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ABSTRACT

Inclusive 2 and F' production have been observed by e Te” anﬂlhllatlﬁﬂ at
high energies in the final states 0ot and ¢t respectively. The B"t energy
spectrimn is hard, peaking near x=0.6, and the F* spectrum is similar. The mass of
the F* meson is 1975+5+1D MeV and 1t5 width is consistent with the mass resolu—
tion. The yield of F* prnduct;un telative to | pair production times the ¢w=
branching ratio is R.-B(F 47t} = 0.064%0.01320.019, A preliminary upper limit
for the 637 decay mode is Ry B[F‘¢¢w—w+ﬁ‘]<ﬂ 0235 (90% C.L.]

Talk presented at the XIX Rencontre de Moriond, La Plagne-Savoie-France,
March 4-10, 1984

1. Introduction and experiment

a) Charmed meson production

The most abundant production of multi-hadronic final states in e'e” colli-
sions at high energies is by the two-jet mechanism, which originates from a quark-
antiquark creation via one-photon annihilation: e+e_+y*+q§*hadrons. At PETRA
energies, five quark pairs can be produced in a ratio proportional to the square
of the quark charges ut:dd:sS:cC:bb = 4:1:1:4:1. On the other hand, the ratio of
"sea' quark pairs in the hadronization process is roughly given by uu:dd:ss:cc:bb
=1:1:0.4:0:0, where the 0.4 is estimated from the experimental inclusive K/m ratio
in the TASSO datal) and, at PETRA energies, the excitation of heavy (cc and bb)
"'sea'' pairs is negligible. Consequently, charm production is copilous and occurs
in 36% of the two-jet events, and the charmed hadrons are associated with primary
c-quarks. The charm-strange meson F+(=c§) is expected to be produced with a cross-
section of v 0.4 times that of the D' (=ca) meson.

The mechanism of heavy quark fragmentation (Q=c,b) into heavy mesons (H) has
been qualitatively discussed by Bjorken and Suzukiz), who argued that Q decelera-
tes only slightly when forming the meson H with a "sea' antiquark q. A more quan-
titative empirical form for the fragmentation function of a heavy quark has been

recently derived by Peterson et 31.3):
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where x H/EQ is the fractional energy of the heavy meson with respect to the

heavy quark {or in the two-jet case with respect to the e beam energy). Typical
=0.15 x (Mc/Mb)2=0.016.

valuees for charm and bottom ares) ec=0.15 and €

b

b) Charmed meson decay

The charmed mesons with the
lowest mass (D and F) can decay

only weakly. The most favorite de-

cays are via a spectator diagram
with the Cabibbo allowed transi-

tion c+s, such as shown in this
+ +
page. Thus the decays F>¢1,
+ + +
nm, ¢p~, np~ are expected to be

important.




c) Event selection
The main compoments of the TASSO detector4) used in the present analysis are

the proportional and drift chambers and the time-of-flight (TOF) counters in the

central detector. The event sample consists of 5.4 pb_l (5284 events) at low

energies (12 < W < 28 GeV) and 77.6 pb_l (23882 events) at high energies

(25.5 < W < 42 GeV with a weighted average W = 34.7 GeV), where W is the total
c.m. energy. The event selection of the multihadronic sample has been described
previouslys). The most important cuts for our analysis are : (1) At least 4 (5)
accepted charged tracks for W = 12-26 GeV (W > 26 GeV). (2) The momentum sum

r than 0.265 W. A momentum

Elpi[ of the charged particle momenta had to be laﬁ,_’
resolution for charged particles of cp/p = 0.017 i-p” (p in GeV/c) was obtained
(including multiple scattering). When the average heam position was included as
& constraint in the track reconstruction, the momentum resolution improved sig-
nificantly, yielding cp/p = 0.010 /2_g+p2 {p in GeV/c). This inclusion is crucial
for the study of heavy mesons, where particles are energetic due to the hard
fragmentation function, as described earlier, and multiple scattering, interac-
tions and decays are small. In order to improve the signal to noise ratio, strict
cuts were imposed on the quality of the reconstructed '"beam constraint” tracks.
2. D*i production

The scaled cross-section for the reaction e+e-*D*i+anything at W=34.4 GeV,
where the D'* is detected via the chain D *+p°r%; D%+k*7" is shown in fig. 1
from the TASSO dataé) as well as from other experiments. The distribution is con-
sistent with MARKII and HRS results and with the hard spectrum hypothesisz-s).
The solid curve is a fit of the TASSO data to eq. (1) with ec=0.1810.07. These

*
results show that the D carries a primary c quark.

