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The inclusive Efoduction of D** mesons in e*e-annihilations at /5~ 34.4 GeV is investigated with the JADE detec-
tor at PETRA. D~ mesons are reconstructed through their decay into D mesons resulting in (Kn) # and (K3#) ~ final states.
The measured differential cross section is compatible with a hard ¢ quark fragmentation. The D~ production angular dis-
tribution shows a charge asymmetry of A = —0.14 + 0.09 which is in agreement with the expectation from the weak—elec-
tromagnetic interference effect in the standard model. Global properties of D** events are seen to be similar to average

multihadronic event properties.

The inclusive production of charged D* mesons in
e"e -annihilation has been studied by various experi-
ments [1—5]. At PETRA energies the charmed ha-
drons contain mainly the primary charm quark from
ete™ - cC. Therefore, the study of D** mesons pro-
vides information on the ¢ quark fragmentation. Fur-
ther, it is possible to investigate weak—electromagnetic
interference effects in quark production using the an-
gular distribution of produced D*’s. The expected
charge asymmetry is larger than for leptons (due to
the ¢ quark charge of 2/3). In this way, constraints on
the weak isospin of the charm quark are obtained.

In the experiment reported here the JADE detec-
tor at the DESY storage ring PETRA was used. The
data were taken during 1979—1982 at centre of mass
energies in the range between 29.9 GeV and 38.7 GeV
with an average energy of \/s ~ 34.4 GeV correspond-
ing to an integrated luminosity of f L dt =74.7 pb_l.
23 923 annihilation events with multihadronic final
states were selected by a method described in a previ-
ous publication [6].

In this analysis only charged particles coming from
the primary vertex were used. In order to improve the
momentum resolution the average €' ¢~ interaction
vertex was included in constrained track fitting.

The charged D*’s were identified using the decay

D** - DOzt D

(here and in the following we omit to write the charge
conjugate mode). Due to the special decay kinematics
a D* signal shows up better in the distribution of the
mass difference

AM = M(D%*) — M(D%) (2)

than in the mass distribution M(D%") itself [7].
The D® meson was studied in the two decay modes:

DV>K 7, 3)

K nn . 4)

The masses M(K~7") and M(K~ 7" 7~ ") were cal-
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culated using every charged track with a momentum
p > 1 GeV/c applying both the 7 and the K mass hy-
pothesis. These mass distributions have no obvious
structure in the DO region. In accordance with the ex-
perimental mass resolution (as obtained by Monte
Carlo calculations) the DO mass interval was assumed
to be

1.66 <M(D%) < 2.06 GeV . (5)

To form a D**, these DY candidates were combined
with an additional charged track (without momentum
cut) using the pion mass hypothesis.

Analysing the D** production in terms of its frac-
tional energy x a clear signal is seen only for

x = Ep*/Epeam > 0.4 . (6)

Figs. 1a,1b show the distribution of the mass dif-
ference (2) for the two DO decay modes (3) and (4)
for the above cut in x. A clear enhancement around
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Fig. 1. (a) Distribution of AM = M(D°#z") — M(D°) where D°
is the (K—1r+) system in the mass interval 1.66 < M(D?) <
2.06 GeV. (b) Distribution of AM =M (D°n+) — M(D®) where
DY is the (K~ n~#") system in the mass interval 1.66 <
M(D°) < 2.06 GeV.
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AM = 145 MeV is seen corresponding to the decay of
the D** meson. The width is consistent with the ex-
perimental mass resolution as obtained from Monte
Carlo calculations. Therefore, the “signal” event sam-
ple was defined by

AM < 0.156 GeV , (7

resulting in 40 and 52 events for the decay modes (3)
and (4), respectively.

The peak structure in AM vanishes if instead of (5)
the mass interval 2.06 <MK ~7"), MK~ n"nn*) <
2.46 is used. For the decay mode (3) the low mass
region M(K~7") < 1.66 cannot be used as a control
region because around M(K~7") ~ 1.62 a reflection of
the decay modes

DO K p*>K ", (8)

- K*nt > K a0t 9)

is present [8]. The experimental mass resolution to-
gether with low statistics does not allow a separation
between this reflection and the DO signal.

