c t o r  con- 
s is ts  of wide -gap  a n d  n a r r o w - g a p  spa rk  c h a m b e r s  o p e r a t e d  in a m a g n e t i c  field pe rpend i -  
cu la r  to  t h e  e+e - b e a m s  a t  Adone .  T h e  t r igger ,  wh ich  u t i l i zes  b o t h  sc in t i l l a t ion  coun te r s  
a n d  p r o p o r t i o n a l  c h a m b e r s ,  r equ i r ed  a t  l e a s t  two c h a r g e d  par t ic les  each  w i t h  a mini -  
m u m  k ine t i c  e n e r g y  of ~ 130 MeV if a p i o n  or ~ 210 MeV if a kaon ,  a n d  h a v i n g  an  
ang le  b e t w e e n  t h e m  = > 9 0  ~ P h o t o g r a p h s  of t h e  s p a r k  c h a m b e r s  were  s c a n n e d  for  
c a n d i d a t e  m u l t i h a d r o n  e v e n t s  s a t i s fy ing  one  of t h e  fo l lowing  cond i t i ons :  

a) m o r e  t h a n  two  c h a r g e d  pa r t i c l e s  d e t e c t e d ,  

b) two c h a r g e d  pa r t i c l e s  o b s e r v e d  w i t h  a n o n c o p l a n a r i t y  ang le  r e l a t i ve  to t h e  
b e a m  of A~ < 10 ~ 

I n  t h e  se lec t ion  of e+e - m u l t i h a d r o n  e v e n t s  we h a v e  r e s t r i c t e d  our  a t t e n t i o n  to e v e n t s  
w i t h  a t  l e a s t  t h r e e  c h a r g e d  pa r t i c l e s  d e t e c t e d ,  w h e r e  b a c k g r o u n d  c o n t a m i n a t i o n  was 
f o u n d  to  be  negl ig ib le .  T h e  fo l lowing c o n d i t i o n s  also were  i m p o s e d :  

a) t h e  d e t e c t e d  t r a c k s  as r e c o r d e d  b y  t h e  m u l t i w i r e  p r o p o r t i o n a l  c h a m b e r s  were  
r e q u i r e d  to  c o n v e r g e  to  w i t h i n  H I  cm of t h e  i n t e r a c t i o n  p o i n t ;  

b) t r a c k  pa i r s  w h i c h  were  c o n s i s t e n t  w i t h  t h e  cha r ac t e r i s t i c s  of g a m m a - r a y s  
c o n v e r t e d  in  t h e  wa l l  of t h e  v a c u u m  c h a m b e r  were  exc luded .  

A t o t a l  of 200 such  e v e n t s  was  o b s e r v e d  w i t h  a t o t a l  co l l ec ted  l u m i n o s i t y  • ~- 138 n b  -1. 
Of t h e  d e t e c t e d  pa r t i c l e s  some  r e a c h e d  t h e  r a n g e  c h a m b e r s  l oca t ed  ou t s ide  t h e  m a g n e t  
coils t h u s  a l lowing  r a n g e  m e a s u r e m e n t s .  F r o m  r a n g e - m o m e n t u m  m e a s u r e m e n t s  a b o u t  
2 5 %  of m e a s u r e d  t r a c k s  cou ld  be  iden t i f i ed  as p ions .  F u r t h e r m o r e  for  t h e  sample  of 
d a t a  co l lec ted  a t  f ixed energ ies  W =  2.13, 2.25, 2.30 GeV (sample  I I )  t h e  e x p e r i m e n t a l  
se t -up  was  i m p r o v e d  b y  a d d i n g  a t ime-of - f l igh t  m e a s u r e m e n t  m a d e  ove r  a d i s t ance  of 
1.0 m to  a p rec i s ion  of ~At = • 0.8 ns,  a n d  t h e  m o m e n t u m  to  a precis ion of A p / p  -~  

= • 0.04 a t  500 MeV/c .  F r o m  these  m e a s u r e m e n t s  t h e  p robab i l i t i e s  for  a pa r t i c l e  to  
be  a p i o n  a n d  a k a o n  were  d e t e r m i n e d .  