5
3. F~ production
a) Previous results

The strange-charm mesons (F,F!) are much less known compared to the non-
strange ones (D,D*). The first possible F* signal has been reported in
e+e_+Fi+anything at W=4.42 GeV by the DASP collaboration7)
the nﬂt decay mode and gave a mass of 2.03+0.06 GeV, Later, the OMEGA spectro-

. They saw 6 events in

meter group claimed to have seen F signals in yp#Fi+anything in various decay

modess). The F mass, averaged over all their measured decay modes, is 2.02%0.01
GeV. Recently, the CLEO groupg)
anything at W=10.5 GeV in the ¢Wi decay mode with a mass of 1970#5:5 MeV, which

. . + - _*
reported a significant F~ signal in e e »F +
is at variance with the OMEGA results.

3 3=

b) Extraction of the F* signal

0)

+ + + -+
F~ production was searched for1 in the decay mode F_+¢W'+K+K T~ with the

hadronic events from all beam energies W (see chapter 1c). Particle identifica-

11)

tion in the TOF counters was used to reduce the number of wrong mass assign-
ments. As can be seen in fig. 2, the m/K separation with the TOF counters is pos-
sible for momenta p<l1.0 GeV/c, while (7+K)/p separation is feasible up to p<l.4
(fig.1), then the ¢,

4
which carries most of the F~ momenta, is also expected to be energetic. Therefo-

*
GeV/c. If the Ft energy spectrum is hard as that of the D

Te, Ki identification in the TOF counters was not required in this analysis.
Candidates for ¢ mesons were searched for by looking at invariant mass com-
binations of oppositely charged tracks interpreted as kaons. However, particles
positively identified as pions or protons by the TOF counters were not considered
as kaons. To this end, probabilities W, were calculated for each particle type
i(i=ﬂ,K,p):Wi;ewfi(p}-exp[—[Tm-Ti)z/ZoTz], where T is the measured TOF, T; the

11)

expected TOF for hypethesis i, oL the resolution for the time measurement s
fi(p) the momentum dependent particle fractiom for the hypothesisllj, and ¢ a
normalization constant such that I W;=1.0. A particle is called a sure pion,
if Wﬂ>0.9 for O.3<pﬂ<1.0 GeV/c; a sure kaon, if WK>O.6 and 0.1<M2<0.6 GeV2 for
0.3<pK<1.O GeV/c; a sure proton, if WP>0.6 and M2>0.6 GeV2 for 0.4<pp< 1.4 GeV/c,
where M is the mass of the particle, as calculated from the momentum and TOF
measurements.

The K+K_ invariant mass spectrum is shown in fig. 3. A clear ¢ signal is

seen for the combinations with a fractional energy x =2EKK/W>O.4 (shaded histo-

gram). Fitting the latter distribution to a gaussianxﬁhape plus a background
parametrized in terms of the k" momentum in the K'K~ rest frame times a polyno-
mial, yields a mass (1023%2 MeV) consistent with the standard ¢ mass, and a FWHM
width (2117 MeV) consistent with the experimental resolution. In the following,
all x'k~ mass combinations within * 15 MeV of the nominal ¢ mass are defined as
¢ candidates.

