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P R O D U C T I O N  A N D  DECAY O F  T H E  F M E S O N  
IN e + e -  A N N I H I L A T I O N  AT 10 GeV C E N T R E - O F - M A S S  ENERGY 
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Using the ARGUS detector at DORIS, we have observed the production of F ± mesons in e+e - annihilation at a centre of 
mass energy of 10 GeV through their subsequent decays into ~r  ± and ~r+~r-~r ±. The values obtained for [R(e+e - ~ FX)- 
Branctting Ratio] are (1.47+0.32+0.20)% and (1.63+0.42+0.41)% respectively. The observed mass is (1973.6+2.6+ 
3.0)MeV/c 2. The F momentum spectrum is as expected for the fragmentation of c quarks into charmed mesons, but is 
somewhat softer than for fragmentation into D* mesons. The relevant angular distributions are consistent with a spin-zero 
assignment of the F meson, 
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We report here evidence for the production of F -+ 
mesons in e+e - annihilation at x/S-= 10 GeV, and 
their decay into two channels. The data provide infor- 
mation both on the fragmentation of c quarks into c-g 
states and on F decay branching ratios. Since under- 
standing of heavy quark hadronisation is limited, it is 
interesting to compare the F fragmentation function 
with those already measured in D and D* production. 
Measurement of  the branching ratios of  weak F de- 
cays gives insight into the interplay of the various 
possible decay mechanisms. Although the spectator 
model for heavy quark decay [1] describes the broad 
features of  these decays, its shortcomings have already 
been demonstrated by results on the D O , D ± lifetimes 
and also by the observation of F decay ffmal states 
containing neither an s nor an-g quark [2,3]. Studies 
of F production and decay will contribute consider- 
ably to the resolution of these questions. 

Early experimental searches [2,4] for the F meson 
showed an enhancement of mass 2020 MeV]c 2 in 
channels containing 77, r/' arid ¢, all of  which are ex- 
pected in the quark decay (spectator) model. In 
1983, CLEO [5] reported a state at 1970 MeV/c 2 de- 
caying to ~bzr, and presented strong evidence that it is 
indeed the F meson. Two subsequent experiments [6] 
have corroborated this discovery. The ARGUS colla- 
boration has reported [7] the observation of the spin- 
1 excited state of  the F, the F*, which decays into 
F 7, where the F is seen in the @r channel. We now re- 
port a detailed study of F production and decay both 
in the ¢nr channel and, for the first time, in the 
¢,u+u-zr ± channel. 

The data presented here were collected using the 
ARGUS spectrometer at the DORIS II e+e - storage 
ring at DESY. The centre of  mass energy range was 
from 9.4 to 10.6 GeV/c 2. A short description of the 
detector and its trigger may be found in ref. [8], and 

its particle identification capabilities are described in 
ref. [9]. Data from a 62.7 pb-1 sample, comprising 
8.6 pb -1 on the T(9460) resonance, 38.2 pb -1 on 
the T(10023), 11.1 pb -1 on the T(10 573), and 4.8 
p b - I  on the continuum, were used for this analysis. 

Events corresponding to e+e-  annihilation into a 
multihadron final state were selected, as in ref. [8], 
by requiring >/4 tracks reconstructed in the drift 
chamber and associated with the primary interaction 
point. Only tracks having [cos01 ~< 0.9 and P'c >~ 60 
MeV/c have been used in order to give a well defined 
acceptance and well measured tracks. In searching for 
the F signal, particle identification is essential. We 
have used both the specific ionisation measurements 
in the drift chamber (dE/dx) and time-of-flight (TOF) 
information for particle identification. A more detail- 
ed description is given in ref. [9]. Briefly, for each 
track in an event, the probability for each mass hypo- 
thesis is: 

ei 

i , j=zr ,  K ,p ,  fTr=5, f K , f p = l ,  (1) 

where the f /are  relative production abundances. In 
forming effective mass combinations, a track was 
used for all mass hypotheses for which this particle 
identification probability was greater than 5%. 
Almost all tracks with momenta below 700 MeV/c 
are uniquely identified. As the momentum increases 
beyond 700 MeV]c, the proportion of ambiguous 
tracks increases steadily. 

