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NEW RESULTS ON CHARMED D, F£AND F*PRODUCTION AND DECAY FROM THE MARK I

" RAFE H. SCHINDLER representing The MARK III Collaboration

Stanford Linear Accelerator Center
Stanford University, Stanford, California 94305

Results on charmed meson production and decay are presented from the Mark III at
SPEAR. FF* associated production is observed allowing a direct measurement of the
F*mass. A search for the decay D* — u%u, in the recoil of hadronically tagged D* decays

- provides a stringent limit on the pseudoscalar decay constant fp .

New results on

DOD° mixing from semileptonic D° decays and evidence for a nonresonant component

in D.4 decays are also prese_n@ed.

1. FF* ASSOCIATED PRODUCTION

Evidence forthe charmed vector meson F*has been
previously reported.! Interest lies in a precise mass
determination providing a strict test of the con-
stancy of the pseudoscalar-vector mass? splitting
predicted by Frank and O’Donnell.?

In a sample of 6.3 + 0.5 pb~! integrated lumi-
nosity taken at /s = 4.14 GeV/c?, a search is
performed for F* produced in association with an
F* — ¢rp. Charged tracks in the analysis are con-
_ strained to the beam position and a common event
vertex. Charged kaons are identified by time-of-
flight. The invariant mass of all K* K~ pairs is
formed and those lying within +0.010 GeV/c2? of
the ¢ mass are combined with all other tracks in
an event which are assumed to be pions. The re-
coil mass of each ¢7 combination is calculated and
displayed in Fig. 1. Events appear to cluster in
the recoil of the ¢7 when it is near either the D= or
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Figure 1: ¢m mass vs recoil mass.

tWork supported in part by the Department of
Energy, under contracts DE-AC03-76SF00515,
DE-AC02-76ER01195, DE-AC03-81ER40050,
and DE-AMO03-76SF00034.

the F mass. Cutting on recoil masses from 1.97
to 2.05 GeV and 2.05 to 2.15 provides clean signals
for both the Cabibbo suppressed D* decay and the
F, respectively (see Fig. 2). There are 9 D* signal
events and 29.4 + 5.4 F*events. The backgrounds
are determined from event mixing. The F¥mass is

- found to be 1.9734 + 0.0044 + 0.0040 GeV/c2.

The cluster of events recoiling from F — ¢r is
expected to be a compound distribution. From
Fig. 1, most events appear to originate from
FF* production, there being little evidence for FF
production. The ¢n events at the F mass can
arise either from the direct F or from the decay
of the F* — ~ + ¢7. To improve the F*mass res-
olution a simple kinematic constraint is applied.
The observed F — ¢n is assumed to be a di-
rect F, and its mass is fixed at 1.9705 GeV/c2.
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Figure 2: ¢m mass for recoil cuts emphasizing DD*
and FF* production.
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The invariant mass of the F*is then calculated as-
suming that its energy is that of the beam, less that
of the detected ¢n. This should result in a 0.005
GeV/c? mass resolution when the ¢~ is direct, and
a wider ramp-like distribution if it is from the F*.
The ¢x are expected to populate both distribu-
tions equally. The results are shown in Fig. 3. The
mass of the F*is 2.1108 + 0.0019 + 0.0032 GeV /c2.
The systematic error includes uncertainties in both
the detector mass scale, as well as the beam en-
ergy. Since the F*mass is not independent of the
F mass, the F—F*mass splitting is best obtained
taking a world average® (1.9705 + 0.0025) for the F
mass that excludes our measurement. The result-
ing mass difference is 0.137 + 0.007 GeV/c2. This
implies a difference in squared masses for the F and
F*of 0.56 £ 0.03 in good agreement with the lighter
mesons, as predicted by Frank and O’Donnell,? and
implying that the mesonic wavefunction at the ori-
gin for_a meson containing both heavy and light
quarks is largely determined by the long range con-
fining part of the interquark potential.
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Figure 3: F*mass assuming FF* production.

The observed events, after correction for detection

_efficiency (0.063), yield a value of o{ete™ — FF*).
Br(F — ¢n)= 36 £ 7 + 13 pb for the production
rate.

2. THE PSEUDOSCALAR DECAY CONSTANT (fp)

The D meson decay constant (fp) is a physical
quantity of great theoretical interest. The constant
fp may be unambiguously measured through the
pure leptonic decay of the D* :

Gr3
Tptapty = —svaszmil Ve |2
x (1. — (mu/mp)*)?

