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Uslng the ARGUS detector at DORIS II, the decay of F - .K*~ 'K~,andthera t loBR(F ~I~*~'K+)/BR(F ' ~.0rc ~) isfound 
to be 1 44 _+ 0 37 This is a substantial rate for a decay channel which cannot proceed ~ la a colour-favoured diagram 

We have earl ier  repor ted [ 1 ] evidence for the pro- 
duction of  F mesons in e +e annihi la t ion  at v / s - -  10 
GeV, by reconstructing decays into the 0~ and 0(3~ ) 
channels. Observat ions  of  F - ~ ) ~  have also been 
reported by other e+e experiments [2] The F-decay 
branching ratios and the fragmentat ton of  c quarks 
into cs states are of  considerable interest.  In part icu-  
lar, measurement  of  the branching ratios of  weak F 
decays provides insight into the interplay of  the var- 
ious possible decay mechanisms. The spectator model  
can account for the observed 0~ and 9( 3~ ) decays of  
the F meson. Although such a picture of  heavy-quark 
decays [3] descrtbes the broad  features of  these 
decays, its shortcomings have already been demon-  
strated by results on the D °, D + and F ~ lifetimes [4] 
Recently, tt has been shown that colour suppression 
ts Inoperattve m D + decays [5].  Also, we have 
observed the decay D ° ~  I~ ° 0 [6] ,  whtch indicates a 
contr ibut ion of  W-exchange diagrams to heavy- 
meson decays. Therefore, if  quark-annihi la t ion and 
colour-suppressed spectator mechanisms [7] (fig. 1 ) 
are impor tant  for heavy-meson decay, then one 
expects the F meson to decay with a substantial  
branching ratio into the I~*°K ~ channel. 

In thts letter, we report  the observation of  the decay 
F + ~I~*°K + ++~ and present a measurement  of  the ratio 
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Fig 1 Colour-suppressed spectator and annihilation diagrams 
for the decay F ~ ~K* + 

B R ( F + - * I ( * ° K  + ) / B R ( F + - ~ 0  ~ ~ ) The da ta  sample 
used for this analysis was collected with the A R G U S  
detector,  operat ing in the e+e storage ring DORIS  
II at DESY. It correponds to a total  luminosi ty  of  
1 4 9 . 1 p b - l , o f w h i c h 2 1 . 7 p b  ~,32.9pb ~ , 5 9 2 p b  ~ 
and 35.3 pb ~ were obta ined on the Y( IS) ,  Y(2S) ,  
Y(4S)  and in the cont inuum or during scanning, 
respectively. The detector  is a 4n spectrometer ,  
descr ibed in more detail  elsewhere [ 8]. The charged 
particle momenta  and mean dE/dx loss were deter- 
mined  using the central drift  chamber.  Particles were 
ident if ied on the basis of  measurements  of  both 
dE/dx  and of  t ime of  flight. For  a given track, all mass 
hypotheses were accepted for which the hkehood ratio 
[9] constructed from these measurements  exceeded 
5% The efficiency has been checked by investigating 
the dependence  on ident i f icat ion of  the number  of  
reconstructed o, , K s s ,  g s a n d A ' s l n t h e r c + n  , K + K  - 
and pn mass distr lbut tons,  respectively 

Mul t lhadron  final states were selected by requtr- 
ing ~> 3 tracks reconstructed in the drift  chamber  and 
associated with the pr imary interaction point. All K-  
and n + originating within 6or of  the pr imary  vertex 
were combined,  and those for which the invar lant  
mass was within _+ 50 MeV/c z of  the nominal  I~ *° 
mass were taken as I~ *° can&dates .  In addi t ion,  a 
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Fig 2(a) K n ~ K* mvanani-mass distribution with M(K n + ) 
in the I~ *~ region, p(K rt ~ K )>~ 2 5 GeV/c, cos 0~.,, >~ 0 2 and 
[cos 0H[K ] I >~0,5 The fit includes the contnbuuon of the D ~ 
reflecuon (b) The same as (a), except M(K n + ) lies within the 
sldeband intervals 0 75-0 80 MeV/c -~ and 1 00-t 05 MeV/c< 
outside the I4 *° mass region 

m o m e n t u m  cut on the I4*°K + system was appl ied:  

p(14*°K ~ ) >_-2.5 G e V / c .  

