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Abstract

We report measurements of charm particle production asymmetries from the
Fermilab photoproduction experiment E687. An asymmetry in the rate of
production of charm versus anticharm particles is expected to arise primarily
from fragmentation effects. We observe statistically significant asymmetries
in the photoproduction of D*, D** and D° mesons and find small (but sta-
tistically weak) asymmetries in the production of the D} meson and the AF
baryon. Our inclusive photoproduction asymmetries are compared to predic-
tions from nonperturbative models of charm quark fragmentation.

PACS numbers: 13.60.Le, 13.60.Rj
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From a data sample of approximately 55000 charm particle decays obtained using silicon
vertex detectors and a forward multiparticle spectrometer, we have investigated the produc-
tion asymmetry between charm and anticharm hadrons produced by the interaction of high
energy photons with a Beryllium target. The data were recorded by the E687 Collaboration

during the 1990-91 fixed target run at Fermilab.

In high energy photon-hadron collisions charm quarks are expected to be predominantly
produced through the photon-gluon fusion process [1]. This mechanism, which is calculated
in perturbative QCD at leading order in o, o, leads to the production of a charm-anticharm
quark pair where each member of the pair is distributed identically (on average) in the
kinematic variables Feynman-z () and squared transverse momentum (p?). Contributions
from processes occurring at next to leading order in ay, such as initial and final state gluon
bremsstrahlung, have been calculated [2-4] but kinematic asymmetries between the charm
and anticharm quarks arising from these processes are expected to be negligibly small. As
the charm quarks fragment into colorless charm hadrons, however, nonperturbative effects
may induce an asymmetry between charm and anticharm hadron species. To provide a
context for discussion, in this paper we will consider the Lund string fragmentation model
applied to the photoproduction process as depicted in Fig. 1. In this model the struck gluon
leaves the target nucleon in a color octet state which can be divided into a color antitriplet
pole (which we will refer to as the “diquark”) and color triplet pole (which we will refer to
as the “bachelor quark”). The color field between the target diquark and the charm quark,
and the field between the target bachelor quark and anticharm quark, are treated as strings
having uniform energy per unit length corresponding to a linear confinement potential. The
two strings are broken into ¢g pairs (or diquark-antidiquark pairs) resulting in a final state
configuration of colorless hadrons (more details of the model can be found in Refs. [5]). We
have found that predictions for charm particle production asymmetries generated by this

model depend sensitively on the kinematic region probed and on the assumed distribution



for the momentum fraction carried by the bachelor quark. A common assumption,™ which
we will refer to as “Model 17, is that the bachelor quark carries a fraction x of the target

nucleon’s momentum which is sharply peaked towards small values of y

N (1 —x)°
S0 22 (“Model 17). 1
i . ( ) (1)

By contrast another option uses a “hard” distribution (which we will refer to as “Model 27)

dN
I ~ 2(1 =x) (“Model 27) (2)

which naively assigns on average 1/3 of the nucleon remnant momentum to the bachelor
quark. In both cases the remainder of the nucleon remnant momentum is assumed to be
carried by the diquark. The kinematics of the charm quark (anticharm quark) and target
diquark (bachelor quark) system control the invariant mass acquired by the string which in
turn influences which charm species can be produced and also the spectra of “fragmentation”
particles which remain at the primary (production) vertex.

The dynamics of the string breaking can potentially lead to a difference in both the
overall production rate for a species containing a charm or anticharm quark as well as
differences in their kinematic distributions. An example of an overall production asymmetry
in photoproduction on a fixed baryon target is the “associated production” of a D meson
opposite a AT baryon near threshold [7]. A purely kinematic asymmetry, on the other hand,
would be observed if, for example, the z; distribution of D~ mesons was harder than that
for DT in photoproduced DY D~ pair events.

