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We have searched for the exclusive semileptonic decay modes D *— Kzne *v, and D*— K*ze *v,
in the data from the Fermilab photoproduction experiment E691. With good sensitivity, we observe no
signals in the channels D*— K "z*x%*v, and D*— K%z z"e*v,, and set upper limits of
B(D*—allK*ne*v,) <1.2% and B(D*— all Kxre *v.) <0.9%, at the 90% confidence level. (For
these limits we use isospin invariance to extract limits which include all charge states.) These modes
are expected to be the most common semileptonic decays next to the dominant Ke *v, and K*e *v.,

but the observed limits represent a small fraction of the inclusive semileptonic branching ratio of
(17.0+£1.9%1.7)%.
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TABLE I. Summary of exclusive and inclusive charm decay
rates.

Mode Source Decay width (10" s™")
D— Kev E691 7.3%x1.2
D— K*ev E691 4.0+0.8
D— (Kn)ngrev E691 04104
D— (m,plev VealVes 09+0.3
Total 126X 1.5
D— Xev Mark I av [1] 165 1.6
Missing decays 39+22

interaction effects are completely contained in the form
factors. They are therefore used to measure the
Cabibbo-Kobayashi-Maskawa (CKM) matrix elements
which relate the weak-interaction quark eigenstates to the
strong ones. There is a large theoretical effort to calculate
the form factors; these form-factor models can be checked
in ¢— sev, decays, since the CKM element V,, is well
known. In current theoretical models, the lowest-mass
resonances K and K* almost saturate the c— sev, rate.
Experimentally, there is room for a large contribution
from higher resonances, however. The total of the
exclusive decay rates shown in Table 1 s
(12.6 £ 1.5)x10' s~ compared to (16.5+1.6)x10'°
s ~! for the inclusive rate from Mark III [1]. The rate for
missing decays of (3.9%+2.2)x10' s™' is consistent
within errors both with zero and with the rate of the major
decays.

To try to reduce the uncertainty in the size of the
contributions from higher K* resonances, we searched
directly for the exclusive decay modes D— Krrev, and
D— K*rev,, which are expected to be the largest
remaining modes. We analyzed data from the Fermilab
charm photoproduction experiment E691 already used to
measure D— Kev [2,3] and D— K*ev [4,5] decay
modes. The detector is a two-magnet spectrometer with
large acceptance, good mass resolution, particle identifi-
cation, and a high-resolution silicon microstrip detector.
The silicon microstrip detector and the spectrometer have
been previously described in detail [6].

D*— K “x*x% *v. ANALYSIS

We used the same K “wte* sample previously used
to study the D+ — K*%*v, decay [4,5] to look for
K “n*r% *v, (including K*re *v.). We did not require
the 7° to be detected. We required well identified
electrons with an electron probability corresponding to a
typical efficiency for electrons and pions of 61% and 0.3%,
respectively. We eliminated electrons visibly resulting
from secondary photon conversion, electrons consistent
with beam photon pair conversions, and those with energy
less than 12 GeV.

The Kne candidates were selected using only tracks
seen in both the drift chambers and the silicon microstrip
detectors. Only well identified neutral Kz combinations
were used; combinations in which the kaon and the
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electron have opposite (same) charges are labeled right-
(wrong-) sign combinations. The electron and kaon were
required to pass through both detector magnets. The
vertex cuts were those used for the earlier K*% *v,
analysis [4,5].

The x2 per degree of freedom of the Kre secondary
vertex was required to be less than 3.5. The kaon, pion,
and electron tracks originated from a secondary vertex
which was separated from the primary vertex by 10
standard deviations plus the distance corresponding to a
0.2-ps proper decay time. The Kre line of flight pointed
back to the primary vertex within 2.5 times the resolution
plus the maximum displacement due to the missing
neutrino and 7° No candidates with an extra track
within 65 um of the secondary vertex were accepted, and
all decay tracks were closer to the secondary vertex than
any other vertex. We eliminated events consistent with
D** — 2*D%D°— K "e*v,) and misidentified DV
— K "%z decays.

