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Production of the F meson by e÷e - annihilation at high energies has been observed in the ~orr final state with a mass of 
1.975 _+ 0.009 ± 0.010 GeV and a width consistent with the mass resolution. The yield of F production times branching 
ratio relative to ~ pair production is RF(X >~ 0.3) B(F -+ ~ grrr -+) = 0.061 ± 0.012 -+ 0.018. 

Nonstrange charmed  mesons have been extensively 

studied * i [ 2 - 5 ] ,  while l i t t le is known  about  those 

carrying strangeness [ 6 - 8 ] .  Recent ly  the  CLEO 

group [9] has repor ted  the observat ion o f  the F me- 

son produced  by  e + e -  annihi lat ion at a CM energy o f  
W = 10.5 GeV.  The F meson  has been detected in the 

grrr decay mode  wi th  a mass o f  1.970 + 0.005 -+ 0.005 

GeV. While this value is not  in disagreement wi th  that  

obtained in the  first measurement  [6] o f  the  F, m F = 

2.03 -+ 0.06 GeV, it is at variance wi th  the pho topro-  

duc t ion  results o f  the F which,  averaged over  all their  

measured decay modes ,  yield m F = 2.02 -+ 0.01 GeV 
[7,8].  We present in this le t ter  data on F p roduc t ion  

in e + e -  annihi lat ion which conf i rm the CLEO result 

at high energies. 
The exper iment  was per formed  wi th  the TASSO 

de tec to r  [10] at the storage ring P E T R A  at DESY.  

Data were  taken at CM energies W = 14, 22 and 25 

GeV wi th  an integrated luminos i ty  o f  5.4 p b - 1  and 
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be tween  30 and 42 GeV wi th  an average l~ = 34.7 

GeV and an integrated luminos i ty  o f  77.6 pb 4 . A 

total  number  o f  29 166 hadronic  events were selected 

using the same cuts as in ref. [11].  A m o m e n t u m  re- 

solut ion for charged particles o f  Op/p = 0.01 • (2.9 + 

p2)1/2 was obtained by using the average beam posi- 

t ion as a constraint  in the track recons t ruc t ion  [4].  

F p roduc t ion  was searched for in the decay mode  

F ± -+ ¢7r +- -+ K+K-Tr +- . Particle ident i f icat ion was used 

to reduce the number  o f  wrong mass assignments. For  

Icos OI ~< 0.8,  where 0 is the angle wi th  respect to the 

beam direct ion,  particle ident i f icat ion was done by 

t ime-of-fl ight (TOF)  counters  [ 12] placed be tween  

the central  drift chamber  and the solenoid at a radius 

o f  1.32 m. The rr/K separat ion wi th  the T O F  counters  

is possible for m o m e n t a  p ~< 1.0 GeV/e. Since most  

o f  the ¢ 's  coming  f rom high m o m e n t u m  F mesons a r e  

expected  to be energetic,  the kaons were not  required 

to be posit ively identif ied by the T O F  counters .  

Candidates for ¢ mesons are searched for by  look- 

ing at invariant mass combina t ions  o f  opposi te ly  

charged tracks interpreted as kaons. However ,  particles 

posit ively identif ied as pions or  pro tons  by the T O F  
counters  were not  considered as kaons , 2 .  The K+K - 

mass spec t rum is shown in fig. 1 for all mass combina-  

tions and for the combina t ions  wi th  a fract ional  energy 

XKK =2EKK/W/>0.4  (shaded his togram).  The lat ter  
shows a clear ¢ signal. A background (parametr ized in 

For each particle type i ff = n, k, p) the probabilities Wi 
were calculated according to W i = c°fi(p)exp [ - ( r  m - ri)2 / 
202 ] where ~'m is the measured TOF, r i the expected TOF 
for hypothesis i, a r being the resolution for the time meas- 
urement, ft'(P) the momentum dependent particle fraction 
for the hypothesis according to ref. [ 12 ] and C a normali- 
zation constant such that i~ W i = 1.0. Using,this, we called 
a particle a sure pion, if W~r ~> 0.9 for 0.3 ~< PTr ~< 1.0 GeV/c 
a sure kaon, if W K ;~ 0.6 and 0.1 ~< M 2 ~< 0.6 GeV 2 for 0.3 
~< PK ~< 1.0 GeV/c; a sure proton, if Wp ~ 0.6 and 0.6 
GeV 2 ~< k/a for 0.4 ~< pp ~< 1.4 GeV/c; where Mis the mass 
of the particle as calculated from the momentum and TOF 
measurements. 
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the  1.97 GeV signal observed in fig. 2a is associated 

wi th  the  ~err channel .  The same conclus ion can be 

drawn f rom a compar ison  o f  the K+K - mass distribu- 

t ion for the K + K - n  -+ mass combina t ion  in the 1.97 

GeV region and in a cont ro l  region. 