It is very difficult to experimentally distinguish between these two forms of asymme-
try since experiments can only perform asymmetry measurements in the kinematic domain
where they have reasonable acceptance. As we discuss below, the fragmentation affects the
charm-anticharm asymmetry as well as the composition of the photoproduced primary ver-

tex which in turn influences the efficiency for isolating charm particles from background by

“This is the default option in the PyTHIA 5.6 Monte Carlo event generator program [6].
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lifetime tagging techniques. For this reason we have chosen to compare observed asymme-
tries directly to model predictions without correcting for acceptance due to apparatus and
selection cuts. In the absence of a possible detection asymmetry in our apparatus, which
we confirmed was negligible (discussed below) using unbiased non-charm data and Monte
Carlo simulations of charm and anticharm quarks fragmented into hadrons according to a
symmetric model,T any observed charm-anticharm asymmetry is necessarily the result of

physical processes such as those discussed here.

The E687 apparatus, beam and trigger were designed to detect charm particles produced
in the forward 100 milliradians of the event corresponding to roughly half of the center
of mass solid angle. We briefly review the important features for this analysis (complete
descriptions can be found in Refs. [9]). Charged particles emerging from photon-Beryllium
target interactions are tracked by a microvertex detector consisting of 12 planes of silicon
microstrips which allow secondary vertices to be separated from the primary (production)
vertex. Downstream (vertical) deflections by two analysis magnets of opposite polarity
are measured by five stations of proportional wire chambers (PWCs). Pions, kaons and
protons are identified by three multicell Cerenkov counters operating in threshold mode.
The photon beam is derived from electrons of approximately 320 GeV/c momentum with
a spread of roughly 4+ 15%. These electrons impinge on a 27% radiator producing a broad
bremsstrahlung photon beam (< E, > ~ 200 GeV for events containing charm particle
candidates) which is tagged by measuring the incident and recoil electron beam momenta
and the energy from extra photons created by multiple bremsstrahlung collisions in the

radiator.

The charm particles we investigated are from the high statistics D meson decays DT —

K ntat, D - K~7t, D° - K~ntntn~ and the less copiously produced D} meson and

tFor this purpose we used an event generator which independently fragmented the charm and

anticharm quarks according to the formalism of Peterson et al. [8].



A} baryon observed in the final states D — K~ K7t and AT — pK~ 7. The signals were
extracted using our standard candidate driven vertexing algorithm [9] which identified the
primary and secondary vertices of the event. The principal cut influenced by fragmentation
is the significance of detachment of the vertices, ¢/o,, which is defined as the distance ()
between the two vertices divided by the error (o,) on ¢ Additional particle identification cuts
were applied: the kaon candidate track in each of the modes was required to be consistent
with a Cerenkov hypothesis corresponding to a kaon or ambiguous between a kaon or proton,
while for the A* — pK~7t decay the proton was required to have a Cerenkov hypothesis
consistent with that for a proton or ambiguous with being either a kaon or proton. For some
of the modes, vertex isolation cuts were applied in order to maximize the apriori sensitivity
of the asymmetry measurement. We removed the significant (&~ 25%) contamination of
the DY — K+ K-t signal due to Cerenkov misidentified background from the decay mode
DT — K~7tnxT by employing an “anti-reflection” cut which rejected events whose K~ 7t 7™
mass was within 2o of our reconstructed Dt mass. For both of the D topologies we separate
those which were found to be consistent with being produced through the decay reaction
D*t — Dt (“D*-tag” events) from those inconsistent with that hypothesis (“no D*-tag”
events). An event was classified as D*-tag if the associated soft pion from the decay was
found in the primary vertex, and, when combined with the D°, formed a D** — D° mass
difference within 2 MeV /c? of the accepted value [10]. Approximately 5% of the “D*-tag”
events contain a background D° which was directly produced or from a D*® decay, while
approximately 20% of the “no D*-tag” D° events come from a D** decay (due to efficiency
loss in reconstructing the associated cascade pion). Additionally, D** events will contribute
to the DT mode and D*® events will contribute to the D° modes, though in this analysis

we make no attempt to separate these contributions. The invariant mass distributions for

*The values for the detachment cuts were (in the order of decay modes listed in Table 1): £/oy >

8,2,5,5,8,8,5.



the decay modes (along with the measured signal yields which were determined by fitting
the distributions to a Gaussian function for the signal peak over a polynomial background)
are shown in Fig. 2. To indicate the kinematic region of good acceptance, in Fig. 2 we also
plot the combined apparatus acceptance and efficiency of selection cuts as a function of z;
for the D meson samples.