I n  o r d e r  to  s t u d y  poss ib le  d y n a m i c a l  co r r e l a t i ons  b e t w e e n  t h e  o u t g o i n g  par t ic les  
wc h a v e  e x a m i n e d  t h e  i n v a r i a n t - m a s s  d i s t r i b u t i o n s  of  two-pa r t i c l e  n e u t r a l  sys t ems  
a s s u m i n g  t h a t  e ach  pa r t i c l e  p a i r  was  e i t h e r  ~ + ~ ,  K+~:~ or  K~K~,  b u t  t h e  m a s s  of each  
p a r t i c l e  was  r e q u i r e d  to  be  c o n s i s t e n t  w i t h  a pa r t i c l e  i den t i f i ca t ion  m a d e  t h r o u g h  t h e  
r a n g e - m o m e n t u m  m e a s u r e m e n t s .  F o r  u n i d e n t i f i a b l e  t r a c k s  each  was  a s s u m e d  to be  

(4) W .  W .  A S H  e~ a l . :  to be pub]• in N u c l .  I n s t r .  Meth. 
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Fig.  2. - I n v a r l a n t - m a s s  d i s t r ibu t ions  for  K *  ~ a n d  ~ r c ~  two-pa r t l c l e  n e u t r a l  s y s t e m s  a t  d i f fe ren t  
t o t a l  e ,m.  energ ies ,  IV. a)  1}" = 2250, 2300 GeV, s a m p l e  I I ;  b) 2200 >/ W >/ 2140 GeV, s a m p l e  I ;  
c) W = 2130 GeV, s ample  I I ;  d) 2120 ~ ~V ~<2140 GoV, s a m p l e  I ;  e) 2070 ~ W ~2 1 2 0  GeV, s a m p l e  I .  
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in t u rn  a pion and  a kaon.  E a c h  t ime  a pa i r  of par t ic les  con t r ibu ted  to more  t h a n  one 
mass  combina t ion ,  an appropr i a t e  weight  was assigned to each mass combina t ion  so 
t h a t  t he  to t a l  con t r ibu t ion  of each par t ic le  pa i r  to the  inva r i an t -mass  d is t r ibut ion  
a lways  equa led  uni ty .  In  fig. 2 the  inva r i an t -mass  dis t r ibut ions  for ~.-*r.~ and K• �9 
neu t r a l  sys tems are  shown at  different  over lapping  e n e r g i e s  in te rva ls  for da ta  
sample  I and I I  separa te ly .  W e  note  t h a t  t he  agreement  be tween  sample  I and 
sample  I I  in the  over lapp ing  energy  region is qui te  good, thus  confirming the  init ial  
suggest ion of K* p roduc t ion  a t  W ~ 2.13 GeV and al lowing the  two samples to be 
added  toge ther .  The  mass  resolut ion,  as de te rmined  by  Monte  Carlo calculat ion,  is 
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Fig .  3. - I n v a r i a n t - m a s s  d i s t r i b u t i o n s  for  K * ~  = a n d  ~ two-pa r t i c l e  n e u t r a l  s y s t e m s ,  a) ,  c) ~V = 
= (2.12--2.14)  GeV;  b), d) W ~< 2.12 GeV a n d  W / >  2.14 GeV. C r o s s - h a t c h e d  a r e a s  show respec-  

t i v e l y  t h e  re f lec t ion  of 0 p r o d u c t i o n  (670 MeV ~< Mnn ~ 870 MeV) i n  t h e  K * g  �9 m a s s  d i s t r i b u t i o n  
a n d  of K *  p r o d u c t i o n  (840 < MIK g ~< 940 MeV) in  t h e  g ' g *  m a s s  d i s t r i b u t i o n ,  a) ,  b) Kw;  c), d) rr 

A M / M  "" 4- 0.05 in t he  K* mass  region.  I n  fig. 3 the  ~ •  and  K+~ �9 inva r i an t -mass  
d i s t r ibu t ions  for t he  combined  sample  are shown for the  da t a  col lected at  W = (2.12-- 
+2.14)  GeV and outs ide  th is  energy  in te rva l .  A 50 MeV invar i an t -mass  binning is used 

in fig. 3 cons is ten t ly  wi th  t he  quo ted  mass resolut ion.  The  7 : ~  mass d is t r ibutons  show 
an e a h a n c e m e n t  a t  t he  e mass  bo th  a t  energies  la rger  and smal ler  than  W_~ 2.13 GeV. 
This  effect a l though  also p re sen t  at  W ---- 2.13 GeV is less ev iden t  at  this  energy be- 
cause par t ic le  pairs  which ac tua l ly  or ig ina te  f rom K* decay,  when  t h e y  are  assumed 
to be bo th  pions,  g ive  i n v a r i a n t  masses cen t r ed  a round 600 MeV. 