In order  to de termine  the  mass and wid th  o f  the  

observed signal, a gaussian plus a background te rm o f  

the  form dn/dM = a 0 + a l M +  a2 M2 were f i t ted to 

the  KKzr mass spect rum shown in fig. 2a. The fit 
yielded a signal o f  49 +- 14 events and a mass o f  1.975 

+ 0.009 GeV.  The systematic  uncer ta in ty  o f  the mass 

cal ibrat ion in this range was found to be less than 10 

MeV. This was de termined  f rom Ks 0 ~ n+n - decays,  

f rom the posi t ion o f  the  ~ peak,  and f rom a measure- 

ment  o f  the to ta l  CM energy wi th  bt+/~ - pairs. The 

0 
0.98 100 102 104 106 108 110 

MrK- (GeV) 

Fig. 1. Invariant mass distribution of oppositely charged 
particles (interpreted as kaons). Data from all CM energies 
are included. The shaded histogram (note different scale at 
the right hand side) is for all combinations with XKK/> 0.4. 
The curve shows the fit of a gaussian plus a background term 
(see text). 

te rms o f the K + m o m e n t u m  in the K+K - rest f rame mul-  

t iplying a po lynomia l )  plus a gaussian shape for  the  ~0 

was f i t ted to the  shaded his togram,  yielding a mass o f  

1023 +-- 2 MeV in agreement  wi th  the  standard ¢ mass, 

m~ = 1.020 GeV [ 13 ],  and a wid th  (FWHM) o f 21 +- 7 

MeV, which  is consis tent  wi th  the  wid th  expected  

f rom our  de tec to r  resolut ion.  We define as ~-candi- 

dates all K+K - mass combina t ions  wi th in  + 15 MeV 

o f  the  nomina l  ~0 mass. 

The ~p candidates  were  combined  wi th  any o f  the  

o the r  charged tracks in the  event  in terpre ted  as a p ion  

(particles ident i f ied as sure kaons or  p ro tons  in the 

T O F  system were  no t  taken) .  The  resulting K + K - r r  +- 

mass spec t rum is shown in fig. 2a for combina t ions  

wi th  a fract ional  energy XKKrr = 2EKKrJW > 0.4. A 
clear enhancement  is seen at a mass around 1.97 GeV.  

No signal is observed when  K+K - combina t ions  in 

the  ¢ con t ro l  region ( I  .05 ~<MKK <~ 1.10 GeV)  are 
selected (fig. 2b).  F r o m  this and the fact that  the  ~0 
cont ro l  region is close to the  ~0 mass we conclude  that  
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Fig. 2. Distributions of the K+K-~r +- mass with XKKrt t> 0.4. 
Data from all CM energies are included. The curves show the 
result of the fits as described in the text. (a) For K+K- com- 
binations in the ~0 region (1.005 < M(K+K -) < 1.035 GeV). 
The curve shows the fit of a gaussian plus a background term 
(see text). (b) For K+K - combinations in the ¢ control region 
(1.05 < M(K+K ") < 1.10 GeV). The curve is a fit to a smooth 
background. 
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width o f  the gaussian (0.064 + 0.021 GeV FWHM) is 
consistent with the expected mass resolution and 
hence with a small natural width.  The propert ies o f  
the 1.97 GeV signal (mass, width and ¢zr decay mode)  
agree with those of  the F(1.97) observed by the 

CLEO group [9].  
We now consider F product ion at W > 30 GeV (W 

= 34.7 GeV). For  the determination of  the cross sec- 
tions, the number o f  F mesons was found from the 
K+K-1r ± mass distributions for XKK n intervals be- 
tween 0.3 and 1.0 using fits with a polynomial  back- 

ground plus a gauss/an for the F. Monte Carlo events 
o f  the type e + e -  ~ c~ including gluon emission and 
radiative effects and leading to F ± ~ ~07r ± were gener- 
a ted* 3 and passed through the detector  and the 
event selection criteria [11]. These events were 
used to compute the detector  acceptance and ef- 
ficiency. The overall detect ion efficiency for the 
chain F +- ~ c n  ± ; ¢ -~ K + K -  was found to be 0.46 

at XKK ~ =0.30 and to decrease to 0.26 at XKK n = 0 . 9 ,  

the average being 0.31. The data were also corrected 
for the other decay modes of  the ~p, assuming a 
branching ratio B(~  -+ K+K - )  = 0.49 -+ 0.01 [13]. 

In fig. 3 we present the F -+ scaled cross section 
multiplied by the branching ratio, sift d a / d x B ( F  ± -+ 
¢7r~- ), (s = W 2 , ~ = PF /EF)  as a function of  the scaled 
F energy x = 2EF/W.  The errors shown include only 
the statistical uncertainties. There is an overall syste- 
matic error o f  -+30% due to uncertainties in the detec- 
tion efficiency and in the background determination.  
The shape o f  the distr ibution is similar to our D* 
cross section [4] and can be described well by  the 
pararnetrization o f  ref. [ 14] : 

s do 1 
- - -  ~ ( 1 )  

(Jdx X [ I _ I / x _ e / ( I _ x ) ] 2  

A fit to the data of  fig. 3 yielded e = 0.45 + 0.25, 
which can be compared with our value o f e  = 0.18 -+ 
0.07 obtained for D* product ion [4].  