The results given below are compared to Monte Carlo simulations [11] based on the Lund
event generator programs PYTHIA 5.6 and JETSET 7.3 which, for the processes considered
here, contain the leading order photon-gluon fusion matrix element for the production of
the charm quarks, the Lund model of string fragmentation for the hadronization of the
charm quarks into charm hadrons, and either of the two models discussed above for the
bachelor quark momentum fraction y. Studies of this Monte Carlo program were given in
our previous analysis [12] of correlations between pairs of fully and partially reconstructed
charm particles. We found that for two of the correlations studied there, the p? of the DD
pair and the transverse angle between the D and D momentum directions A¢ (acoplanarity
angle), the distributions of the data tended to somewhat broader than the model predictions.
However, for two other correlations, the invariant mass of the DD pair M7 and the rapidity
difference AY between the D and D along the incident photon beam direction, the model
tended to describe the data reasonably well. We found that Monte Carlo predictions for
these correlations exhibit negligible dependence on the assumed model for the bachelor quark
x distribution. Similarly, our Monte Carlo studies show that predictions from either model
for the inclusive p? spectra and the total momentum of the charm candidates are in good
agreement with our measurements.

The production asymmetry can be expressed as the difference between the number of

detected charm and anticharm particles divided by the sum

~ N.— N; (3)
a_Nc+NE

where the event yields N, and Nz are determined by fitting the invariant mass distributions

separated into charge conjugate states. This expression would be equivalent to one in which



the event yields were replaced by absolute cross sections only if the detection efficiencies for
charm and anticharm species were equal, the produced charm and anticharm events were (on
average) symmetrically distributed in kinematic variables, and if the acceptance corrections
were completely free of production model assumptions. However, Monte Carlo studies of
the production characteristics for charm particles inclusively generated with the two models
considered here indicate the production asymmetry is a strong function of the observed
kinematic variables® In addition, we found the efficiencies of the vertex cuts employed to
extract the charm signals from background depend sensitively on the assumed fragmentation
model. This dependence results from the observation that different fragmentation models
lead to differing spectra of fragmentation tracks at the production vertex. These tracks
(and their measurement errors) are used to identify the production vertex and compute the
significance of decay length ¢/o, for the charm candidate. For example, replacing the Lund-
based “Model 17 event generator with the symmetric charm-anticharm production Monte
Carlo discussed previously, results in absolute acceptance changes of approximately 15—20%
which is an unacceptable systematic error if the value of the true production asymmetry is
of order a few percent. This effect led to our decision to report asymmetries which have
not been corrected for acceptance and compare our results to the model predictions after

subjecting the Monte Carlo events through our apparatus and photon beam simulations.

In Table I we list the observed asymmetries o computed according to Eqn. 3 and have
compared them to predictions from the two Monte Carlo models. We emphasize that the
Monte Carlo events were subjected to the same apparatus conditions, event selection crite-

ria, and analysis cuts as were the data and therefore should correspond to the same range

5We define the kinematic variables in terms of the incident photon energy (E,), the transverse
momentum-squared of the charm particle (p?), and the charm particle z taken as the ratio of
the longitudinal momentum of the charm particle relative to its maximum value evaluated in the

photon-nucleon center of momentum frame.



of kinematic variables. Since these reported asymmetries depend on the kinematic region
probed, they are valid for the selection criteria described here; alternative criteria, for ex-
ample those which would effectively induce a momentum selection bias, could change these
values.