The decay constant is a direct measure of the over-
lap. of the wavefunctions of the heavy and light
" quarks in the D meson.? It thus plays a fundamental
role in setting the scale for processes such as weak
flavor annihilation and Pauli interference invoked to
account for the differences in D* and D° lifetimes.?
A measurement of fp also provides a stringent test

EVENTS/(0.002 GeV/c)

o) i: P RO DU B W
.82 1.84 1.86 1.88 190
mass  (Gewc?) 9-8C  5559n10

of potential model* and QCD sum rule® calcula-
tions. In addition, it allows reliable estimates of
other heavy meson decay constants (fr, fB, etc. ),
which are difficult to obtain due to the large the-
oretical uncertainties in extrapolating from fy and
fK to the nonrelativistic heavy quark mesons. The
decay constant also is essential in evaluating the
magnitude of operators leading to D°D° and B°B°
mixing.”
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Figure 4: Shown are the mass plots for the seven
D# tags used in this analysis: (a) K~nt #* |
(b) Ko7t &t x—, (c) K°2* , (d) K°»* af,
(e) BE-nt =+ 2% (f) K~ K—7%, and (g) K°K™.

The data employed (9.3 pb~!) were obtained at
\/8 = 3.768 GeV, where charmed D mesons are pro-
duced only in pairs. The search is carried out by
isolating a sample of events in which a D* candi-
date is found, and then examining the recoil system
for evidence of the u~0, decay. Seven hadronic
D* tags are used: K~nt xt | KO »* | KOnt

at x~ , Kot #° K-nt xt x0, KCK¥, and



_ K~ K%+, resulting in 2490 =+ 42 (stat) + 40 (syst)
cleanly identified D* (see Fig. 4).

The isolation of the u~p, candidates proceeds by
requiring the recoil system from a tag to have one
track with a charge opposite to that of the tag
whose momentum must lie between 0.775 and 1.125
GeV/c. The event must be consistent with having
zero missing mass,? when the track is assigned a
muon mass. Monte Carlo distributions for the ex-
pected signal are shown in Fig. 5. After the momen-
tum cut, missing mass? is required to lie between
-0.265 and 0.175 (GeV/c?)? losing about 5% of the
expected -signal.
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K — x920) are rejected by requiring the absence
of any isolated photons in an event (isolated pho-
tons are defined as those not used in forming a 7 in
the tag, or which make an angle | cosf |< 0.92 with
respect to any charged track). This cut also rejects
K}" interacting in the shower counter. The fraction
of Kg which interact is modeled by using the decay
¥(3100) — K2K?, K3 — x*x~ from a separate
data set.® Due to the larger cross-section for K9
at the momentum found in the ¢(3100) data, this
procedure is expected to underestimate the back-

ground.

The expected missing mass squared (M2, ,,,) is zero

for D~ — u~p, , while it is expected to peak near

m?, or m%, for the two body backgrounds. In the
$

case of K° 4~ 0, , the missing v, makes M?,;, peak

above mf(g (see Fig. 6).
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Figure 5: Monte Carlo showing (a) the missing
mass? and (b) the expected momentum distribu-
tion, for D* — uty, .

Muon candidates must either lie in the acceptance
of the muon system (| cosf | < 0.65) or lie where
there is calorimetric information. Tracks entering
the muon system must have two (one) layer hit
for muon momentum (p,) > 1 GeV/c {p, < 1
GeV/c). No other topological cuts are applied due
to the (90 — 95%) rejection of = and K decays and
punchthrough provided by the muon system.?

If the muon candidate lies outside the muon sys-
tem it is required to be minimum ionizing in the
-calorimeter (< 0.300 GeV deposited). Additional
cuts on these events are imposed to reduce the
principle sources of background from the decays
D* — Ko+, »*x0, K°K*, and K°u*v. Back-
ground events with a 70 (either from the D~ or a
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Figure 6: The variables MZ ;, and pﬁ‘" are plotted
for Monte Carlo events for the four major back-
grounds: (a) Dt — KO+, (b) ntx®, (c) K°K™,
and (d) K%*v. The variables M2, and pij‘b are
plotted for Monte Carlo events for the four ma-
jor backgrounds: (a) D* — K%+, (b} »*x0, (c)

KK+, and (d) Kou*w.