The invariant mass distribution of all K+K-  pairs 
is shown in fig. 1. A clear ¢ signal is evident. A fitted 
Breit-Wigner resonance plus 3rd order polynomial 
background gives a mass of (1019.7 + 0.1 + 0.1) 
MeV/c 2, a full width of (8.1 +- 0.4) MeV/c 2 and 
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Fig. 1. K+K - invariant mass  d is t r ibut ion in e + e - ~  K+K-X.  

(5079 + 276) events above background within + 15 
MeV/c 2 o f  the q~ mass. The mass and width (including 
detector resolution) are in good agreement with the 
accepted values [ 10]. 

To search for the decay modes F ± ~ q~r ± and F ± -+ 
¢w+rr-zr ± , all combinations o f  K+K - candidates with 
invariant mass within +15 MeV/c 2 o f  the ~ mass, and 
with X 2 ~< 16 for the mass hypothesis, were taken as 

candidates. Each @ was then combined with all 7r ± 
and (3zr) -+ candidates in the event. The following 
Monte Carlo motivated cuts were also applied: 

Pmr ~> 1.5 GeV/c,  - 1.0 <~ cos 0~ ~< 0 .8 ,  

for all q~rr combinations,  

P¢3,r ~> 2.2 GeV/c,  for all ~b3rr combinations,  

where 0q, is the angle, with respect to the F boost di- 
rection, o f  the @ in the F rest frame. 

The resulting invariant mass distributions for the 
q~r and @37r are shown in figs. 2a and 2b, respectively. 
Both distributions show enhancements near 1970 
MeV/c 2. A gaussian o f  fixed width plus a 3rd order 
polynomial background was fitted to each distribu- 
tion. Table I shows the resulting numbers o f  fitted 
events. Combining the two channels as independent 
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Fig. 2. (a) K+K-~r ± invariant mass d is t r ibut ion wi th  mass 
(K+K -) in the ¢ region, and PKK~r > 1.5 GeV/c and -1.0 
< cos 0¢ < 0.8. (b) K + K ~ % ~  ± invariant mass distribution 
with mass (K+K -) in the ¢ region, and PKK3~r ~ 2.2 GeV[c. 

observations, the total statistical significance of  the 
signal is 6.3 standard deviations. 

The values o f  the fLxed widths for these fits were 
obtained from Monte Carlo studies: o = 16.8 MeV/c 2 
for q~r, and o = 11.2 MeV/c 2 for the ~3rr channel. In 
the ARGUS Monte Carlo, events are generated for the 
process e+e-  ~ c~- and then fragmented according to 
the Field and Feynman model [ 11 ]. The resulting 
particles are tracked through a simulation o f  the 
ARGUS detector and events are then reconstructed 
and analysed with the standard programs. 

The fitted masses in the two channels are consistent. 
The mean mass is (1973.6 + 2.6 + 3.0) MeV/c 2 , 
weighting by the inverse square o f  the error on mass 
in each channel. The systematic error is primarily due 
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Table 1 
Fitted results for F ± decay channels. 