We considered two sources of systematic error in these measurements. The first was the
assumed background shape in the fit to the invariant mass distribution to determine the
yields of charm and anti-charm particles; this uncertainty was found to be negligible. The
second was any error associated with possible charge asymmetries induced by our detection
apparatus. For this purpose we studied the combined responses of the microstrip detectors
and PWC system to positively and negatively charged particles using a copious sample of
non-charm photoproduced hadronic events. In all cases the pattern of accepted tracks were
well reproduced by the Monte Carlo simulation of the E687 spectrometer. To check that the
complete reconstruction of “charm-like” vertices did not result in a false asymmetry, a Monte
Carlo test was performed using the symmetric charm-anticharm production event generator
and the entire measurement process was simulated. The resulting simulated measurements
yielded no significant false asymmetry. From these studies we conclude that any systematic
error from an apparatus induced asymmetry is negligible compared to our reported statistical
errors.

A negative asymmetry for D meson production would be consistent with expectations
for some of the D mesons being produced opposite AT baryons, or for a kinematic effect
induced by the color confinement in the fragmentation process, or some combination of these
mechanisms. However, as we have noted, the observation of a negative inclusive asymmetry
alone cannot distinguish between these two possibilities. In fact, small negative asymmetries
for each of the D mesons are observed which agree in sign with both of the model predictions
considered although they have significantly smaller magnitude than those from Model 1
which is characterized by the soft bachelor quark y distribution sharply peaked near zero.
The values predicted by Model 2, which assumes a hard y distribution, better reproduces

the pattern of our measurements for the D mesons. We point out that the models yield



differing production asymmetry values for the two D°-(no D*-tag) modes considered here
while for the data the asymmetry measurements are consistent. This dependence on decay
mode reflects the sensitivity of the model predictions to the kinematic region probed which
is different (owing to acceptance and cut selection efficiency) for the no D*-tag D° — K~ 7t
and D° — K~ nT7t7~ modes. Small but statistically insignificant positive asymmetries are
observed for the D} meson and AT baryon though it is interesting that the two models yield
significantly different predictions for the AT production asymmetry.

We emphasize again that the inclusive photoproduction asymmetry measurements re-
ported here depend on the apparatus acceptance and event selection criteria and are there-
fore experiment-dependent. It is however instructive to compare our results to previous
inclusive photoproduction asymmetry measurements from experiments utilizing a forward
multiparticle spectrometer and lifetime tagging techniques. In Table II we compare our
results to those from the Tagged Photon Collaboration (E691) [13] which used a photon
beam with an average energy of approximately 120 GeV. For comparison we have converted
our results from an asymmetry (as defined in Eqn. 3) to an antiparticle-particle production
ratio R = Nz/N. as used by the E691 experiment. Additional measurements of the charm
photoproduction asymmetry come from the NA14/2 Collaboration [14] which used a photon
beam with average energy of approximately 100 GeV. They reported a combined asymmetry
of @ = —0.03 & 0.05 for photoproduced D and D** mesons, and a = 0.24 + 0.17 for D}
mesons. By contrast, the SLAC Hybrid Facility Photon Collaboration [7], using a 20 GeV
photon beam (and therefore closer to charm threshold), found an excess production of D
mesons (75 events) over D mesons (23 events) and attributed this excess to associated A¥ D
production. They reported an indirect cross section ratio Opat /Ocharm = (7T1£11+6)%. Our
results do not significantly differ from the higher energy experiments although we emphasize
that the accepted kinematic regions sampled by each experiment may differ significantly and
thus the observed asymmetries, owing to the mechanisms discussed above, may not neces-
sarily be equal.