We made two-dimensional maximum-likelihood fits to
the Kn and Kre mass spectrum for the resulting 313
right-sign and 62 wrong-sign events. This made full use of
the characteristics that separate the Krmev decay from
the dominant K*ev events. For the analysis of D%
— K*ne *v,, there are two contributions: K* "zt and
K*°2° which must have equal contributions to the
K ~n* 0 final state since the hadronic current in both
decays has I = 5. The signal function is a combination of
the DY —K* zte*v, and DY — K*%2% v, signal
functions determined from Monte Carlo studies. Figures
1(a) and 2(a) show the data and fit projections for the
combined K*rev. Monte Carlo events. For the
nonresonant Dt — (K "zt 7% nre T v, signal, we assume
that the decay has a constant matrix element. Broad
resonances have similar distributions.

The data sample is dominated by the mode D%
— l?*oe+v(. where K*°— K ~“z%, with the function
shape determined using known form factors which were
measured using this data set [5]. The wrong-sign events
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FIG. 1. The K z%* mass spectrum with right-sign

combinations: (a) combined K * mev. Monte Carlo signal events
and (b) data events. The curves are the right-sign (solid lines)
and wrong-sign (dashed line) fits described in the text.
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FIG. 2. The K n*e* mass spectrum with right-sign
combinations: (a) combined K * rev. Monte Carlo signal events,
and (b) data events. The curves are the right-sign (solid lines)
and wrong-sign (dashed line) fits described in the text.

were shown to be a good measure of the background by
looking at data with loose cuts or outside the kinematic
region for signal. They are thus used to model the
background, and the background fit is shown by the
dashed curve in Figs. 1(b) and 2(b). The nonresonant
Krev, was modeled using a simple momentum power turn
on for the Kz phase space.

The two-dimensional maximume-likelihood fit uses the
signal shape, the wrong-sign background shape from the
62 = 8 background events, the nonresonant Klrev,, shapc,
and the feedthrough from the decay D+ — K* % *v,, as
discussed above. The K "zt and K “zte™ mass spec-
trums and fit projections are shown in Figs. 1(b) and 2(b)
for the decay Dt — K*re*tv,. A signal for K*rev,
would be distinguished from the dominant K*ev, signal
by an excess of events with M(K ~z%) <0.82 GeV/c?
and M(K "n%e*) <1.2 GeV/c2. The 198 x21K*ev,
events and the nonresonant Krev, contribution of 40 + 18
events agree, respectively, with thc 209+ 18 and 42120
events found in the previous K *ev, analysis [4,5]. In the
DY — K*retv, mode that motivates this analysis, we
find 15% 339 events, corresponding to 55 events as a
90%-confidence-level upper limit. The systematic error of
the number of signal events stems mainly from uncer-
tainty in the background shape (four events), the signal
shape (two events) and Krev, shape (seven events). We
studied a variety of function shapes that were consistent
with the background and signal to determine the sys-
tematic error; the parameters which characterize the
Knev, shape were varied widely due to the uncertainty in
the matrix element. The detection efficiency used to cal-
culate the branching ratio included a systematic error due
to both the uncertainty in the electron efficiency (7%) and
the K* polanzatlon (15%) Normalizing this result with
our D¥— K z*z* sample and using the absolute
branching ratio for that mode from Mark III [7] of
(9.1£1.3+0.4)%, we find the 90%-confidence-level
upper limit B(D* - K*retv,.— K " n*tnl%*v,)
< 1.2% which implies a branching ratio B(D*— all
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K*re*v,) <2.6% at the 90%-confidence-level limit.

For Dt — (K "2t %) nretve, a separatc fit using a
nonresonant signal shape gives 207 =18 K*ev, events,
38+ 18 Knev, events, and a D*— (K “nt2%)nre T ve
signal contribution of 9+t 11+ 5 events. This nonreso-
nant result corresponds to a limit of 29 S|gnal events and a
branching ratio B(D*— (K "2 2% nre tv) <0.6% as
90%-confidence-level limits. The limits for the non-
resonant decay mode are better than that for the resonant
mode for Wthh more of the sngnal shape is hidden under
the large K* from the D+ — K *ev.