PHYSICS LETTERS 4 April 1985 

+22.1 
uncorrected number of events 100.1 -21.4 
significance (a) 4.7 
mass(MeV/c 2) 1972.8 ± 3.1 +_3.0 
total acceptance (%) a) 12.8 
a F .  BR(pb)b, c) 12.7 ± 2.8 ±1.7 
R F • BR(%) c,d) 1.47± 0.32+-0.20 

sideband @ control sample 
uncorrected number of events 16.9 ±195 

+16.2 
62.4 

-15.5 
4.0 

1975.7 ± 4.7 ±3.0 
7.2 

14.1 -+ 3.6 ±3.5 
1.63+_ 0.42_+0A1 

-1.8 ±13.7 

a) A factor of 0.49 has been included for the unseen q~ decay channels. 
b) cr F = inclusive cross section for e+e - ~ F±X. 
c) BR = branching ratio of F decay mode. 
d) RF = aF/a(e+e- ~/~+~-). 

to the uncertainty in the magnetic field calibration. 
The mass agrees well with previously reported results 
in the ~rtr channel [5,6]. 

No signal is seen above background in the KKTr 
(KK3rr) mass distr ibution when the analysis is repeat- 
ed with K÷K - invariant mass in a 52 MeV/c 2 (30 
MeV/c 2) sideband outside the ~ mass band,  as shown 
in figs, 3a and 3b. In searching for a signal in the side- 
band distributions, we fi t ted gaussians o f  width equal 
to the Monte Carlo predictions and mass equal to that  
found for the signals within the @ band.  The fitted 
numbers o f  events for the sideband @ signals are 
shown in table I 

In addition, we have checked that the angular dis- 
t r ibutions o f  F ~ Cm and F ~ @3rr are consistent with 
the JP = 0 -  assignment o f  the F meson. 

The angular distr ibution o f  the @ (with respect to 
the F boost  direction) in the F rest frame is isotropic,  
as expected,  since the F has spin zero. The angular 
distribution was obtained by dividing the invariant 
mass distribution o f  each channel into five bins o f  
cos 0~, and extracting the F signal in each bin. Accep- 
tance corrections were then applied, the results were 
normalized, and bo th  channels were combined using 
weighted means. The resulting distribution is shown 
(solid points) along with the background distr ibution 
(open squares), and the expected isotropic distribu- 
t ion (solid line), in fig. 4a. 

In the F ~ @Tr decay,  the angular distr ibution of  
the K ÷ in the @ rest frame (with respect to the lr) 
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Fig. 3. (a)K+K-~r ± invariant mass distribution with mass 
CK+K -) outside the ~ region with cuts PKKn ~ 1.5 GeV]c 
and -1.0 < cos0~ < 0.8. (b)l~+K-Tr+Tr-~r ± invariant mass 
distribution with mass (K+K-) outside the ¢ region and with 
a cut on PKK3~r ~ 2.2 GeV/c. 
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should be o f  the form cos20K, since the q~ must have 
zero helicity in the F rest frame. The signal was ex- 
tracted as in the ~ angular distr ibution,  acceptance 
corrected and normalized, and is shown in fig. 4b 
(solid points) along with the background distribution 
(open squares), and the expected cos20K distribution 
(solid curve). 

The background angular distributions were obtain- 
ed by taking the number o f  entries under the peak in 
each angular bin in a region 72 MeV/c 2 wide for the 
4nr, and 56 MeV/c 2 wide for the ~3rr. The acceptance 
corrections were then applied, and the resulting distri- 
butions were normalized. The angular distributions o f  
the background differ from those o f  the signal. 

It is expected [ 12] that  a charmed meson resulting 
from c quark fragmentation will have a hard momen- 
tum spectrum. We have measured the momentum 
spectrum of  the F by  dividing the invariant mass distri- 

butions into five bins ofxp,  where 

2 M2)1/2 Xp = PF/Pmax, Pmax = (Ebeam - , (2) 

and extracting the F signal in each bin. The results in 
the two channels were corrected for the momentum 
dependent  acceptance and combined using weighted 
means to give the final result in fig. 4c. The Xp distri- 
but ion is hard and conforms to the expectat ion for 
heavy quark production.  Peterson et al. [13] suggest 
a fragmentation function o f  the form: 

dxp ~ Xp 1 1 Xp 1 --Xp ' (3) 

while Kartvelishvfli et al. [14] propose: 

dN 
dxp ~ x ~ ( 1  - Xp) . (4) 