It is therefore interesting to investigate the kinematical variations of the inclusive pro-
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duction asymmetry as a function of E., p? and ;. For each distribution we fit the invariant
mass distributions for particle and antiparticle states divided into bins of that kinematic
variable. The kinematic variations for the DT — K~7t7% decay mode (having superior
combined signal-to-background ratio and event statistics of the modes considered) are shown
in Fig. 3 where again we have compared our measurements to predictions from the two Monte
Carlo models. In each case the Monte Carlo prediction follows the trend observed in data
but Model 1, which is characterized by a x distribution sharply peaked near zero, tends to
over-emphasize the behavior. Model 2, which has a hard y distribution, provides a good
description of the kinematic variation we observe with our data sample. Both models predict
similar, but more severe, kinematic trends prior to the imposition of acceptance cuts. While
the two models provide different predictions for the production asymmetry, very little dif-
ference is predicted for the momentum distribution of the DT events as shown in the lower
right graph of Fig. 3. The striking difference between the two model predictions at large
xy underscores the crucial role played by the x distribution in determining the production
asymmetry in the context of string fragmentation. When most of the target nucleon energy
is partitioned to the diquark, as is the case for Model 1, the x; spectrum for D~ is signifi-
cantly hardened compared to that for DT. The D% tends to be fragmented closer in rapidity
to its string partner—the diquark—which in this case tends to be at a more negative center
of mass rapidity than the bachelor quark. On the other hand, when the energy is divided
more evenly, which is characteristic of Model 2, the resulting D~ and D z; distributions
are more similar. In fact, when the y distribution is fixed to a value of 0.5 the asymmetry
nearly vanishes in each of the kinematic variables plotted in Fig. 3. Similar findings result
for the other D meson decay modes although our data sample lacks sufficient statistics to
meaningfully subdivide the D} and A} samples.

To further test the two models considered here, we repeated our measurements for charm
candidates produced in association with a partially reconstructed D*~. We used the same
semi-inclusive technique described in our earlier article which studied correlations between

DD pairs [12]. Briefly, a fully reconstructed charm meson (which we call the recoil charm
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D,) is produced against a kinematically tagged soft pion of the correct charge (which we
label as #) from the decay D*~ — #~ DO where the daughter D? need not be reconstructed.
Because of the low Q value for this decay, the soft pion will have a lab momentum close to
that of the parent D*~ when scaled up by the inverse of its energy fraction (approximately
13.8). Since fully reconstructed DD pairs balance p? within 4 (GeV/c)? at these photon
beam energies (as shown in Fig.2a of Ref [12]), the scaled soft pions from the D*~ decay
should roughly balance the recoil charm transverse momentum, p,”. Therefore, one expects

an excess in signal 7’s over background pions below A? =4 (GeV/c)? where
A} = (13.8p] +pl)? + (13.8p) + p))%. (4)

Using our sample of D, mesons (which include Dt D*t and D°) Af is computed for each
track emanating from the primary vertex. Fig. 4(a) shows Af for candidates having the
correct charge correlation and the wrong charge correlation for the D, sample™ where we
additionally have performed a subtraction for background events beneath the D, mass peaks.
In the present work we have expanded our analysis to search for D and A} candidates
produced opposite a D*~. Applying the same technique as for the D, events, the analogous
A? distributions for these candidates are shown in Figs. 4(b,c). The accumulated excesses
in these distributions below Af = 4 (GeV/c)? correspond to reconstructed samples of
approximately 4500 events due to D*~ D production, 75+27 events due to D*‘Dj’ production
and 120+£45 events due to D*‘Aj’ production (charge conjugates included) where the symbol

D*~ denotes the partially reconstructed D*~ using the soft pion 7 tag.