The  m v a n a n t - m a s s  d i s t r ibu t ion  o f  I4*°K + combi -  

na t ions  shows an e n h a n c e m e n t  near  1970 M e V / c  2 

(fig. 2a) .  Fo r  this figure, two a d d m o n a l  cuts have  

been  made.  First ,  it was r e q m r e d  that  cos OK.,, >1 0.2, 
where  OK.,, IS the angle o f  the I4 *° m the F rest f r ame  

with  respect  to the F boost  d i rec t ion .  Th is  cut  ehml -  

nates ref lect ions  f rom D+---,I~ *° 7t + in the signal 

region by forcing the  K + to be m the  backward  hemi -  

sphere o f  the F decay,  and there fore  slow and  well 
ident i f ied  by dE/dx  and  t ime-of- f l ight  measure -  

ments .  Second,  we d e m a n d e d  that  the  hel ic l ty  angle 

o f  the K -  with respect to the K + in the I4 *° rest f rame 

satisfy the cond i t i on  Icos 0 H [ K - ] ] > ~ 0 . 5 .  In the 

decay F + - d ~ * ° K  ~, this angular  d i s t r ibu t ion  should  

be o f  the  f o r m  COS20H[K ], since the I4 *° mus t  have  

hehc i ty  zero in the F rest f rame.  Th is  hel ic l ty-angle  

cut  r emoves  50% of  the un i fo rmly  dmtr lbu ted  com-  

b ina to r ia l  background ,  whi le  r e t a m m g  87.5% o f  the 

F signal. 

Figs. 2a and  2b show respect ive ly  the m v a n a n t -  

mass  d l s t n b u U o n s  o f  I4*°K + for  the I4 *° mass  band  

and  for s idebands  outs ide  the I4 *° mass,  de f ined  by 
the  mass  regions  0.75 G e V / c  2 to 0.80 GeV/c  2 and  1.0 

GeV/c  2 to 1.05 GeV/c  2. The  d i s t r ibu t ion  in fig. 2a 

shows an e n h a n c e m e n t  near  1970 M e V / c  2, while  the  

d i s t r ibu t ion  in fig. 2b does  not.  The  f i t ted n u m b e r  o f  

F mesons  are 8 7 . 2 + _ ~  and < 18 (90% conf idence  

level) ,  respect ively ,  where  the F mass  was taken  to 

be 1970 M e V / c  2 f rom the ~)n + channe l  and  the  R M S  

width  was f ixed f r o m  the de tec to r  M o n t e  Car lo  to be 
16.0 M e V / c <  

One  possible  diff icul ty wi th  this channel  is con-  

t a m l n a t l o n  by ref lec t ions  f r o m  the  decay D + - ~ K  *° 

rt +, which  peak  a round  1970 M e V / c  2, due  to mis-  

iden t i f i ca t ion  o f  the rt + as a K +. We have  s tud ied  

this p r o b l e m  wi th  a de tec to r  M o n t e  Car lo ,  and  wi th  

the decay D °--, K * - r t  +, where  K * -  --. K ° 7t The  vir-  

tue o f  this  t e c h n i q u e  is that  no F signal can c o m p h -  

cate the s tudy of  ref lect ions  f rom the  D °. 

A K ° de f ined  as a rt+lt  pair,  which fo rms  a sec- 

ondary  ver tex  where  at least one  o f  the two tracks ts 

separa ted  f rom the p r ima ry  ver tex  by m o r e  than  7a.  

Fu r the rmore ,  the m v a r i a n t  mass  o f  the pa i r  mus t  lie 

wi th in  _+ 50 M e V / c  2 o f  the K ° mass,  and  the Z 2 for a 

cons t r a ined  fit to that  mass  mus t  be less than  36 

In the Ks°~t n + m v a n a n t - m a s s  d ] s t n b u n o n  a clear 
peak  is obse rved  at the D o mass  (fig. 3) Re f l ecnons  

f rom this signal, arising f rom mis ldent i f icaUon o f  the 

+, can be s tud ied  by e x a m i n i n g  the K ° ~  K + mass 

d is t r ibut ion .  The  n u m b e r  o f  K°r~-  K + events  f i t ted  

at the F mass  wi th  a wid th  o f  16 M e V / c  2 is shown m 

fig. 4 as a func t ion  o f  cos 0 K . .  T h e  mass  d is t r ibu-  

t ions in each angular  b in  were  f i t ted  wi th  a gausslan 

o f  the same f ixed mass  and  wid th  plus a t h i rd -o rde r  
po lynomia l  background .  Fo r  the  interval ,  

cos OK. >/0.2, no  signal is seen in the  F region: 
ref lect ion con t r ibu t ions  fom D o decays  are conf ined  