Fig. 4. (a) Acceptance corrected angular distribution of the 
in the F rest frame with respect to the F boost direction) for 
the combined qnr and ~3rr channels (solid points). The corre- 
sponding background distribution is also shown (open squares). 
The solid line is the expected isotropic distribution. (b) Ac- 
ceptance corrected angular distribution of the K + in the q~ rest 
frame (with respect to the 7r direction) for the q~r (solid points). 
The corresponding background distribution is also shown 
(open squares). The solid curve is the expected cos~0 K distri- 
bution. (c) Acceptance corrected fragmentation function of 
the F meson in e+e- ~ FX for the two channels F ~ qnr and 
F ~ q~31r combined, where Xp = PF/Pmax. The solid curve is 
a fit to the function of Peterson et al. [ 13], the dashed curve 
is a fit to that of Kartvelishvili et al. [14]. 
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Fit t ing these forms to the measured distribution yields 
• ~ ~,~+0 22 X 2 e = v.~o_0114 with = 2.9 for three degrees o f  free- 

dom (solid curve) and ct = 0.64+O"202_. with ×2 = 2.3 
for three degrees of  freedom (dashed curve), respec- 
tively, shown in fig. 4c. The F fragmentation func- 
tion measured here is softer than that  o f  the D* [9]. 
This softening is part ly explained by  the ratio o f  the 
masses o f  the s and u or d quarks accompanying the 
c quark in the F and D* mesons respectively. Some 
slight softening of  the fragmentation function is a 
consequence o f  the fact that  a large propor t ion o f  
the observed F 's  are due to the cascade decay, F* 
F ?  [7].  

The F product ion cross section times the branch- 
ing ratio for each channel ( a  F • BR), and the produc- 
t ion cross section times branching ratio relative to/~ 
pair product ion (R F • BR) are shown in table 1. 
These values are acceptance corrected and extrapolat-  
ed to cover the entire Xp range using eq. (3) with the 
fi t ted value o f  e = 0.50. The systematic error in the 
~37r channel is increased due to the uncertainty in the 
F width  in this channel. I f  the signals are fitted with 
free widths,  the q~r width is consistent with Monte 
Carlo studies, but  the ¢37r width  is larger than the 
Monte Carlo width and has a large uncertainty.  Our 
value for (R F • BR) in the ~ r  channel is in good agree- 
ment  with the CLEO result [5] (2.0 + 0.5)%, obtain- 
ed at the same e ÷ e -  energy, but  it is somewhat smaller 
than the TASSO result [6] (6.4 -+ 1.3 -+ 1.9)%, obtain- 
ed at a higher energy. 

The ratio 

BR(F± ~ ~tnr+rr-~r±) = 1.11 + 0.37 +0.28 , 
BR(F ± ~ q~rr ±) 

(5) 

is smaller than the ratio for the analogous D O decays 

[9l: 

BR(D0 ~ K- l r+ I r+~r - ) -  2.17 -+ 0.35 . (6) 
BR(D 0 -+ K-Tr +) 

A smaller ratio is expected for the F decays due to 
phase space considerations. 

To conclude,  we have observed the decay F ± 
¢Ir+lr-rt ± and confirmed the observation o f  F ~ ~ q~rr ± . 
The average mass o f  the F is found to be (1973.6 -+ 
2.6 --- 3 .0)MeV/c  2 . The branching ratio of  F ± -~ 
¢(3rr) ± is(1.11 +-0.37 -+ 0.28) times that  o f  F ± ~ q~rr ± . 
The angular distr ibutions o f  the ~ (in both  channels) 

and the K + (in the q~r channel) are consistent with a 
spin zero assignment of  the F. Finally,  the fragmenta- 
t ion function of  the F is found to be of  the general 
form expected for heavy quark fragmentation. 
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