When these cuts are applied to the data, no events

are found to survive (Fig. 7). The nearest event
to the MZ  cut appears lies 20 (MeV/c?)? at

miss

0.196 (GeV/c?)2.
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Figure 7: Missing mass? for data, after P‘I“‘b cut.

The expected background with these cuts is 1.16 +
0.16 (stat.) £0.20 (syst.) The error from the under-
estimate of the background component containing
a K9 is excluded from the systematic error because
of tﬁe uncertainty in the size of the effect. The
background calculation is tested by loosening the
muon selection criteria, and comparing the number
of events observed to that predicted by the Monte
Carlo. Removing all muon identification 12 events
are accepted within the kinematic cuts as compared
to a prediction of.5.8 from the four charmed me-
son sources described. A further check is made us-

ing the observed MZ , distribution. Events from
" D* = KO%tv, and D* — K%t are expected to
have MZ_ larger than m%,. Ten events are ob-
served in the data from 0.2 to 0.5 (GeV/c?)2. This
is consistent with 7.6 events predicted by the Monte
Carlo for charmed backgrounds, thus providing ad-

ditional experimental verification for the estimate.

The observation of no events of the type Dt —
ptv, together with the background prediction
yields a 90 % Confidence Level (C.L.) upper limit of
1.35 signal events.1? The probability of observing no
events when 1.0 background events are expected is
0.37. The acceptance for this decay mode varies by
less than 3% for the seven different tagging modes;
a weighted average of 0.72 + .01 (stat) + .05 (syst)
is used. Dividing by the acceptance and the to-
tal number of DT tags!! gives a 90% C.L. upper
limit on the branching ratio of 8.4 x 10~4, Using a
D* lifetime of (10.1 ¥3.7) x 10713,12 and | V4 |*=
0.0506 + .0065!3 then the 90 % C.L. branching ratio
limit corresponds to fp = 310 MeV/c?. When the
errors on 7p+ and | V.4 |? are included, we obtain
a 90 % C.L. upper limit on fp of 340 MeV/c?,
(see Fig. 8).

Calculations of the pseudoscalar decay constants
obtain values which either increase (QCD sum rule
method®) or decrease (non-relativistic potential!
and bag model methods!* with the meson mass.
While our result does not probe the small values
of fp suggested by the bag model or QCD sum
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Figure 8: Shown is the Confidence Level (C.L.)

for our result as a function of (a) B(D* — u'ty, ),
and (b) fp. The limit calculation is described in
reference (10). The dashed curve in (b) includes
the effects of lowering the values of 7p+ and | V4 |?
by their errors.

rule calculations (150 — 280 MeV/c), it restricts
the range of values predicted by recent potential
model calculations (208 — 450 MeV/c). It also ex-
cludes the very high values of fp which have been
suggested!® as an explanation for the large observed
ratio of r(D*)/7(DP).

3. D°D° MIXING

Previously,!® we have reported results of a search
for D°D° mixing candidates carried out by ex-
amining D°D° events having strangeness of %2,
when the D° (or D) decayed hadronically to either
K-#t ,K-x* 7t x~ or K~xt x° (or charge
conjugates). This results in the observation of
three s = £2 events with an estimated background
of 0.4 £ 0.1 £ 0.1 from particle misidentification.
The sample also includes 162 fully reconstructed
events where s = 0. Because these D°DP events
decay to hadronic final states, a background from
doubly Cabibbo suppressed decays (DCSD)
may be present.!” This background is only absent
in the case of identical final states. To reduce
or eliminate the problem of DCSD the search has
been extended to fully reconstructed events con-
taining either a hadronic plus a_semileptonic decay
(K-etv or K~u*v), or two semileptonic decays,
respectively.



The semileptonic sample is selected requiring a
hadronic tag where § > 150ps or § > 10 for time-of-
flight (TOF) or DEDX identification, respectively.
Here é is the maximum value for the difference of
the observed time of a #x or K in K™zt or K™%
#° decays from the average expected time for a 7
or K hypothesis. In the K~ x* x* x~ mode,
6 is tested for the K~ only. Recoiling from the
hadronic tag, we demand there be no isolated pho-
tons in candidate events. The recoil semileptonic
decay requires a loosely identified K* (6§ > 100ps
TOF or 10 DEDX) and an identified lepton (¢ or
u#). Monte Carlo studies indicate that hadronic ver-
sus hadronic events can leak into the semileptonic
versus hadronic classification if a hadron is misiden-
tified as a lepton. These decays would peak near
zero missing transverse momentum (pF**) in the
event. Additional p?‘“ can arise from asymmet-
ric 79°s that escaped the cut on additional isolated
photons. Figure 9 shows the p***? distributions for
backgrounds, the expected signal, and the data. A
cut at p*** > 0.150 GeV/c is made retaining 74
events. The expected background is 5 events leav-
ing 69 mixing candidates. All these events are found
to be correct sign; the charge of the lepton being op-
posite to that of the kaon in the tag.

