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We have searched for the lepton flavour-violating decay D% u*e¥ and for the rare decays D’-utp—, e*e”, using the ARGUS
detector at the e*e~ storage ring DORIS II. No candidates were found, leading to the upper limits BR(D%-u*p~)<7x10773,
BR(D’—e*e ) <1.7x107% and BR(D°-p*e™) < 1.0x 10~*at 90% confidence level.

The standard model of electroweak and strong in-
teractions is, up to now, able to describe all known
phenomena in particle physics. Nevertheless, it is un-
satisfying in the sense that the strong and weak inter-
actions are not unified into a simple symmetry group
and hence nature cannot be described with one inter-
action. One prediction of many unified extensions to
the standard model is the existence of a new particle,
which couples to quarks and leptons called the lep-
toquark [1-3]. In a SU(5) theory the scalar fields G
and G,, which are colour triplets, complete the Higgs
doublets of the standard model to obtain SU(5) rep-
resentations [2]. The G and G, leptoquarks couple
up-type quarks to charged leptons and down-type
quarks to neutrinos. This is in contrast to the Pati-
Salam SU (4) type leptoquarks [3]. Hence G and G,
do not contribute to the lepton flavour-violating de-
cay K°-»p*e*, but do contribute to the decay
D%-p*e™ (fig. 1a). The exchange of the leptoquarks
G and G, induces a chirality changing operator which
leads to pseudoscalar meson decays without helicity
suppression. Besides the known upper limits for rare
K meson decays, it is essential to derive new limits
for D meson decays. The branching ratios of the de-
cays D°->u*u~, e*e™, in the frame of the standard
model (fig. 1b), are expected to be lower than 10~'°.
Besides the search for leptoquarks, these decays also
allow setting bounds on the existence of flavour-
changing neutral currents, which are absent in the
standard model.

Supported by the German Bundesministerium fiir Forschung
und Technologie, under the contract number 054DOS51P.
Supported by the German Bundesministerium fiir Forschung
und Technologie, under the contract number 054HD24P.
Carleton University, Ottawa, Ontario, Canada K1S 5B6.
York University, Downsview, Ontario, Canada M3J 1P3.
University of Toronto, Toronto, Ontario, Canada M5S 1A7.
McGill University, Montreal, Quebec, Canada H3A 2T8.
Supported by the Natural Sciences and Engineering Research
Council, Canada.

Supported by the US National Science Foundation.
Supported by Raziskovalna skupnost Slovenije and the Inter-
nationales Biiro KfA, Jiilich.

12 Supported by the Swedish Research Council.

' Supported by the US Department of Energy, under contract
DE-AS09-80ER 10690.

v

~ o A W

The analysis presented here is based on a data sam-
ple corresponding to an integrated luminosity of 189
events/pb. The data used were collected using the
ARGUS detector at the e*e~ storage ring DORIS II
at DESY operating at center-of-mass energies around
10 GeV. Details about the ARGUS detector can be
found in ref. [4]. Hadronic events were selected by
requiring at least three reconstructed charged parti-
cles coming from the interaction region with trans-
verse momentum larger than 80 MeV/c and
lcos 6] <0.9.

All selected events were searched forete™, p*u~
and p¥e™ pairs. The lepton identification procedure
calculates the likelihood function for the lepton hy-
pothesis using four detector measurements, the spe-
cific ionization in the drift chamber, the time of flight,
the energy deposition and shower shape in the elec-
tromagnetic calorimeter, and hits in the muon cham-
ber [5,6]. The lepton momentum was required to be
greater than 0.9 GeV/c in order to have a sufficient
lepton /hadron separation.

The invariant mass distributions of ete™, u*u-,
and p*e™ pairs are shown in figs. 2a-2c. Only com-
binations with x,>0.55 have been considered. The
quantity x, is defined by p(D°)/p(D°)nax. Where
(D%} ax =~/ Edcam — M bo. This requirement makes
use of the known hard fragmentation function of the

Ey

Fig. 1. (a) Quark diagram for the decay D°-£*Q~ via lepto-
quark exchange. (b) Quark diagram for the decay D°-¢*2~ in
the standard model.
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Fig. 2. Invariant mass distributions of lepton pair candidates with p,>0.9 GeV/c and x,(22) > 0.55; the solid curves are the results of a
fit and the dashed curves represent the 90% confidence level upper limit. (a) e*e™, (b) u*u~, (c) ¢’ u*, (d) D">K~u* for comparison.