The acceptance was calculated using the Lund
Monte-Carlo program [9] as an event generator for
charged D™’s including initial state radiation effects.
These events were processed by routines which deter-
mined the trajectory of each particle through the
JADE detector and which took into account the ener-
gy loss and resolution of the apparatus. The simulated
events were then subjected to the same analysis as the
real data so that the acceptance and mass resolution
could be determined. The acceptance (including all
cuts applied) is ~25% and ~6% for the decay modes
(3) and (4), respectively.

[t is observed that all events corresponding to de-
cay channel (4) have more than one combination per
jet satisfying the D* criteria. Assuming no contribu-
tion from the charmed sea, only one charmed meson
per jet should occur. Thus, for each combination a
weight w; = 1/Ngomp was introduced with Zjetw; = 1.
The branching ratios used are [10] B(D** > DOty =
(44 + 10)%, B(DY > K~7") = (3.0 + 0.6)% and B(D°
K nr ) =(8.5+2.1)%.

For each x bin (with a bin width of 0.12) a back-
ground subtraction has been performed assuming a
background of the form dN/d(AM) ~ (AM — m,),
a=0.25-0.5 according to Monte Carlo calculations.
In the region x < 0.4 no D" signal can be seen in our
data.
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The data of the decay channels (3) and (4) were
combined and the resulting differential cross section
s do/dx is given in fig. 2. This result is compatible with
data given by MARK 11, DELCO, HRS and TASSO
[1—4]. The data indicate a hard ¢ quark fragmenta-
tion. (For x > 0.4 an average value of {x) = 0.64+0.05
is obtained.) The observed x dependence is different
from x distributions for charged particles, KO mesons
etc. [11] yielding an average x value around 0.1. A fit
to the D* differential cross section was made using a
functional form proposed by Peterson et al. [11]

s dofdx ~ (1/x)[1 — 1/x — e/(1 —x)] 2. (10)

For the parameter € a value of 0.24 + 0.08 was ob-
tained corresponding to the curve shown in fig. 2.

It should be pointed out that due to initial state
photon radiation and gluon emission the fractional
energy x becomes smaller than the primordial fraction
z = Ehadron/E quark- Monte Carlo studies at Vs =34
GeV in second order QCD show that the average value
(x) of D* mesons is about 16% lower than the average
(z) in the primordial fragmentation process. (Initial
state radiation contributes 5% and gluon emission,
11%.)

The integration over the experimentally measured
points gives a cross section of op**(x > 0.4) = 0.14 =
0.02 £ 0.03 nb corresponding to

Rp**(x > 0.4) =(op** + op* )0y,

=19+03+x04. (11)
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Fig. 2.*§caled differential cross section s do/dx of the inclu-
sive D"~ meson production together with the Peterson frag-
mentation function fitted to our data.
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This has to be compared with the theoretical value
Rt~ 2.8 (without x cut) indicating that the majori-
ty of produced charm quarks fragment via D* mesons.
To estimate the number of D* mesons coming
from bottom hadrons the distributions of the masses
M(D™, n7) and M(D**, n~, n7) were analysed using
the 92 charged D* events. An upper limit of 8% was
estimated for D** coming from B? and B~ mesons.
The measurement of the D** production angular
distribution do/d cos @ (8 is the angle between the in-
coming electron e™ and the D**) can be used to mea-
sure the weak—electromagnetic interference. Assuming
that the D* mesons contain the primary ¢ quark,
do/d cos @ measures the process e'e™ — ¢C since for
large momenta (x > 0.4) the D™ direction is close to
the ¢ quark direction. The weak—electromagnetic in-
terference leads to

do/d cos 8 ~ 1+ 84 cos 6 + cos?6 , 12)

where 4 is the forward—backward asymmetry which
is given for s <€ m% and neglecting terms O(G%) by the
following expression

= 3(85£% /e (GR/2N2m0) sm&[(m% ~s),  (13)

Here, g5, g% are the axial vector coupling constants,
predicted to be —1/2, 1/2 in the standard model [13].
ec= 2/3 is the ¢ quark charge, Gp the Fermi coupling
constant and myz the Z0 mass. Forv/s=34.4 4 =
—0.14 is expected.