Combining the ¢ candidates with any of the other charged tracks in the
event, interpreted as a pion, where particles identified as sure kaoms or protons
by the TOF system were not included, the resulting K+K-ﬂi mass spectrum is given
in fig. 4. Combinations with a fractional energy xKKn=2EKKn/w>0'4 are shown in

the full histogram and with x ., >0.5 in the shaded histogram. A clear peak is

KK
seen at a mass around 1.97 GeV. In order to find if this enhancement is associa~
ted with the ¢m channel or with the large background under the ¢ (see fig, 3},

- - %
we have looked at the following plots: 1. The KK mass distribution for K K 1
mass combinations in the '1.97 GeV' region (1'94<MKKW(2'02 GeV; white histogram
KKW<1'90 GeV or 2'06<MKKW<2'10 GeV;

shaded histogram in fig. 5). In order to reduce background, only combinations

in fig. 5) and in a "control' region (1.86<M

~4-



with XKKﬂ>O'5 were considered. A clear excess is seen in the ¢ region for the
'"1.97 GeV" histogram compared to the 'control" histogram. 2. The K+K_Wi mass
spectrum for K'K” combinations in a "control ¢'" region, defined to be close to
the ¢ mass [1.05<MKK<1.10 GeV), and with XKKF>O'4’ shows no signal in the ''1.87
GeV" region (fig. 6b).

The mass and width of the signal are determined by fitting to the K+K_7ri
mass spectrum in the ¢ region a gaussian plus a background term of the form
dn/dM=ao+a1M+azM2 (fig. 6a). The fit yielded 49%14 events in the signal and a
mass of 197529 (stat.)zl0 (syst.) MeV. The systematic uncertainty (< 10 MeV) was
determined from the ¢ peak position, from K2+ﬂ+ﬂ- decays, and from measuring the
total c.m. energy with muon pairs. The fitted width of the gaussian is 64:21 MeV
(FWHM), consistent with the expected mass resolution. The mass, width and ¢

decay mode of the "1.97 GeV'' enhancement are in agreement with the F signal of
%)
CLEO

+
c) F_ energy spectrum and cross section

For cross section determination, Fi production is further studied only at
high energies W>29.5 GeV (W=34.7 GeV). The K'K'n" mass distribution for the ¢
candidates has been fitted for various XKKTT intervals between 0.3 and 1.0 with
a polynomial background plus a gaussian for the F~. The overall detection effi-
ciency for the F meson has been computed from Monte-Carlo generated events of the
type

(a) e'e™red; (blc(or O)+F; (¢) Fagrt, (KK . )
Detector acceptance, gluon emission, radiative effects and the event selection
criteria were included in the Monte-Carlo simulation. In {Z¢) an isotropic dis-
tribution was assumed for the ™ in the ¢m rest frame, and the decay (2d) was
generated with a coszeK distribution, where eK is the angle between the K+ in the
¢ Test frame and the ¢ direction in the ¢m rest frame. The resulting efficiency

varies in the range 0.3<X . _<0.9 between 0.46 and 0.26 with an average of 0.31.

In fig. 7, the Fi sc§¥2d cross section times the ¢ branching ratio,
E*do/dx B;F +¢ﬂ ), is shown as a function of the scaled F energy x=2E /W 12)
where s=W", B= pF/EF’ and the other decay modes of the ¢ are included, assuming
B(¢+K+K-)=O.4910.0l. The errors are statistical only and do not include overall
systematic uncertainties of £30% due to detection efficiency and background de-
termination. The shape of the distribution in fig. 7 is similar to that of the
D* cross section (fig. 1) and is described well by the parametrization of eq.(1).
A fit to the data of fig. 7 (solid curve) yielded £=0.45+0.25, compared to the
value of 0.18%0.07 obtained in chapter 2 for D* production. This consistency with
a hard fragmentation is a further evidence that our signal is indeed the F-meson.

¥
Integrating over all the measured range (x>0.3), the F7 cross section

_5-

relative to the p pair cross section (0 —4na2/35 0.072 nb at 34. 7 GeV),
RF OF/O , times the ¢T branching- ratlo is given by R (x>0.3) *B(F™ »¢ﬂ ) =
0.06110.0lZi0.0lS.Extrapolatlng with the parametrlzatlon (1) to the range
x<0.3, the total F-¢7 production is R_*B(F'>¢7") = 0.06420.013%0.019.