D? meson in e*e~ annihilations [7]. From our
Monte Carlo simulation of these decays and from the
width of the D° signal in K—n* decays we expect an
invariant mass resolution o of 24 MeV/c¢2. No D sig-
nal is observed in any of the decay channels. To ver-
ify this quantitatively, we fitted the invariant mass
spectra of the lepton pairs with a second-order poly-
nomial to describe the background and a modified
gaussian of fixed width and mass to describe a possi-
ble signal. A small asymmetrical term was added to
the gaussian to take into account the energy loss of
electrons due to bremsstrahlung as calculated in a
Monte Carlo simulation. The efficiency for detecting
each of the three decay modes is (341 4)%. A maxi-
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mum likelihood fit gives the solid curves shown in
figs. 2a-2¢ and the dashed curves represent the 90%
confidence level upper limit. The corresponding
numbers are listed in table 1.

To obtain the efficiency for observing the above

Table 1
Decay Upper limit at 90% CL
channel

number of events branching ratio
D'sete” 7.1 1.7x 10~
DY sutu- 3.1 7 x107°
D'>e 't 4.2 1.0x 10~
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decays, we generated D mesons using the Peterson
fragmentation function with an € parameter of 0.24.
The total number of D° mesons in our event sample,
with x,>0.55, was calculated using the decay
D> K-n*, The D°signal in this channel is shown in
fig.2d. With the measured number of D°-»K-—x* de-
cays (33231 188), the efficiency # for this decay
channel obtained from a detector simulation
(n=0.66£0.02) and a branching ratio for D°-> K=+
of (4.210.4%0.4)% [8], we obtain the total num-
ber of produced D° mesons with x,>0.55 of

Likelihood distributions
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Fig. 3. Likelihood distributions for the D° branching ratios: (a)
Dlse*e™, (b) DP—pu*pu-, (¢) DP»e* ™.
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Table 2

Decay Experiment Upper limit

channel at 90% CL

D—ete” CLEO([9] 24x107¢
E691[10] 8x10-3
this analysis 1.7x 107

Do p - CLEO[9] 20%10-*
E691[10] 1.0x 104
E615[11] 1.Ix 10~
this analysis 7x10-°

Dosep® MARK-II[12] 2.1%10-3
ACCMOR[13] 9% 104
MARK-III[14] 1.2x10%
E691[10] 8x10-°
this analysis 1.6x10~*

120000 18 000 adding the statistical and systemat-
ical error in quadrature.

In fig. 3 we show the likelihood functions for the
three branching ratios which contain the maximum
information available from our experiment. This al-
lows in principle to combine our results with those of
other experiments in a consistent way. Using the
bayesian approach they lead to the 90% CL upper
limits given in table 1. These measurements confirm
the existing limits found by other experiments (table
2).

Using a special model of leptoquarks [2] one finds
for the D° partial decay width into two leptons

bMy [ Mp
2x \my+m,

2 2

1_,1

F(DO—’91Q2)= 2M%leq rs

>

where the coefficients 4 and 4 are coupling strengths
of a leptoquark to a quark-lepton pair, My, and f;, are
the mass and decay constant of the D°, respectively.
We assume one generation of leptoquarks, i.e. {=1
in ref. [2]. Using our results one derives the follow-
ing bounds on the mass and coupling of a SU(5)-type
scalar leptoquark:

1/2
/o
100 MeV ’
fD )1/2

Mio>0.9 TeV| Ty | ”2(

Mio>1.1TeV|/J va _Jo__
o> L1 TeV | Ay (100MeV
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MLQ> 10 TeV( |quicc|2+ M:‘uc,/lcp'z)l/4

/2
X <————f 2 > .
100 MeV
In conclusion we present upper limits on flavour-
changing neutral currents and lepton flavour-violation
in D° decays. These results place bounds on the mass

and coupling of a new type of particle, the lepto-
quark, which is predicted in unified theories.
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