For the calculation of the cos 8 distribution the
data of the decay channels (3) and (4) (with weights)
were combined. To improve the statistics we enlarged
the M(K~n*) mass interval to 1.50 <M (K~ 7") <
2.06 in order to take into account also events corre-
sponding to the decay channels (8) and (9), which con-
tain primary ¢ quarks as well.

The resulting D** angular distribution is given in
fig. 3. A fit of the data to the expression (12) yields

=—0.14 * 0.09. In principle, this result has to be
corrected for D* mesons coming from bottom hadrons
and higher order QED terms but these effects can be
neglected compared with the statistical error.

Using eq. (13) and g4 = —1/2, the result of the
asymmetry measurement can be written as

g% =T3.=0.50£0.32, (14)

where T3; is the third component of the weak isospin
of the left-handed charm quark. Note that the result
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Fig. 3. Production angular distribution of D** mesons to-
gether with the predicted function fitted to our data.
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Fig. 4. (a) 01 versus Q3 — Qz)/\/_ dlstnbutlon of events
with a charged D* meson. (b) Normalized pT distribution of
the D *x mesons w1th respect to the sphericity axis (circles)
together with the PT distribution for charged particles (histo-
gram). The straight line shows an exponential function fitted
to the D** distribution.



Volume 146B, number 1,2

(14) is compatible with a left-handed charm quark
doublet (T3 = 1/2).

To study the global properties of the D* event
sample [4], the eigenvalues Q; (i = 1,2,3) of the nor-
malized sphericity tensor [14] were used. In fig. 4a
the plot Q1 versus (Q3—02)/\/3 is given for the com-
bination of decay channels (3) — including parts of
(8), (9) — and (4). This plot can be divided into 3
regions [15] corresponding to:

Region L.

two-jet events: Q3> 0.9.
Region II.

flat events (three-jet): 03 <0.9, 01 <0.06.
Region II1.

spherical events: Q3 <0.9, 01 > 0.06.

It can be seen that the majority of the events be-
longs to the two-jet (¢T) class. Computing the fraction
of planar (three-jet) events, r = Nyp/(Nyp+ N + N,
we get » = (13 + 4)% for the D** events. This number
can be reproduced by Lund Monte Carlo calculations
yielding an estimate of the strong coupling constant
for charm quarks of ag = 0.13 + 0.08. Further, the
ratio r can be compared with the value 7y = (1021)%
which has been calculated for multihadronic events
with at least one charged track with x > 0.4. We con-
clude that the fraction of events with a hard gluon is
(within the large errors) equal for charm events and
events with other primary quarks. Similar conclusions
have been reached in ref. [16].

Using the same events which entered into the 0
plot of fig. 4a the p% distribution with respect to the
sphericity axis was calculated. In fig. 4b this distribu-
tion is given (circles) together with the analogous dis-
tribution for charged particles with x > 0.4 (histo-
gram). Fitting the D* distribution with an exponential
function exp(—, p;r/az) yields a?= (p?r) =0.62 £ 0.08
(dashed line in fig. 4b). Doing the same fit for charged
particles and lambdas with x > 0.4, one gets <pT>chaIged
=0.52 £ 0.05, <pT>la.mbda 0.56 £ 0.07, i.e. within the
errors these values are compatible with the (pT) value
of the D* events.

In conclusion, this experiment has observed charged
D" production in the (Km) 7 and (K3m) 7 decay modes.
The differential cross section s do/dx indicates hard c
quark fragmentation. From Rp*+ =19+ 0.3 £0.4 it
is inferred that a large fraction of charm quarks frag-
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ments into D*’s. A forward—backward asymmetry of
A =-0.14 £ 0.09 is measured in agreement with the
prediction of the standard model. Global properties
of events containing a charged D* are similar to aver-
age multihadronic event properties, especially the frac-
tion of events with a hard gluon is the same for both
within the errors.
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