In  fig. 3a) and  b) t he  con t r ibu t ion  of those  par t ic le  pairs  which,  when  considered both  
pions,  g ive  i nva r i an t  masses in the  O region (670 MeV < Mrm < 870 MeV) is shown as a 
cross ha t ched  area.  One can see tha t  a K* signal  cannot  be the  resul t  of a reflect ion from 
the  p. Ac tua l l y  par t i c le  pairs  or ig ina t ing  f rom p-decay give a con t r ibu t ion  to t he  K= 
inva r i an t -mass  d i s t r ibu t ion  cen t r ed  a round  1050 MeV. Conversely  t h e  cross ha tched  
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a rea  in fig. 3c) a n d  d) shows t h e  ref lec t ion of K* p r o d u c t i o n  (840 M e V <  MKr ' < 940 MeV) 
in t h e  r.r~ s p e c t r u m .  

A c lear  K* s ignal  shows up  in t h e  e n e r g y  i n t e r v a l  W =  ( 2 . 1 2 - - 2 . 1 4 ) G e V ,  whi l e  
p -p roduc t ion  is p r e s e n t  ove r  al l  t h e  e n e r g y  r a n g e  exp lo red .  I t  is i m p o r t a n t  to  reca l l  
t h a t  t h e  i n v a r i a n t - m a s s  d i s t r i b u t i o n s  for  p a i r s  of t r a c k s  h a v i n g  t h e  s a m e  c h a r g e  do n o t  
show a n y  a n o m a l o u s  b e h a v i o u r  e i t h e r  in  t h e  ~+:;§ or  in  t h e  K•247 s y s t e m ,  t h u s  no  evi- 
dence  of e x p e r i m e n t a l  b i a s  is p r e s e n t  in  e i t h e r  s a m p l e  (*). 
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Fig. 4. - Yield of K* mass combinations (800 ~< M K ~ 1000 M o V )  VS. total  c.m. energy W. A 
straight-line fit exc lud ing  data between ( 2 . 1 2 - - 2 . 1 4 ) G e V  is shown.  

The  e n e r g y  d e p e n d e n c e  of K* p r o d u c t i o n  is p r e s e n t e d  in fig. 4. Here ,  t h e  y ie ld  of K* 
mass  c o m b i n a t i o n s  (800<  M K ~ <  1000 MeV) is p l o t t e d  as a f u n c t i o n  of t h e  t o t a l  c .m.  
ene rgy .  I n  t h e  ca l cu la t ion  of K* y ie lds  t h e  c o n t r i b u t i o n s  of t h e  pa r t i c l e  p a i r s  wh ich ,  
w h e n  a s s u m e d  to be  b o t h  p ions ,  g a v e  i n v a r i a n t  masses  in t h e  p-region (670 M e V <  
< M r s <  870 M e u  were  s u b s t r a e t e d  ou t .  T h e  e x c i t a t i o n  c u r v e  in  fig. 4 shows  a r e s o n a n t  
b e h a v i o u r  c e n t r e d  a t  W ~  2.13 GcV w i t h  a w i d t h  F _~ 30 MeV. 

I n  t a b l e  I t h e  o b s e r v e d  n u m b e r  of K* m a s s  c o m b i n a t i o n s  in t h e  e n e r g y  i n t e r v a l  
W =  (2 .12--2 .14)  GeV a n d  t h e  e x p e c t e d  n u m b e r  as e v a l u a t e d  b y  a l i n e a r  fit to  t h e  d a t a  
ou t s ide  t h i s  e n e r g y  i n t e r v a l  a re  g iven .  

TABLE I .  

E x p e c t e d  K* m a s s  c o m b i n a t i o n s  13.1 • 2.5 

Obse rved  K* mass  c o m b i n a t i o n s  40,5 =t-5.8 

T h e  excess  of K * - m a s s  c o m b i n a t i o n s  a b o v e  t h e  b a c k g r o u n d  is 27.4 ~ 6.3 w h i c h  
is an  e n h a n c e m e n t  of o v e r  four  s t a n d a r d  d e v i a t i o n s .  

A n  i n d e p e n d e n t  c h e c k  of  K* p r o d u c t i o n  was  o b t a i n e d  f rom data. s a m p l e  I I ,  w h e r e  K 
iden t i f i c a t i on  was  poss ib le  b y  t h e  t ime-of - f l igh t  sy s t em.  T h e  co l l ec ted  l u m i n o s i t y  ava i -  
l ab l e  for  T O F  m e a s u r e m e n t s  was  37.5 n b  -1. 
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The  K~:n~ i n v a r i a n t - m a s s  spec t r a  o b t a i n e d  by  we igh t ing  each  t r ack  w i t h  t he  proba-  
b i l i ty  to be a K or a r: accord ing  to  t ime-of- f l ight  m e a s u r e m e n t  are  shown in fig. 5a) a t  
W =  2.13 GeV a n d  in fig. 5b) a t  W ~ 2.25, 2.30 GeV. In  sp i te  of the  l i m i t ed  s ta t i s t ics  
a c lear  K* s ignal  is seen a t  W = 2.13 GeV. 
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Flg. 5. - Invariant-mass distributions for K*~ �9 two-particle neutral systems for data sample II. 
Mass combinations have been weighted taking into account the probability of each particle to be 
a ~. or a Iv according to the time of flight information, a) W =2130 GeV, 20.1 nb-~; b) W = 2250' 
2300 GeV, 17.4 nb -~. 