Semileptonic versus semileptonic events are ana-
lyzed by selecting four prong events with zero
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Figure 9: (a) pP**** for hadronic béckgrounds. (b)
for semileptonic decays. (c) for data.

net charge, and no isolated photons. Here we re-
quire either a solid tag on strangeness (2 well iden-
tified K% and > 1 lepton), or a solid tag on the
2 leptons (> 1K* and 2 identified leptons). At
least one combination must be consistent with the
monochromatic pair production of K!['v! versus
K?i12,2, That is, the momentum of each neutrino
(p},1 = 1,2) must satisfy:

p, = 1884 — E(K'+1Y) > 0.

| p}, — P(K* +1') |< 283 MeV/c

P, + P(K'+1') > 283 MeV/c

The resulting distribution for the ¥ energy is shown
in Fig. 10 for Monte Carlo and data. The data
shows evidence for a low energy tail which comes
from semileptonic versus hadronic events, where
the latter has a lepton misidentification. There is
also evidence for a high energy tail which may re-
sult from the loss of a neutral hadron (K9) in a
semileptonic versus hadronic event, as well as a lep-
ton misidentification. To reduce these backgrounds,
the cuts in this preliminary analysis are tightened
requiring both leptons and both kaons to be well
identified. This introduces a large inefficiency as is
evidenced in Fig. 11. The result is 12 events, all
found to contain opposite signed leptons.
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Figure 10: Neutrino energy for (a) Monte Carlo and

(b) data.
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Figure 11: Neutrino energy for (a) Monte Carlo and
(b) data, after tightened cuts.

To interpret our preliminary results, we considered
the data under two extreme cases. First we assume
that there is no contribution from DCSD. In the
"language of Bigi and Sanda!” the parameter p = 0.
In this case, we would “explain” the excess s = £2
events as originating from D°D° mixing, and ar-
rive at a mixing parameter r= 0.01 with an error
of 60%. This would be unexpected large since even
long range effects produce values for r typically less
than 0.002.17 The excess events may alternately be
attributed to the presence of DCSD. We then de-
_ termine a minimum value for p? & 5 tan*(6,.) with
a similar error. This value is also surprisingly large
(see Bigi and Sanda) but must be considered in con-
junction with its error derived from three events.

4. EVIDENCE FOR A NONRESONANT D.¢ DE-
CAYS

Previously,!® we have reported the exclusive recon-
struction of semileptonic D.s and D. decays op-
posite hadronic tags. The analysis is similar to
that used in the mixing analysis. In the decays to
K—nt etv, K%7~ etv and K—#%tv it is possible
to examine the K7 subsystem for resonant struc-
ture. Figure 12 shows the invariant mass for D,y
decays from 39 reconstructed events. The expected
background in this plot is about one event. While
the plot shows evidence for a strong K*(892) signal,
- there are excess events below and above the peak.
The entire distribution has been fit to a superposi-

tion of K*(892) and K= phase space in an s-wave.

The results have been overplotted in the figure. Fit-

ting for the two channels, we determine the fraction

of s-wave?® to be 45¥13% (stat. errors only). This
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Figure 12: K= invariant mass for D.4 decays.
The curve is described in the text.

result agrees well with the average of the two fits of
the DELCO measurement of the inclusive spectrum
of leptons from charm decays.?!

Interestingly, no models of charm semileptonic de-
cay have treated the case of a large non-resonant
component. The value obtained implies that ap-
proximately 1/4 of all semileptonic decays occur
non-resonantly. This is similar to the nonresonant
fraction of the hadronic sector.2?

5. CONCLUSIONS

We have presented evidence for the associated pro-

duction of the pseudoscalar F meson and its vector -

partner, allowing a precise mass determination. A
limit on the pseudoscalar decay constant of the D
has been established. We have extended the search
for D° DO mixing to the semileptonic sector, finding
no additional candidates. Evidence for a nonreso-
nant component to the D,y decays has been pre-
sented.
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