The measured photoproduction asymmetries for the charm species produced in associ-
ation with a D*~ are listed in Table IIT and are compared to the predictions from the two

Monte Carlo models. To compute the asymmetry we have separately accumulated the excess

**We remove pions consistent with the decay D** — 7DY by eliminating those wrong-charge

candidates lying within 3 MeV of the nominal D** — DY mass difference.
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below A2 = 4 (GeV/c)? for the two charge states. Explicitly, our definition't for this type

of asymmetry is

N(D* ¢) — N(D**
N(D*= ¢)+ N(D*+ ¢

ol
~

O =

(5)

As before, the Monte Carlo events were subjected to the same apparatus conditions, event
selection criteria, analysis cuts (as well as counting techniques) as were the data and therefore
correspond to the same region of kinematic variables. Observation of a non-zero asymmetry
in D*~ D events, which therefore exclude contributions from charm baryon production, would
provide direct evidence for a kinematic asymmetry. However, the weighted average of the
five D*~ D asymmetries of Table III is only 2.7¢ different from zero. For almost all of
the event types our measurements are not of sufficient statistical strength to discriminate
between the two models. For two of the modes we have illustrated y? contours corresponding
to 1 — 30 deviations from our reported values in terms of the measured total event yield
and asymmetry (Fig. 5). For the highest statistics mode D=~ D™, our measurement is in
good agreement with the prediction from Model 2 while it is consistent with Model 1 at the
3o level; this result is in parallel to the results for inclusively produced DT events. It is
interesting that for the D*‘Aj’ events (the only type containing a charm baryon) our data is
in better agreement with the prediction from Model 1 while the Model 2 prediction is lower
than our observation by 2.860.

In summary, we observe statistically significant enhancements of D over D production
in the kinematic region characterized by £, ~ 200 GeV which cannot be attributed to
an apparatus asymmetry. As a measure of the statistical significance of these results, our
measurement for the inclusive production asymmetry combining the I meson modes within
our acceptance is @ = —3.7 £ 0.6% corresponding to more than 6 standard deviations

from zero. The kinematic dependence exhibited by our inclusive asymmetry measurements

A negative value of a for the D*~ D7 entry of Table III, for example, means D*t D~ events

predominate over D*~ D7 events.
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is well reproduced by the Lund fragmentation model when the assumed distribution for
the momentum fraction x carried by the bachelor quark is hard (“Model 27). While our
inclusive asymmetry measurements agree in sign with both models, the values are smaller
in magnitude and exhibit less kinematic dependence than those in the model where the
x distribution is sharply peaked near zero (“Model 17). At our energies we observe no
significant excess of D} over D or Af over A7. The situation for our semi-inclusive
measurements for charm states produced against a D** meson is less clear. Our highest
statistics sample D*~ DT favors the hard y distribution while the much smaller D*~ A}
sample is inconsistent with this model at the 2.860 level.

We thank T. Sjostrand for helpful discussions. We wish to acknowledge the assistance of
the staffs of the Fermi National Accelerator Laboratory, the INFN of Italy, and the physics
departments of the collaborating institutions. This research was supported in part by the
National Science Foundation, the U.S. Department of Energy, the Italian Istituto Nazionale
di Fisica Nucleare and Ministero dell’Universita e della Ricerca Scientifica e Tecnologica,
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FIGURES

FIG. 1. A schematic representation of the color poles and strings for the case of fixed-target
photoproduced charm quarks in the context of the Lund string fragmentation model (top), and an
example of hadron formation as a result of string breaking (bottom). ) labels the “diquark” from
the target nucleon and ¢ labels the “bachelor quark”.

FIG. 2. Invariant mass distributions and approximate event yields (“Y”) for the D meson, the
DY meson, and the AT baryon candidates used in this analysis (particles and antiparticles have
been combined). For the DD meson states we combine all decay modes and plot the normalized
mass variable AM /o, where AM is the difference between the reconstructed mass (with error o)
and the Particle Data Group value for the candidate. For the combined D meson sample we also
indicate the relative efficiency as a function of z of all apparatus acceptance and analysis cuts
(very little variation is exhibited in p?).