To summar i ze ,  ev idence  has  been  p r e s e n t e d  for  r e s o n a n t  K* p roduc t i on  in mul t iha-  
d ron  even t s  in t h e  ene rgy  i n t e r v a l  W =  (2.12--2.14) GeV. Our d a t a  do no t  allow us 
to  def in i te ly  d e t e r m i n e  t h e  ac tua l  final s t a t e  p roduced .  However ,  s t r angenes s  conser- 
v a t i o n  a n d  d e t e c t e d  mul t ip l i c i t y  (events  w i t h  more  t h a n  four  cha rged  p ro n g s  have  been  
obse rved)  l ead  us to cons ide r  channe l s  such  as 

(1) e+e--+ K * K ~ ,  

(2) e + e - ~  K * K ~  

as poss ib le  c a n d i d a t e s  to  exp la in  t h e  da t a .  Ac tua l ly  severa l  ev en t s  h a v e  been  found  
which  fulfill t he  k inema t i ca l  c o n s t r a i n t s  of t h e  final s t a t e  K*KT:. De tec t ion  efficiencies 
of t h e  M E A  a p p a r a t u s  for  r eac t ion  (1) a n d  (2) are,  however ,  v e r y  smal l  a n d  no reliable 
va lue  can be g iven  for  t h e  cross-sect ion.  

I t  is i n t e r e s t i n g  to  no te  t h a t  a r e s o n a n t  s t ruc tu re  in t h e  K+K-7:+~ - s y s t e m  at  an 
i n v a r i a n t  mass  W - - 2 . 1  GeV has  also been  obse rv ed  by  an  e l ec t rop rodue t ion  experi-  
m e n t  a t  Cornell  (5). This  effect  is e n h a n c e d  w h e n  at  l eas t  one  of t h e  K~ pa i r s  is requi red  

to  h a v e  t h e  K* mass .  

(J) L . N .  HAND: invited talk at the Hamburo 1977 International Sympos ium on Lepton and Photon 
Interactions at Higk  Energies. 
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We recal l  t h a t  t he  mass region where  t he  obse rved  K* p roduc t ion  appears ,  coincides 
wi th  t h a t  theore t i ca l ly  expec ted  for t he  th i rd  recur rence  of t h e  o -meson  (e). Also the  
to t a l  w id th  T ' ~  30 MeV would  f a v o u r  t he  i n t e r p r e t a t i o n  of th is  new resonance  as a 
m e m b e r  of the  ~-family.  Moreover ,  r ecen t  resul ts  a t  Adone  (7) and  D C I  (8) p rov ided  
ev idence  for  t he  ex is tence  of new vec to r  mesons  in t h e  mass  region (1.4--1.9)  GeV which  
also fits well  in to  t he  p ic tu re  of reeur rcnc ies  of t he  known v e c t o r  mesons  p, co, and  ~. 

We would  l ike to express  our  apprec ia t ion  to t he  staff of Adone  for  the i r  efficient 
col labora t ion  and  to t he  scanning  staff  of t he  L a b o r a t o r i  Naz iona l i  di F rasca t i  and  of 
t he  Univers i t ies  of Napol i  and P a d o v a  for the i r  carefu l  work.  Our special  t hanks  are  
also due to Dr.  V. ~rALENTF, and  prof.  M. GRECO for  m a n y  helpful  and s t imu la t ing  discus- 
sions r ega rd ing  the  analysis  of t he  da ta .  

(') .~I. GRECO: Frasoati report LNF-76/55 (1976). 
( ' )  B. ESPOSITO, F. FELICETTI, A. M.ARINI, F. ROI~'GA, B.  SECHI-ZO~I, G. T. ZORn', A. NIGRO, 
M. ~-NTIGRO, L.  PESCAR&, R. BERNABEI, S. D'~kA'GELO, 1 ). ~r M. HORICCA, L. I)AOLUZI, 
G. I~IA~'O-MORTARI, A. SCIUBBA a n d  F. SEBASTIAIN'I: Pll~lS. Left., 68 ]~, 389 (1977). 
(a) F. LAPLACE: invited talk at the H a m b u r g  1977 ]nte~mational S y m p o s i u m  on Lepton and Photon 
Interactions at High  Energies.  