+ +
d) Estimation of the F -¢m~ branching ratio

The total yield for primary strange-charm meson production is expected to

be R(cs+cs) = 4.01 x (4/11)x2x0.167=0.486, where 4.01 is the measured total
5)

R value™’, 4/11 is the relative contribution of the ¢ quark to R, 2 stands for

the 2-jets, and 0.167 is the assumed probability to obtain an sS pair from the
”sea”.l] With these assumptions we obtain a branching ratio B[Fi*¢ni)=0.1310.03
+0.04, compared to the value ~ 0.044 of ref. 9). The systematic error includes
only the uncertainties in the measured cross section. This result may be smaller

by % 25% due to possible F production at low x from primary b quarks.
P P P q

+ + -
e) Upper limit for the Frspmmm decay mode

Preliminary results of the ARGUS collaborationls) yield a similar Fi->¢ni
signal at a mass of 19744 MeV. In addition, they see a less significant enhance-
ment at 1967+3 MeV in the channel Fi+¢ﬂiﬂ+v-. We have looked for an Ft signal in
the ¢ﬂiﬁ+ﬂ- effective mass and found none. Using Monte-Carlo generated events of
the type: e e ~»cd; c(or E]*Fi; Fi+¢ﬂiﬂ+ﬂ_; ¢K'K~ with isotropic F and ¢ decays,
the experimental resolution of an F* signal is I'=51 MeV (FWHM) and the overall
efficiency for x¢3ﬂ=2E¢5w/W>0.4 is ~0.12. The ¢niﬂ+n' mass spectrum for x¢3ﬂ>0.4
is shown in fig. 8. This distribution was fitted to a background term of the
form %ﬁ" asexp (bM) plus a gaussian with a fixed mass (1.97 GeV)+and+width
(51 Me¥] (solid curve in fig. 8) A preliminary upper limit for F™»¢m 7 7 pro-
duction from this fit is: RF-B(F‘»¢ﬂiw+ﬁ_)<0.023 (90% C.L.). With the same as-
sumption on RF+as in chi.ptez Z’:d: a preliminary upper limit for the ¢3m branching
ratio of the F~ is: B(F=¢m 7™ m )<0.048 (90% C.L.).

4. Conclusions

The charmed meson D ° is produced in e'e” annihilation at W=34.4 GeV with
a hard spectrum, as expected from the formulation of Peterson et al.s) (eq.1).
The average fractional energy of the D" is %=0.57+0.04.

The strange charm meson Fi is detected in the final state ¢Wi with a mass
of 1975+9*10 MeV and a width consistent with the experimental resolution. The
x-dependence of the scaled cross section of the F* is similar to that of the D*i
The contribution of the measured F production to the total hadronic cross sec-
tion times the o7 ‘branching Tatic is RF(x>O.3)-B(Fi+¢ni) = 0.061%0.012%0.018.
Assuming an x-dependence as in eq. (1), no contribution from b—quarks and a ratio

- = - +
of "sea" quark pairs given by uu:dd:ss=1:1:0.4, the ¢n branching ratio is

_6-



T —r— T T
B(E*+¢m")=0.1320.03£0.04. With similar assumptions, a preliminary upper limit S S '
. P + + + - o w - et e"—= D" +anyining u
for the ¢3m branching ratioc is B(F™=»¢m 7 7w )<0.048 (90% C.L.).
08 - 4 CLEO W =z104Gev |
' 4 MARKI W =29 Gev
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Fig. 2. Particle velocity 8 vs. momentum for tracks from multihadronic events
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Fig. 3. Effective mass distribution of oppositely charged particles interpreted o [
as kaons. The shaded histogram (Tight hand side scale) is for 100 20
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9. Fig. 5. The K'K” mass distribution for K+K_wt effective mass combinations:

white histogram - in the "F'" region (1.94 < Kﬂ'<2'02 GeV); shaded
histogram - in a "control F" region (1.86 < Mgy <1.90 GeV or 2.06<

MKKw< 2.10 GeV). Only combinations with Xk >0.5 are shown.
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