FIG. 3. Kinematic variations of the production asymmetry « as a function of p?, F., and x  for
the decay mode DT — K~ xtrt from this experiment (data with error bars) and the two Monte
Carlo predictions discussed in the text (solid lines from Model 1, dashed from Model 2). The lower
right figure compares the two model predictions for the DT momentum (P) to the data.

FIG. 4. Distribution of the p; balance variable Af for soft 7-tagged charm mesons and baryons.
The crossed points are for events in which the 7 has the right sign charge correlation and the
diamond points are for the wrong sign charge correlation. For the high statistics sample of 7-tagged
D mesons shown in graph a), the solid curve overlaying the right sign excess, which is attributed
to D*~ D production, is from Ref. 12 and represents a comparison to expectations (accounting for
resolution effects) for a fully reconstructed DD sample, while the dashed curve is a fit to the wrong
sign distribution. In the (statistically weaker) 7-tagged D} and A} samples shown in graphs b)
and ¢), the solid and dashed curves are predictions (area normalized) for the right and wrong
sign charge correlations respectively from the Lund Monte Carlo (Model 1); the right sign excess
observed in data is attributed to D*~ D} and D*~AF production (charge conjugates have been
combined in all of these figures).

FIG. 5. Contours for x? deviations of 1 — 30 from the reported measurements (black dots)
as a function of the total yield of charm candidates produced in association with a D*~ and the
measured asymmetry for a) D*~ D7 and b) f)*‘Aj’ event types. The distortion of the contour due
to low D*~AT event statistics is evident.
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TABLE 1. Production asymmetry a (%) from this experiment

predictions based on the Lund model [11].

TABLES

compared to two Monte Carlo

Decay mode E687 (This exp.) Model 1 Model 2

Dt - K~ ntrt -3.8£0.9 —-10.4+04 -2.9+£0.3
D*t — D% * — (K~ 7 T)nt —6.4+1.5 -9.240.7 —2.44+0.5
Dt — Dt — (K—rtrtr)nt —4.0£1.7 -9.2+£038 -3.0£05
D% — K=7% (no D*tag) —2.0+1.5 —5.14+0.6 ~1.6+0.4
D —» K=#xTrxtr~ (no D*-tag) -1.94+1.5 -9.94+0.5 -294+04
Df - K-Ktx* 25£5.2 9.7+ 1.7 25£0.7
AY — pK—7t 3.5£7.6 21.5+0.7 —-7.7£06

TABLE II. Antiparticle/particle production ratios R = Nz/N. from this experiment and from

the Tagged Photon Collaboration (E691).

Decay mode E687 (This exp.) E691 [13]
< By >~ 200 GeV < By >~ 120 GeV

Dt - K~ rntrt 1.08 £0.02 1.04£0.03
D*t — D% * — (K~ 7 T)nt 1.13+0.03 1.15+0.07
Dt — D% * — (K~ rntrtr)nt 1.08 £ 0.04 1.23+0.07

DY — K==t (no D*-tag) 1.04£0.03 1.08 £0.03

D —» K=#xTrxtr~ (no D*-tag) 1.03+0.03

Df - K~K*tr* 0.954+0.10 0.924+0.14

AY = pK—rt 0.93+0.14 0.79+0.17

TABLE III. Production asymmetry a (%) for candidates produced in association with a D**

(see text for explicit definition).

YN — (Decay mode) D*~ E687 (This exp.) Model 1 Model 2

Dt — K—rntrt —-12£5.1 —-28+4 -72+£16
Dt — DOt — (K~nt)nt —9.6+8.9 —2545 _34424
Dt — Dt — (K—rtrtr)nt 8.6+ 14 12+3.9 —-10+£2.9
D° — K=nT (no D*-tag) 5+ 21 —-30£8.3 —-6.5£ 3.8
D° - K~ntrtr™ (no D*tag) —38+ 16 -39+7.2 —-13+3.2
Df - K-K*tr* 51 42 454+ 6.9 55£3.1
Af = pK—7t 83 +£49 73£3.1 —-33+£28
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