The integrated measured F ± cross section for x 1> 

*3 From the spin properties of  the F and the ~o, an isotopic  

dis tr ibut ion was assumed for the zr +- in the ~orr rest frame. 
The decay ~o ~ K+K - was generated with a cos 2 O K distri- 
but ion,  where O K is the angle between the K ÷ in the ~o rest 
frame and the ~o direct ion in the prr rest frame. 
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0 ,l 1 
0.2 0.4 0 6  08 1.0 

x = 2 E F / W  

Fig. 3. The scaled cross sections s/~. d o / d x  • B(F -+ ~ ~olr ±) 
for F meson product ion at  I~ = 34.7 GeV. The curve shown 
is the result  of  the fit according to eq. (1). 

0.3 yielded, relative to the ~ pair cross section (auu = 
4na2/3s  = 0.072 nb at 34.7 GeV), RF(X >1 0 .3 )B(F  ± 

,,on ±) = aF(X > 0 .3 )B(F  -+ ~ ~oTr+-)/au = 0.061 -+ 
0.012 + 0.018. Using the parametrization given in eq. 
(1) to extrapolate to x ~<0.3, the total  F -+ ~ ¢7r -+ pro- 
duction was found to be R F B(F  ± ~ qnr -+) = 0.064 -+ 
0.013 -+ 0.019. This can be compared with the ex- 
pected total  yield for primary strange charmed meson 
product ion,  R(c~ +Es) = 2" ~ • 4.01 • 0.167 = 0.486, 
where 4 is the relative contr ibution o f  the c quark to 
the total  cross section, 4.01 is our measured R value 
[11 ] and 0.167 is the assumed probabi l i ty  to pick up 
an s-g pair from the sea [15]. From the observed F -+ 
tpzr -+ yield and under the above assumptions we then 
find for the branching ratio B(F  ± -+ cn  -+) = 0.13 + 
0.03 + 0.04, where the systematic error includes only 
the uncertainties in the measured cross section. This 
value is larger than the value o f  B(F  +- ~ tTtr ±) ~ 0.044 
obtained in ref. [9] in a similar way. Note, however, 
that  our result for B(F  ± ~ ¢n +-) may be reduced by  as 
much as 25% due to possible F's originating from pri- 
mary bo t tom quarks at low x. 
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In summary  we have observed F meson  p roduc t i on  

in the err -+ final state w i th  a mass o f  1.975 -+ 0.009 +- 

0 .010 GeV ,4  and a wid th  consistent  wi th  our  mass 

resolut ion.  The F p roduc t ion  yield t imes the  branch- 

ing ratio was found to be RF(X >t 0.3)" B ( F  +- ~ ~07r -+) 

= 0.061 -+ 0.012 +- 0 .018.  

We grateful ly  acknowledge the support  o f  the  

D E S Y  directora te  and the P E T R A  machine  group.  We 

wish to thank  the  technical  service groups at D E S Y  

and all the engAneers and technicians at the  col labo-  

rating inst i tutes for their  valuable help.  One o f  us 

(Y.E.)  wishes to thank the Minna-James-Heinemann 

Stif tung o f  Hannover  for part ial  support .  Those o f  us 

f rom outs ide  D E S Y  wish to thank  the DESY directo-  

rate for the  hospi ta l i ty  ex tended  to t h e m  while work-  

ing at DESY.  

,4 This result is alsd in agreement with preliminary data of the 
ARGUS Collaboration (unpublished). 

References 

[1] G.J. Feldman and M.L. Perl, Phys. Rep. C33 (1977) 
285. 

[2] J.M. Yleton et al., Phys. Rev. Lett. 49 (1982) 430. 
[3] C. Bebek et al., Phys. Rev. Lett. 49 (1982) 610; 

P. Avery et al., Phys. Rev. Lett. 51 (1983) 1139. 
[4] TASSO Collab., M. Althoff et al., Phys. Lett. 126B 

(1983) 493. 
[5 ] S. Ahlen et al., Phys. Rev. Lett. 51 (1983) 1147. 
[6] DASP Collab., R. Brandelik et al., Phys. Lett. 80B 

(1979) 412. 
[7] D. Aston et al., Phys. Lett. 100B (1981) 91; 

Nucl. Phys. B189 (1981) 205. 
[8] M. Atkinson et al., Z. Phys. C 17 (1983) 1. 
[9] A. Chen et al., Phys. Rev. Lett. 51 (1983) 634. 

[10] TASSO Collab., R. Brandelik et al., Z. Phys. C4 (1980) 
87; 
TASSO Collab., R. Brandelik et al., Phys. Lett. 83B 
(1979) 261. 

[ 11] TASSO Collab., R. Brandelik et al., Phys. Lett. 113 B 
(1982) 499. 

[12] TASSO Collab., R. Brandelik et al., Z. Phys. C 17 
(1983) 5. 

[13] Particle Data Group, Phys. Lett. 111B (1982). 
[14] C. Peterson et al., Phys. Rev. D27 (1983) 105. 
[15] TASSO Collab., M. Althoff et al., Phys. Lett. 103B 

(1983) 340; 
TASSO Collab., M. Althoff et al., to be published. 

134 