to the in terva l  cos 0K* < 0.2. Th is  demons t r a t e s  the 

ef fec t iveness  o f  the cut  cos 0K*,, >/0 2, m a d e  in the F 

study, m r e m o v i n g  pracUcal ly  all o f  the ref lec t ion  
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from D ~ decays. We have also studied with the 
detector Monte Carlo possible reflection contribu- 
tions from the decay Ac--,K pTt +, where the proton 
is mlsidentlfied as a K + The cut cos 0K*,,>~0 2 IS 
found to be ef fec t ive  in removing this reflection as 
well. In fig. 2a, the fit includes the fixed contr ibut ion 
from the D + reflection The position, width and 
amplitude of this contribution were determined from 
the D + Monte Carlo and the data. The systematic 
error on the size of the F signal due to the Monte 
Carlo uncertainty and the statistical error from the 
D + data is _+ 2 events. 

Since the O~ decay mode of the F meson has been 
well established [1,2], it is convenient  to find the 
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Ok. a n g u l a r  b ins ,  where  M ( F )  = 1970 M e V / c  2 a n d  a ( F )  = 16 0 

MeV/c-" T h e  open  h i s t o g r a m  is the  M o n t e  C a r l o  p r e d i c t i o n  for  
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ratio of the branching ratios for the I~*°K + and 0x 
channels. The virtue of such a procedure is that the 
two channels have similar detector acceptance, and 
so, if the same data set is used in detecting both, 
common uncertainties largely cancel. The ratio of 
branching ratios is given by 

B R ( F  + -~ I~*OK + ) N ( F  + ~ I~*°K + ) 

B R ( F  + --,0 ~+)  N ( F  + ~Ürc +) , 

where e is the ratio of the efficlencles for the two pro- 
cesses, and N is the number  of events obtained with 
the same F m o m e n t u m  cut. In order to determine 
the number  of 0n decays, we have processed the data 
with the same cuts as were applied to this channel in 
our earlier work [ 1 ]: namely, 1 . 0 0 5 ~ M ( 0 )  ~< 1.035 

GeV/c ~, - 1  ~< cos 0040.8,  where 00 is the corre- 
sponding angle to OK .... and p(07t)>/2.5 GeV/c. The 
resulting invarlant-mass distr ibution is shown in fig. 
5, and the number  o f F  + -,0re ÷ decays is found to be 
152.3+ 19 7. For this fit, the width was fixed to 15 
M e V / c  2 from the detector Monte Carlo, and the mass 
was determined to be 1970.4 + 2 3 + 3.0 MeV/c 2. The 
ratio of efficlencies, e, was likewise determined from 
the Monte Carlo to be 3.41 +0.17, mainly due to the 
difference between the cos OK,,, and cos 0o cuts. 
Finally, accounting for the known branching ratios 
for 0-- ,K+K of (49.3_+ 1.0)% and for I~*°~K 7t + 
of 2/3, we find 

B R ( F  + --, l~*OK + ) 
= 1 4 4 + 0 . 3 7 .  

B R ( F  + -~0rt ~ ) 

401 



Volume 179, number 4 PHYSICS LETTERS B 30 October 1986 

The  F -p roduc t ion  cross sect ion t imes  b ranch ing  

ratio,  crF BR, for the On channel  ts found  to be 

(14.7_+ 1 .9_+19)  pb, in good ag reemen t  wi th  our  

previously repor ted  [ 1 ] value o f  (12 7 _+ 2.8 _+ 1 7) pb. 

In both  cases the acceptance  cor rec t ion  for the 

m o m e n t u m  cut is based on the Pe te rson  [ 10] f o r m  

of  the f r agmenta t ion  funct ion ,  wi th  the free pa rame-  

ter  epsl lon taken to be 0.50 +o 14 f rom our  ea rhe r  

publ icat ion.  The  co r respond ing  result  for  the I~*°K+ 

channel  is (21 2_+4.7_+2.7) pb. 

To conclude,  we have  obse rved  the decay 

F ~ -- .K*°K +. The  b ranch ing  rat io  to thls channel  is 

found to be 1.44 _+ 0.37 t imes  that  for F + ~ 0 n  ' • Thus,  

the I~*°K + decay m o d e  o f  the  F meson,  which pro-  

ceeds only through ann ih i l a t ion  and colour-sup-  

pressed specta tor  diagrams,  occurs  at a rate 

comparab le  wi th  that  for the co lour - f avoured  spec- 

ta tor  decay F-- .~n.  
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