D*— K%*r"e*v. ANALYSIS

We made similar analysis cuts in our search for
DY —K%*n ~“e*v,. The Krme combinations with
oppositely charged pions are called right sign, whereas the
Knre combinations in which the two pions have the same
sign charge and the pion and electron have the same
(opposite) charges are labeled same- (wrong-) sign
combinations. The electron identification requirements
were the same as in the previous analysis. The pions and
electron were required to pass through both detector
magnets with energg greater than 3 and 12 GeV,
respectively The x° per degree of freedom of the
electron- _plon vertex had to be less than 3.

The K sample was observed in the channel Ky
— zt 2™, with the pion tracks seen in the drift chambers
but not in the microstrip detectors. The combined pion
Cerenkov probability was required to be greater than
0.05, and their effective mass to be between 0.480 and
0.514 GeV. The transverse momentum of K °zre had to
be greater than 0.6 GeV. The two pion and electron
tracks originated from a secondary vertex which was
separated from the primary vertex by 24 standard
deviations, and the Knme line of flight pointed back to
within 80 um of the primary vertex. Other vertex cuts
were similar to the previous analysis.
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FIG. 3. The K%tz e mass spectrum for (a) wrong-sign
and same-sign combinations and (b) right-sign combinations.
The curves are the right-sign (solid lines) and right-sign plus
five signal events (dashed line) fits described in the text.
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TABLE I1. Upper limits at 90% confidence level for D — Knrev branching ratios, in percent. Isospin
constraints are used to calculate limits for all K*r and all Kxr (including K “z*2° K°z%z~, and
K°z%2°). Here Kzx means either nonresonant Kzn or broad resonances, such as Kp.

Mode K * nev.— mode All K*rev, Knnev.— mode All Krrev,
K ntnletv, <1.2 <26 <0.6
K°r*rn et <0.5 <1.2 <0.5
Both <l1.2 <0.9

The signal shape was modeled from right-sign Monte
Carlo events, as shown in Fig. 3(b). The background
shape was determined using the wrong-sign and same-sign
data events, with a reduced requirement on the secondary
to primary vertex separation of at least 6 standard
deviations (to produce a larger fit sample). The shape of
wrong-sign and same-sign data events agreed with each
other, and they were added to produce the background
sample. The wrong-sign and same-sign data and the fit
are shown in Fig. 3(a).

The right-sign data was fit using the signal and back-
ground shape and gave 0.0+1.7+2.6 D*— K" n~
xe *v, events, or fewer than 5.0 signal events at a 90%-
confidence-level limit, as shown in Fig. 3(b). The
detection efficiency used to calculate the branching ratio
included a systematic error due to both the uncertainty in
the electron efficiency (7%) and the K efficiency (8.5%).
We use our D— K “x*n* sample and the absolute
branching ratio for that mode from Mark III to normalize
this result, finding the 90%-confidence-level upper limit of
B(Dt—K%z¥tn"e*v,) <0.5%. We also use this limit
to constrain the contribution from K*rmev, and find
B(D*—allK*rne*v,) <1.2%.

CONCLUSION

Combining the two results for B(D* — all K*re *v,),
we find a limit of 1.2% at 90% confidence level, which is

restricted by the Kz 7 "e v, result. For nonresonant
decays, or other resonances such as Kpev, B(D +
— K n*tr%*v,) <0.6% and B(D* — K’z n"etv,)
< 0.5% are found. These two limits constrain the branch-
ing ratio for all Kzr decays to be B(D¥ —all
Krretv.) <0.9%. Earlier results on these decays come
from the Lexan Bubble Chamber-European Hybrid
Spectrometer (LEBC-EHS) experiment NA27 [8]:
BD*— K’ n"etv,)=02%4)% and BID* — K ~
xntn% tv,)=(4.4%73)%. In Table II we give a sum-
mary  of DY — Knne*v, and DY —K*retv.
branching-ratio limits at the 90% confidence level. Using
the E691 value for the D ¥ lifetime, we find F(D * — all
K*re*tv,)<1.1x10' s~' and T'(D*— Knre™*v,)
<0.8x10's ™", Our results confirm the theoretical pic-
ture that the higher K* resonances can contribute only a
small fraction of the total semileptonic rate.
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